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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may havebeendeclared to ETSI. The information
pertainingto theseessential IPRs, if any, is publicly available for ETSI members and non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified toETSI in
respect of ETSI standards”, which isavailable fromthe ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (orthe updates on the ETSI Web
server)which are,ormaybe, ormay become, essential to the presentdocument.

Trademarks

The present documentmay include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of theseexceptforanywhich are indicated as beingthe property of ETSI, and conveys no
right to use orreproduce anytrademark and/or tradename. Mention of those trademarks in the present documentdoes
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has beenproduced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation ELECtrotechnique (CENELEC) andthe European
Telecommunications Standards Institute (ETSI).

Fora history of the revisions of the presentdocument, pleasereferto annex N.

The revisionsto the presentdocument have beendeveloped in a largely backwards compatible manner, i.e. no changes
to the mandatory functionality of a previously defined IRD have been made between one edition of the present
documentand the next.

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standards in the
specific field of broadcastingand related fields. Since 1995the JTC Broadcastbecame a tripartite body
by including in the Memorandum of Understanding also CENELEC, which is responsible for the
standardization of radio andtelevision receivers. The EBU isa professional association of broadcasting
organizations whose work includes the co-ordination of its members' activities in the technical, legal,
programme-making and programme-exchange domains. The EBU has active members in about
60 countries in the European broadcastingarea; its headquarters is in Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +4122717 2111

Fax: +41 22 717 2481

The Digital Video Broadcasting Project (DVB) isan industry-led consortium of broadcasters, manufacturers, network
operators, software developers, regulatory bodies, content owners and others committed to designing global standards
forthe delivery of digital television and data services. DVB fosters market drivensolutions thatmeet the needsand
economic circumstances of broadcast industry stakeholders and consumers. DVB standards coverall aspects of digital
television from transmission through interfacing, conditional access and interactivity for digital video, audio and data.
The consortium cametogetherin 1993to provide global standardization, interoperability and future proof

specifications.
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Modal verbs terminology

Inthe presentdocument "shall”, “shall not", "should", "should not", "may", "need not", "will", "will not", "can"and
"cannot"are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must” and "mustnot”are NOT allowed in ETSI deliverables except when usedin direct citation.

Introduction

The present document presents guidelines covering codingand decoding usingthe MPEG-2 system layer, video coding
and audio coding.

The guidelines presentedin the present document for the Integrated Receiver-Decoder (IRD) are intended to representa
minimum functionality that all IRDs of a particular class are required toeither meetorexceed. It is necessary to specify
the minimum IRD functionality for basic parameters, if broadcasters are notto be prevented from ever using certain
features. Forexample, if a significantpopulation of IRDs were produced that supported only the Simple Profile,
broadcasters would never be able to transmit Main Profile bitstreams.

IRDs are classifiedin five dimensions as:

o "25HZz"("50Hz™) or"30Hz"("60 Hz"), dependingon whetherthe nominal video framerates based on25 Hz
or 30000/1 001 Hz (approximately 29,97 Hz) are supported. It is expected that25 Hz IRDs and 50Hz IRDs
will be used in those countries wherethe existinganalogue TV transmissions use 25 Hz framerate and 30 Hz
IRDsand 60Hz IRDs will be used in countries where the analogue TV transmissions use 30 000/1001Hz
framerate. There are also likely to be "dual-standard" IRDs which have the capabilities of both25 Hz (50 Hz)

and 30 Hz(60 Hz) IRDs.

e "SDTV","HDTV"or"UHDTV",depending on whetherornot theyare limited to decoding pictures of
conventional TV resolution. The capabilities of an SDTV IRD are asub-set ofthose ofanHDTV IRD. An

HDTV IRD capabilitiesare a subset of those of an UHDTV IRD.

o "withdigital interface” or "Baseline", depending on whether or not theyareintended for use with a digital
bitstream storage device such asa digital VCR. The capabilities of a Baseline IRD are a sub-set of those of an
IRD with digitalinterface.

e  MPEG-2video,H.264/AVC,MVC, SVC,HEVC orVC-1 videocoding formats.
e  Audio codingformatsaccordingto clause6.

To give a completedefinitionof an IRD, all five dimensions need to be specified, e.g.:

e 25HzSDTV Baseline IRD MPEG-2video, MPEG-1 Layer Il audio, foran IRD able to decode
720 x576 interlaced 25 Hz video pictures.

e 30HzHDTVBaseline IRDH264/AVC video, HE AAC Level 4 audio, foran IRD able to decode upto
1920 x1 080 interlaced30 Hzvideopicturesor1 280 x 720 progressive 60 Hz video pictures.

e UHDTVIRDHEVC video,HE AAC Level4 audio, foran IRD able to decode upto 3840x2 160,60 Hz
video pictures.

All the formats supported by an IRD conformingto the presentdocument are listed in annex A.

Itshould be notedthat in DVB systems the source picture format, encoded picture format and display picture formatdo
not need to be identical. Forexample, HDTV source material may be broadcastasan SDTV bitstream after
down-conversionto SDTV resolution and encoding within the constraints of MPEG-2 video Main Profile at Main

Level. The IRD receivingthe bitstream may then up-convert the decoded picture fordisplay at HDTV resolution.

Anothernotable feature of the DVB system is thata single Transport Streammay contain programme material intended
formore thanonetype of IRD. Atypical example of thisis likely to be the simulcastingof SDTVand HDTV video
material. In this case an SDTV IRD will decode and display SDTV pictures whilstan HDTV IRD will decode and

display HDTV pictures from the same Transport Stream.
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Where a feature described in the presentdocument is mandatory, theword "shall” is used and thetext isin italic; all
otherfeaturesare optional. The functionality is specified in the form of constraints on MPEG-2 systems, videoand
audio formats which the IRDs are required to decodecorrectly.

The specification of these baseline features in no way prohibits | RD manufacturers from including additional features,
and should not be interpreted as stipulatingany form of upper limit to the performance. The guidelines donotcover
features, such as the IRDs up-sampling filter, which affect the quality of the displayed picture rather than whether the
IRDis able to decodepicturesatall. Such issues are leftto the marketplace.

The guidelines presented for IRDs observethe following principles:
e whereverpractical, IRDs should be designedto allow for future compatible extensions to the bitstream syntax;

o all"reserved"and"private" bits in MPEG-2 systems, video and audio formats should be ignored by IRDs not
designed to make use of them.

The rules of operation for the encoders are features and constraints which the encoding system should adhere to in order
to ensure thatthe transmissions can be correctly decoded. These constraints may be mandatory or optional.

Clauses 4 to 6 and theannexes, provide the guidelines for the Digital Video Broadcasting (DVB) systems layer, video
and audio respectively. Forinformation, some of the key features are summarized below, butclauses 4 to 6 andthe
annexes should be consulted for all definitions:

Systems:
e  MPEG-2 Transport Stream (TS) is used.
e  Service Information (Sl) isbased on MPEG-2 program-specific information.
e  Scramblingisasdefinedin ETSI TS100 289[i.15].
e  Conditionalaccess usesthe MPEG-2 Conditional Access CA_descriptor.

e  Partial Transport Streams are used for digital VCR applications.

e  MPEG-2 Main Profile at Main Levelis used for MPEG-2 encoded SDTV.

e  MPEG-2 Main Profile at High Levelisused for MPEG-2 encoded HDTV.

e  H.264/AVC MainProfileat Level 3 isused forH.264/AVC SDTV.

e  H.264/AVC High ProfileatLevel4 is used for25 Hzand30 HzH.264/AVCHDTV.

e  H.264/AVC High ProfileatLevel4.2 isused for50 Hzand 60 Hz H.264/AVC HDTV.

e  H.264/AVC Scalable High Profile at Level 4 isused for25 Hzand30 Hz SVC HDTV.

e  H.264/AVC StereoHigh Profile atLevel 4 is used for25 Hzand 30 HzMVC StereoHDTV.
e  H.264/AVC Scalable High Profile at Level 4.2 isused for50 Hzand 60Hz SVC HDTV.

e  HEVC MainorMain 10Profileat Level4.1 isused forHEVCHDTV.

e HEVC Main 10Profile at Level5.1 isused for HEVCUHDTVandHEVCHDR UHDTV.
e HEVC Main 10Profile at Level5.2 isused forHEVCHFR UHDTV.

e  VC-1Advanced Profileat Level Lisused for VC-1 SDTV.

e  VC-1Advanced Profile at Level 3isused forVC-1HDTV.

. The25Hz MPEG-2 SDTVIRD, 25 Hz H.264/AVC SDTV IRDand 25Hz VC-1 SDTV IRD support 25Hz
framerate.
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The25Hz MPEG-2 HDTV IRD, 25 Hz H.264/AVC HDTV IRD,50 HzHEVCHDTV IRDand 25Hz VC-1
HDTV IRD support frameratesof 25Hz or50 Hz.

The 30 Hz MPEG-2 SDTVIRD, 30 Hz H.264/AVC SDTV IRDand 30Hz VC-1 SDTV IRD support frame
ratesof 24 000/1001,24,30000/1001and 30Hz.

The30Hz MPEG-2 HDTV IRD, 30 Hz H.264/AVC HDTV IRD, 60 HzHEVCHDTV IRD and 30 Hz VC-1
HDTV IRD supports framerates of 24000/1 001, 24,30 000/1 001, 30,60 000/1 001 and 60 Hz.

The HEVC UHDTVIRDandHEVC HDRUHDTYV IRD support framerates of 24000/1001, 24, 25,
30000/1001,30,50,60000/1001 and60 Hz.

The HEVC HDR HFR UHDTV IRD supports frame rates of 24 000/1001, 24, 25,30 000/1001, 30, 50,
60000/1001,60,100,120 000/1001and 120 Hz.

SDTV pictures may have either4:3,16:90r2.21:1aspect ratio; IRDs support 4:3and 16:9 and optionally
2.21:1 aspect ratio.

MPEG-2 HDTV pictureshave 16:9 or2.21:1aspectratio; IRDs support 16:9and optionally 2.21:1 aspect
ratio.

H.264/AVC HDTV pictures have 16:9aspect ratio; IRDs support16:9 aspectratio.
HEVCHDTVandUHDTYV pictures have 16:9 aspectratio; IRDs support 16:9 aspect ratio.
SVC HDTV pictures have 16:9aspectratio; IRDs support 16:9aspect ratio.

MVC Stereo HDTYV pictures have 16:9aspect ratio; IRDs support 16:9 aspect ratio.
VC-1HDTV pictures have 16:9 aspect ratio; IRDs support 16:9 aspectratio.

MPEG-2 IRDs supportthe use of panvectorsto allowa 4:3monitorto give a full-screendisplay ofa 16:9
coded picture of SDTV resolution.

IRDs mayalsooptionally support theuse of the Active Format Description (referto annex B of the present
document) as part of the logic to control the processingand positioning of the reconstructed image for display.

IRDs mayalsooptionally support frame compatible plano-stereoscopic 3DTV services (see annex H).

IRDs mayalsooptionally support service frame compatible plano-stereoscopic 3DTV services with HEVC
coding (see annexJ).

Audio contentcomplies with MPEG-1 Layer I, MPEG-1 Layer |1, MPEG-2 Layer Il backward compatible,
AC-3,Enhanced AC-3, AC-4, DTS Audio, DTS-HD, DTS-UHD, MPEG-4 AAC, MPEG-4 HE AAC,
MPEG-4 HE AAC v2 or MPEG-H LC audio. MPEG-1 Layer |1, MPEG-4 AAC, MPEG-4 HE AAC and
MPEG-4 HE AAC v2 audio streams may optionally include MPEG Surround data.

Samplingrates of32 kHz,44,1kHz and 48 kHz are supported by IRDs.
The encoded bitstream does notuse emphasis.

IRDs mayalsooptionally support full multi-channel decoding of MPEG-2 Layer | backwards compatible
multi-channelaudio.

Theuse of Layer 11 encoding is recommended for MPEG-1 audio bitstreams.

IRDs mayalsooptionally support thedecoding of MPEG-1/-2/-4 audio streams which include ancillary data
(seeannexC).

IRDs may alsooptionally support supplementary-mixed services (see annex E).

Annex L contains MPEG DASH player conformance points for H.264/AVC and HEVC video, designed to correspond
to the IRD conformance points.
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1 Scope

The present document provides implementation guidelines and conformance points for the use of audio-visual coding
utilizing MPEG-2 Systems in satellite, cable and terrestrial broadcasting systems and in IP-based networks, and for the
use of video coding foradaptive bitrate delivery over IP-based networks. The present document covers Standard
Definition Television (SDTV), High Definition Television (HDTV), Plano Stereoscopic 3DTV and Ultra High
Definition Television (UHDTV). More specifically, the presentdocument covers the first and second phases of the
DVB UHDTYV specification, aswellas the DVB Next Generation Audio specification.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the

referenced document (includingany amendments) applies.

Referenced documents which arenotfound to be publicly available in the expected locationmightbe found at
https://docbox.etsi.org/Reference.

NOTE: While any hyperlinks included in this clausewere valid at thetime of publication, ETSI cannot guarantee
theirlongterm validity.

The following referenced documents are necessary for the application of the presentdocument.

[1] Recommendation ITU-T H.222.0/ ISO/IEC 13818-1: "Information technology - Generic Coding
of moving pictures and associated audio information: Systems".

NOTE: Pleasereferwheneverpossible to the latestversionand subsequent amendments.

2] Recommendation I TU-T H.262/ 1SO/IEC 13818-2: "Information technology - Generic coding of
moving pictures and associated audio information: Video™.

[3] ISO/IEC 13818-3: "Information technology -- Generic coding of moving pictures and associated
audio information--Part 3: Audio™.

[4] ISO/IEC 13818-9: "Informationtechnology -- Generic coding of moving pictures and associated
audio information -- Part 9: Extension for realtime interface for systems decoders".

[5] Void.

[6] Void.

[7] Void.

[8] ISO/IEC 11172-1: "Information technology -- Coding of moving pictures and associated audio for
digitalstorage mediaatup to about 1,5 Mbit/s -- Part 1; Systems".

[9] ISO/IEC 11172-3: "Informationtechnology -- Coding of moving pictures and associated audio for
digital storage mediaatup to about1,5 Mbit/s -- Part 3: Audio".

[10] Recommendation I TU-T J.17: "Pre-emphasis used onsound-programme circuits".

[11] EBU Recommendation R.68: "Alignment level in digitalaudio production equipment andin
digitalaudio recorders".

[12] ETSI TS 102 366: "Digital Audio Compression (AC-3, Enhanced AC-3) Standard".

[13] Recommendation ITU-R BT.709: "Parameter values for the HDTV standards for productionand

international programme exchange".

[14] ETSI EN 300 294: "Television systems; 625-line television Wide Screen Signalling (WSS)".
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[15] ETSITS102 114 (V1.4.1): "DTS Coherent Acoustics; Core and Extensions with Additional
Profiles".

[16] Recommendation I TU-T H.264/ 1SO/IEC 14496-10:2014: "Information technology -- Coding of
audio-visual objects -- Part 10: Advanced Video Coding".

[17] ISO/IEC 14496-3:2009: "Information technology -- Coding of audio-visual objects -- Part 3:
Audio".

[18] ETSI EN 300 401: "Radio Broadcasting Systems; Digital Audio Broadcasting (DAB) to mobile,
portable andfixedreceivers".

[19] Recommendation I TU-T T.35: "Procedure forthe allocationof ITU-T defined codes for non-
standard facilities".

[20] SMPTE ST 421-2013: "VC-1 Compressed Video Bitstream Formatand Decoding Process".

[21] SMPTERP227: "VC-1 Bitstream Transport Encodings".

[22] RDS-Forum SPB 490: "RDS Universal Encoder Communication Protocol”, Final Version 6.02,
September 2006.

[23] SMPTE ST 2016-1:2009: "Format for Active Format Description and Bar Data".

[24] CTACEB16-B: "Active Format Description (AFD) & Bar Data Recommended Practice".

[25] Recommendation ITU-R BT.1700: "Characteristics of composite videosignals for conventional
analoguetelevision systems".

[26] CTA708-E: "Digital Television (DTV) Closed Captioning".

[27] IS0 639-2: "Codes for the representation of names of languages --Part 2: Alpha-3code”.

[28] Void.

[29] ISO/IEC 23003-1:2007: "Information technology -- MPEG audio technologies -- Part 1: MPEG
Surround™.

[30] ISO/IEC 23003-1:2007/Cor 1:2008: "Information technology -- MPEG audio technologies --
Part 1: MPEG Surround”, Technical corrigendum 1"

[31] IEC 61966-2-4: "Multimedia systems and equipment - Colour measurementand management -
Part 2-4: Colour management - Extended-gamut YCC colour space for video applications -
xvYCC".

[32] Void.

[33] ETSI TS 101 547-2: "Digital Video Broadcasting (DVB); Plano-stereoscopic 3DTV; Part 2; Frame
Compatible Plano-stereoscopic 3DTV".

[34] Void.

[35] Recommendation I TU-T H.265/ 1SO/IEC 23008-2: "Information technology -- High efficiency
codingand media delivery in heterogeneous environments -- Part 2: High efficiency video
coding".

[36] Recommendation ITU-R BT.2020: "Parameter values for ultra-high definition television systems
forproductionandinternational programmeexchange”.

[37] Void.

[38] Recommendation ITU-R BT.601-7 (2011): "Studio encoding parameters of digital television for
standard 4:3 and wide screen 16:9 aspect ratios".

[39] ISO/IEC 23003-2: "Information technology -- MPEG audio technologies -- Part 2: Spatial Audio
Object Coding (SAOC)".
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[42]
[43]

[44]
[45]
[46]
[47]
[48]
[49]
[50]

[51]

[52]

2.2

23

Void.

ISO/I1EC 14496-26: "Informationtechnology -- Coding of audio-visual objects - Part 26: Audio
conformance”.

Void.

ETSI TS 103 190-1: "Digital Audio Compression (AC-4) Standard; Part 1: Channel based
coding".

ETSI TS 101 547-4: "Digital Video Broadcasting (DVB); Plano-stereoscopic 3DTV; Part 4:
Service frame compatible Plano-stereoscopic 3DTV for HEVC coded services".

Recommendation I TU-R BT.2100: "Image parameter values for high dynamic range television for
use in productionand international programme exchange".

ETSI TS 103 190-2: "Digital Audio Compression (AC-4) Standard; Part 2: Immersiveand
personalizedaudio".

ISO/IEC 23008-3: "Information technology -- High efficiency codingand media deliveryin
heterogeneous environments - Part 3: 3D audio".

ISO/IEC 23003-4: "Information technology -- MPEG audio technologies - Part 4: Dynamic Range
Control".

ETSI TS103491:"DTS-UHD Audio Format; Delivery of Channels, Objects and Ambisonic
Sound Fields".

ETSITS103572:"HDR Signallingand Carriage of Dynamic Metadata for Colour Volume
Transform; Application#1 for DVB compliantsystems".

ETSI TS 103 433-2: "High-Performance Single Layer High Dynamic Range (HDR) System for
use in Consumer Electronics devices; Part 2: Enhancements for Perceptual Quantization (PQ)

transfer functionbased High Dynamic Range (HDR) Systems (SL-HDR2)".
CTAB861-H: "ADTYV Profile for Uncompressed High Speed Digital Interfaces"”, December 2020

Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited versionapplies. For non-specific references, the latest version of the
referenced document (includingany amendments) applies.

NOTE:

While any hyperlinks included in this clausewere valid at the time of publication, ETSI cannot guarantee
theirlongterm validity.

The following referenced documents are not necessary for the application of the present document but they assist the
userwith regard to a particular subjectarea.

[i1]
[i.2]
[i.3]
[i.4]

NOTE:

[i.5]

[1.6]
[i.7]

Void.
Void.
Void.

Recommendation ITU-R BT.470: "Conventional Television Systems".

The present documentonly references Systems B, G,and I.

Recommendation ITU-R BT.1358 (2007): "Studio parameters of 625and 525 line progressive
scan televisionsystems".

Void.
Void.
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[.8]

[i.9]

[1.10]

[i.11]

[i.12]

[1.13]

[i.14]

NOTE:

[i.15]

[i.16]

NOTE:

[1.17]

[i.18]

[1.19]

[1.20]
[i.21]

[i.22]

[1.23]

[1.24]

[1.25]
[1.26]

[1.27]

[1.28]
[1.29]
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SMPTE ST 125:2013: "SDTV Component Video Signal Coding4:4:4 and4:2:2 for13.5MHzand
18 MHz Systems".

SMPTE ST 170:2004: "Television - Composite Analog Video Signal-NTSC for Studio
Applications".

SMPTE ST 267:1995: "Television - Bit-Parallel Digital Interface - Component Video Signal 4:2:2
16x9 Aspect Ratio".

SMPTE ST 274:2008: "Television -1920x 1080 Image Sample Structure, Digital Representation
and Digital Timing Reference Sequences for Multiple Picture Rates™.

SMPTE ST 293:2003: "Television - 720 x 483 Active Line at 59.94-Hz Progressive Scan
Production - Digital Representation™.

SMPTE ST 296:2012; "Television-1280x 720 Progressive Image Sample Structure - Analogand
Digital Representationand Analog I nterface (R2006)".

HDMI LLC, High-Definition Multimedia Interface Specification VVersion 1.4a. March 4, 2010.

Avalilable at http://www.hdmi.org/manufacturer/specification.aspx.

ETSI TS100289 (V1.2.1): "Digital Video Broadcasting (DVB); Support for use of the DVB
Scrambling Algorithm version 3 within digital broadcasting systems™.

Blu-ray Disc Association: "White Paper Blu-ray Disc™ Read-Only Format2.B Audio Visual
Application Format Specifications for BD-ROM Version 2.5", July 2011.

Available at http://blu-raydisc.com/assets/ Downloadablefile/BD-ROM-AV-WhitePaper 110712.pdf.

Recommendation I TU-R BS.1770: "Algorithms to measure audio programme loudness and true-
peak audio level".

EBU Recommendation R 128:2014: "Loudness normalizationand permitted maximum level of
audio signals".

EBU Tech 3344:2014: "Guidelines for Distributionand Reproduction of Programmes in
accordancewith EBUR 128"

ANSI/SCTE 172:2011: "Constraints on AVC video coding for Digital Program Insertion".

Free TV Australia Operational Practice OP-59:2013: "Measurement and Managementof
Loudness in Soundtracks for Television Broadcasting”.

Recommendation ITU-R BS.1771-1 (2012): "Requirements for loudness andtrue-peak indicating
meters".

EBU Tech 3342:2014: "Loudness Range: A measure to supplementloudness normalizationin
accordancewith EBUR 128".

EBU Tech 3343:2014: "Practical guidelines for Productionand Implementationin accordance
withEBUR 128",

SMPTE ST 292-1:2012:"1.5 Gb/s Signal/Data Serial Interface".

SMPTE ST 2084: "High Dynamic Range Electro-Optical Transfer Function of Mastering
Reference Displays".

ARIB STD-B67: "Essential Parameter Values for the Extended Image Dynamic Range Television
(EIDRTYV) System for Programme Production™.

ETSI TS103448:"AC-4 Object Audio Renderer for Consumer Use".

SMPTE ST 2086: "Mastering Display Color VVolume Metadata Supporting High Luminanceand
Wide Color Gamut Images".
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[1.30] Recommendation I TU-R BT.2073-0: "Use of the high efficiency video coding (HEVC) standard
forUHDTVand HDTV broadcasting".

[1.31] EBU Technical Recommendation R92:"Active picture area and picture centring in analogue and
digital 625/50television systems™.

[1.32] ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (SI)
in DVB systems".

[1.33] ISO/IEC 23009-1: "Information technology - Dynamic adaptive streamingover HTTP (DASH) -
Part 1: Media presentation descriptionand segment formats™.

[i.34] ETSI TS 103 285:"Digital Video Broadcasting (DVB); MPEG-DASH Profile for Transport of
ISOBMFF Based DVB Services over I P Based Networks".

[1.35] ETSITS103584:"DTS-UHD Point Source Renderer".

[1.36] ATSC: "Code point registry".

NOTE: Available at https://www.tsc.org/standards/other-technical-documents/code-point-registry/.

[1.37] SMPTE ST 2094-1:2016: "Dynamic Metadata for Color Volume Transform - Core Components".
[1.38] SMPTE ST 2094-10:2016: "Dynamic Metadata for Color Volume Transform - Application #1".
[1.39] SMPTE ST 2094-40:2020: "Dynamic Metadata for Color Volume Transform - Application #4".
[i.40] ETSI TS 103 433-1: "High-Performance Single Layer High Dynamic Range (HDR) System for

use in Consumer Electronics devices; Part 1: Directly Standard Dynamic Range (SDR)
Compatible HDR System (SL-HDR1)".

[i41] Void.
3 Definition of terms, symbols and abbreviations
3.1 Terms

Forthe purposes of the present document, the following terms apply:

25Hz H.264/AVC HDTYV Bitstream: bitstream which contains only H.264/AVC High Profile atLevel 4 (orsimpler)
video at25Hzor50 Hz frameratesas specifiedin the presentdocument

25Hz H.264/AVCHDTYV IRD: IRDthatis capable of decodingand displaying pictures based on anominal video
framerate of 25Hz or50 Hz from H.264/AVC High Profile at Level 4 bitstreams as specified in the presentdocument,
in additionto providingthe functionality ofa 25 HzH.264/AVC SDTV IRD

25Hz H.264/AVC SDTV Bitstream: bitstreamwhich contains only H.264/AVC Main Profile at Level 3 video
at 25 Hz frame rate as specified in the present document

25Hz H.264/AVC SDTV IRD: IRDwhich is capable of decodingand displaying pictures based on anominal video
framerate of 25Hz from H.264/ AVC Main Profile at Level 3 bitstreams as specified in the present document

25 Hz MPEG-2 HDTYV Bitstream: bitstream which contains only MPEG-2 Main Profile, High Level (orsimpler)
video at 25 Hzor50 Hz framerates as specified in the presentdocument

25Hz MPEG-2 HDTV IRD: IRDthatis capable of decoding and displaying pictures based on a nominal video frame
rate of 25 Hz or50 Hz from MPEG-2 Main Profile, High Level bitstreams as specified in the present document, in
additionto providing the functionality of a25 Hz SDTV IRD

25 Hz MPEG-2 SDTV Bitstream: bitstream which contains only MPEG-2 Main Profile, Main Level videoat25 Hz
framerate asspecified in the presentdocument
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25Hz MPEG-2 SDTV IRD: IRDwhich is capable of decoding and displaying pictures based on a nominal video
framerate of 25Hz from MPEG-2 Main Profile, Main Level bitstreams as specified in the presentdocument

25 Hz MVC Stereo HDTV Bitstream: MVC bitstream that containsa 25 HzMVC Stereo Baseview bitstreamand a
25 Hz MVC Stereo Dependentview bitstream as specified in the present document

NOTE: A25HzMVC Stereo Bitstream containsonly H.264/AVC Stereo High Profile atLevel 4 video at25 or
50 Hz frame rates as specified in the present document.

25 Hz MVC Stereo HDTV IRD: IRD thatis capable of decoding and displaying pictures based on nominal video
frameratesof 250r50 Hz from H.264/AVC Stereo High Profile Level 4 bitstreams as specified in the present
document, in additionto providing the functionality of a 25Hz H.264/AVC HDTV IRD

25 Hz SVC HDTV Bitstream: SVC bitstream thatcontainsa 25 Hz SVC HDTV Bitstream Subset as specified in the
present document

25 Hz SVC HDTV Bitstream Subset: bitstream subset, of an SVC Bitstream, that contains coded slice NAL units with
DQId greaterthan0 and contains only H.264/AVC Scalable High Profile at Level 4 (orsimpler) video at 25 Hzor

50 Hz frame rates as specified in the present document

25Hz SVC HDTV IRD: IRDthatis capable of decodingand displaying pictures based on nominal video frame rate of
25 Hz or50 Hz from H.264/AVC Scalable High Profile Level 4 bitstreams as specified in the present document, in
additionto providing the functionality of a 25 Hz H.264/AVCHDTV IRD

25 Hz VC-1 HDTV Bitstream: bitstream which contains only VC-1 Advanced Profile at Level 3 (orsimpler) video at
25Hz or50 Hz framerates as specified in the presentdocument

25HzVC-1 HDTV IRD: IRDthat is capable of decodinganddisplaying pictures based on a nominal video frame rate
of 25 Hz or50 Hz from VVC-1 Advanced Profile at Level 3 bitstreams as specified in the present document, in addition
to providingthe functionality of a25 Hz VC-1SDTV IRD

25Hz VC-1 SDTV Bitstream: bitstream which contains only VC-1 Advanced Profile at Level 1 videoat 25 Hz frame
rate as specified in the presentdocument

25Hz VC-1 SDTV IRD: IRDwhich is capable of decodingand displaying pictures based ona nominal video frame
rate of 25 Hz from VC-1 Advanced Profile at Level 1 bitstreams as specified in the present document

30 Hz H.264/AVC HDTYV Bitstream: bitstream which contains only H.264/AVC High Profile atLevel 4 (orsimpler)
videoat24 000/1001,24,30000/1001,30,60000/10010r60 Hz framerates as specified in the presentdocument

30Hz H.264/AVCHDTV IRD: IRD thatis capable of decodingand displaying pictures based on nominal video frame
ratesof 24 000/1001,24,30000/1001,30,60000/10010r60 Hz from H.264/AVCHigh Profile at Level 4 bitstreams

asspecified in the presentdocument, in addition to providingthe functionality ofa 30 HzH.264/AVCSDTV IRD

30 HzH.264/AVC SDTV Bitstream: bitstreamwhich contains only H.264/AVC Main Profile at Level 3 video
at24000/1001,24,30000/10010r30 Hz framerateas specifiedin the presentdocument

30HzH.264/AVC SDTV IRD: IRDwhich is capable of decodingand displaying pictures based on a nominal video
framerate of 24000/1001 (approximately 23,98), 24,30 000/1 001 (approximately 29,97) or 30 Hz from H.264/AVC
Main Profile at Level 3 bitstreams as specified in the present document

30 Hz MPEG-2 HDTYV Bitstream: bitstream which contains only MPEG-2 Main Profile, High Level (or simpler)
videoat24 000/1001,24,30000/1001,30,60000/10010r60 Hz framerates as specified in the presentdocument

30Hz MPEG-2 HDTV IRD: IRDthat iscapable of decodingand displaying pictures based on nominal video frame
rates of 24 000/1001,24,30000/1001,30,60 000/1001 or 60 Hz from MPEG-2 Main Profile, High Level bitstreams
asspecified in the presentdocument, in addition to providing the functionality ofa 30 HzSDTV IRD

30 Hz MPEG-2 SDTV Bitstream: bitstream which contains only MPEG-2 Main Profile, Main Level videoat
24000/1001,24,30000/10010r 30 Hz framerate as specified in the presentdocument

30 Hz MPEG-2 SDTV IRD: IRDwhich is capable of decodinganddisplaying pictures based on anominal video
framerate of 24000/1001 (approximately 23,98), 24,30 000/1 001 (approximately 29,97) or 30 Hz from MPEG-2

Main Profile at Main Level bitstreams as specified in the present document
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30 Hz MVC Stereo HDTV Bitstream: MVC bitstream that contains a 30 HzMVC Stereo Base view bitstreamand a
30 Hz MVC Stereo Dependentview bitstream as specified in the present document

NOTE: A30HzMVC Stereo HDTV Bitstream containsonly H.264/AVC Stereo High Profile at Level 4 video at
24000/1001,24,30000/1001, 30,60 000/10010r60 Hz framerates as specified in the present
document.

30 Hz MVC Stereo HDTV IRD: IRD thatis capable of decoding and displaying pictures based on nominal video
framerates of 24000/1001, 24,30 000/1 001, 30,60 000/1 001 or 60 Hz from H.264/AVC Stereo High Profile Level 4
bitstreams as specified in the present document, in addition to providing the functionality of a 30 Hz H.264/AVC
HDTVIRD

30 Hz SVC HDTV Bitstream: SVC bitstream thatcontainsa 30Hz SVC HDTV Bitstream Subset as specified in the
present document

30 Hz SVC HDTV Bitstream Subset: bitstream subset, of an SVC Bitstream, that contains coded slice NAL units with
DQId greaterthan0 and contains only H.264/AVC Scalable High Profile at Level 4 (orsimpler) video at 24 000/1001,
24,30000/1001,30,60000/1001 or60 Hz frame rates as specified in the present document

30Hz SVC HDTV IRD: IRDthatis capable of decodingand displaying pictures based on nominal video frame rates
0f 24 000/1 001, 24,30 000/1 001, 30,60 000/1 001 or60 Hzfrom H.264/AVC Scalable High Profile Level 4
bitstreams as specified in the present document, in addition to providing the functionality of a 30 Hz H.264/AVC
HDTVIRD

30 Hz VC-1 HDTYV Bitstream: bitstream which contains only VC-1 Advanced Profile at Level 3 (orsimpler) video at
24000/1001,24,30000/1001, 30,60 000/10010r60 Hz framerates as specified in the presentdocument

30HzVC-1 HDTV IRD: IRDthat is capable of decodinganddisplaying pictures based on nominal video framerates
of24000/1 001, 24,30 000/1 001, 30,60 000/1 001 or 60 Hzfrom VC-1 Advanced Profile at Level 3 bitstreams as

specified in the present document, in addition to providing the functionality of a30 Hz SDTV IRD

30 Hz VC-1 SDTV Bitstream: bitstream which contains only VC-1 Advanced Profile at Level 1 videoat
24 000/1001,24,30000/10010r 30 Hz framerate as specified in the presentdocument

30Hz VC-1 SDTV IRD: IRDwhich is capable of decodingand displaying pictures based ona nominal video frame
rate of 24 000/1 001 (approximately 23,98), 24,30 000/1 001 (approximately 29,97) or 30 Hz from VC-1 Advanced
Profile at Level 1 bitstreams as specified in the present document

3DTV:DVB frame compatible plano-stereoscopic three-dimensional television

50 Hz H.264/AVC HDTYV Bitstream: bitstream which contains only H.264/AVC High Profile atLevel 4.2 (or
simpler)video at 25Hz or50 Hz framerates as specified in the presentdocument

50Hz H.264/AVCHDTYV IRD: IRD thatis capable of decodingand displaying pictures based on anominal video
framerate of 25Hz or50 Hz from H.264/AVC High Profile at Level 4.2 bitstreams as specified in the present
document, in additionto providing the functionality of a 25Hz H.264/AVC HDTV IRD

50 HzHEVCHDTYV 8-bit IRD: IRDthatis capable of decodingand displaying pictures based on a nominal video
framerate of 25Hz or50 Hz from HEVC Main Profile HEVC HDTV Bitstreams as specified in the present document

50 HzHEVCHDTYV 10-bit IRD: IRD that is capable of decodingand displaying pictures based on a nominal video
framerate of 25Hz or50 Hz from HEVCHDTYV Bitstreams as specified in the presentdocument

50 HzHEVCHDTYV IRD: collective termreferringto eithera 50 Hz HEVC HDTV 10-bit IRD ora 50Hz HEVC
HDTV 8-bit IRD

50 Hz SVC HDTV Bitstream: SVC bitstream thatcontainsa 50Hz SVC HDTV Bitstream Subset as specified in the
present document

50 Hz SVC HDTYV Bitstream Subset: bitstream subset, of an SVC Bitstream, that contains coded slice NAL units with
DQId greaterthan0 and contains only H.264/AVC Scalable High Profile at Level 4.2 (orsimpler) video at25 Hz or
50 Hz frame rates as specified in the present document

50 Hz SVC HDTV IRD: IRDthatis capable of decodingand displaying pictures based on a nominal video frame rate
of 25Hz or50 Hz from H.264/AVC High Profile atLevel 4.2 bitstreams as specified in the present document, in

additionto providing the functionality of a50 Hz H.264/AVCHDTV IRDanda 25Hz SVC HDTV IRD
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60 Hz H.264/AVC HDTYV Bitstream: bitstream which contains only H.264/AVC High Profile atLevel 4.2 (or
simpler)video at 24000/1001, 24,30000/1001, 30,60000/1001 or 60 Hz frame rates as specified in the present
document

60 Hz H.264/AVCHDTYV IRD: IRD thatis capable of decodingand displaying pictures based on nominal video frame
ratesof 24 000/1001, 24,30 000/1001, 30,60 000/1001 or 60 Hz from H.264/AVCHigh Profile at Level 4.2
bitstreams as specified in the present document, in additionto providing the functionality of a 30 Hz H.264/AVC
HDTVIRD

60 HzHEVCHDTYV 8-bit IRD: IRDthatis capable of decodingand displaying pictures based on a nominal video
framerate of 24000/1001, 24,30 000/1 001, 30,60 000/1 001 or 60 Hz from HEVC Main Profilt HEVC HDTV
Bitstreams as specified in the present document

60 HzHEVCHDTYV 10-bit IRD: IRDthat is capable of decodinganddisplaying pictures based on a nominal video
framerate of 24000/1001, 24,30 000/1 001, 30,60 000/1 001 or 60 Hz fromHEVCHDTYV Bitstreams as specifiedin

the present document

60 HzHEVCHDTYV IRD: collective termreferringto eithera 60 Hz HEVC HDTV 10-bit IRD ora 60Hz HEVC
HDTV 8-bit IRD

60 Hz SVC HDTV Bitstream: SVC bitstream thatcontainsa 60 Hz SVC HDTV Bitstream Subset as specified in the
present document

60 Hz SVC HDTV Bitstream Subset: bitstream subset, of an SVC Bitstream, that contains coded slice NAL units with
DQld greaterthan0 and contains only H.264/AVC Scalable High Profile at Level 4.2 (or simpler) video at
24000/1001,24,30000/1001, 30,60 000/10010r60 Hz framerates as specified in the presentdocument

60 Hz SVC HDTV IRD: IRDthatis capable of decodingand displaying pictures based on nominal video frame rates
0f 24 000/1 001, 24,30 000/1 001, 30,60 000/1 001 or 60 Hzfrom H.264/AVC Scalable High Profile Level 4.2
bitstreams as specified in the present document, in addition to providing the functionality of a60 Hz H.264/AVC
HDTVIRDanda30HzSVCHDTVIRD

audio preselection: set of Audio Programme Components representinga version of the Audio Programme that may be
selected by a user for simultaneous decoding

NOTE: An Audio Preselection isa sub-selectionfromall available Audio Programme Components of one Audio
Programme. An Audio Preselection canbe considered the NGA equivalent of audio services in
predecessor systems, whereby eachaudio service comprises a complete audio mix.

audio presentation: audio preselectionin the context of AC-4

audio preset: audio preselection in the contextof MPEG-H Audio

audio programme: completecollection ofall Audio Programme Componentsanda set of accompanying Audio
Preselections

NOTE: Notall Audio Programme Components of one Audio Programme are necessarily meant to be presented at
the sametime. An Audio Programme may contain Audio Programme Components thatare always
presented, andit mayinclude optional Audio Programme Components.

audio programmecomponent: smallest addressable unit ofan Audio Programme

auxiliary NGA stream: NGA stream delivered using NGA multi-stream delivery, and containing additional Audio
Programme Components not contained in the main NGA stream

AVC video sub-bitstreamof MVC: video sub-bitstream that contains only the base view, i.e. containingall VCL NAL
units associated with the minimum value of view order index presentin each AVC video sequence of the AVC video
stream. The AVC video sub-bitstream conforms to the specification of a H.264/AVCHDTYV Bitstream.

AVC video sub-bitstreamof SVC: video sub-bitstream that contains the base layeras defined in annex G of
Recommendation ITU-T H.264[16]/ 1SO/IEC 14496-10 [16] and that additionally contains NAL units with
nal_unit_type equalto 14 (prefix NAL units)

NOTE: The AVC video sub-bitstream contains all VCL NAL units associated with dependency_id equalto 0.
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baseline IRD: IRD which provides theminimum functionality to decode transmitted bitstreams as recommended in the
present document

NOTE: Itis notrequired to have the ability to decode Partial Transport Streams as may bereceived froma digital
interface connected todigital bitstream storage device suchasadigital VCR.

componentgroup: group of audio programme components

defaultaudio preselection: audio preselectionincludingall Audio Programme Components to be decoded when IRD
cannotmake a selection amongstseveral preselections

dynamic mapping: dynamic adaptation ofan HDR video signal to the characteristics ofa display

dynamic mappinginformation: information associated with one or more frames of the video content as part of a DVB
service thatcan guide dynamic mapping, as producedin a reference viewingenvironment or otherwise

frame compatible: arrangement of the Left and Right images in a spatial multiplex which results in an image which
can be treated like a nomal HDTV image by the receiver demodulator and compressiondecoder

H.264/AVC bitstream: collective term referring to the H.264/AVC SDTV Bitstream andthe H.264/AVC HDTV
Bitstream

H.264/AVC GOP: collection of H.264/AVC Access Units (AUs) startingat, and includingthe AU comprising the
H.264/AVC RAP, and includingallthe AUs up to, but not including the next AU thatisan H.264/AVC RAP

H.264/AVC HDTYV bitstream: collective termreferringto the 25 HzH.264/AVCHDTYV Bitstream, the 30 Hz
H.264/AVC HDTV Bitstream, the 50 HzH.264/AVCHDTYV Bitstream andthe 60 Hz H.264/AVC HDTV Bitstream

H.264/AVCHDTYV IRD: collective term referringto the 25 Hz H.264/AVC HDTV IRD, the 30Hz H.264/AVC
HDTVIRD, the 50 HzH.264/AVCHDTV IRD andthe60 Hz H.264/AVC HDTV IRD

H.264/AVC IRD: collective termreferringto the H.264/AVC SDTV IRD and the H.264/AVCHDTV IRD

H.264/AVC SDTYV bitstream: collective term referringto the25 Hz H.264/AVC SDTV Bitstream andthe 30 Hz
H.264/AVC SDTV Bitstream

H.264/AVC SDTV IRD: collective term referringto the 25Hz H.264/AVC SDTV IRD and the 30 HzH.264/AVC
SDTV IRD

H.264/AVC RAP: access unit with AU delimiterin an H.264/AVC Bitstream atwhich an IRD can begin decoding
video successfully

NOTE: Thisaccessunitincludesexactly one Sequence Parameter Set (that is active) with VUI and the Picture
Parameter Set that is required for decoding the associated picture. The SPSalso precedesany SEI NAL
unitsin thisaccess unit. Thisaccess unit containsan IDR pictureoran | picture.

HEVC bitstream: collective termreferring to eithera HEVC HDTV Bitstream,a HEVC UHDTV Bitstream,a HEVC
HDR UHDTYV Bitstream,a HEVCHFR UHDTV Bitstreamora HEVCHDR HFRUHDTYV Bitstream

HEVC DVB_RAP: access unit with AU delimiterin an HEVC Bitstream from which an IRD candecode and
successfully reconstruct all pictures that follow in output orderthe HEVC DVB_RAP access unit, includingthe HEVC

DVB_RAP

HEVCHDR HDTYV bitstream: Same asthe HEVCHDR UHDTYV bitstream with the difference thatonly resolutions
up toand including 1920x1080are supported

HEVC HDR HFR UHDTYV bitstream: HEVC video stream which containsa HEVC Main 10 Profile High Dynamic
Range video (i.e. usingeitherthe HLG orthe PQ transfer characteristics) up to Level 5.2 (inclusive) at100,120000/1
001 or120 Hz asspecified in the presentdocument

HEVCHDR HFR UHDTYV IRD: IRDthat s capable of decodinganddisplaying pictures from HEVC HFRUHDTV
Bitstreamsor HEVCHDR HFRUHDTYV Bitstreams as specifiedin the present document, in addition providing the
abilitiesof the HEVC HDRUHDTV IRD
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HEVCHDR UHDTYV bitstream: HEVC video stream or HEVC temporal video sub-bitstream which contains HEVC
Main 10 Profile High Dynamic Range video (i.e. using eitherthe HLG or the PQ transfer characteristics) up to
Level5.1 (inclusive) as specified in the presentdocument

HEVCHDR UHDTV2 bitstream: HEVC video stream or HEVC temporal video sub-bitstream which contains HEVC
Main 10 Profile videoup to Level 6.1 (inclusive) as specified in the present document

HEVCHDR UHDTV IRD: IRDthatis capable of decodingand displaying pictures fromHEVCHDR UHDTV
Bitstreams as specified in the present document, in addition providing theabilities of the HEVCUHDTV IRD

HEVCHDR UHDTV2 IRD: IRDthatis capable of decodingand displaying pictures from HEVCHDR UHDTV?2
Bitstreams as specified in the present document, in addition providing theabilities of boththe HEVC HDRUHDTV

IRD usingPQ10 and HEVC HDRUHDTYV IRD using HLG10

HEVCHDTYV 8-bit IRD: collective term referringto eithera50 HzHEVC HDTV 8-bit IRD ora 60 HzHEVC HDTV
8-bit IRD

HEVCHDTYV 10-bit IRD: collective term referringto eithera 50Hz HEVCHDTV 10-bit IRD ora 60 HzHEVC
HDTV 10-bit IRD

HEVCHDTYV bitstream: HEVC videostream or HEVC temporal video sub-bitstream which contains either HEVC
Main 10 Profile orHEVC Main Profile encoded video up to Level 4.1 (inclusive) as specified in the present document

HEVCHDTV IRD: collective termreferring eithertoa50 HzHEVC HDTV 10-bit IRD,a 50 HZHEVC HDTV 8-bit
IRD,a60HzHEVCHDTYV 10-bit IRD,ora 60 HZHEVCHDTYV 8-bit IRD

HEVCHFR UHDTV bitstream: HEVC video stream which containsa HEVC Main 10 Profile video upto Level 5.2
(inclusive)at 100,120 000/10010r 120 Hz as specified in the presentdocument

HEVC IRD: collective term referringto eithera HEVCHDTV IRD,a HEVC UHDTV IRD,a HEVCHDR UHDTV
IRDoraHEVCHDRHFR UHDTV IRD

HEVC layer set: Asdefined in Recommendation ITU-T H.265/ ISO/IEC23008-2 [35], clause 3.
HEVCtemporal sub-layer: Asdefined in Recommendation I TU-T H.265 [35]/ 1SO/IEC 23008-2 [35], clause 3.

HEVC temporal video sub-bitstream: As defined in Recommendation ITU-T H.222.0/ 1SO/IEC 13818-1[1],
clause 2.1.106.

HEVC temporal video subset: As defined in Recommendation I TU-T H.222.0/ ISO/IEC 13818-1[1], clause 2.1.107.

HEVCUHDTYV bitstream: HEVC video stream or HEVC temporal video sub-bitstream which contains HEVC Main
10 Profile encoded videoup to Level 5.1 (inclusive) as specified in the present document

HEVCUHDTYV IRD: IRDthatis capable of decoding and displaying pictures from HEVC UHDTYV Bitstreams as
specified in the present document, in addition providing theabilities of the HEVCHDTV IRD

HEVC video sub-bitstream: As defined in Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1], clause 2.1.105.

HEVC video stream: As defined in Recommendation ITU-T H.222.0/ ISO/IEC13818-1[1], clause2.1.95.

HFR bitstream: collective term referring to eithera HEVCHFRUHDTYV Bitstream ora HEVCHDR HFRUHDTV
Bitstream

HLG10: HLG HDR solutionwith 10-bit coding, non-constant luminance YCbCr, narrow range and colour primaries,
asdefinedin Recommendation I TU-R BT.2100[45]

I picture: picture (frame or field) containing only intra macroblocks

IRD with Digital Interface: IRD which has theability to decode Partial Transport Streams received from a digital
interface connected todigital bitstream storage device suchasadigital VCR as specified in the present document, in

additionto providing the functionality of a Baseline IRD

main NGA stream: NGA stream delivered using NGA multi-stream delivery, and containingatleastall the Audio
Programme Components correspondingto the Default Audio Preselection

DVB BlueBook A001r18 (November 2021)



31

MPEG-2 bitstream: collectiveterm referringto the 25Hz MPEG-2 SDTV Bitstream, 30 Hz MPEG-2 SDTV
Bitstream, 25Hz MPEG-2HDTYV Bitstream, 30 HzMPEG-2 HDTV Bitstream

MPEG-2 IRD: collective term referringto the 25 HzMPEG-2 SDTV IRD, 30 Hz MPEG-2 SDTV IRD, 25 Hz
MPEG-2 HDTVIRD, 30 Hz MPEG-2HDTV IRD

MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AACVv2 RAP: accessunitinan MPEG-4 audio Bitstreamat
which an IRD can begin decodingand play-out audio with full fidelity

NOTE: Thisincludesthatallrelevant metadata parameters are present in the AU.
MPEG DASH media presentation: Asdefined in ISO/IEC 23009-1[i.33].

MPEG DASH player: hardwaredevice or software component capable of playingan MPEG DASH Media
Presentationand containingone or more media decoders

multi-stream delivery: method for carrying Audio Programme Components in several NGA streams

NOTE: E.g. when Audio Programme Components offeringadditional languages are carried in separate
elementary streams to facilitate remultiplexing or service aggregation.

MVC stereo anchor picture: picture composed of exactly one base view componentand exactly one dependentview
component

NOTE: Thisis the MVC Stereo equivalent to an H.264/AVC RAP.

MVC stereo access unit: set of NAL units thatare consecutive in decoding order and contain exactly one primary
coded picture consisting of onebase view component and one dependent view component

NOTE: Inadditiontothe primary coded picture,an MVC Stereoaccess unit mayalso contain one or more
redundantcoded pictures, one auxiliary coded picture. or other NAL units notcontainingslices or slice
data partitions of a coded picture. The decodingofan MVC Stereoaccess unit always results in one
decoded picture consisting of one ortwo decoded view components. Clause 5.13 gives further details
about thecomposition of the base view and dependent view components.

MVC stereo base view component: coded representation of the Base view in a single access unit

MVC stereo base view (or dependent view) bitstream: collection of all VCL NAL unitsandassociated non-VCL
NAL unitsassociated with thevalue of view_id correspondingto the Base view (or the Dependent view), of a video
bitstream conforming to the H.264/AVC Stereo High Profile Level 4, as defined in Recommendation ITU-T H.264 /
ISO/IEC 14496-10[16]

NOTE: The MVC Stereo Base view bitstream isthe MVC Stereoequivalentto the AVC video sub-bitstream of
MVC as per Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1] (with the additional restrictions
specified in clause5.13 of the present document) and under the H.264/AVC Stereo High Profile Level 4
constraints. The MVC Stereo Dependent view bitstream is equivalent tothe MVC video sub -bitstream in
Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1] under the H.264/AVC Stereo High Profile
Level 4 constraints.

MVC stereo bitstream: bitstream that conforms to the H.264/AVC Stereo High Profile Level 4 specified in annex H of
Recommendation I TU-T H.264/ 1SO/IEC 14496-10 [16], and with the restrictions specified in the present document

MVC stereo corresponding (or associated) view component: opposite (Base/Dependent) view componentwith same
value of Presentation Time Stamp (PTS)

MVC stereo coded video sequence: collection of MVC Stereo access units (AUs) startingat, and including the AU
comprisingthe MVC StereoRAP, andincludingallthe AUs up to, but notincludingthe next AU thatisan MV C
Stereo RAP

MVC stereo dependentunit: set of NAL unitsthatare consecutive in decoding orderand contain exactly one
non-Baseview component

NOTE: A dependent unit starts froma viewand dependency representation delimiter NAL unit, VDRD_nal_unit
(nal_unit_type =24).

MVC stereo dependent view component: coded representation of Dependentview in a single access unit
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MVC stereo HDTV bitstream: collective term referring to the 25Hz MVC Stereo HDTV Bitstream, and the 30 Hz
MVC Stereo HDTV Bitstream

MVC stereo HDTV IRD: collective term referringto the25 Hz MVC StereoHDTV IRD, and the 30 Hz MVC Stereo
HDTVIRD[16]

MVC stereo HDTV sub-bitstream: collective term referringto eitherthe MVC Stereo Base view bitstreamorthe
MVC Stereo Dependent view bitstreams of 25 Hz MVVC StereoHDTV or 30 Hz MVC Stereo HDTV Bitstreams

NGA stream: audio elementary stream, containing one or more Audio Programme Components of one Audio
Programme

panvector: horizontal offsetin video frame centre position specified by non-zero value in the
frame_centre_horizontal_offset field in the MPEG video stream

partial transportstream: bitstream derived froman MPEG-2 Transport Stream by removing those Transport Stream
Packets thatare not relevant to one particular selected programme, or a number of selected programmes

plano-stereoscopic: three-dimensional picture that uses twosingle pictures, Leftand Right, displayed on a single plane
surface(the TV screen in the caseof 3DTV)

player conformance point: set of decoding requirements that an MPEG DASH player may meet and thereby be able to
decode bitstreams froman MPEG DASH presentation that (a) fall within the mandatory requirements of a playerthat
supportsthe specific player conformance pointand (b) comply with the general contentrequirements defined for the

codec associated with the player conformance point

PQ10: PQHDR solution with 10-bit coding, non-constant luminance YCbCr, narrowrangeand colour primaries, as
defined in Recommendation ITU-RBT.2100[45]

single-stream delivery: method for carryingall Audio Programme Components in a single NGA stream
SVC access unit: access unit asspecified in annex G of Recommendation I TU-T H.264 / 1SO/IEC 14496-10[16]

NOTE: AnSVC accessunit results from re-assembling SVC dependency representations as specified in
Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1].

SVC base layer bitstream: bitstreamsubset ofan SVC Bitstreamthatconformstoone or more H.264/AVC profiles
specified in annex A of Recommendation ITU-T H.264 / 1SO/IEC 14496-10[16]

NOTE: TheSVC base layerbitstream of an SVC bitstream is specifiedin clause G.8.8.2 of Recommendation
ITU-TH.264/1SO/IEC 14496-10[16].

SVC base layer RAP: set of allNAL units thatare present in the AVC video sub-bitstream ofan SVC Access unit

NOTE: TheSVC Base layer RAP obeys the constraints of the corresponding H.264/ AVC RAP. Additionally the
subset SPS of allenhancement layers followthe SPS of the SVC base layer RAP andare ordered with
increasing value of DQId.

SVC bitstream: bitstreamthatconforms toone or more of the profiles specified in annex G of Recommendation | TU-T
H.264/1SO/IEC 14496-10 [16]

SVC dependency representation: collectionofall VCL NAL units with the same value of dependency_id ofanSVC
access unit and theassociated non-VCL NAL units

NOTE: Re-assemblingSVC dependency representations in a consecutive order of dependency _id starting from
the lowest value of dependency_id present in the access unit upto any value of dependency_id presentin
the access unit, while reorderingthe non-VCL NAL units conformingto the order of NAL units within an
access unit asspecified in annex G of Recommendation ITU-T H.264/1SO/IEC 14496-10[16], results in
an SVC access unit.

SVC enhancement layer RAP: set of all NAL unitsthat are presentin the SVC video sub-bitstream ofan SVC Access
unit

NOTE: Thesubset SPSof allenhancementlayerswith dependency _id greaterthan the dependency _id ofthe
SVC Enhancement layer RAP followthe subset SPS of this SVC Enhancement layer RAP and are

ordered with increasing value of DQId.
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SVC HDTYV bitstream: collective termreferringto the 25 Hz SVC HDTV Bitstream, the 30Hz SVC HDTV
Bitstream, the50 Hz SVC HDTV Bitstream,andthe60 Hz SVC HDTV Bitstream

SVC HDTYV bitstream subset: collective termreferringto the25 Hz SVC HDTV Bitstream Subset, the 30 Hz SVC
HDTV Bitstream Subset, the 50Hz SVC HDTV Bitstream Subset, and the 60 HzSVC HDTYV Bitstream Su bset

SVC HDTV IRD: collective termreferringto the25 Hz SVC HDTV IRD, the30 Hz SVC HDTV IRD, the 50 HzSVC
HDTVIRD,and the60 HzSVCHDTVIRD

SVC | picture: picture (frame or field) containing one or more SVC dependency representations that only consist of
slices with slice_type equalto 2 or7

NOTE: AnSVC I picture isassociatedwith oneormore values of dependency_id. An SVC I picture fora
particularvalueof dependency _id specifies thatthe SVC dependency representation with the particular
value of dependency_id only consists of slices with slice_type equalto 2 or7.

SVC IRD: alternativetermreferringto SVC HDTV IRD.

SVC IDR picture: picture (frame or field) containing one or more SVC dependency representations that have idr_flag
equaltol

NOTE: AnSVC IDR picture isassociated with one or more values of dependency _id. An SVC IDR picture fora
particularvalue of dependency _id specifies thatthe SVC dependency representation with the particular
value of dependency_id hasidr_flagequalto 1. Each SVC IDR picture fora particular value of

dependency_id isan SVC I picture forthe particular value of dependency _id.

SVC layer picture: picture obtained from decoding a subsetorthe complete set of the SVC dependency
representations present in an SVC access unit

NOTE: AnSVC layerpicture isassociated with a particular value of dependency_id. An SVC layer picture fora
particularvalueof dependency _id isthe picture obtained by decodingall SVC dependency
representations ofan SVC access unit with dependency_id lessthanorequalto the particular value of
dependency _id.

SVC layer representation: collection ofall VCL NAL units with the same value of quality_id of an SVC dependency
representation

SVC random access dependency representation (SVC RADP): SVC dependency representation of an SVC RAP for
which dependency _idisequalto one of the values that areassociated with the SVC RAP

SVC RAP: collective term foran SVC Baselayer RAP oran SVC Enhancement layer RAP

NOTE: AnSVC RAPfora particularvalue of dependency _id specifies that an IRD can begin decoding the SVC
layer pictures forthe particular value of dependency_id. An SVC RAP includesall SVC Sequence
Parameter Sets including VUI and all Picture Parameter Sets thatare referenced in the VCL NAL units of
the access unit. The access unit does notcontainany Sequence Parameter Set (nal_unit_typeequalto 7)
thatisnot referenced in the VCL NAL units of the access unit. Any SVC Sequence Parameter Set
precedesany SEI NAL unitsin thisaccess unit. An SVC RAP containsan SVC | picture (which may be
an SVC IDR picture). An SVC RAP hastemporal_id equalto 0.

SVC video sub-bitstream: video sub-bitstreamthatcontains VCL NAL units with nal_unit_type equalto 20 with the
same NAL unit header syntax element dependency _id notequalto 0

VC-1 access point: accessunitina VC-1 Bitstream atwhich an IRD canbegin decoding video successfully

NOTE: Thisaccessunitcontainsa sequenceheaderandcanhave no decodingdependence onany data preceding
this point.

VC-1 bitstream: collective term referringto the VC-1 SDTV Bitstreamand the VC-1 HDTV Bitstream

VC-1 HDTV bitstream: collectivetermreferringto the25 Hz VC-1 HDTV Bitstream and the 30Hz VC-1 HDTV
Bitstream

VC-1 HDTV IRD: collective term referringto the 25Hz VC-1 HDTV IRD and the 30 HzVC-1 HDTV IRD
VC-1 IRD: collective term referringto the VC-1 SDTV IRD andthe VC-1HDTV IRD
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VC-1 SDTV bitstream: collectiveterm referringto the 25Hz VC-1 SDTV Bitstreamand the 30Hz VVC-1 SDTV
Bitstream

VC-1 SDTV IRD: collective term referringto the 25 HzVVC-1 SDTVIRD andthe30 Hz VC-1 SDTVIRD

video sub-bitstream: collection ofall VCL NAL units associated with thesamevalue of dependency_id ofa video
bitstream conforming to annex G of Recommendation ITU-T H.264 / I1SO/IEC 14496-10[16] and allassociated
non-VCL NAL units in decodingorderas defined in Recommendation I TU-T H.264 / ISO/IEC 14496-10[16]

NOTE: Re-assemblingvideosub-bitstreams in a consecutive order of dependency _id, starting from the
dependency_id equalto 0 up to any value of dependency_id, results in a video bitstream conforming to
annex Gof Recommendation ITU-T H.264 / 1ISO/IEC 14496-10[16].

3.2 Symbols

Void.

3.3 Abbreviations
Forthe purposes of the present document, the following abbreviations apply:
AAC Advanced Audio Coding

NOTE: Accordingto ISO/IEC 14496-3[17].

AAC-LC Advanced Audio Coding - Low Complexity
AC-3 Dolby AC-3 audio coding system

NOTE: Accordingto ETSI TS102 366 [12].
AC-4 Dolby AC-4 audio coding system
NOTE: Accordingto ETSI TS103190-1[43].

ACADE Advanced Clean Audio - Dialogue Enhancement

AD Audio Description

AFD Active Format Description

AOT Audio Object Type

AP Audio Programme

API Application Programming Interface

ASCII American Standard Code for Information I nterchange

AU Access Unit

AVC Advanced Video Coding

BGO Background Object

BLA Broken Link Access

bslbf bit string, left bit first, where "left" is the orderin which bit strings are written in the present
document

CA Conditional Access

CEA Consumer Electronics Association

CPB Coded Picture Buffer

CRA Clean Random Access

CRC Cyclic Redundancy Check

DAB Digital Audio Broadcasting

DAR Display Aspect Radio

DASH Dynamic Adaptive Streamingover HTTP

DE Dialogue Enhancement

DEP Decodability Entry Point

DMI Dynamic Mapping Information

DPB Decoded Picture Buffer

DRC Dynamic Range Control

NOTE: Asdefinedin ISO/IEC14496-3[17].
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DTS

DTS Audio
DTS-HD

35

Direct-To-Home

Decoding Time Stamp

DTS® audio codingsystem
Advanced DTS®audio coding system

NOTE: Accordingto ETSI TS102 114 [15].

DTS-UHD

DTS®UHD audio codingsystem

NOTE: Accordingto ETSI TS103 491 [49].

DVB
DVB-SI
DVD
EBU
ES
ESCR
FGO
FM
GOP
GUI
H.264/AVC

Digital Video Broadcasting

Digital Video Broadcasting— Service Information
Digital Versatile Disc

European Broadcasting Union

Elementary Stream

Elementary Stream Clock Reference

Foreground Object

Frequency Modulation

Group Of Pictures

Graphical User Interface

Advanced Video Coding for Generic Audiovisual Services

NOTE: Accordingto H.264/AVC [16].

HD
HDMI
HDR
HDTV
HEAAC

High Definition

High-Definition Multimedia Interface
High Dynamic Range

High Definition Television
High-Efficiency Advanced Audio Coding

NOTE: Accordingto ISO/IEC 14496-3[17].

HEVC
HFR

HLG

High Efficiency Video Coding
High Frame Rate

Hybrid Log-Gamma

NOTE: Accordingto Recommendation  TU-RBT.2100 [45].

HRD
HOA
IDR

Hypothetical Reference Decoder
Higher Order Ambisonics

Instantaneous Decoding Refresh

NOTE: AsdefinedinH.264/AVCI[16].

IEC
I-frame
IMDCT
IP
IRAP
IRD
ISO
ISOBMFF
ITU-R
ITU-T
LATM
LC
LOAS
Isb
LUFS
MAE
MBAFF
MHAS
MMCO

International Electrotechnical Commission

Intra-coded frame

Inverse Modified Discrete Cosine Transform

Internet Protocol

Intra Random Access Point

Integrated Receiver-Decoder

International Organization for Standardization

ISO Base Media File Format

International Telecommunications Union - Radiocommunications standardization sector
International Telecommunications Union - Telecommunications standardization sector
Lowoverhead Audio Transport Multiplex

Low Complexity

Low Overhead Audio Stream

less significant bit

Loudness Unitsrelative to Full Scale

MPEG-H Metadata Audio Element

Macroblock-Adaptive Frame-Field coding

MPEG-H Audio Stream

Memory Management Control Operation

DVB BlueBook A001r18 (November 2021)



MPD
MPEG

MPEG-H LC

NOTE:

MRC
msb
MVC
NAL
NGA
PAT
PCM
PCR
PES
PID
PLUGE
PMT
POC
PPS

NOTE:

PQ

PS

PSI

PTS
PVR
RAP
RBSP
RDS
SA
SAOC
SBR
SCTE
SDR
SDTV
SEI

Sl
SL-HDR
SMPTE
SPS

NOTE:

STD
SVC

NOTE:

tcimsbf
TOC

TS
T-STD
TV
UECP
UHDTV
uimsbf
VC-1

NOTE:

VCL
VCR
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Media Presentation Description
Moving Pictures Experts Group
MPEG-H Audio Low Complexity Profile

As defined in 1ISO/IEC23008-3[47].

Modification Range Control
most significantbit
Multi-View Coding

Network Abstraction Layer
Next-Generation Audio
Program Association Table
Pulse Code Modulation
Program Clock Reference
Packetized Elementary Stream
Packet Identifier

Picture Line Up Generation Equipment
Program Map Table

Picture Order Count

Picture Parameter Set

As defined in H.264/AVC[16].

Perceptual Quantization

Parametric Stereo

Program Specific Information

Presentation Time Stamp

Personal Video Recorder

Random Access Point

Raw Byte Sequence Payload

Radio Data System

Supplementary Audio

Spatial Audio Object Coding

Spectral Band Replication

Society of Cable Telecommunications Engineers
Standard Dynamic Range

Standard Definition Television

Supplemental Enhancement Information

Service Information

Single Layer High Dynamic Range

Society of Motion Pictures and Television Engineers
Sequence Parameter Set

As defined in H.264/AVC[16].

System Target Decoder
Scalable Video Coding

As specified inannex G of H.264/AVC [16].

two's complement integer, mostsignificantbit first
Table Of Contents

Transport Stream

Transport stream-System Target Decoder
Television

Universal Encoder Communication Protocol

Ultra High Definition Television

Unsigned integer, mostsignificantbit first
advanced Video Coding

Accordingto SMPTE ST 421 [20].

Video Coding Layer
Video Cassette Recorder
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VPS Video Parameter Set
VUI Video Usability Information
WSS Wide Screen Signalling

4 Systems layer

4.0 Introduction

This clause describes the guidelines forencoding the systems layer of MPEG-2 in DVB broadcast bitstreams, and for
decodingthis layerin the IRD. The source bitstream may be transmitted via a satellite, cable or terrestrial channel, or
via a digitalinterface. Clause 4.1 applies to the encoding of all source bitstreams and their decoding by a Baseline IRD.
Clause 4.2 gives specific information relating to bitstreams transmitted via a digital interface intended for VCR

applications and decoding by IRDs equipped with suchaninterface.

4.1 Broadcast bitstreams and Baseline IRDs

4.1.0 General

The multiplexing of baseband signals and associated data conforms to Recommendation 1TU-T H.222.0/
ISO/IEC 13818-1 [1]. Some of the parameters and fields arenot used in the DVB System and theserestrictions are
described below.

To allow full compliance to Recommendation ITU-TH.222.0/1SO/IEC 13818-1 [ 1] and upward compatibility with
future enhancedversions, a DVB IRD shall be able to skip over datastructures which arecurrently*'reserved", or
which correspondto functions not implemented by the IRD. As an example of this capability, a descriptor tag not yet
definedwithinthe DVB Systemshallbe interpretedas a no-action tag, its length field correctly decoded and subsequent

data skipped.

Forthe same reason, IRD design should be made under the assumption thatany legal structure as permitted by
Recommendation I TU-T H.222.0/ ISO/IEC 13818-1 [1] may occur in the broadcast stream even if presently reserved
or unused. Therefore the following is assumed:

e  private datashallonly be acted upon by decoders whichare so enabled;

o fillingoutthebitstreamshallbe carried outusing the normal stuffing mechanism. Reserved fields shall not be
used for this purpose. Data of reserved fields shall be set to OxFF.

The headings in this clause are based on Recommendation I TU-T H.222.0/ 1SO/IEC 13818-1 [1]. The numbersin
brackets afterthe headings are the relevant chapter and clause headings of Recommendation 1TU-TH.222.0/

ISO/IEC 13818-1 [1].

4.1.1 Introduction (RecommendationITU-TH.222.0/ ISO/IEC 13818-1
Introduction)

MPEG-2 systems specify two types of multiplexed data stream: the transport stream and the program stream.

Encoding: The transmitted multiplex shall use thetransport stream.

Decoding: All Baseline IRDs shallbe able to demultiplex the MPEG-2 transportstream. Demultiplexing of
program streams (as described in clauses Intro.2and Intro.3 of Recommendation I TU-T H.222.0/
ISO/IEC 13818-1 [1]) is optional.
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Encoding:

Decoding:
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Packetized Elementary Stream (PES) (Recommendation ITU-T
H.222.0/ ISO/IEC 13818-1, clause Intro.4)

The creationofa physical Packetized Elementary Stream (PES) by an encoder is not required.
ESCR fieldsand ESrate fields need not be coded.

ESCR fieldsand ESrate fields need not be decoded.

4.1.3  Transportstream system target decoder (Recommendation ITU-T

Encoding:

Decoding:

H.222.0/ 1SO/IEC 13818-1, clause 2.4.2)

The system clock frequencyshall conformto the tolerance specified inclause2.4.2.1 of
Recommendation ITU-TH.222.0/1SO/IEC13818-1[1]. It isrecommended thatthe tolerance is

within 5 parts per million.

The IRD shall operate over thefull tolerance range of the system clock frequency specified in
clause 2.4.2.1 ofRecommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1].

4.1.4  Transport packetlayer (Recommendation ITU-T H.222.0/

414.1

Encoding:

4.1.4.2

4.142.1
Encoding:

Decoding:

4.1.42.2

Decoding:

4.1.4.2.3

Encoding:

Decoding:

41.4.2.4

ISO/IEC 13818-1, clause 2.4.3.2)

Null packets

The encoding of null packets (those with PID value 0x1FFF) shall be as specified in
Recommendation ITU-TH.222.0/1SO/IEC13818-1[1].

Transport packet header

Transport_error_indicator

Itis recommendedthat any error detecting devices in a transmission path should set the
transport_error_indicator bit when uncorrectable errors are detected.

Wheneverthe transport_error_indicator flagis set in the transmitted stream it is recommended
thatthe IRD shouldtheninvoke a suitable concealmentor error recovery mechanism.
Transport_priority

The transport_priority bit hasno meaningto the IRD,and may be ignored.

Transport_scrambling_control

The transport_scrambling_control bits shall be set according to clause 5.1 0f ETSI
TS100289Ti.15].

Table 1: Void

These bitsshall be read by the IRD, and the IRD shall respond in accordance with clause5.1 of
ETSITS 100 289[i.15].

Void
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4.1.5 Adaptationfield (RecommendationITU-T H.222.0/
ISO/IEC 13818-1, clause 2.4.3.4)

415.1 Random_access_indicator
For MPEG-2 Video Bitstreams, the following applies:

Encoding: Itis recommendedthat the random_access_indicator bit is set whenevera random access point
occursin video streams (i.e. video sequence header immediately followed by an | -frame).

ForH.264/AVC Bitstreams, the following applies:

Encoding: The random_access_indicator bitshall be set whenever an H.264/AVCRAP occursin video
streams (see H.264/AVC RAP definitionin clauses 3.1 and5.5.5).

Decoding: The random_access_indicator bit may be ignored by the IRD. It canbe beneficially utilized
togetherwith the elementary_stream_priority indicator to identify RAP.

For SVC Bitstreams, the following applies:

Encoding: The random_access_indicator bitshall be set whenever an SVC random access dependency
representation (as partof an SVCRAP) occurs in video sub-bitstreams (see SVC random access
dependency representation definitionin clause 3.1and SVC RAP definitionin clauses 3.1
and5.8.1.6).

Decoding: The random_access_indicator bit may be ignored by the IRD. It canbe beneficially utilized
togetherwith the elementary_stream_priority indicator to identify SVC random access
dependency representations and SVC RAPs.

ForVC-1 Bitstreams, the following applies:

Encoding: The random_access_indicator bitshall be set whenever a VC-1 Access Point occurs in video
streams (see random_access_indicatorand VC-1 Access Point definitions in SMPTE
RP 227 [21]).

Decoding: The random_access_indicator bit may be ignored by the IRD. It canbe beneficially utilized

togetherwith the elementary_stream_priority indicator to identifya VC-1 Access Point.
For MVC Bitstreams, the following applies:

Encoding: The random_access_indicator bitshall be set whenever an MVC Stereo random access view
component (as partofan MVC Stereo RAP) occurs in the MVC Bitstream (see MVC Stereo RAP
definitionin clause 3.1). Both Base and Dependentviewcomponents of an MVC Stereo RAP shalll

setthisbitto"1".

Decoding: The random_access_indicator bitmay be ignored by the IRD. It can be beneficially utilized
together withthe elementary_stream_priority indicator to identify MVC Stereo random access
view components in Base and Dependentviews.

For HEVC Bitstreams, the following applies:

Encoding: The random_access_indicator bitshall be set whenever an HEVC DVB_RAP occursin video
streams (see HEVC DVB_RAP definitionin clauses 3.1 and5.14.1.8).

NOTE: Therandom_access_indicator bit shouldonly be set in the transport packet containing PES packet
containingthefirst byteof the HEVCDVB_RAP.

Decoding: The random_access_indicator bit may be ignored by the HEVCIRD.
For MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4HE AAC v2 audio Bitstreams, thefollowing applies:

Encoding: Therandom_access_indicator bitshall be set whenever an MPEG-4 AAC, HE AAC or HE AAC
v2 RAP occursin audio streams (see MPEG-4 AAC, HE AAC orHE AAC v2 RAP definition in
clause 6.5).
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Decoding: The random_access_indicator bit may be ignored by the IRD. It can be beneficially utilized
togetherwith the elementary_stream_priority indicator to identify RAP.

For MPEG-H Audio Bitstreams, the following applies:

Encoding: The random_access_indicator bitshall be set whenever an MPEG-H Audio RAP occurs in audio
streams (see MPEG-H Audio RAP definition in clause 6.8.4).

Decoding: The random_access_indicator bit may be ignored by the IRD. It canbe beneficially utilized
togetherwith the elementary_stream_priority indicator to identify RAP.

4.15.2 Elementary_stream_priority_indicator
For MPEG-2 Video Bitstreams, the following applies:

Decoding: The elementary_stream_priority_indicator bit may be ignored by the IRD.
ForH.264/AVC Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bitshall be set onlywhenan access unit containing an
I or IDR picture (allslices of the picture have a slice_typeequalto 0x02 or 0x07) is presentin
H264/AVCvideostreams.

The elementary_stream_priority_indicator shall beset in the adaptation header of the transport packet that contains
the first slice start codeof this I or IDR picture (per Recommendation ITU-TH.222.0/ ISO/IEC 13818-1 [1]). This
adaptationheader may be in the transport packet immediately afterthe packetcontainingthe

random_access_indicator.

Decoding: Theelementary_stream_priority_indicator bit may be ignored by the IRD. It canbe beneficially
utilized to support trick modes.

For SVC Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bitshall be set onlywhenan SVC dependency
representationthat consists only of sliceswithslice_typeequalto 0x02 or 0x07 ispresentin a

video sub-bitstream.

The elementary_stream_priority_indicator shall beset in the adaptation header of the transport packet that contains
the first slice start code of this SVC dependency representation (per Recommendation ITU-TH.222.0/

ISO/IEC 13818-1 [1]). This adaptation header may be in the transport packetimmediately after the packetcontaining
the random_access_indicator.

Decoding: The elementary_stream_priority_indicator bit maybe ignoredby the IRD. It canbe beneficially
utilized to support trick modes.

ForVC-1 Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bitshall be set onlywhenan access unit containing an
I pictureispresentin VC-1 video streams (see elementary_stream_priority_indicator definition
in SMPTERP 227 [21]).

Decoding: The elementary_stream_priority_indicator bit may be ignored by the IRD. It canbe beneficially
utilized to support trick modes.

For MVC Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bitshall be set onlywhenan loran IDR picture
(slice_type0x02 or 0x07) is present in the MVC Base viewor in the MVC Dependentviewof an
MVC Stereo access unit. Ifan loran IDR picture ispresentin both base and dependent views of

the same access unit, thenthis bit shallbe setto "1" for bothview components.

The elementary_stream_priority_indicator shall beset in the adaptation header of the transport packet that contains
the first slice start codeof this | or IDR picture (per Recommendation ITU-TH.222.0/ ISO/IEC 13818-1 [1]). This
adaptationheader may be in the transport packet immediately after the packetcontainingthe
random_access_indicator.
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Decoding: The elementary_stream_priority_indicator bit may be ignored by the IRD. It canbe beneficially
utilized to support trick modes.
For HEVC Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bitshall be set onlywhenan access unit containing an
HEVC DVB_RAP picture is presentin HEVC video streams.

The elementary_stream_priority_indicator shall beset in the adaptation header of the transport
packet thatcontains thefirstslicestart code of this picture (per Recommendation ITU-TH.222.0/
ISO/IEC 13818-1 [1]).

NOTE: Insome cases,the start of the access unit (access_unit_delimiter) andthestart of the first slice may be
separated by multiple transport packets. And hence theadaptation header may not be in the transport
packet immediately after the packet containing the random_access_indicator.

Decoding: The elementary_stream_priority_indicator bit maybe ignoredby theHEVC IRD. It can be
beneficially utilized to support trick modes.
4.1.5.3 Program Clock Reference (PCR)

Encoding: The time interval between two consecutive PCR values of the same programshall notexceed
100 msasspecified in clause 2.7.2 of Recommendation ITU-TH.222.0/ ISO/IEC 13818-1 [1].

For MVC StereoBitstreams, the PCRshall not be placedin the MVC Stereo Dependentbitstream, because legacy
receivers might beunable todecode the (2D HDTV) MVC Stereo Base view bitstream.

Decoding: The IRD shall operate correctly with PCRs for a programarriving at intervals not exceeding
100 ms.

4.15.4  Other fields
Thisclause covers the following fields:
e  original_program clock reference_base;
e original_program clock reference_extension;
e  splice_countdown;
e  private_data_byte;
e adaptation_field_extension (including fields within).

Encoding: These fields are optional in a DVB bitstream. The flags that indicatethe presence or absence of
each of thesefields shall be set appropriately.

NOTE: Theusage of private_data byte should comply withannex D of the present document.

Decoding: IRDs shall be able to acceptbitstreams which containthese fields. IRDs may ignore the data
within the fields.
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416.1
Encoding:
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Packetized Elementary Stream (PES) Packet (Recommendation
ITU-T H.222.0/ISO/IEC 13818-1, clause 2.4.3.6)

stream_id and stream_type

Elementary streams shall be identified by stream_id and stream_type inaccordance with
Recommendation ITU-TH.222.0/1ISO/IEC13818-1[ 1], tables2-22 and 2-34.

ForVC-1 Bitstreams, the following a pplies:

Encoding:

Decoding:

Elementary streams shall be identified by stream_id (withthe extension mechanism)and
stream_type in accordancewith SMPTERP 227 21].

For VC-1 Bitstreams, the value of stream_typeshall be set to OxEA.

IRDs shall be able to acceptbitstreams which containthese encoded values.

For MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4HE AAC v2 audio streams, the followingapplies:

Encoding:

Decoding:

The value of thestream_idfieldfor LATM/LOAS formatted MPEG-4 AAC, MPEG-4 HE AAC and
MPEG-4 HE AAC v2 packetized elementary streams shall be 110x xxxx, where each x can be
either0,or 1. Thevalue ofstream_typefor MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE
AAC v2 packetized elementarystreams shall be 0x11 (indicating ISO/IEC 14496-3 [17] Audio
with the LATM transport syntax).

Thisfield shallbe readby the IRD, and the IRD shallinterpretthis field in accordance with
MPEG systems syntax.

For MPEG-H Audio streams, the following applies:

Encoding:

Decoding:

The value of thestream_idfieldfor MHAS formatted MPEG-H Audio packetized elementary
streams shallbe 110x xxxx, where each x canbe either 0, or 1. The value of stream_type for
MPEG-H Audio packetized elementary streams shall be 0x2D or 0x2E (indicating

ISO/IEC 23008-3 [47] Audiowith MHAS transport syntax). The stream_typevalue 0x2D shall be
used for NGA single-stream deliveryor for the mainstreamin case of NGA multi-streamdelivery.
The stream_type value 0x2E shall be used for additional (auxiliary) streamin case of NGA multi-
streamdelivery (see clause 6.8.7 regarding multi-stream MPEG-H Audio).

Thisfield shallbe read by the IRD, and the IRD shallinterpretthis field in accordance with
MPEG systems syntax.

For AC-3, Enhanced AC-3, AC-4,DTS Audio, DTS-HD or DTS-UHD audio streams, the following applies:

Encoding:

Decoding:

AC-3,Enhanced AC-3,AC-4, DTS Audio, DTS-HD and DTS-UHD packetized elementary streams
shall conformto the requirements ofa user private streamtype 1, as described in
Recommendation ITU-TH.222.0/1ISO/IEC 13818-1[1]. The value ofthe stream_id fieldforan
AC-3,Enhanced AC-3,AC-4, DTS Audio, DTS-HD or DTS-UHD elementary streamshallbe
0xBD (indicating private_stream_1). The recommended value of stream_typeforan AC-3,
Enhanced AC-3,AC-4, DTS Audio, DTS-HD or DTS-UHD elementary stream shall be 0x06
(indicating PES packets containing privatedata). Multiple AC-3, Enhanced AC-3, AC-4,DTS
Audio, DTS-HD or DTS-UHD streams may sharethe same value of stream_id since each stream
is carried with a uniqueP1D value. The mapping of values of PID to stream_type isindicatedin
the transport streamProgram Map Table (PMT).

These fieldsshall be read by the IRD, and the IRD shall interpret these fields in accordance with
MPEG systems syntax.
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For MVC bitstreams, the followingapplies:

Encoding: Elementary streams shall be identified by stream_idand stream_type in accordancewith
Recommendation ITU-TH.222.0/1SO/IEC 13818-1[1], tables 2-22and 2-34. In case of an AVC
video sub-bitstream of MVC, as defined in clauses 2.1.88 and 2.1.85 of Recommendation ITU-T
H.222.0/ISO/IEC 13818-1 [1] andin clause 3.1 ofthe present document, the stream_type for this
elementary streamshall be equal to 0x1B.The MVCyvideo sub-bitstream containing the Dependent
View shall havethe stream_type value equal to 0x20.

The value of stream_idfor both Base and Dependent view bitstreams shall be equalto 11100000
(binary) as per Recommendation ITU-TH.222.0/ ISO/IEC 13818-1[1].

Decoding: IRDs shall be able to acceptbitstreams which containthese encoded values.

ForHEVC bitstreams, the value of stream_typeis specified in clauses5.14.1.9 and5.14.5.6.

4.1.6.2 PES_scrambling_control

Encoding: The PES_scrambling_control bitsshall beset accordingto clause 5.1 of ETSI TS 100289[i.15].
Table 2: Void
Decoding: The PES_scrambling_control bitsshall beread by the IRD, and the IRD shall respondin

accordancewithclause 5.1 of ETSITS 100289[i.15].

41.6.3 PES_priority
Decoding: The PES_priority bit may be ignored by the IRD.

4.1.6.4  Copyright and original_or_copy
Encoding: The copyrightand original_or_copy bits may be set as appropriate.

Decoding: The IRD need not interpretthesebits. The setting of these bits shall notbe altered in any digital
output fromthelIRD.

4.1.6.5  Trick mode fields
Thisclause covers the following fields:
e  trick_mode_control;
o field_id;
e intra_slice_refresh;
o  frequency_truncation;

o  field_rep_cntrl.

Encoding: These trick mode fields shallnotbe transmitted in a broadcast bitstream. Bitstreams for other
applications (e.g. for non-broadcast interactive services, storage applications, etc.) may use these
fields.

Decoding: The IRD may skip overanydata which is flagged as beingin a trick mode, if it does not support

decodingoftrick modes. If the IRD hasadigital interface intended for digital VCR applications, it
is recommendedthatit supports decoding of trick modes asindicated in clause 4.2.2.
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4.1.6.6 additional _copy_info
Encoding: Thisfield may be usedas appropriate.

Decoding: The IRD need not interpretthis field. The coding of the field shall not be altered in anydigital
outputfromthelRD.

4.1.6.7  Optional fields

This clause coversthe following fields:
) ESCR;
e  ESCR_extension;
e ES rate;
e  previous_PES packet CRC;
e  PES_private_data;
e  pack_header();
e  program_packet sequence_counter;
e MPEG1_MPEG2 identifier;
e original_stuff_length;
e  P-STD_buffer_scale;
e  P-STD_buffer_size.

Encoding: These fields are optional in a DVB bitstream. The flags that indicatethe presence or absence of
each of thesefields shall be set appropriately.

Decoding: The IRD shall be able to acceptbitstreams which containthese fields. The IRD may ignore the
datawithin thefields.
4.1.6.8 PES_extension_field
For MPEG-2 Video Bitstreams and H.264/ AVC Bitstreams the PES_extension_field data field is currently "reserved".
Encoding: Thisextensionfieldshall not be coded unless specified in the future by MPEG.

Decoding: The IRD shall be able to acceptbitstreams which containthis field. The IRD may ignore thedata
within the field.

For SVC Bitstreamsthe PES_extension_field data field is used to provide the TREF field as defined in clauses 2.4.3.7
and 2.14.3.4 of Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1] which identifies, if present, the corresponding
SVC dependency representation of the same access unit in a corresponding video sub-bitstream.

Encoding: Thisextensionfieldshall be coded as specified in Recommendation ITU-TH.222.0/
ISO/IEC 13818-1[1].

Decoding: The IRD shall be able to acceptbitstreams which containthis field. The IRD shall use thisfield
according to Recommendation ITU-TH.222.0/ ISO/IEC 13818-1 [1].

ForVC-1 Bitstreamsthe PES_extension_field data field is used to provide the stream _id_extension field which
identifies this streamasa VC-1 bitstream.

Encoding: Thisextensionfieldshall be coded as defined in SMPTE RP 227 [ 21].
Decoding: The IRD shall be able to acceptbitstreams which containthis field.
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Multiple video pictures per PES packet

For MPEG-2 video Bitstreams, while there is no restriction against multiple video pictures in a single PES packet, there
may be some MPEG-2decoders that do notsupport this.

Encoding:
Decoding:

The encoder should not put multiple video pictures in a single PES packet.

The IRD may be able to accept and decode bitstreams which contain multiple video picturesin a
single PES.

ForH.264/AVC Bitstreams, multiple video pictures are allowed in a single PES packet.

Encoding:

A PES packetper access unitstartshall be sent unless multiple access units canbe placed in a
single transport packet. In this last case, the encoder may putmultiple complete access units in a
single PES packet. In applications where the IRD is capable of decodingand displaying bitstreams
that contain fractions of Access Units, the PES packet may containfractions of Access Unitsand
encoders are recommended to utilize this option for instance when bitrate savings canbe achieved.

An accessunitwithH.264/AVCRAP shall bethe firstaccess unitin the PES packet(see

clause 4.1.5.1) and shall always be preceded by a PES header. Changes to picturesize or frame
rate cannotoccur betweenaccess units in the same PES packet. The maximumincrementin PTS
values betweentwosuccessive PES packets shall be less than 700 ms with theexception case
where video is coded using still pictures wherethe spacing shall be less than 5 seconds. Asingle
PES packetshall not contain multiple H.264/AVC Still pictures or multiple H.264/AVC RAPs.

NOTE 1: Usage of multiple pictures per PES packet as per the above represents a very constrained set of conditions
underwhich thismay occur. Use of this feature potentially introduces complexity in timing extraction.
Therefore, it is recommended that this feature is only used wherethe consequential bitrate savingsare
essentialandthe potential system effects are considered.

Decoding:

The IRD shall support decoding and displaying bitstreams, which contain multiple complete
access unitsin asingle PES packet. It is strongly recommended that the IRD also supports
decodinganddisplaying bitstreams that contain fractions of access unitsin PES packet.

For SVC Bitstreams, multiple video picturesarenot allowed in a single PES packet.

Encoding:

Decoding:

A single PES packetper SVC dependency representationshall be sent.

The IRD shall support decoding and displaying bitstreams, which contain a single complete SVC
dependency representation in a single PES packet.

ForVC-1 Bitstreams, multiple video pictures are allowed in a single PES packet.

Encoding:

A PES packetper access unitstartshall be sent unless if multiple access units can be placedin a
single transport packet. In this last case, the encoder may putmultiple complete access unitsin a
single PES packet. In applications where the IRD is capable of decodingand displayingbitstreams
that contain fractions of access unit, the PES packet may contain fractions of access units and
encoders are recommended to utilize this option for instance when bitrate savings canbe achieved.

Anaccess unitwitha VC-1 Access Pointshall be the firstaccess unitinthe PES packet (see
clause 4.1.5.1) and shall always be preceded by a PES header.

NOTE 2: Usage of multiple pictures per PES packet as perthe above represents a very constrained set of conditions
underwhich thismay occur. Use of this feature potentially introduces complexity in timing extraction.
Therefore, it is recommended that this feature is only used wherethe consequential bitrate savingsare
essentialandthe potential system effects are considered.

Decoding:

The IRD shall support decoding and displaying bitstreams, which contain multiple complete
accessunitsin asingle PES packet. It is strongly recommended that the IRD also supports
decodinganddisplaying bitstreams that contain fractions of access unitsin PES packet.
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For MVC Bitstreams, multiple video pictures are not allowed in a single PES packet.

Encoding:

Decoding:

A single PES packetper MVCviewcomponentshall be sent. Additionally, the following applies:

Thefirst byte of a PES packet payloadfor the Base (Dependent) Viewvideo elementarystream
shall be the first byte of the Base (Dependent) View component.

If the coded picture has framestructure, one PES packetcontaining theviewcomponentshall
contain onlyoneframe.

If the coded picture has field structure, one PES packet containing theview componentshall
contain afieldpicture.

The IRD shall support decoding and displaying of MVC Stereo bitstreams, consisting of an MVC
Stereo Baseview bitstreamand an MVC Stereo Dependentviewbitstream, which areboth sent in
separateelementary streams.

For HEVC Bitstreams, multiple video pictures are notallowed in a single PES packet.

Encoding:

Decoding:

Each PES packetshall containexactly one complete AU. The first payload byte after the PES
header shallbe the start ofthe AU. The "data_alignment_indicator" in the PES header shall be set
toavalueof"1".

The HEVC IRD shall supportdecodinganddisplaying bitstreams whereeach PES packet contains
exactly one complete AU.

4.1.6.10 Presentation Time Stamp and Decoding Time Stamp occurrence

ForH.264/AVCBitstreams:

Encoding:

Decoding:

Every PES header shall contain the Presentation Time Stamp and the Decoding Time Stamp (only
if it differsfromthe Presentation Time Stamp) of thefirst access unit in the PES packet. The start

of the first access unit shall occur in the same transport packetas the PES header or the packet of
same PID immediately following the packetwiththe PESheader, if the data precedingtheaccess

unit start codeforces theaccess unit start code intothe nexttransport packet. When a PES packet
contains multiple access units, for any access units following the first access unitin the same PES
packet the H.264/AVC syntaxelements num_units_in_tick, time_scale, pic_struct (if present), and
the value ofthe H.264/AVC variables TopFieldOrderCntand BottomFieldOrderCntof the access

unitshall allow thederivation of Presentation Time Stamp andthe Decoding Time Stamp for the

accessunit.

If Presentation Time Stampis availableand Decoding Time Stamp isnot available for the first
access unitin the PES packet, theH.264/AVC IRD shall set the Decoding Time Stamp equal to the
Presentation Time Stamp (per Recommendation ITU-TH.222.0/1SO/IEC 13818-1 [1]). The
Presentation Time Stamp andthe Decoding Time Stamp of any access units following the first
access unitin the same PES packet shall be derived using the H.264/AVC syntax elements
num_units_in_tick, time_scale, pic_struct (if present), and the value of the H.264/AVC variables

TopFieldOrderCnt and BottomFieldOrderCnt of the access unit.

For SVC Bitstreams:

Encoding:

Decoding:

Every PES header shall contain the Presentation Time Stamp and the Decoding Time Stamp (only
ifitdiffersfromthePresentation Time Stamp) of the SVC dependency representation in the PES
packet. The start of the SVC dependency representation shall occur inthe same transport packet
asthe PES header or the packetof same PID immediatelyfollowing the packet withthe PES
header, if thedata preceding the SVC dependency representation start code forces the SVC

dependency representationcode intothe next transport packet.

If a Presentation Time Stamp is available and a Decoding Time Stampis not availablefor the SVC
dependency representation in the PES packet, the SVC IRD shall set the Decoding Time Stamp
equal to the Presentation Time Stamp (per Recommendation ITU-TH.222.0/

ISO/IEC 13818-1 [1]).
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For MVC Bitstreams:

Encoding: Every PES header shall contain the Presentation Time Stamp and the Decoding Time Stamp (only
if it differsfromthe Presentation Time Stamp) of the MVC Stereo AU in the PES packet.

The PTS shall be the samefor Base and Dependent view components withinthe same MVC Stereo
AU, asperRecommendation ITU-TH.222.0/ISO/IEC 13818-1[1].

The DTS, when present, shall be the samefor Base and Dependent view components withinthe
same MVC Stereo AU, as per Recommendation ITU-TH.222.0/ISO/IEC 13818-1 [1].

Decoding: If a Presentation Time Stamp isavailable and a Decoding Time Stampis not availablefor the
MVC view component(s) in the PES packet, the MVC IRD shall set the Decoding Time Stamp
equal to the Presentation Time Stamp (per Recommendation ITU-TH.222.0/

ISO/IEC 13818-1 [1].

For HEVC Bitstreams:

Encoding: Every PES header shall contain the Presentation Time Stamp and the Decoding Time Stamp (only
if itdiffersfromthePresentation Time Stamp).

Decoding: If Presentation Time Stampis availableand Decoding Time Stampisnot available for the access
unitinthe PESpacket, the HEVC IRD shall set the Decoding Time Stampequal to the
Presentation Time Stamp (per Recommendation ITU-TH.222.0/ISO/IEC 13818-1 [ 1]).

Withinthe accuracy of their respective clocks, the Decoding Time Stamp and Presentation Time Stamp shall indicate
the same instantin time asthenominal CPBremoval time and the DPB output timein the HRD respectivelywhen
picture timing SEl informationis transmitted (per clause2.4.3.7 of Recommendation ITU-TH.222.0/

ISO/IEC 13818-1 [1]). Thisensures consistency between the STD model of Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1] and the HRD model of Recommendation I TU-T H.264/ ISO/1EC 14496-10[16]. See

clause 5.13.1.7 for more details on HRD conformance.
4.16.11 STD audio buffer size
For AC-3 and Enhanced AC-3:

e Itisrecommendedthat for AC-3 and Enhanced AC-3 audio in a DVB system, themain audio buffer size (BSp)
hasa fixedvalueof 5 696 bytes.

For AC-4:

e Itis recommendedthat for AC-4 audio in a DVB system, the main audio buffersize (BS,) has a fixed value of
131072 bytes.

For DTS Audio:

e Itisrecommendedthat for DTS Audio in a DVB system, themainaudio buffersize (BS,) has a fixed value of
9088 bytes.

ForDTS-HDand DTS-UHD:

e Itisrecommendedthat for DTS-HDand DTS-UHD audio in a DVB system, the main audio buffersize (BS)
hasa fixedvalueof 66 434 bytes.

For MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4HE AAC v2:

e |tisrecommendedthat for MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HEAAC v2 audioina DVB
system, themainaudio buffersize (BSp) hasa value of 3 584 bytes for level 2 decodersand 8 976 bytes for
level 4 decodersasdefined in Recommendation I TU-T H.222.0/ ISO/IEC 13818-1[1],clause2.11.2.2.

e  Referto Recommendation I TU-TH.222.0/ 1ISO/IEC 13818-1[1] forthe derivationof (BS)) foraudio
elementary streams.
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For MPEG-H Audio:

e Itis recommendedthat for MPEG-H Audio in a DVB system, the main audio buffersize (BS,) hasa value as
defined in ISO/IEC 13818-1[1], clause2.19.3.

e Referto Recommendation ITU-TH.222.0/ 1ISO/IEC 13818-1[1] forthe derivationof (BS)) foraudio
elementary streams.

4.1.7  Program Specific Information (PSI) (Recommendation
ITU-T H.222.0/ISO/IEC 13818-1, clause 2.4.4)

The Program Association Table (PAT)and Program Map Table (PMT) should be repeated with a maximumtime
interval of 100 ms betweenrepetitions. In distributionapplications, the maximumtime interval between repetitions of
each of thesetables shall be 100 ms.

4.1.8  Use of program and elementary stream descriptors
(Recommendation ITU-T H.222.0/I1SO/IEC 13818-1, clause 2.6)

41.8.0 Introduction

This clause contains further constraints on using descriptors as defined in Recommendation ITU-T H.222.0[1]/
ISO/IEC 13818-1 [1]. Use of descriptors not defined in Recommendation I TU-T H.222.0/ ISO/IEC 13818-1 [1] is

covered in ETSI EN 300 468 [i.32].
4.1.8.1 video_stream_descriptor and audio_stream_descriptor
For MPEG-2 Video Bitstreams:

Encoding: Thevideo_stream_descriptor shallbe usedto indicatevideo streams containingstill picture data,
otherwise these descriptors may be used whenappropriate. If profile_and _level indication isnot
present, then the video bitstream shall complywith the constraints of Main Profileat Main Level.
The appropriate profile_and_level_indication field shall always be transmitted for Profiles and
LevelsotherthanMainProfileat Main Level.

If the audio_stream_descriptor is not present, thenthe audiobitstream shall notuse sampling frequencies of 16 kHz,
22,05 kHzor 24 kHz, and all audioframes in the stream shall have the same bitrate.

Decoding: The IRD may use thesedescriptors when present to detemmine if it is able to decodethe streams.

4.1.8.2  hierarchy_descriptor
Foraudio Bitstreams:

Encoding: The hierarchy_descriptor shall be usedif,andonly if, audio iscoded as more thanone
hierarchical layer.

For SVC Bitstreams:

Encoding: The hierarchy_descriptor shall be used according to Recommendation ITU-T H.222.0/
ISO/IEC 13818-1[1].

Decoding: The IRD shall use the hierarchy_descriptor accordingto Recommendation ITU-TH.222.0/
ISO/IEC 13818-1 [1].

DVB BlueBook A001r18 (November 2021)



4.1.8.3

49

registration_descriptor

For MPEG-2 Video, H.264/AVCand SVC Bitstreams:

Encoding: The registration_descriptor may be used when appropriate.

Decoding: The IRD need not make use of this descriptor.

ForVC-1 Bitstreams, the following applies:

Encoding: A registration_descriptor shall be used for the signalling of VC-1bitstreams as defined in

SMPTERP 227 [21].One and onlyoneregistration_descriptor shallbe present.

Decoding: VC-1 IRDsshall decodeandprocessthe registration descriptor conveyinga VC-1 registration

418.4

code to access information relevant tothe encoded bitstream.

data_stream_alignment_descriptor

For MPEG-2 Video, H.264/AVC, SVC and MVC Stereo Bitstreams:

Encoding:

Decoding:

The data_stream_alignment_descriptor may be used whenappropriate.

The IRD need not make use of this descriptor.

ForVC-1 Bitstreams, the following applies:

Encoding:

The data_stream_alignment_descriptor shall not be used. See SMPTERP 227 [21] fora
functional equivalent of thedata_stream_alignment_descriptor thatis specific to VC-1bitstreams.

4.1.8.5 target_background_grid_descriptor

Encoding:

Decoding:

The target_background_grid_descriptor shall be usedwhen the horizontal or vertical resolution
isotherthan720x 576 pixelsfora 25 Hz bitstreamor is other than 720 x 480 pixelsfora 30 Hz
bitstream, otherwiseits use isoptional.

If thisdescriptor isabsent, a default grid of 720 x 576 pixels shall be assumed by a 25 Hz IRD, a
default grid of 720 x 480 pixels shall be assumed by a 30 Hz IRD. The display of correctly
windowed video on background grids otherthan 720 x 576 pixels is optional fora 25 Hz SDTV
IRD, the display of correctly windowed video on background grids otherthan 720 x 480 pixels is
optionalfora 30 Hz SDTV IRD. The HDTV IRD shall read this descriptor, when present, to
overridethe default values.

4.1.8.6 video_window_descriptor

Encoding:

Decoding:

Thevideo_window_descriptor may be used whenappropriate, to indicate the required position of
the video window onthe screen.

When avideo_window_descriptor is present, the IRD shall use the conveyed informationto
positionthe videowindowaccordingly.

4.1.8.7 Conditional Access CA_descriptor

Encoding:
Decoding:

4.1.8.8
Encoding:

The CA_descriptor shall be encoded as defined inETSI TS 100 289 [i.15].
The IRD shall interpretthis descriptor as defined in ETSI TS 100289[i.15].

ISO_639 Language_descriptor

The ISO_639_Language_descriptor shallbe presentif more thanone audio (or video) stream
with differentlanguagesis present withina program. It is optional otherwise. The useof the
ISO_639_Language_descriptor isrecommended forallaudio, videoand data streams.
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Decoding: The IRD shall use thedata fromthis descriptor to assist the selection of appropriate audio (or
video) streamof program, if more than one streamis available.
NOTE: Furtherrulesforwhen this descriptor isused in conjunctionwith other DVVB descriptors are given in

ETSI EN 300468 [i.32],in particular in annexes Jand M.

4.1.8.9 system_clock_descriptor

Encoding: Itis recommendedthat thesystem_clock_descriptor is included in the program_info part of the
Program Map Table foreach program.

Decoding: The IRD need not makeuse of this descriptor.

4.1.8.10 multiplex_buffer_utilization_descriptor
Encoding: The multiplex_buffer_utilization_descriptor may be used whenappropriate.

Decoding: The IRD need not make use of this descriptor.

4.1.8.11 copyright_descriptor
Encoding: The copyright_descriptor may be used when appropriate.

Decoding: The IRD need not makeuse of this descriptor.

4.1.8.12 maximum_bitrate_descriptor
Encoding: The maximum_bitrate_descriptor may be used whenappropriate.

Decoding: The IRD need not make use of this descriptor.

4.1.8.13 private_data_indicator_descriptor
Encoding: The private_data_indicator_descriptor may be usedwhenappropriate.

Decoding: The IRD need not make use of this descriptor.

4.1.8.14 smoothing_buffer_descriptor

Encoding: Itis recommendedthat thesmoothing_buffer_descriptor isincludedin the program_info part of
the Program Map Table foreachprogram.

Decoding: The IRD need not makeuse of this descriptor, but theinformation may be of assistance to digital
VCRs.

4.1.8.15 STD_descriptor

Encoding: The STD_descriptor shall be used as specified in Recommendation ITU-TH.222.0/
ISO/IEC 13818-1[1].

Decoding: The IRD need not make use of this descriptor.

4.1.8.16 IBP_descriptor
Encoding: The IBP_descriptor may be used whenappropriate.

Decoding: The IRD need not makeuse of this descriptor.
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4.1.8.17 MPEG-4_audio_descriptor
For MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4HE AAC v2:

Encoding:

Decoding:

The MPEG-4_audio_descriptor may be used when appropriate.

The IRD need not make use of this descriptor.

4.1.8.18 AVC_video_descriptor

ForH.264/AVC:

Encoding:

Decoding:

ForSVC:
Encoding:

Decoding:

ForMVC:
Encoding:

Decoding:

The AVC_video_descriptor may be usedwhenappropriate. The AVC_video_descriptor shall be
used to signal presence of H.264/AVCstill pictures within the coded video sequence (see
clause 5.5.4.3).

The IRD need not makeuse of this descriptor. However, theinformation may assist in support for
H.264/AVC still pictures (see clause 5.5.4.3).

The AVC _video_descriptor may be usedwhenappropriate. The AVC_video_descriptor shall be
used to signal presence of H.264/AVCstill pictures within the coded video sequence (see
clause 5.5.4.3).

The IRD need not make use of this descriptor. However, theinformation may assist in support for
H.264/AVC still pictures (see clause 5.5.4.3) and may assist the IRD in selecting the video
sub-bitstreams to tune in.

The AVC _video_descriptor may be usedwhenappropriate. The AVC_video_descriptor shall be
used to signal presence of H.264/AVCstill pictures within the MVC Stereo Base viewcoded video

sequence (see clause 5.5.4.3).

The AVC_video_descriptor shallnot beassociated withthe MVC Stereo Dependentview
bitstream.

The IRD need not make use of this descriptor. However, theinformation may assist in support for
H.264/AVC still pictures (see clause 5.5.4.3) and may assist the IRD in selectingthe video
sub-bitstreams to tune in.

4.1.8.19 SVC_extension_descriptor

ForSVC:

Encoding:

Decoding:

The SVC_extension_descriptor may be used when appropriate.

If the SVC_extension_descriptor is present in an SVC video sub-bitstream (i.e. a video
sub-bitstreamwith dependency_id greater thanQ), thenthe syntax element
no_sei_nal_unit_presentshall be setequal to 1.

The IRD need not make use of this descriptor. However, theinformation conveyed assists the
re-assembling process of video sub-bitstreams and may alsoassist the IRD in selectingthevideo
sub-bitstreamsto tune in.
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HEVC _video_descriptor

Encoding:

NOTE:

The HEVC_video_descriptor shall be present in the PMT. Per Recommendation 1TU-T H.222.0/
ISO/IEC 13818-1 [1], it is conveyed in the descriptor loop for the respective elementary stream in
the PMT.temporal_layer subset flag shallbesetto"1",so thattemporal_id_minand

temporal_id_maxare present.

temporal_id_minshall be setto "0" for stream_type 0x24.

When temporal sub-layers arenot used (allthe NAL units in the associated elementary stream have
nuh_temporal_id_plusl equal to 1), the values of temporal_id_min and temporal_id_maxare present, but

both equalto 0",

The HEVC still_present_flagshallbe equalto "0".

Itis recommendedthat the HEVC IRD make use of this descriptorand evaluates thelevel_idc,
temporal_id_minand temporal_id_maxfields.

The HEVC IRD may ignore the HEVC_still_present_flag.

Movedtoclause 4.1.6.11.

MPEG-4 audio extension descriptor

Decoding:
4.1.8.20 Vo
NOTE:
4.18.21 Void
4.1.8.22 Void
4.1.8.23 Void
4.1.8.24 Vod
4.1.8.24.1 Void
4.1.8.24.2 Void
4.1.8.24.3 Void
4.1.8.25 Vo
4.1.8.26 Void
4.1.8.27
Semantics:

The MPEG-4 audio extension descriptor syntax provides information about presence of MPEG
Surround data in conjunction with MPEG-1 Layer ||, MPEG-4 AAC, MPEG-4 HE AAC orHE
AAC v2 elementary streams within a DVB transport stream. The MPEG-4 audio
extension_descriptorislocated in the PMT andis definedin Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1].
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If MPEG Surrounddataaccordingto [ 29] and [ 31] is transmitted in conjunctionwith MPEG-4
AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2 elementarystreams, the MPEG-4 audio
extension descriptor shall be included in a program map section at mostonce in relevant ES_info
descriptor loop which describes an elementary stream carrying a MPEG-4 AAC, MPEG-4 HE
AAC or MPEG-4 HE AAC v2 audiostreamcoded in accordance with ISO/IEC 14496-3[17] that
isincluded ina DVB transport stream. One audio profile levelindication shall be specified for the
AAC, HE AAC or HE AAC v2 part. Additionally, one audio profile level indication shall be
specified for the MPEG Surround part. If MPEG Surrounddataaccordingto [ 29] and [31] is
transmittedin conjunctionwith MPEG-1 Layer Il elementarystreams, the MPEG-4 audio
extension descriptor shall be included in a programmap section at mostonce in each relevant
ES_info descriptor loop which describes an elementary stream carryinga MPEG-1 Layer Il audio
streamcodedin accordancewith ISO/IEC11172-3 [9] that isincludedin a DVB transport stream.
One audio profilelevelindication for the MPEG Surround part shall be specified.

In case the IRDis capable of decoding MPEG Surround, this descriptor shall be read and
interpreted by the IRD.

4.1.8.28 MVC_extension_descriptor

ForMVC:
Encoding:

Decoding:

The MVC extension descriptor carriedin the PMT shall be present for the Dependentview
component.

Also, the following applies:
- Thesyntaxelement no_prefix_nal_unit_present shallbe setequal to 1.

- The syntax of theview_association_not_present and base_view_is_left eyeviewshall be set
accordingly to indicate whichview, leftor right, has beenassignedto the Base view
component by the contentauthor.

An IRD shall use this descriptor to determine the association of leftviewand right view tothe
Base and Dependent view components.

The two fields, view_association_not_present and base_view_is_left_eyeview, of the MVC
extensiondescriptor shall be set in accordancewiththe Multiview view position SEI message.

NOTE: Inthe case ofinconsistencies between MVC extensiondescriptorand Multiview view position SEI
message, the latter takes precedence.

4.1.8.29 Void

4.1.8.30 Void

4.1.8.31 MPEG-H_3dAudio_descriptor

Semantics:

Encoding:

The MPEG-H_3dAudio_descriptor provides information aboutindividual MPEG-H Audio
elementary streams within a DVB transport stream that areto be identifiedin the PSI PMT
sections. The MPEG-H_3dAudio_descriptor isdefined in ISO/IEC 13818-1[1], clause 2.6.106
andislocated in the PMT.

The MPEG-H_3dAudio_descriptor shall be included in a program map sectionat most once in
each relevant ES_info descriptor loop which describes anelementary streamcarryingan
MPEG-H Audio stream, coded in accordance with ISO/IEC23008-3[47], thatisincluded ina

DVB transport stream.

The profileand level value shall besignalledin the mpegh3daProfileLevellndication fieldin the
MPEG-H_3dAudio_descriptor() as specifiedin ISO/IEC 13818-1, clause 2.6.106 [1]. The values
for LC Profile Level 1,2 and 3 are "0x0B," "0x0C," and "0x0D", respectively, as specifiedin
ISO/IEC 23008-3 [47], clause 5.3.2.
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Decoding: Thisdescriptor shall be read and interpreted by the IRD.

4.1.8.32 Void

4.1.9  Compatibility with ISO/IEC 11172-1 (Recommendation
ITU-T H.222.0/ ISO/IEC 13818-1, clause 2.8)

Decoding: Compatibility with 1ISO/IEC 11172-1 [8] (MPEG-1 Systems) is optional.

4.1.10 Storage Media Interoperability

Itis recommendedthat thetotal bitrate of the set of components, associated PMT and PCR packets foran SDTV service
anticipatedto be recorded by a consumer, should notexceed 9 000000 bit/s. It is recommended that thetotal bitrate of
the set of components, associated PMT and PCR packets foran HDTV serviceanticipated to be recorded by a

consumer, should notexceed 28 000 000 bit/s.

Itis recommendedthat the parameterssb_sizeandsb_leak_rate in the smoothing_buffer_descriptor remain constant for
the duration of an event. The value ofthe sb_leak rate shouldbe the peakattained duringtheevent.

NOTE: Theshort_smoothing_buffer_descriptor maybe included in DVB-SI tables to signalthe bitrate foreach
event. Itisdefinedin ETSI EN 300 468[i.32].

4.2 Bitstreams from storage applications and IRDs with digital
interfaces

4,20  Scope

This clause covers both thetreatment of Partial Transport Streams which result from external program selectionand
Trick Play information received from a storagedevice. MPEG-2 PSI and DVB Sl Tables for use specifically in storage

applications are defined in ETSI EN 300 468[i.32].

4.2.1  Partial Transport Streams

Partialtransportstreams for transfer on a digital interface, e.g. for digital VCR applications, have been definedin
IEC CD- 100C/1883. A Partial Transport Stream may be created by selection of Transport Stream Packets from one or
more program(s), including PSI Packets.

Encoding: The Partial Transport Stream shall befully MPEG compliant with reference to MPEG-2
"Extension for Real-Time-Interface for systems decoders" (ISO/IEC 13818-9 [4]).

Decoding: Devicesequipped witha digital interface intended for digital VCR applications shall acceptthe
bursty character of a Partial Transport Streamwith gaps of variable length between the Transport
Stream Packets.

4.2.2  Decoding of Trick Play data (Recommendation ITU-TH.222.0/
ISO/IEC 13818-1, clause 2.4.3.7)

Encoding: Trick mode operationshall be signalled by use of the DSM_trick_mode flag inthe header of the
video Packetized Elementary Stream (PES) packets. During trick mode playback the storage
device shall constructa bitstreamwhich is syntactically and semantically correct, exceptas
outlinedin thenote below.

Decoding: Itis recommended that devices decode the DSM_trick_mode_flagand theeight bit trick mode
field. Deviceswhich decodethe trick mode datashall followthe normative requirements detailed
in Recommendation ITU-TH.222.0/ISO/IEC 13818-1[1], 2 for all values of the

trick_mode_control field.
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NOTE: Trick Mode Semantic Constraints.

The bitstreamdelivered to the decoder duringtrick mode shall comply withthe syntax defined in the MPEG-2 standard.
However, forthe following video syntax elements, semantic exceptions apply in the presence of the DSM _trick_mode
field:

e  Dbit_rate;
e vbv_delay;
e  repeat_first_field;
e Vv_axis_positive;
o field_sequence;
e  subcarrier;
e  burst_amplitude;
e  subcarrier_phase.
A decodercannotrely on the values encoded in thesefields whenin trick mode.
Similarly, forthe systems layer, the following semantic exceptions apply in the presence of the DSM_trick_modefield:
e  maximumspacingof PSI information may exceed 400 ms;
e  maximumspacingof Presentation Time Stamp or Decoding Time Stamp occurrences may exceed 700 ms;
e  PES packetsmaybe void of video data toindicate a change in trick mode byte;

o aPESpacketvoidof video data may containa Presentation Time Stamp to indicate effective presentationtime
of newtrick modecontrol;

o  whentrick_modestatusistrue, the elementary streambuffersin the T-STD may underflow.

5 Video

5.0 Introduction

This clause describes the guidelines forencoding MPEG-2 video, or H.264/AVC video, or HEVC video, or VC-1 video
in DVB broadcastbitstreams, and for decoding this bitstream in the IRD.

Clause 5.1 appliesto 25 Hz MPEG-2 SDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.2 appliesto 25 Hz MPEG-2 HDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.3 appliesto 30 Hz MPEG-2 SDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.4 appliesto 30 Hz MPEG-2 HDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.5 appliesto allH.264/AVC IRDs and broadcasts intended for reception by such IRDs.

Clause 5.6 appliesto H.264/AVC SDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.7 appliesto H.264/AVCHDTV IRDs and broadcasts intended for receptionby such IRDs.
Clause 5.8 appliesto SVC HDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.9 appliesto 25 Hz VC-1 SDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.10appliesto 25 Hz VC-1 HDTV IRDs and broadcasts intended for reception by such IRDs.
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Clause5.11appliesto 30 Hz VC-1 SDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.12appliesto 30 Hz VC-1 HDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.13.1 appliesto allMVC Stereo HDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.13.2 appliesto 25 HzMVC StereoHDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.13.3 appliesto 30 HzMVC StereoHDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.14appliesto alHEVC IRDs and broadcast intended for reception by such IRDs.

To allow full compliance to the MPEG-2, H.264/AVC, HEVC and VC-1 standards and upward compatibility with future
enhancedversions, a DVB IRD shall be able to skip over datastructures which arecurrently “reserved”, or which
correspondto functions not implemented by the IRD.

Thisclause is based on Recommendation ITU-T H.262/ 1SO/IEC 13818-2 [2], Recommendation ITU-T H.264 /
ISO/IEC 14496-10[16], SMPTEST 421 [20] and Recommendation I TU-T H.265/ ISO/1EC 23008-2 [35].

The following clausesdonotimply thateither MPEG-2video, H.264/AVCvideo, HEVCvideoor VC-1 video are
mandatory. The codecs thata given IRD supports will define which ofthe following clauses the IRD shall comply with.

5.1 25 Hz MPEG-2 SDTV IRDs and Bitstreams

5.1.0 General

The video encodingshall conformto Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2]. Some of the parameters
and fieldsarenot used in the DVB System andtheserestrictions are described below. The IRD design shallbe made
under the assumption thatany legal structure as permitted by Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2]
may occur in the broadcast stream evenif presently reserved or unused.

511 Profile and level

Encoding: Encoded bitstreams shall comply with the Main Profile Main Level restrictions, asdescribedin
Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2], clause 8.2. The
profile_and_level _indicationis "01001000" or, if appropriate, "Onnnnnnn”, where

"Onnnnnnn">"01001000", indicatinga "simpler" profile or level than Main Profile, Main Level.

Decoding: The 25 Hz MPEG-2 SDTV IRD shall supportthe decoding of Main Profile Main Level bitstreams.
Support for profiles and levels beyond Main Profile, Main Level is optional. If the IRD encounters
an extensionwhich it cannotdecode, such as onewhose identification code is Reserved, Picture
Sequence Scaleable, Picture Spatial Scaleableor Picture Temporal Scaleable, it shall discard the
following data until the next startcode (to allow backward compatible extensions to be added in
the future).

51.2 Frame rate

Encoding: The frame rate shall be 25Hz, i.e. frame_rate_code is"0011".

Still pictures may be encoded by useof a video sequence consisting of a single intra-coded picture (see definition of
still pictures in Recommendation I TU-TH.222.0/ 1SO/IEC 13818-1[1], clause2.1.70).

Decoding: All 25 Hz MPEG-2 SDTV IRDs shall supportthe decoding and display ofvideo material with a
frame rate of 25 Hz interlaced (i.e. frame_rate_code of "0011"). Support of other frameand field
ratesis optional.

25 Hz MPEG-2 SDTV IRDs shall be capable of decoding and displaying still pictures, i.e. video
sequences consisting ofa single intra-coded picture (see definition of still picturesin
Recommendation ITU-TH.222.0/1SO/IEC 13818-1[ 1], clause 2.1.70).
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5.1.3  Aspectratio

Encoding: The source aspectratio in 25Hz MPEG-2 SDTV bitstreams shallbe either 4:3,16:90r2.21:1.
Note thatdecoding of 2.21:1aspect ratio isoptional forthe 25 Hz MPEG-2SDTV IRD.

The aspect_ratio_information in the sequence header shall have one of the following threevalues:
= 4:3 aspectratiosource: "0010™;
. 16:9 aspect ratio source: "0011";

. 2.21:1 aspect ratio source: "0100".

Itis recommendedthat panvectors fora 4:3windoware included in the transmitted bitstream whenthe sourceaspect
ratiois 16:9 or2.21:1. The vertical component of the transmitted pan vector shall be zero.

If pan vectorsare transmitted thenthe sequence_display_extension shall be presentin the bitstreamand the
aspect_ratio_information shallbe setto '0010' (4:3 display). The display_vertical sizeshall be equal tothe
vertical_size. The display_horizontal_size shall contain the resolution of the target 4:3 display. The valueof the
display_horizontal_sizefield may be calculated by the following equation:

. . 4 horizontal_size
display_horizontal_size = x =
3 source aspect ratio

Table 3 gives some typical examples.

Table 3: Values for display_horizontal_size

ho\r/':r?ir::gl—ssi'zzee X Source aspect ratio Display_horizontal_size
720 x 576 16:9 540
544 x 576 16:9 408
480 x 576 16:9 360
352 x 576 16:9 264
352 x 288 16:9 264
Decoding: The 25 Hz MPEG-2 SDTV IRD shall be able todecode bitstreams with values of

aspect_ratio_information of *0010" and"0011", corresponding to 4:3and 16:9 aspectratio
respectively. Ifthe IRD has a digital interface, this should be capable of outputting bitstreams with
aspectratios which are notdirectly supported by the IRD to allowtheirdecodingand display via
an external unit.

All 25 Hz MPEG-2 SDTV IRDs shall supportthe use of panvectors and up sampling to allow a
4:3 monitortogivea full-screendisplayof a selected portionof a 16:9 coded picture with the
correct aspectratio. IRDsimplementingthe2.21:1aspectratioshould support the use of pan
vectorsandup samplingto allowa 4:3monitorto give a full-screendisplay of a selected portion
of the 2.21:1 picturewith the correct aspectratio. Supportfor panvectors with non-zero vertical
components is optional. When nopanvectors are presentin thetransmitted bitstream, the central
portionofthewide-screen pictureshall be displayed. The support of vertical resamplingto obtain
the correct aspect ratio fora letterbox display ofa 16:90r2.21:1 coded pictureon a 4:3 monitor is
optional.

5.1.4 Luminance resolution

Encoding: The encoded pictureshall havea full-screen luminance resolution (horizontal x vertical) of one of
the following values:

= 720x576;
= 544 x576;
= 480x576;

DVB BlueBook A001r18 (November 2021)



58

352 x576;

= 352x288.

Inaddition, non full-screen pictures may beencoded for display atless than full-size (when using

one of the standard up-conversionratios atthe IRD), forexample using 704 x 576.

NOTE: Anencodedresolutionof 704 x 576 pixels is often used to encodejust the active 702 pixel portion of the
video line, excluding the analogue blanking that may be presentat the start and end of the full 720 pixel

digitalvideo line.

Decoding:

The 25 Hz MPEG-2 SDTV IRD shall be capable of decoding pictures with luminance resolutions
asshown in table4 and applying up samplingto allow the decoded pictures to be displayed at

full-screen size. In addition, IRDs shallbe capable of decoding lower picture resolutions and
displayingthemat less than full-size after using one ofthe standard up-conversions, e.g. a

horizontal resolution of 704 pixels within the 720 pixels full-screen display.

Table 4: Resolutions for Full-screen Display from 25 Hz MPEG-2 SDTV IRD

Coded Picture Displayed Picture
Horizontal up sampling

Luminance resolution Aspect Ratio 4:3 Monitors 16:9 Monitors
(horizontal x vertical)

720 x 576 4:3 x 1 x 3/4 (see note 1)

16:9 x 4/3 (see note 2) x1
2211 x 5/3 (see note 3) x 5/4 (see note 4)

544 x 576 4:3 x 4/3 x 1 (see notel)

16:9 x 16/9 (see note 2) x 413
2.21:1 x 20/9 (see note 3) x 5/3 (see note 4)

480 x 576 4:3 x 3/2 x 9/8 (see note 1)

16:9 x 2 (see note 2) x 3/2
2211 x 5/2 (see note 3) x 15/8 (see note 4)

352 x 576 4:3 x 2 x 3/2 (see note 1)

16:9 x 8/3 (see note 2) x 2
2211 x 10/3 (see note 3) x 5/2 (see note 4)

352 x 288 4:3 x 2 x 3/2 (see note 1)

16:9 x 8/3 (see note 2) x 2
2.21:1 x 10/3 (see note 3) x 5/2 (see note 4)
(and vertical up sampling x 2)[(and vertical up sampling x 2)

NOTE 1:

NOTE 2:

NOTE 3:

NOTE 4:

NOTE 5:

NOTE 6:

Up sampling of4:3 pictures for display ona16:9 monitoris optional in the IRD, as 16:9 monitors
can be switched to operatein 4:3 mode.

The up sampling with this valueis applied to the pixels ofthe 16:9 picture to be displayed on a
4:3 monitor.

The up sampling with this valueis applied to the pixels ofthe 2.21:1 picture to be displayedon a
4:3 monitor. Up sampling from 2.21:1 pictures for display on a4:3 monitoris optional in the IRD.
The up sampling with this valueis applied to the pixels ofthe 2.21:1 pictureto be displayedon a
16:9 monitor. Up samplingfrom 2.21:1 pictures for display on a16:9 monitoris optional in the
IRD.

Itis recommended that luminanceresolution of 704 pixels represents the "middle" of the picture,
and that it be decoded to a 720 pixels full-screen display by placing 8 pixels of padding ateach
side. Itis recommended thatluminance resolutions, such as 352 pixels, thatare natural scalings
of 704 pixels, be upscaled to 704 pixels and padded as above. It is recommended thatall other
resolutions be scaled as indicated by the table above. Where this does notresultin the expected
720 pixels full-screen display, itis recommended thatthe result of the scaling be clipped or
padded symmetrically as required to produce a 720 pixels full-screen display.

The 16x9 picture comprises only the 702 pixelsin the centre ofthe 720 pixel wide digital line. To
avoid aspectratio distortions and blanking or padding pixels appearingon the leftand rightofthe
screen, itis recommended thatthe remaining 18 pixels are notdisplayed (see EBU Technical
Recommendation R92[i.31]).
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5.1.5  Chromaticity Parameters

Encoding: Itis recommendedthat the chromaticity co-ordinates of the ideal display, opto-electronic transfer
characteristic ofthe ideal display and matrix coefficients used in deriving luminance and
chrominance signals fromthered, green and blue primaries be explicitly signalled in the encoded
bitstream by setting the appropriate values foreach ofthe following 3 parameters in the
sequence_display_extension(): colour_primaries, transfer_characteristics,and
matrix_coefficients.

Within25 Hz MPEG-2 SDTV bitstreams, if the sequence_display_extension() is not presentin the
bitstreamor colour_description is zero, the chromaticity shall be implicitly defined to be that
correspondingto colour_primaries havingthevalue 5, the transfer characteristics shall be
implicitlydefinedto be those corresponding to transfer_characteristics havingthevalue 5 and the
matrix coefficients shallbe implicitly defined to be those corresponding matrix_coefficients
havingthe value 5. This set of parameter values corresponds signals compliance with

Recommendation ITU-R BT.1700[25], PartB.

NOTE: Previouseditions ofthe present documentreferenced Recommendation I TU-R BT.470 [i.4] System B, G,
I colorimetry. Recommendation I TU-R BT.1700 [25] replaces Recommendation I TU-R BT.470 [i.4].

5.1.6 Chrominance

Encoding: The operation used todown samplethe chrominance informationfrom4:2:2to 4:2:0shall be
indicated by the parameter chroma_420_type in thepicture coding extension. Avalue of zero
indicates thatthe fields havebeendown sampled independently. Avalueof one indicates thatthe
two fields havebeencombined intoa single frame before down sampling. It isdesirable thatthe
fieldsare down sampledindependently (i.e. chroma_420_type =0)to allowthe IRDto use less
memory for picture reconstruction.

Decoding: Itis desirable thatthe operationusedto up sample the chrominance informationfrom4:2:0 to
4:2:2 should be dependent onthe parameter chroma_420_type in the picture coding extension.

5.1.7  Video sequence header

Encoding: Itis recommendedthat a video sequence header, immediately followed by an | -frame, be encoded
atleast once every 500 ms. If quantizer matrices other thanthe default are used, the appropriate
intra_quantizer_matrixand/ornon_intra_quantizer_matrix are recommended to be included

in every sequence header.

NOTE 1: Increasingthe frequency of video sequence headers and I -frames will reduce channel hoppingtime but
will reduce theefficiency of thevideo compression.

NOTE 2: Havinga regularinterval between I-frames may improve trick mode performance, but may reduce the
efficiency of the video compression.

5.2 25 Hz MPEG-2 HDTV IRDs and Bitstreams

52.0 General

The video encodingshall conformto Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2]. Some of the parameters
and fieldsarenot used in the DVB System andtheserestrictions are described below. The IRD design shall be made
under the assumption thatany legal structure as permitted by Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2]

may occur in the broadcast streamevenif presently reserved or unused.
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Profile and level

Encoded 25Hz MPEG-2 HDTYV bitstreams shall complywiththe Main Profile High Level
restrictions, as described in Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2], clause 8.2.
The profile_and_level_indicationis "01000100" or, if appropriate, "Onnnnnnn", where
"Onnnnnnn">"01000100", indicatinga "simpler" profile or levelthan Main Profile, High Level.

The 25 Hz MPEG-2 HDTV IRD shall supportthe decoding of Main Profile High Level bitstreams.
Thisrequirement includes supportfor "simpler" profiles and levels, including Main Profile at
Main Level, asdefinedin table 8-15 of Recommendation ITU-T H.262/ 1SO/IEC 13818-2 [2].
Support for profilesand levels beyond Main Profile, High Levelis optional. If the IRD encounters
an extensionwhich it cannotdecode, such as onewhose identification code is Reserved, Picture
Sequence Scaleable, Picture Spatial Scaleableor Picture Temporal Scaleable, it shall discard the
following data until the next startcode (to allow backward compatible extensions to be added in
the future).

Frame rate

The frame rate shall be 25Hz or 50 Hz, i.e. frame_rate_code is"0011" or "0110".

The source video format for 50 Hz frame rate material shall be progressive. The source video
formatfor25 Hzframe rate material may be interlaced or progressive.

Still pictures may be encoded by use of a video sequence consisting of a single intra-coded picture
(see definition of still pictures in Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1],
clause 2.1.70).

All 25 Hz MPEG-2 HDTV IRDs shall support the decoding and display of video material with a
frame rate of 25 Hz progressive, 25 Hz interlaced or 50 Hz progressive (i.e. frame_rate_code of
"0011" or"0110") withinthe constraints of Main Profileat High Level. Supportof other frame
and field ratesis optional.

25 Hz MPEG-2 HDTV IRDs shall be capable ofdecoding and displaying still pictures, i.e. video
sequences consisting ofa single intra-coded picture (see definition of still picturesin
Recommendation ITU-TH.222.0/1SO/IEC 13818-1[1], clause 2.1.70).

5.2.3  Aspectratio

Encoding:

Decoding:

5.2.4

Encoding:

The source aspectratio in 25Hz MPEG-2 HDTV bitstreams shall be 16:9 or 2.21:1. Note that
decodingof2.21:1aspect ratio isoptional forthe25 Hz MPEG-2 HDTV IRD.

The aspect_ratio_information in the sequence header shall have the value"0011" or "0100".

The 25 Hz MPEG-2 HDTV IRD shall be ableto decode bitstreams with aspect_ratio_information
ofvalue "0011", corresponding to 16:9 aspect ratio. The support of theaspect ratio 2.21:1 is
optional. If the IRD has a digitalinterface, this should be capable of outputting bitstreams with
aspectratios which are notdirectly supported by the IRD to allowtheirdecodingand display via
an externalunit.

Luminance resolution

The encoded pictureshall havea full-screen luminance resolution within the constraints set by
Main Profileat High Level, i.e. it shall not havemore than:

= 1088 linesperframe;
. 1920 luminancesamples per line;
. 62 668 800 luminance samples per second.
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It is recommended that thesource video for 25 Hz MPEG-2 HDTV Bitstreams has a luminance
resolution of:

= 1080 linesperframe;
. 1920 luminance samples per ling;
. with an associated frame rate of 25 Hz, with two interlaced fields per frame.

The source videomay or may notbe down-sampled prior to encoding.

The use of otherencoded video resolutions within the constraints of Main Profile atHigh Levelis
also permitted. Annex A of the presentdocument provides examples of supported full-screen
luminanceresolutions. In addition, non full-screen pictures may be encoded for display at less than
full-size.

NOTE 1: Thelimitof 62 668 800 luminancesamples persecond of Main Profile at High Level excludes the use of
the maximum allowed picture resolution at 50 Hz frame rate.

NOTE 2: If the recommended source videoformat is encoded withoutdown-sampling it gives 51 840 000

Decoding:

5.2.5
Encoding:

Decoding:

luminancesamples persecond and therefore falls within the allowed range for Main Profile at High

The 25 Hz MPEG-2 HDTV IRD shall be capable ofdecoding and displaying pictures with
luminanceresolutions withinthe constraints set by Main Profile atHigh Level.

Chromaticity Parameters

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitlysignalledin the encoded HDTV bitstream by
settingthe appropriate values for each of thefollowing 3 parametersin the
sequence_display_extension(): colour_primaries, transfer_characteristics, and
matrix_coefficients.

It is recommendedthat 25 HzMPEG-2 HDTV bitstreams use either Recommendation I TU-R
BT.709 [13] or IEC 61966-2-4 [31] colorimetry.

BT.709 [13] colorimetry usage is signalled by setting colour_primariesto thevalue 1,
transfer_characteristics to thevalue 1 and matrix_coefficients to the value 1.

IEC 61966-2-4 [31] colorimetry usageis signalled by setting colour_primaries to the value 1,
transfer_characteristics to thevalue 11and matrix_coefficients to the value 1.

The 25 Hz MPEG-2 HDTV IRD shall be capable of decoding bitstreams that use Recommendation
ITU-R BT.709 [ 13] colorimetry. It is recommended that appropriate processing be included for the
accurate representation of pictures using Recommendation I TU-R BT.709 [13] colorimetry.

The 25 Hz MPEG-2 HDTV IRD may be capable of decodingbitstreamsthatuse
IEC 61966-2-4 [31] colorimetry.

NOTE 1: The25Hz MPEG-2 HDTV IRD may notincludeappropriate processing for the accurate representation of

picturesthat use IEC 61966-2-4 [31] colorimetry.

NOTE2: Forthe50Hz576P videoformatthe colorimetry standard recommended is Recommendation I TU-R

BT.1358[i.5].
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5.2.6 Chrominance

Encoding: The operation used todown samplethe chrominance informationfrom4:2:2to 4:2:0shall be
indicated by the parameter chroma_420 _type in the picture coding extension. Avalue of zero
indicates thatthe fields havebeen downsampled independently. Avalue of one indicates thatthe
two fields havebeencombined intoa single frame before down sampling. It isdesirable thatthe
fields are down sampled independently (i.e. chroma 420 type =0)to allowthe IRDto use less

memory for picture reconstruction.

Decoding: Itis desirable thatthe operation usedto up sample thechrominanceinformationfrom 4:2:0 to
4:2:2 should be dependent onthe parameter chroma_420_type in the picture coding extension.

5.2.7  Video sequence header

Encoding: Itis recommendedthat a video sequence header, immediately followed by an | -frame, be encoded
atleast once every 500 ms. If quantizer matrices other thanthe default are used, the appropriate
intra_quantizer_matrixand/or non_intra_quantizer_matrix are recommended to be included

in every sequence header.

NOTE 1: Increasingthe frequency of video sequence headers and I-frames will reduce channel hopping time but
will reduce theefficiency of thevideocompression.

NOTE 2: Havinga regularinterval between I-frames may improve trick mode performance, but may reduce the
efficiency of the video compression.

5.2.8  Backwards Compatibility

Decoding: In additionto the above, a 25 Hz MPEG-2 HDTV IRD shall be capable of decoding any bitstream
thata 25 Hz MPEG-2 SDTV IRDisrequiredto decode, as described in clause 5.1.

5.3 30 Hz MPEG-2 SDTV IRDs and Bitstreams

5.3.0 General

The video encoding shall conformto Recommendation ITU-TH.262 / ISO/IEC 13818-2 [2]. Some of the parameters
and fieldsare not usedin the DVB Systemandtheserestrictions are described below. The IRD designshall be made
under the assumption thatany legal structure as permitted by Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2]
may occur in the broadcast streamevenif presently reserved or unused.

531 Profile and level

Encoding: Encoded bitstreams shall comply withthe Main Profile Main Level restrictions, asdescribedin
Recommendation ITU-TH.262 / ISO/IEC 13818-2 [2], clause 8.2. The
profile_and_level_indication is"01001000" or, if appropriate, "Onnnnnnn", where
"Onnnnnnn>"01001000", indicatinga "simpler"” profile or level than Main Profile, Main Level.

Decoding: The IRD shall support the syntax of Main Profile. Support for profiles and levels beyond Main
Profile, Main Levelisoptional. If the IRD encounters an extensionwhich it cannotdecode, such
asone whose identification codeis Reserved, Picture Sequence Scaleable, Picture Spatial
Scaleable or Picture Temporal Scaleable, it shall discard the following data until the next start
code (to allow backward compatible extensions to be addedin the future).
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Frame rate

The frame rate shall be either 24 000/1001,24,30000/10010r 30 Hz, i.e.the frame_rate_code
field shall be encoded with oneof the following values: *0001", *0010","0100" or "0101".

Still pictures may be encoded by use of a video sequence consisting of a single intra-coded picture
(see definition of still pictures in Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1],

clause 2.1.70).

All 30 Hz SDTV IRDs shall support thedecodingand display of Main Profile @ Main Level video
with a frame rate 0f24 000/1 001, 24,30 000/1 001 or 30 Hz. Support of other frame rates is
optional.

IRDs shall be capable of decoding and displaying still pictures, i.e. video sequences consisting of
asingle intra-coded picture (see definition ofstill pictures in Recommendation ITU-TH.222.0/
ISO/IEC 13818-1[1], clause2.1.70).

5.3.3  Aspectratio

Encoding:

The source aspectratio in 30Hz MPEG-2 SDTV bitstreams shall be either 4:3,16:90r2.21:1.
Note thatdecoding of 2.21:1aspect ratio is optional forthe 30Hz SDTV IRD.

The aspect_ratio_information in the sequence header shall have one of the following threevalues:
= 4:3 aspectratiosource: "0010";
. 16:9 aspect ratio source: "0011";
- 2.21:1 aspect ratio source: "0100".

Itis recommendedthat panvectorsfora 4:3windoware included in the transmitted bitstream
when the sourceaspect ratio is 16:9 or2.21:1. The vertical component of the transmitted pan
vector shall be zero.

If pan vectorsare transmitted thenthe sequence_display_extension shallbe presentin the
bitstreamandthe aspect_ratio_information shall be set to '0010' (4:3 display). The
display_vertical_size shall be equal to the vertical_size. The display_horizontal_size shall contain
theresolutionof thetarget4:3 display. The value of thedisplay_horizontal_size field maybe
calculated by the following equation:

. . .4 horizontal_size
display_horizontal_size == X -
3 source aspect ratio

Table 5 gives some typical examples.

Table 5: Values for display_horizontal_size

horlzo.ntal_sllze X Source aspect ratio Display_horizontal_size
vertical size
720 x 480 16:9 540
640 x 480 16:9 480
544 x 480 16:9 408
480 x 480 16:9 360
352 x 480 16:9 264
352 x 240 16:9 264

Decoding:

The 30 Hz MPEG-2 SDTV IRD shall be able to decode bitstreams with values of
aspect_ratio_information of "0010"and"0011", corresponding to 4:3and 16:9aspectratio
respectively. Ifthe IRD hasa digital interface, this should be capable of outputting bitstreams with
aspectratios which are notdirectly supported by the IRD to allowtheir decodingand display via
an externalunit.
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All 30 Hz MPEG-2 SDTV IRDs shall supportthe use of panvectors and up sampling to allow
a4:3monitorto give a full-screen display of a selected portionofa 16:9 coded picture with the
correct aspectratio. IRDsimplementingthe2.21:1aspectratioshould support the use of pan
vectorsandup samplingto allowa 4:3monitorto give a full-screendisplay of a selected portion
of the 2.21:1 picturewith the correct aspectratio. Supportfor panvectors with non-zero vertical
components is optional. When nopanvectors arepresentin thetransmitted bitstream, the central
portionofthewide-screen pictureshall be displayed. The support of vertical resampling to obtain
the correct aspect ratio fora letterbox display ofa 16:90r2.21:1 coded pictureon a 4:3 monitor is
optional.

Luminance resolution

The encoded pictureshall havea full-screen luminance resolution (horizontal x vertical) of one of
the following values:

. 720 % 480;
. 640 x480;
. 544 x480;
" 480 x480;
. 352 x480;
. 352 x240.

Inaddition, non full-screen pictures may beencoded for display atless than full-size (when using
one of the standard up-conversionratiosatthe IRD).

The 30 Hz MPEG-2 SDTV IRD shall be capable of decoding pictures with luminance resolutions
asshown in table6 and applying up samplingto allow the decoded pictures to be displayed at
full-screen size. In addition, IRDs shallbe capable of decoding lower picture resolutions and
displayingthemat less than full-size after usingone ofthe standard up-conversions, e.g. a
horizontal resolution of 704 pixels within the 720 pixels full-screen display.
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Table 6: Resolutions for Full-screen Display from 30 Hz MPEG-2 SDTV IRD

NOTE 2:

NOTE 3:

NOTE 4:

NOTE 5:

Coded Picture Displayed Picture
Horizontal up sampling
Luminance resolution Aspect Ratio 4:3 Monitors 16:9 Monitors
(horizontal x vertical)
720 x 480 4:3 x 1 x 3/4 (see note 1)
16:9 x 4/3 (see note 2) x 1
2:21:1 x 5/3 (see note 3) x 5/4 (see note 4)
640 x 480 4:3 x 9/8 x 27132 (see note 1)
544 x 480 4:3 x 4/3 x 1 (see note 1)
16:9 x 16/9 (see note 2) x 4/3
2:21:1 x 20/9 (see note 3) x 5/3 (see note 4)
480 x 480 4:3 x 3/2 x 9/8 (see note 1)
16:9 x 2 (see note 2) x 3/2
2:21:1 x 5/2 (see note 3) x 15/8 (see note 4)
352 x 480 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
2:21:1 x 10/3 (see note 3) x 5/2 (see note 4)
352 x 240 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
2:21:1 x 10/3 (see note 3) x 5/2 (see note 4)
(and vertical up sampling x2) | (and vertical up sampling x 2)
NOTE 1. Up sampling of4:3pictures for display ona16:9 monitoris optional in the IRD, as 16:9 monitors

can be switched to operatein 4:3 mode.

The up sampling with this valueis applied to the pixels ofthe 16:9 pictureto be displayed on a

4:3 monitor.

The up sampling with this valueis applied to the pixels ofthe 2.21:1 pictureto be displayedon a
4:3 monitor. Up samplingfrom 2.21:1 pictures for display on a4:3 monitor is optional in the IRD.
The up sampling with this valueis applied to the pixels ofthe 2.21:1 pictureto be displayedon a
16:9 monitor. Up sampling from 2.21:1 pictures for display on a 16:9 monitor is optional in the IRD.
Itis recommended that luminanceresolution of 704 pixels represents the "middle"” ofthe picture,
and that it be decoded to a 720 pixels full-screen display by placing 8 pixels of padding ateach
side. Itis recommended thatluminance resolutions, such as 352 pixels, thatare natural scalings of
704 pixels, be upscaled to 704 pixels and padded as above. It is recommended thatall other
resolutions be scaled as indicated by the table above. Where this does notresultin the expected
720 pixels full-screen display, itis recommended thattheresult of the scaling be clipped or padded
symmetrically as required to produce a 720 pixels full-screen display.

5.3.5
Encoding:

Chromaticity Parameters

Itis recommended that the chromaticity co-ordinates ofthe ideal display, opto-electronic transfer
characteristic of the ideal display and matrix coefficients used in deriving luminance and
chrominance signals fromthered, green and blue primaries be explicitly signalled in the encoded
bitstream by setting the appropriate values foreach of the following 3 parameters in the
sequence_display_extension(): colour_primaries, transfer_characteristics,and
matrix_coefficients.

Within30 Hz SDTV bitstreams, if the sequence_display_extension() is not present in thebitstream
orcolour_descriptioniszero, the chromaticity shall be implicitly defined to be that corresponding

to colour_primaries havingthevalue 6, the transfer characteristics shall be implicitlydefined to
be those correspondingto transfer_characterstics havingthe value 6 and the matrix coefficients
shall be implicitly defined to be those corresponding matrix_coefficients having the value 6. This
set of parameter values signals compliance with Recommendation ITU-RBT.1700 Part A[25].

NOTE:

Previous editions ofthe present documentreferenced SMPTEST 170 colorimetry [i.9].

Recommendation I TU-R BT.1700 Part A[25] references SMPTE ST 170 [i.9].
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5.3.6 Chrominance

Encoding:

Decoding:

The operation used todown samplethe chrominance informationfrom4:2:2to 4:2:0shall be
indicated by the parameter chroma_420 _type in the picture coding extension. Avalue of zero
indicates thatthe fields havebeen down sampled independently. A value of one indicates thatthe
two fields havebeencombined intoa single frame before down sampling. It isdesirable thatthe
fields are down sampled independently (i.e. chroma 420 type =0)to allowthe IRDto use less

memory for picture reconstruction.

Itis desirable thatthe operation usedto up sample thechrominanceinformationfrom 4:2:0 to
4:2:2 should be dependent onthe parameter chroma_420_type in the picture coding extension.

5.3.7  Video sequence header

Encoding:

Itis recommendedthat a video sequence header, immediately followed by an | -frame, be encoded
atleast once every 500 ms. If quantizer matrices other thanthe default are used, the appropriate
intra_quantizer_matrixand/or non_intra_quantizer_matrixare recommended to be included
in every sequence header.

NOTE 1: Increasingthe frequency of video sequence headers and I-frames will reduce channel hopping time but
will reduce theefficiency of thevideo compression.

NOTE 2: Havinga regular interval between I-frames may improve trick mode performance, but may reduce the
efficiency of the video compression.

5.4

5.4.0

30 Hz MPEG-2 HDTV IRDs and Bitstreams

General

The video encodingshall conformto Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2]. Some of the parameters
and fieldsarenot used in the DVB System and theserestrictions are described below. The IRD design shallbe made
under the assumption thatany legal structure as permitted by Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2]

may occur in the broadcast streamevenif presently reserved or unused.

541
Encoding:

Decoding:

5.4.2

Encoding:

Profile and level

Encoded 30 Hz MPEG-2 HDTYV bitstreams shall complywiththe Main Profile High Level
restrictions, as described in Recommendation ITU-T H.262 / ISO/IEC 13818-2 [ 2], clause 8.2.

The profile_and_level_indication is *01000100" or, if appropriate, "Onnnnnnn*, where
"Onnnnnnn">"01000100", indicatinga "simpler" profile or level than Main Profile, High Level.

The 30 Hz MPEG-2 HDTV IRD shall supportthe decoding of Main Profile High Level bitstreams.
Thisrequirement includes supportfor "simpler" profiles and levels, including Main Profile at
Main Level, asdefinedin table 8-15 of Recommendation ITU-T H.262/ 1SO/IEC 13818-2 [2].
Support for profilesand levels beyond Main Profile, High Levelis optional. If the IRD encounters
an extensionwhichit cannotdecode, such as onewhose identificationcode is Reserved, Picture
Sequence Scaleable, Picture Spatial Scaleable or Picture Temporal Scaleable, it shall discard the
following data until the next startcode (to allow backward compatible extensions to be added in

the future).

Frame rate

The frame rate shall be 24000/1001, 24,30000/1001, 30,60 000/1001 or 60 Hz,
i.e.frame_rate codeis"0001","0010","0100","0101","0111" or "1000".

The source video format for 24000/1001, 24,60 000/1 001 and 60 Hz frame rate material shall
be progressive. The source video formatfor30000/1001and 30 Hzframe rate material may be
interlacedor progressive.
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Still pictures may be encoded by use of a video sequence consisting of a single intra-coded picture
(see definition of still pictures in Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1],
clause 2.1.70).

All 30 Hz MPEG-2 HDTV IRDs shall support thedecoding of video material witha frame rate of
24000/1001,24,30000/1001,30,60000/10010r 60 Hz (i.e. frame_rate codeof "0001",
"0010","0100","0101","0111" or "1000") withinthe constraints of Main Profile atHigh Level.
Support of other framerates is optional.

30 Hz MPEG-2 HDTV IRDs shall supportthe display of video whose source frame rateis
24000/1001,24,30000/1001, 30,60 000/1001 0r 60 Hz progressive. 30 Hz MPEG-2 HDTV
IRDs shall support the display of videowhose source framerate is30 000/10010r 30 Hz

interlaced.

30 Hz MPEG-2 HDTV IRDs shall be capable ofdecodinganddisplaying still pictures, i.e. video
sequences consisting ofa single intra-coded picture (see definition of still picturesin
Recommendation ITU-TH.222.0/1SO/IEC 13818-1[1], clause 2.1.70).

5.4.3  Aspectratio

Encoding:

Decoding:

5.4.4

Encoding:

NOTE:

Decoding:

The source aspectratio in 30Hz MPEG-2 HDTV bitstreams shall be 16:9 or2.21:1. Note that
decodingof2.21:1aspect ratio isoptional forthe30 Hz MPEG-2 HDTV IRD.

The aspect_ratio_information field in the sequence header shall have thevalue "0011" or "0100".

The 30 Hz MPEG-2 HDTV IRD shall be ableto decode bitstreams with aspect_ratio_information
of value "0011", corresponding to 16:9 aspect ratio. If the IRD hasadigital interface, thisshould

be capable of outputting bitstreams with aspectratios which arenot directly supported by the IRD
to allowtheirdecodinganddisplay via anexternal unit.

Luminance resolution

The encoded picture shall havea full-screen luminance resolutionwithin the constraints set by
Main Profileat High Level, i.e. it shall not havemore than:

= 1088linesperframe;
= 1920 Iluminancesamples per line;
= 62668 800Iluminance samples persecond.

It is recommended that thesource video for 30 Hz MPEG-2 HDTV Bitstreams has a luminance
resolution of:

= 1080 linesperframeand 1 920 luminance samples per line, with an associated framerate of
30000/1001 (approximately 29,97) Hz with two interlaced fields per frame.

=  Thesource videomay ormay notbe down-sampled prior to encoding.

=  Theuseof otherencodedvideoresolutions within the constraints of Main Profile atHigh
Levelis also permitted. Annex A of the presentdocument provides examples of supported
full-screen luminance resolutions. Inaddition, non full-screen pictures may be encoded for
display atless thanfull-size.

=  Thelimitof 62 668 800 luminancesamples persecond of Main Profile at High Level
excludes theuse of the maximum allowed picture resolutionat 60 Hz and 60 000/1 001 frame
rates.

If the recommended source video format is encoded withoutdown-sampling it gives
62 145 854 luminance sample per second and therefore falls within the allowed range for Main Profile at

High Level.

The 30 Hz MPEG-2 HDTV IRD shall be capable ofdecoding and displaying pictures with
luminanceresolutions withinthe constraints set by Main Profile atHigh Level.
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Chromaticity Parameters

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blueprimaries shall be explicitlysignalled in the encoded HDTV bitstream by
settingthe appropriate values for each of thefollowing 3 parametersin the
sequence_display_extension(): colour_primaries, transfer_characteristics, and

matrix_coefficients.

It is recommended that 30 Hz MPEG-2 HDTV bitstreams use either Recommendation
ITU-RBT.709[13] or IEC 61966-2-4 [31] colorimetry.

BT.709 [13] colorimetry usage is signalled by setting colour_primariesto thevalue 1,
transfer_characteristics to thevalue 1 and matrix_coefficients to the value 1.

IEC 61966-2-4 [31] colorimetry usageis signalled by setting colour_primaries to the value 1,
transfer_characteristics to thevalue 11and matrix_coefficients to the value 1.

The 30 Hz MPEG-2 HDTV IRD shall be capable of decoding bitstreams thatuse
Recommendation ITU-R BT.709 [13] colorimetry. It is recommended thatappropriate processing
be included fortheaccurate representation of pictures using Recommendation 1TU-R BT.709[13]

colorimetry.

The 30 Hz MPEG-2 HDTV IRD may be capable of decodingbitstreamsthatuse
IEC 61966-2-4[31] colorimetry.

NOTE 1: The30Hz MPEG-2 HDTV IRD may notincludeappropriate processing for the accurate representation
of picturesthatuse IEC 61966-2-4 [31] colorimetry.

NOTE2: Forthe 60000/10010r60 Hz 480P video format the colorimetry standard recommended is
Recommendation ITU-R BT.1358[i.5].

5.4.6

Encoding:

Decoding:

Chrominance

The operation used todown samplethe chrominance informationfrom4:2:2to 4:2:0shall be
indicated by the parameter chroma_420_type in the picture coding extension. Avalue of zero
indicates thatthe fields havebeendown sampled independently. Avalueof one indicates thatthe
two fields havebeen combined intoa single frame before down sampling. It is desirable thatthe
fields are down sampled independently (i.e. chroma 420 type =0)to allowthe IRDto use less
memory for picture reconstruction.

Itis desirable thatthe operation usedto up sample thechrominanceinformationfrom 4:2:0 to
4:2:2 should be dependent onthe parameter chroma_420_type in the picture coding extension.

5.4.7  Video sequence header

Encoding:

Itis recommendedthat a video sequence header, immediately followed by an I-frame, be encoded
at least once every 500 ms. If quantizer matrices other than the default are used, the appropriate
intra_quantizer_matrixand/or non_intra_quantizer_matrixare recommended to be included

in every sequence header.

NOTE 1: Increasingthe frequency of video sequence headers and I-frames will reduce channel hopping time but
will reduce theefficiency of thevideo compression.

NOTE 2: Havinga regularinterval between I-frames may improve trick mode performance, but may reduce the
efficiency of the video compression.

5.4.8
Decoding:

Backwards Compatibility

In additionto the above, a 30 Hz MPEG-2 HDTV IRD shall be capable of decodingany bitstream
thata 30 Hz MPEG-2 SDTV IRD s requiredto decode, asdescribed in clause 5.3.
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5.5 Specifications Common to all H.264/AVC IRDs and
Bitstreams

5.5.0 Scope

The specification in this clause appliesto the following IRDs and Bitstreams:
° 25HzH.264/AVCSDTV IRD and Bitstream;

e 30HzH.264/AVCSDTV IRDand Bitstream;

e 25HzH.264/AVCHDTV IRDandBitstream;
° 30HzH.264/AVCHDTV IRD and Bitstream;
. 50HzH.264/AVCHDTV IRD and Bitstream;
° 60 HzH.264/AVCHDTV IRD and Bitstream;
. 25Hz MVC Stereo HDTV IRD and Bitstream;

° 30Hz MVC Stereo HDTV IRD and Bitstream.

551 General

The video encodingandvideo decoding shall conformto Recommendation ITU-T H.264 / ISO/IEC 14496-10[ 16].
Some of the parameters andfields arenotused inthe DVB Systemandthese restrictions are described below.
H.264/AVCBitstreams and IRDs shall supportsome parts of the ""Supplemental Enhancement Information (SEI)" and
the "Videousability information (VUI)" syntax elements as specifiedin Recommendation ITU-T H.264 /

ISO/IEC 14496-10[16], annexes D and E. The H.264/AVC IRD design shall be madeunder the assumptionthat any
legal structureas permitted by Recommendation ITU-T H.264 / ISO/IEC 14496-10 [ 16] andtherestrictions that are

specified for the H.264/AVC IRDs may occur in thebroadcaststreameven if presently reserved or unused.
NOTE: Toimprove trick mode it is strongly recommendedto disable non-paired fields in H.264/AVC Encoder.

5.5.2  Sequence Parameter Setand Picture Parameter Set

5,5.2.0 General

Encoding: More than one picture parameter set canbe present in the bitstreambetweentwo H.264/AVC
RAPs. Between two H.264/AVCRAPSs, the content ofa picture parameter set witha particular
pic_parameter_set _id shall not change. l.e. if more than one picture parameter setispresentin
the bitstreamand these picture parameter sets are differentfromeach other, theneach picture

parameter set shall havea differentpic_parameter_set_id.

Note thatmultiple PPSs may bepresent in the H.264/AVC RAP access unit and thenumber of PPS thatmay be present
is constrained by clause4.1.5.2 wherethe startof theaccess unit (access_unit_delimiter) and the start of the first slice of
the access unitoccurs eitherin the sametransport packet orin 2 successivetransport packets.

55.2.1  pic_width_in_mbs_minusl and pic_height_in_map_units_minusl

Encoding: The time interval between two changesin pairs of pic_width_in_mbs_minusl and
pic_height_in_map_units_minusl shallbe greater thanor equal toone second. Changing the
pairpic_width_in_mbs_minusl andpic_height_in_map_units_minus1 requires software
processingin the decoder. Limiting the frequency of this change is to constrainthe IRD software
processing requiredto support aspectratio changes.

NOTE: A pairof pic_width_in_mbs_minusland pic_height_in_map_units_minusl is distinct from another
pairif one orboth syntaxelement values pic_width_in_mbs_minusland
pic_height_in_map_units_minusldiffer.
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If the number of samples per row of the luminance component of thesource picture isnotan
integer multiple of 16 and additional samples are padded to make the number of samples per row
of the luminance component an integer multiple of 16, it is recommended that these samples are

paddedatthe right side of the picture.

If the number of samples per column of the luminance component of the source picture isnotan
integer multiple of 16 andadditional samples are padded to make the number of samples per
column of the luminance componentaninteger multiple of 16, it is recommended that these
samplesare paddedatthe bottom of the picture.

5.5.3  Video Usability Information

5.5.3.0 General
The IRD shall support the use of Video Usability Information of the following syntaxelements:
e  AspectRatio Information (aspect_ratio_idc);
o  ColourParameter Information (colour_primaries, transfer_characteristics, and matrix_coefficients);
e  Chrominance Information (chroma_sample_loc_type top fieldandchroma sample loc_type bottom_field);
e  Timinginformation (time_scale, num_units_in_tick,andfixed_frame_rate_flag);

e  Picture Structure Information (pic_struct_present_flag).

5.5.3.1  Aspect Ratio Information

The support of aspect_ratio_idcvalues for H.264/AVC SDTV IRDs and Bitstreams is specified in clause 5.6.1.3and
forH.264/AVC HDTV IRDs and Bitstreams is specifiedin clause 5.7.1.2and for MVC in clause 5.13.1.6.2.

553.2 Colour Parameter Information

The support of colour_primaries, transfer_characteristics, and matrix_coefficients values forthe 25 HzH.264/AVC
SDTV IRDand Bitstream is specified in clause 5.6.2.1, forthe 30 HzH.264/AVC SDTV IRD and Bitstreamis
specified in clause5.6.3.1,andfor H.264/AVC HDTV IRDs and Bitstreams is specified in clause 5.7.1.3and for MVVC
Stereo HDTV IRDsin clause 5.13.1.6.2.

5533 Chrominance Information

Encoding: Itis recommendedto specify the chrominance locations using the syntax elements
chroma_sample_loc type top_fieldandchroma sample_loc_type bottom field in the VUI. It
is recommendedto use chroma sample type equalto 0 for both fields.

Decoding: H.264/AVC IRDs shall support decoding any allowed values of
chroma_sample_loc_type top fieldandchroma_sample loc type bottom_field. Itis
recommended that appropriate processing be included for the display of pictures.

5.5.3.4  Timing Information

The support of time_scaleand num_units_in_tick values forthe 25Hz H.264/AVC SDTV IRD and Bitstreamis
specified in clause5.6.2.2, forthe 30 HzH.264/AVC SDTV IRD and Bitstream is specified in clause 5.6.3.2, forthe
25HzH.264/AVCHDTV IRD and Bitstream is specifiedin clause 5.7.2.2, forthe 30 Hz H.264/AVCHDTV IRD and
Bitstreamis specifiedin clause 5.7.3.2, forthe 50 Hz H.264/AVC HDTV IRD and Bitstream is specified in
clause5.7.4.2,forthe 60 HzH.264/AVCHDTV IRD and Bitstream is specified in clause 5.7.5.2, forthe25 Hz MVC
Stereo HDTV IRD and Bitstreamin clause 5.13.2.2and forthe 25Hz MVC Stereo HDTV IRD and Bitstream in
clause 5.13.3.2. In the case of still picture the fixed_frame_rate_flag shall be equal to 0. In other cases, the
fixed_frame_rate_flagshall be equal to 1. The frame rate cannotbe changed between two I DR access units.
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5535 Picture Structure Information

The support of pic_struct_present_flag in the Bitstreamis specified in clause 5.5.4.1 related to use of Picture Structure
informationin the Picture Timing SEIl andiscommonto allH.264/AVC IRDs and Bitstreams. For bitstreams that carry
the picture structure information (such as film mode), it is recommended thatthe pic_struct_present flag be setto"1"
in the VUI and the picture timing SEI is associated with each access unit in the coded sequence. Ifthe sequence does
not require picturestructure information, thenthe pic_struct_present_flagshould be set to "0" in the VUI. Use of this
flagbitin the VUI allows use of picturetiming SEI with only the picture structure information withoutthe needto
include HRD information (such as CPB and DPB delay or initial values of the delay in the buffering period SEI).

5.5.4  Supplemental Enhancement Information

5.5.4.0 General
The IRD shall support the use of Supplemental Enhancement Information of the following message types:
e  Picture Timing SEI Message;

e  Pan-ScanRectangle SEI Message;

e  "User dataregistered by Recommendation I TU-T T.35SEI message"” syntactic element [19]
user_data_registered itu_t t35asdefinedin clause B.7.

5.5.4.1 Picture Timing SEI Message

Encoding: Itis recommendedto transmit a picture timing SEI message for everyaccess unit ofa codedvideo
sequence.

If the H.264/AVCBitstream contains picture structureinformation, thenthe
pic_struct_present_flagshallbe setto "1"intheVUIland a picture timing SEl message shallbe
associatedwith every access unit. Otherwise the pic_struct_present_flagshallbe setto"0".

NOTE 1: Settingpic_struct_present flagto "1"indicatesthepresenceof pic_structthat assists decoders in
determining if the picture should be displayedas a frameor one or morefields. Possible values for
pic_structare definedin table D-1 of Recommendation I TU-T H.264 / ISO/IEC 14496-10[16].
Progressive coded video sequences (with frame_mbs_onlyequalto 1) shouldonly use pic_struct values
of 0,7, 8. Interlace coded video sequences (with frame_mbs_only flagequalto 0) should only use

pic_structvaluesof 1,2,3,4,5, 6.

Itis recommendedthat bitstreams avoid mixing interlaced and progressivepic_struct values within a coded video
sequence to allow decoders to maintain a consistent display.

Note thatit is recommended to avoid using frame doubling or tripling modes when coding frames in MBAFF mode.

Itis recommendedthat ct_type be explicitly transmitted to convey the original picture scan.

NOTE 2: Possible valuesforct_typeare definedin table D-2 of Recommendation I TU-T H.264/
ISO/IEC 14496-10[16]. Settingct_typeto 2 maybe usedto indicate an unknown original picture scan.
The ct_typefield may change between progressiveand interlaced within a sequence. Progressive ct_types
values may be present within a coded video sequencewith interlaced pic_struct values but it is
recommended not to transmit interlaced ct_typevalues within a coded video sequence with progressive
pic_structvalues.

NOTE 3: Theoriginalpicture scan canbe quite useful forassisting operations suchas deinterlacingandtrick
modes. Explicit transmission ofthe ct_type field isindicated whenthe clock_timestamp_flag[i] is set

to1l:

" If a timecode isto be carried, it is recommended that the full_timestamp_flagis setto "1"and
hours_value, minutes_value, seconds_value and n_frames are used to transport the timecode
values. Time_offsetmay be ignoredand normally carry the value 0", if present.
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NOTE 4: The default value oftime_offset_length is 24 unless specified otherwise by the VUI message HRD
parameters, which in turn requires the presence of additional fields in the picture timing SEI message
(cpb_removal_delay anddpb_output_delay).

Decoding: H.264/AVCIRDs shallsupport all values definedin pic_struct includingall modes requiring field
and frame repetition. The H.264/AVC IRDs need not make use of any other syntax elements

(except pic_struct) in the picture timing SEI message, if these elementsare present.
If ct_type isnot present, thenthe value "2 (unknown) shall be inferred.

Note thatif present, the picturestructure information shall convey the picture output order in the same order asthe
Picture Order Count(POC) informationin the H.264/AVCBitstream (per clause D.2.2 of Recommendation

ITU-T H.264 /I1SO/IEC 14496-10[ 16]). This ensures consistency between the SEI message andthe HRD model of
Recommendation ITU-T H.264/1SO/IEC 14496-10 [16].

554.2 Pan-Scan Rectangle SEI Message
Encoding: The pan_scan_rect SEI may be usedwhenappropriate.

Decoding: H.264/AVCIRDs shallsupport all values specified in pan_scan_rect, except
pan_scan_rect_top_offset[i] and pan_scan_rect_bottom_offset[i]. The IRD need notmake use of
pan_scan_rect top_offset[ilandpan_scan_rect bottom_offset[i] parametersin the
pan_scan_rect SEI message.

There maybe more thanonepan_scan_rect SEI messagetransmitted with anaccess unit. Any
pan_scan_rect SEI messages afterthe first may be ignored.

The support of the use of pan_scan_rect forup sampling is specified to allowa 4:3monitorto
give a full-screen display of a selected portionofa 16:9 coded picture with the correct aspectratio.
The support of vertical resampling to obtain the correctaspect ratio fora letterbox display of a
16:9 coded picture on a4:3 monitor is optional.

NOTE: Use of AFDasdefinedin clause B.3and Bar Data asdefined in clause B.4 may provide amore
convenient mechanism for enabling the full screen display of a selected portion ofthe coded picture.

5.5.4.3  Sitill pictures

Encoding: Still pictures shall complywith " AVC still picture” definition as per Recommendation
ITU-T H.222.0/1SO/IEC 13818-1[1]. For Still pictures the frame rate specification for H264

AVC IRDs shall not apply. The fixed_frame_rate_flagshall be equal to 0.

NOTE: Fordisplay that requires a fixed frame refresh accordingto the IRD frequency, the previously decoded
picture should be displayedtill the next picture isavailable.

5.5.5 Random Access Point

5.5.5.0 General
The definitionfor H.264/AVC RAP in clause 3 shallapply.

For MVC Stereo Bitstreamsand MVC Stereo RAP guidelines, please referto clause 5.13.1.9.

Encoding: Thetime interval between H.264/AVC RAPs may vary between programs and also within a
program. The broadcastrequirements should set thetime interval between H.264/AVC RAPs as
specified in clause5.5.5.1.

NOTE: The AU_information_descriptor described in annex D provides a means of signalling information about
Random Access Pointsthatmay be used by some applications, and it is recommended thatthis is present.

All pictureswith PTS greater thanor equalto PTS(rap) shall be fully reconstructible and
displayable, where PTS(rap) represents the Presentation Time Stamp of the picture of the
H.264/AVCRAP. This means that decoders receivingthe RAP shallnotneedto utilize data

transmitted prior to the RAP to decode pictures displayed after the RAP.
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To improve applications suchas channel change, it is recommended that the Presentation Time
Stamp of the picture of H.264/ AVC RAP be lessthanorequalto [DTS(rap) + 0,5 seconds] where
DTS(rap) represents the Decoding Time Stamp of the picture of H.264/AVC RAP.

Packetization of random access points shall comply with the following additional rule:

A transportpacket containing the PES header ofa H.264/AVC RAP shall have an adaptation field.
The payload_unit_start_indicator bit shall be setto 1" in the transport packetheader and the
adaptation_field controlbitsshall be setto 11" (as per Recommendation ITU-TH.222.0/
ISO/IEC 13818-1 [1]). In addition, therandom_access_indicator bitinthe adaptation header
shall be setto "1". The elementary_stream_priority_indicator bitshallalsobe setto 1" in the
same adaptation header if this transport packet contains theslice start code of the H.264/AVC

RAP accessunit(see clauses4.1.5.1and4.1.5.2).

H.264/AVCIRDs shallbe able to start decoding and displaying an H.264/AVC Bitstreamat an
H.264/AVCRAP.

5551 Time Interval Between RAPs

Encoding:

NOTE1:

The encoder shall place H.264/AVCRAPs in the video elementary stream at least onceevery 5s.
Itis recommendedthat H.264/AVC RAPs occur in the video elementary stream on average at least
every 2 s. Where rapid channel change times are importantor forapplicationssuchas PVR it may
be appropriate for H.264/AVC RAPs to occur more frequently, suchasevery 500 ms. The time
interval between successive RAPs shall be measured as the difference betweentheir respective
DTS values.

Decreasingthe time interval between H.264/AVC RAPs may reduce channel hopping time andimprove

trick modes, but may reduce theefficiency ofthe video compression.

NOTE 2:

Havinga regularinterval between H.264/AVC RAPs may improve trick mode performance, butmay

reduce the efficiency of the video compression.

5.6

5.6.1

5.6.1.0

H.264/AVC SDTV IRDs and Bitstreams

Specifications Commonto all H.264/AVC SDTV IRDs and
Bitstreams

Scope

The specification in this clause applies to the following IRDs and bitstreams:

. 25HzH.264/AVCSDTV IRD and Bitstream;

. 30HzH.264/AVCSDTV IRD and Bitstream.

5.6.1.1 Sequence Parameter Set and Picture Parameter Set

Encoding:

In additionto the provisions set forthin Recommendation ITU-T H.264 / ISO/IEC 14496-10[16],
the following restrictions shallapply for thefields in the sequence parameter set:

profile_idc =77 (Main Profile)

profile_idc =100 when bitstream complies with High Profile.
See clause 5.6.1.2 for details of whenthe bitstream may optionally comply with High Profile.
constraint set0_flag =0

constraint_setl flag =1 (when profile_idc=77)or

= 0 (when profile_idc =100)

constraint set2 flag =0
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constraint set3 flag = 0 (when profile_idc =100)
gaps_in_frame_num_value_allowed flag =0 (gapsnotallowed)

vui_parameters_present_flag =1

Profile and level

H.264/AVCSDTV Bitstreams shall complywith Main Profile Level 3 restrictions, as describedin
Recommendation ITU-TH.264 / ISO/IEC 14496-10[ 16]. In addition, in applications where
decoders support the High Profile, the encoded bitstream may optionally comply with the High
Profile.

Thevalue of level_idc shall be equalto 30.

H.264/AVCSDTV IRDs shall support decoding and displaying of Main Profile Level 3 bitstreams.
Support ofthe High Profile and other profiles beyond Main Profile is optional. Support of levels
beyond Level 3isoptional. If the H.264/AVC SDTV IRD encounters anextension which it cannot
decode, it shalldiscard the following data until the nextstartcode prefix (to allow backward
compatible extensionstobe addedin the future).

5.6.1.3  Aspect ratio

Encoding:

Decoding:

5.6.2

5.6.2.0

The source aspectratio in H.264/AVC SDTV Bitstreams shall be either 4:3 or 16:9.

The frame cropping information in the Sequence Parameter Set may be used whenappropriate.

H.264/AVCSDTV IRDs shall support decoding and displaying H.264/AVC SDTV Bitstreams with
the values of aspect_ratio_idcandother constraints that are specifiedin clause 5.6.2 for the 25 Hz
H.264/AVCSDTV IRDs and Bitstreams and clause 5.6.3for the 30Hz H.264/AVC SDTV IRDs
and Bitstreams.

The source aspectratio information shall be derived fromthe pic_height in_map_units_minusl
and the pic_width_in_mbs_minusl and the frame cropping information coded inthe Sequence
Parameter Set aswellas the sampleaspectratio encoded with the aspect_ratio_idc value in the
Video Usability Information (see values of aspect ratio_idcin Recommendation ITU-TH.264 /
ISO/IEC 14496-10[16], table E-1).

H.264/AVCSDTV IRDs shall support frame cropping.

25 Hz H.264/AVC SDTV IRD and Bitstream

General

This clause specifies the 25 HzH.264/AVC SDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.6.1 shall
apply. The specification in the remainder of this clause only appliesto the 25 Hz H.264/AVC SDTV IRD and

Bitstream.

56.2.1
Encoding:

Colour Parameter Information

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blueprimaries shall be explicitlysignalledin the encoded 25 Hz H.264/AVC
SDTV Bitstream by setting theappropriate values for each of the following 3 parameters in the
VUI: colour_primaries, transfer_characteristics, and matrix_coefficients.

Itis recommended that Recommendation I TU-R BT.1700 Part B [25] colorimetryis used in the
H.264/AVC Bitstream, which is signalled by setting colour_primaries to the value 5,

transfer_characteristics to thevalue 5 and matrix_coefficients to the value 5.
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Decoding: 25 Hz H.264/AVC SDTV IRDs shall supportdecoding bitstreams withanyallowed values of
colour_primaries, transfer_characteristicsand matrix_coefficients. It is recommended that
appropriate processing be included forthe accurate representation of pictures using BT.
Recommendation ITU-R BT.1700Part B [25] colorimetry.

NOTE: Previouseditionsofthe present documentreferenced Recommendation ITU-R BT.470 [i.4] SystemB, G
colorimetry. Recommendation I TU-RBT.1700 [25] replaces Recommendation I TU-RBT.470[i.4].

5.6.2.2 Frame rate

Encoding: The frame rate shall be 25Hz in 25 Hz H.264/AVC Bitstreams. This shall be indicated in the VUI
by settingtime_scale and num_units_in_tickaccording to table 7. Time_scaleand
num_units_in_tickdefine the picture rateof the video.

Table 7: time_scale and num_units_in_tick for Progressive and Interlace
Frame Rates for 25 Hz H.264/AVC SDTV

Frame Rate | Interlaced or time_scale Num_units_in_tick
Progressive
25 P 50 1
25 I 50 1
Decoding: 25 Hz H.264/AVC SDTV IRDs shall supportdecoding anddisplaying video with a frame rate of

25 Hz withintheconstraints of Main Profileat Level 3. Support of other framerates is optional.

5.6.2.3 Luminance resolution

Encoding: 25 Hz H.264/AVC SDTV Bitstreams shall representvideowith luminance resolutions asshownin
table 8. Non full-screen pictures may be encoded for display at less than full-size (when usingone
of the standard up-conversion ratios at the 25 Hz H.264/AVC SDTV IRD).

Decoding: 25 Hz H.264/AVC SDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 8 andapplying up sampling to allow the decoded pictures to be displayed at
full-screen size. In addition, 25 Hz H.264/AVC SDTV IRDs shall be capable of decoding lower
picture resolutions and displaying themat less than full-size after usingone ofthe standard
up-conversions, e.g. a horizontal resolution of 704 pixels withinthe 720 pixels full-screen display.
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Table 8: Resolutions for Full-screen Display from 25 Hz H.264/AVC SDTV IRD

and supported by 25 Hz H.264/AVC HDTV IRD, 50 Hz H.264/AVC HDTV IRD, 25 Hz SVC HDTV IRD

and 50 Hz SVC HDTV IRD

Coded Picture I:_)isplayed Picture_
Horizontal up sampling
Luml_nance resolu_tlon Source Aspect Aspect_ratio_idc 4:3 Monitors 16:9 Monitors
(horizontal x vertical) Ratio
720 x 576 4:3 2 x 1 x 3/4 (see note 1)
16:9 4 x 4/3 (see note 2) x 1
544 x 576 4:3 4 x 4/3 x 1 (see notel)
16:9 12 x 16/9 (see note 2) x 4/3
480 x 576 4:3 10 x 3/2 x 9/8 (see note 1)
16:9 6 x 2 (see note 2) x 3/2
352 x 576 4:3 6 x 2 x 3/2 (see note 1)
16:9 8 x 8/3 (see note 2) X 2
352 x 288 4:3 2 x 2 x 3/2 (see note 1)
16:9 4 x 8/3 (see note 2) x 2
(and vertical up sampling x2) |[(and vertical up sampling x 2)
NOTE 1: Up sampling of4:3 pictures for display ona 16:9 monitoris optional in the IRD, as 16:9 monitors can be switched

NOTE 2:
NOTE 3:

NOTE 4:

to operatein 4:3 mode.

The up sampling with this valueis applied to the pixels ofthe 16:9 picture to be displayed on a4:3 monitor.

Itis recommended that luminance resolution of 704 pixels represents the "middle" of the picture, and that it be
decoded to a 720 pixels full-screen display by placing 8 pixels of padding ateach side. It is recommended that
luminance resolutions, such as 352 pixels, thatare natural scalingsof704 pixels, be upscaled to 704 pixels and
padded as above. It isrecommended thatall otherresolutions be scaled as indicated by the table above. Where
this does notresultin the expected 720 pixels full-screen display, itis recommended thatthe result of the scaling
be clippedor padded symmetrically as required to produce a 720 pixels full-screen display.

The 16x9 picture comprises only the 702 pixels in the centre ofthe 720 pixel wide digital line. To avoid aspectratio
distortionsand blanking or padding pixels appearing ontheleftand rightofthe screen, it isrecommended thatthe
remaining 18 pixels are notdisplayed (see EBU Technical Recommendation R92 [i.31].

5.6.3

30 Hz H.264/AVC SDTV IRD and Bitstream

5.6.3.0 General

This clause specifiesthe 30 HzH.264/AVC SDTV IRD and Bitstream. All specificationsin clauses 5.5 and 5.6.1 shall
apply. The specification in the remainder of this clause only appliesto the 30Hz H.264/AVCSDTV IRDand
Bitstream.

56.3.1 Colour Parameter Information

Encoding: The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the

source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blueprimaries shall be explicitlysignalledin the encoded H.264/AVC
Bitstream by setting the appropriatevalues for each of the following 3 parameters in the VUI:
colour_primaries, transfer_characteristics, and matrix_coefficients.

Itis recommended that Recommendation ITU-R BT.1700[25], Part Acolorimetry isused for
video of all other vertical resolutions in the H.264/AVC Bitstream, which is signalled by setting
colour_primaries to the value 6, transfer_characteristics tothe value 6 and matrix_coefficients

tothevalue6.

Decoding: The 30 Hz H.264/AVC SDTV IRD shall be capable of decoding bitstreams with any allowed values

of colour_primaries, transfer_characteristics and matrix_coefficients. It is recommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation I TU-R BT.1700[25], Part Acolorimetry.

NOTE: Previouseditionsofthe present documentreferenced SMPTEST 170 colorimetry[i.9].

Recommendation ITU-R BT.1700[25], Part Areferences SMPTEST 170 [i.9].
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5.6.3.2 Frame rate

Encoding: The frame rate shall be 24000/1001,24,30000/1001, 30 Hz. This shall be indicated in the VUI
by settingtime_scale and num_units_in_tickaccording to table 9. Time_scale and

num_units_in_tick definethe picturerateof thevideo.

Table 9: Time_scal and num_units_in_tick for Progressive and Interlace
Frame Rates for 30 Hz H.264/AVC SDTV

Frame Rate Interlaced or time_scale Num_units_in_tick
Progressive
24 000/ 1 001 P 48 000 1001
24 P 48 1
30 000/ 1 001 P 60 000 1001
30 P 60 1
30 000/ 1 001 | 60 000 1001
30 | 60 1
Decoding: The 30 Hz H.264/AVC SDTV IRD shall supportdecodinganddisplaying video witha frame rate

0f24 000/1001,24,30000/1001 or 30 Hzwithinthe constraints of Main Profileat Level 3.
Support of other framerates is optional.

5.6.3.3 Luminance resolution

Encoding: 30 Hz H.264/AVC SDTV Bitstreams shall representvideowith luminance resolutions as shownin
table 10. Non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversionratiosatthe 30Hz H.264/AVC SDTV IRD).

Decoding: 30 Hz H.264/AVC SDTV IRDs shall be capable ofdecoding pictures with luminance resolutions as
shown in table 10 and applying up samplingto allow the decoded pictures to be displayed at
full-screen size. In addition, 30 Hz H.264/AVC SDTV IRDs shall be capable of decoding lower
picture resolutions and displaying themat less than full-size after usingone ofthe standard

up-conversions, e.g. a horizontal resolution of 704 pixels withinthe 720 pixels full-screen display.
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Table 10: Resolutions for Full-screen Display from 30 Hz H.264/AVC SDTV IRD,
and supported by 30 Hz H.264/AVC HDTV IRD, 60 Hz H.264/AVC HDTV IRD, 30 Hz SVC HDTV IRD
and 60 Hz SVC HDTV IRD

Coded Picture D_isplayed Picture_
Horizontal up sampling
Luml_nance resolu_tlon Source Aspect aspect_ratio 4:3 Monitors 16:9 Monitors
(horizontal x vertical) Ratio idc
720 x 480 4:3 3 x 1 x 3/4 (see note 1)
16:9 5 x 4/3 (see note 2) x 1
640 x 480 4:3 1 x 9/8 x 27/32 (see note 1)
16:9 14 x 3/2 x 9/8
544 x 480 4:3 5 x 4/3 x 1 (see notel)
16:9 13 x 16/9 (see note 2) x 4/3
480 x 480 4:3 11 x 3/2 x 9/8 (see note 1)
16:9 7 x 2 (see note 2) x 3/2
352 x 480 4:3 7 x 2 x 3/2 (see note 1)
16:9 9 x 8/3 (see note 2) x 2
352 x 240 4:3 3 x 2 x 3/2 (see note 1)
16:9 5 x 8/3 (see note 2) x 2
(and vertical up sampling x2) | (and vertical up sampling x 2)

NOTE 1: Up sampling of4:3 pictures for display ona 16:9 monitoris optional in the IRD, as 16:9 monitors can be
switched to operate in 4:3 mode.

NOTE 2: The up sampling with this valueis applied to the pixels ofthe 16:9 picture to be displayed on a4:3 monitor.

NOTE 3: Itis recommended thatluminance resolution of 704 pixels represents the "middle" ofthe picture, and that it be
decoded to a 720 pixels full-screen display by placing 8 pixels of padding ateach side. It isrecommended
that luminanceresolutions, such as 352 pixels, thatare natural scalingsof 704 pixels, be upscaled to 704
pixels and padded as above. It is recommended thatall other resolutions be scaled as indicated by the table
above. Where this does notresultin the expected 720 pixels full-screen display, itis recommended thatthe
result ofthe scaling be clipped or padded symmetrically as required to produce a 720 pixels full-screen
display.

5.7 H.264/AVC HDTV IRDs and Bitstreams

5.7.1  Specifications commonto all H.264/AVC HDTV IRDs and
Bitstreams

5.7.1.0 Scope

The specification in this clause applies to the following IRDs and bitstreams:
e 25HzH.264/AVCHDTV IRDandBitstream;
e 30HzH.264/AVCHDTV IRD and Bitstream;
° 50HzH.264/AVCHDTV IRD and Bitstream;

. 60 HzH.264/AVCHDTV IRD and Bitstream.

5.7.1.1  Sequence Parameter Set and Picture Parameter Set

Encoding: In additionto the provisions set forthin Recommendation ITU-T H.264 / ISO/IEC 14496-10[16],
the following restrictions shallapply for thefields in the sequence parameter set:
profile_idc =100 (High Profile [16])
constraint_set0_flag =0
constraint setl flag =0
constraint set2 flag =0
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constraint set3 flag =0
gaps_in_frame_num_value_allowed_flag = 0 (gapsnot allowed)
vui_parameters_present_flag =1

5.7.1.2  Aspect ratio

Encoding:

Decoding:

The source aspectratio in H.264/AVC HDTV Bitstreams shall be 16:9.

The source aspectratio information shall be derived fromthe aspect ratio_idcvaluein the Video
Usability Information (see values of aspect_ratio_idc in Recommendation ITU-T H.264 /

ISO/IEC 14496-10[16], table E-1).
The frame cropping information in the Sequence Parameter Set may be used whenappropriate.

H.264/AVCHDTV IRDs shall supportdecodinganddisplaying H.264/AVC HDTV Bitstreams with
thevalues of aspect ratio_idcasspecifiedin table11.

The source aspectratio information shall be derived fromthe pic_height_in_map_units_minusl
and the pic_width_in_mbs_minusl and the frame cropping information coded inthe Sequence
Parameter Set aswellas the sampleaspect ratio encoded withthe aspect_ratio_idc value in the
Video Usability Information (see values of aspect_ratio_idcin Recommendation ITU-T H.264 /
ISO/IEC 14496-10[16], table E-1).

H.264/AVCHDTV IRDs shall supportframe cropping.

5713 Colour Parameter Information

Encoding:

Decoding:

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
thered, green and blueprimaries shall be explicitlysignalled in the encoded H.264/AVC HDTV
Bitstream by settingthe appropriate values for each of the following 3 parameters in the VUI:
colour_primaries, transfer_characteristics, and matrix_coefficients.

Itis recommended that H.264/AVC HDTV bitstreams use either Recommendation
ITU-RBT.709[13] or IEC 61966-2-4 [31] colorimetry.

BT.709 [13] colorimetry usage is signalled by setting colour_primariesto thevalue 1,
transfer_characteristicsto thevalue 1 and matrix_coefficients to the value 1.

IEC 61966-2-4[31] colorimetry usageis signalled by setting colour_primaries to the value 1,
transfer_characteristics to thevalue 11and matrix_coefficients to the value 1.

H.264/AVCHDTV IRDs shall be capable of decoding bitstreams with any allowed values of
colour_primaries, transfer_characteristicsand matrix_coefficients. It isrecommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.709 [13] colorimetry.

H.264/AVC HDTV IRDs may be capable of decoding bitstreams that use IEC 61966-2-4 [31]
colorimetry.

NOTE: TheH.264/AVCHDTV IRDmightnotincludeappropriate processing forthe accurate representation of
picturesthat use IEC 61966-2-4 [31] colorimetry.

57.1.4 Luminance resolution

Encoding:

Decoding:

H.264/AVCHDTV Bitstreams shall representvideowith luminance resolutions as shownin
table 11. Non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversionratios atthe H.264/AVC HDTV IRD).

H.264/AVCHDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 11 and applying up samplingto allow the decoded pictures to be displayed at
full-screen size.
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Table 11: Resolutions for Full-screen Display from H.264/AVC HDTV IRD and SVC HDTV IRD

Coded Picture
Luminance resolution [ Source Aspect | aspect_ratio_idc 16:9 Monitors
(horizontal x vertical) Ratio Horizontal up sampling
1920 x 1080 16:9 1 x 1
1440 x 1 080 16:9 14 x 4/3
1280 x 1080 16:9 15 x 3/2
960 x 1 080 16:9 16 x 2
1280 x 720 16:9 1 x 1
960 x 720 16:9 14 x 4/3
640 x 720 16:9 16 x 2

57.2 25 Hz H.264/AVC HDTV IRD and Bitstream

5.7.2.0 General

This clause specifies the 25 HzH.264/AVCHDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.7.1 shall
apply. The specification in the remainder of this clause only appliesto the 25Hz H.264/AVCHDTV IRD and
Bitstream.

5721 Profile and level

Encoding: 25 Hz H.264/AVC HDTYV Bitstreams shall comply withthe High Profile Level 4 restrictions, as
specified inRecommendation ITU-TH.264 / ISO/IEC 14496-10 [16].

The value of level_idc shall be equalto 30, 31,32, 0r 40.

Decoding: 25 Hz H.264/AVC HDTV IRDs shall support the decoding of High Profile Level 4 bitstreams. This
requirement includes support for High Profile andlevels 3 to 4. Support for profiles and levels
otherthanHigh Profile, Level 3to 4 isoptional. If the 25 Hz H.264/AVC HDTV IRD encounters
an extensionwhichit cannotdecode, it shall discard thefollowing datauntil thenextstartcode
prefix (to allow backward compatible extensions to be added in the future).

57.2.2 Frame rate

Encoding: The frame rate shall be 25Hz or 50 Hz. This shall be indicated in the VUI by setting time_scale
and num_units_in_tickaccordingto table 12. Time_scale and num_units_in_tick define the
picture rate of the video. The source videoformat for 50 Hz frame rate material shallbe
progressive. The source video format for 25 Hz frame rate material shallbe interlaced or
progressive.

Table 12: Time_scal and num_units_in_tick for Progressive and Interlace Frame Rates for
25 Hz H.264/AVC HDTV, 50 Hz H.264/AVC HDTV, 25 Hz SVC HDTV, 50 Hz SVC HDTV
and 25 Hz MVC Stereo HDTV

Frame Rate Interlaced or Progressive time scale num units in tick
25 P 50 1
25 | 50 1
50 P 100 1
Decoding: 25 Hz H.264/AVC HDTV IRDs shall support decodingand displaying videowith a frame rate of

25 Hz interlaced or progressive, or 50 Hz progressive withinthe constraints of High Profile at
Level 4. Supportof other frame rates is optional.
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5.7.2.3  Backwards Compatibility

Decoding: 25 Hz H.264/AVC HDTV IRDs shall be capable of decoding anybitstreamthata 25 Hz
H.264/AVCSDTV IRDisrequired to decode and resulting in the same displayed pictures asthe

25 Hz H.264/AVC SDTV IRD, asdescribed in clause 5.6.2.
5.7.3 30 Hz H.264/AVC HDTV IRD and Bitstream

5.7.3.0 General

This clause specifies the 30 HzH.264/AVCHDTV IRD and Bitstream. All specificationsin clauses 5.5 and 5.7.1 shall
apply. The specification in the remainder of this clause only appliesto the 30Hz H.264/AVCHDTV IRD and
Bitstream.

5731 Profile and level

Encoding: 30 Hz H.264/AVC HDTV Bitstreams shall comply withthe High Profile Level 4 restrictions, as
specified inRecommendation ITU-TH.264 / ISO/IEC 14496-10 [16].

Thevalue of level_idc shall be equalto 30,31, 32, 0r 40.

Decoding: 30 Hz H.264/AVC HDTV IRDs shall support thedecoding of High Profile Level 4 bitstreams. This
requirement includes support for High Profile and levels 3 to 4. Support for profilesand levels
otherthanHigh Profile, Level 3to 4 isoptional. If the 30 Hz H.264/AVC HDTV IRD encounters
an extensionwhichit cannotdecode, it shall discard thefollowing datauntil thenextstartcode
prefix (to allow backward compatible extensions to be added in the future).

5.7.3.2 Frame rate

Encoding: The frame rate shall be 24 000/1001, 24,30000/1001, 30,60 000/1001 or 60 Hz. This shall be
indicated inthe VUI by setting time_scaleand num_units_in_tick according totable 13.
Time_scale andnum_units_in_tick define the picturerate of the video. The source video format
for24000/1001,24,60000/1001 and 60 Hz frame rate material shall be progressive. The source
video format for 30 000/1 001 and 30 Hz frame rate material shall be interlaced or progressive.

Table 13: Time_scal and num_units_in_tick for Progressive and Interlace Frame Rates for
30 Hz H.264/AVC HDTV, 60 Hz H.264/AVC HDTV, 30 Hz SVC HDTV, 60 Hz SVC HDTV
and 30 Hz MVC Stereo HDTV

Frame Rate Interlaced or Progressive time scale Num units in tick
24 000/ 1 001 P 48 000 1001
24 P 48 1
30 000/ 1 001 P 60 000 1001
30 P 60 1
30 000/ 1 001 | 60 000 1001
30 | 60 1
60 000/ 1 001 P 120 000 1001
60 P 120 1
Decoding: 30 Hz H.264/AVC HDTV IRDs shall support decodingand displaying video witha frame rate of

30000/1001, 30 Hzinterlaced or progressive, or 24 000/1001, 24,60 000/1001 or 60 Hz
progressivewithin the constraints of High Profile at Level 4. Support of other frame rates is
optional.

5.7.3.3  Backwards Compatibility

Decoding: 30 Hz H.264/AVC HDTV IRDs shall be capable of decodinganybitstreamthata 30 Hz
H.264/AVCSDTV IRDis required to decode and resulting in the same displayed pictures asthe
30 Hz H.264/AVC SDTV IRD, asdescribed in clause 5.7.2.
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57.4 50 Hz H.264/AVC HDTV IRD and Bitstream

5.7.4.0 General

This clause specifies the 50 HzH.264/AVCHDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.7.1 shall
apply. The specification in the remainder of this clause only appliesto the 50Hz H.264/AVCHDTV IRDand

Bitstream.

574.1 Profile and level

Encoding: 50 Hz H.264/AVC HDTV Bitstreams shall comply withthe High Profile Level 4.2 restrictions, as
specified inRecommendation ITU-TH.264 / ISO/IEC 14496-10 [16].

The value of level_idc shall be equalto 41 or42.

Decoding: 50 Hz H.264/AVC HDTV IRDs shall support thedecoding of High Profile Level 4.2 bitstreams.
Thisrequirement includes supportfor High Profile and levels 4.1 and 4.2. Support for profilesand
levels otherthan High Profile, Level 4.1 and 4.2is optional. If the 50 Hz H.264/AVCHDTV IRD
encounters an extensionwhich it cannotdecode, it shall discardthefollowing datauntil the next
start code prefix (to allow backward compatible extensions to be added in the future).

5.7.4.2 Frame rate

Encoding: The frame rate shall be 25Hz or 50 Hz. This shall be indicated in the VUI by setting time_scale
and num_units_in_tickaccordingto table 12. Time_scale and num_units _in_tick define the
picture rate of the video. The source videoformat for 50 Hz frame rate material shall be
progressive. The source videoformat for 25 Hz frame rate material shallbe interlaced or

progressive.

Decoding: 50 Hz H.264/AVC HDTV IRDs shall support decodingand displaying video with a frame rate of
25 Hz interlaced or progressive, or 50 Hz progressive withinthe constraints of High Profile at
Level 4.2. Support of other framerates is optional.

5.7.4.3 Backwards Compatibility

Decoding: 50 Hz H.264/AVC HDTV IRDs shall be capable of decodinganybitstreamthata 25 Hz
H.264/AVCHDTV IRDisrequiredto decode and resultingin the samedisplayed pictures as the
25 Hz H.264/AVC HDTV IRD, as described inclause 5.7.2.

575 60Hz H.264/AVCHDTV IRD and Bitstream

5.75.0 General

This clause specifies the 60 HzH.264/AVCHDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.7.1 shall
apply. The specification in the remainder of this clause only appliesto the 60Hz H.264/AVCHDTV IRD and

Bitstream.

5751 Profile and level

Encoding: 60 Hz H.264/AVC HDTV Bitstreams shall comply withthe High Profile Level 4.2 restrictions, as
specified inRecommendation ITU-TH.264 / ISO/IEC 14496-10 [16].

The value of level_idc shall be equalto 41 or42.

Decoding: 60 Hz H.264/AVC HDTV IRDs shall support thedecoding of High Profile Level 4.2 bitstreams.
Thisrequirement includes supportfor High Profile and levels 4.1 and 4.2. Support for profilesand
levels otherthan High Profile, Level 4.1 and 4.2is optional. If the 60 Hz H.264/AVCHDTV IRD
encounters an extensionwhich it cannotdecode, it shall discardthefollowing datauntil thenext
start code prefix (to allow backward compatible extensions to be added in the future).
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575.2 Frame rate

Encoding: The frame rate shall be 24000/1001, 24,30000/1001, 30,60 000/1001 or 60 Hz. Thisshall be
indicated inthe VUI by setting time_scaleand num_units_in_tick according totable 13.
Time_scale andnum_units_in_tick define the picturerate of the video. The source video format
for24000/1001, 24,60 000/1001 and 60 Hz frame rate material shall be progressive. The source

video format for 30 000/1 001 and 30 Hz frame rate material shall be interlaced or progressive.

Decoding: 60 Hz H.264/AVC HDTV IRDs shall support decodinganddisplaying videowith a frame rate of
30000/1001, 30 Hz interlaced or progressive, or 24 000/1001, 24,60 000/1001 or 60 Hz
progressivewithin the constraints of High Profile at Level 4.2. Supportof other frame rates is
optional.

5.7.5.3 Backwards Compatibility

Decoding: 60 Hz H.264/AVC HDTV IRDs shall be capable of decodinganybitstreamthata 30 Hz
H.264/AVCHDTV IRDisrequiredto decode and resulting in the samedisplayed pictures as the

30Hz H.264/AVC HDTV IRD, asdescribed inclause5.7.3.

5.8 SVC HDTV IRDs and Bitstreams

5.8.1  Specifications commonto all SVC HDTV IRDs and Bitstreams

5.8.1.0 Introduction

The specification in this clause applies to the following IRDs and bitstreams:
e 25HzSVCHDTVIRDandBitstream;

. 30Hz SVC HDTV IRD andBitstream;
. 50Hz SVC HDTV IRD andBitstream;

. 60 Hz SVC HDTV IRD and Bitstream.

The restrictions for SVC HDTV Bitstreams and the capabilities for SYC HDTV IRDs are partly specified via SVC
HDTV Bitstream Subsets. An SVC HDTV BitstreamSubset is a subsetof an SVC HDTV Bitstream that canbe
obtainedfrom the SVC HDTV Bitstream by discarding one or more access unitsand/orone ormore VCL NAL units,
starting from VCL NAL units with the largest value of DQId, and associated non-VCL NAL units in one or more access
units, similar to the process specified in clause G.8.8.1 of Recommendation I TU-T H.264 / ISO/IEC 14496-10[16]. An
SVC HDTV Bitstream Subsetmay be identical to the SVC HDTV Bitstreamthat contains the SVC HDTV Bitstream
Subset. Someof the restriction for SVC HDTV Bitstreamsand capabilities for SVC HDTV IRDs are specified by
specifyingrestrictions for SVC HDTV Bitstream Subsets.

5.8.1.1 Classes of SVC operation

5.8.1.1.0 General

The video encodingandvideo decodingshall conformto Recommendation ITU-T H.264 / ISO/IEC 14496-10[ 16].
Some of the parameters andfields arenotused inthe DVB System andthese restrictions are described below. SVC
Bitstreams and IRDs shall support some parts of the "' Supplemental Enhancement Information (SEI)", the "Video
usabilityinformation (VUI)", and the " SVC Video Usability Information extension (SVC VUI extension)" syntax
elements as specified inRecommendation ITU-TH.264 / ISO/IEC 14496-10 [16],annexes Dand E and clauses G.13
and G.14. The SVC IRD design shall be madeunder the assumptionthat any legal structure as permitted by
Recommendation ITU-T H.264 / ISO/IEC 14496-10[ 16] andthe restrictions thatare specified for the SVC IRDs may
occur in the broadcast streamevenif presently reserved or unused.
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58111 Class S Bitstream

Number of dependency representations:

Decoding: Class S IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) thathave
dependency_idgreaterthan1.

Class S IRDs shall be capable of decodingand rendering pictures thatare represented by an SVC
Bitstream Subsetthat does notcontain VCL NAL units withdependency_idgreaterthan1.

Number of layer representations:

Encoding: In class S Bitstreams, VCL NAL units withdependency_idequal to 1 and quality_id equal to 0
shall have ref_layer_dg_id equal to 0.

Decoding: Class S IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) thathave
quality_id greaterthanO.

Class S IRDs shall be capable of decodingand rendering pictures thatare represented by an SVC
Bitstream Subsetthat does notcontain VCL NAL unitswith quality_id greater thanO.

store_ref _base pic_flag:

Encoding: In class S bitstreams, VCL NAL units with dependency_id lessthanorequal to 1 shall have
store_ref base_pic_flag equal to0.

5.8.1.1.2 Class Q Bitstream
Number of dependency representations:

Decoding: Class Q IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) that have
dependency_idgreater thanO.

Class QIRDs shall be capable of decoding and rendering pictures that are represented by anSVC
Bitstream Subsetthat does notcontain VCL NAL unitswith dependency_id greater thanO.

Number of layer representations:

Decoding: Class Q IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) that have
quality_id greaterthan3.

Class Q IRDs shall be capable of decoding and rendering pictures that are represented by an SVC
Bitstream Subsetthat does notcontain VCL NAL unitswith quality_id greater than 3.

store_ref _base_pic_flag:

Encoding: In class QBitstreams, time interval betweenanytwo SVCaccess units (in decoding order) that
contain VCL NAL unitswith dependency_idequal to 0 andstore_ref base pic_flag equalto 1

shall be greater than or equal to 100 ms.

58.1.1.3 Class M Bitstream

Number of dependency representations:

Decoding: Class M IRDs shall be capableof ignoring VCL NAL units (of an SVC Bitstream) thathave
dependency _idgreaterthanl.

Class M IRDs shall be capable of decodingand rendering pictures thatare represented by an SVC
Bitstream Subsetthat does notcontain VCL NAL unitswithdependency_idgreater than1.

Number of layer representations:

Encoding: In class M Bitstreams, VCL NAL units withdependency_idequalto 1 andquality_idequal to 0
shall have ref_layer_dq_id lessthan 3.
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Decoding: Class M IRDs shall be capable of discarding VCL NAL units (of an SVC Bitstream) in a way that
the set of not discarded VCL NAL units does notcontain more than 4 different values of DQId (the
value of DQId for VCLNAL unitsisgiven by 16 x dependency_id + quality_id), beforedecoding
and rendering pictures.

Class M IRDs shall be capableof decodingand rendering pictures thatare represented by an SVC
Bitstream Subsetthat does notcontain more than4 different values of DQId (the value of DQId
for VCLNAL unitsisgivenby 16 x dependency_id + quality_id).

store_ref _base pic_flag:

Encoding: In class M Bitstreams, time interval between any two SVC access units (in decoding order) that
contain VCL NAL unitswith dependency_idequal to 0 or 1 and store_ref _base_pic_flagequal to
1shall be greater thanorequalto 100 ms.

5.8.1.2  System Considerations

As provided below, certain aspects of an SVC system are signalled using "Video Usability Information” (VUI)
parameters. These include picture colorimetry and picture Chrominance locations. When using SVC video cod ing, these
parametersarestrongly recommendedto be identical within each layer of the AVC and SVC associated bitstreams. I f

they are notidentical, thengreatcare should betaken in system design and operation.
5.8.1.3 SVC Sequence Parameter Set and Picture Parameter Set

5.8.1.3.0 General

Encoding: More than one picture parameter set canbe present in the bitstreams between two SVC RAPs.
Betweentwo SVCRAPs for the same value of dependency_id, the content of a picture parameter
set with a particular pic_parameter_set _idshall not change. l.e. if more than one picture
parameter set ispresent inthe bitstreamandthese picture parameter sets are different fromeach
other, theneach picture parameter set shallhave a different pic_parameter_set_id.

Note thatmultiple PPSs may bepresent inan SVC RAP access unit and the number of PPSthatmay be present is
constrained by clause 4.1.5.2 where thestart of the SVC dependency representation (which may beindicated by the
Access Unit Delimiter orthe SVC dependency representation delimiter) and the start of the first slice of the SVC
dependency representation occurs either in the same transport packetor in 2 successive transport packets.

5.8.1.3.1 pic_width_in_mbs_minusland pic_height_in_map_units_minus1
Encoding: The time interval between any two of thefollowing changes shall be greater thanor equal to one
second:

= achange of DependencyldMax (DependencyldMax specifies the maximum value of
dependency_id presentin anaccess unit);

=  forany present valueof dependency _id,a change of pic_width_in_mbs_minusl or
pic_heigth_in_map_units_minusl;

=  forany present valueof dependency _id greaterthan0, a change of
scaled_ref layer_left offset,scaled_ref layer right offset,scaled ref layer top offset
orscaled_ref _layer bottom_offsetin the layer representations with quality_id equalto 0;

=  forany present valueof dependency _id greaterthan0, a change of ref_layer dg_idinthe
layer representations with quality _id equalto 0 and no_inter_layer pred_flagequalto 0.

NOTE: Any of the above mentioned changes requires software processing in the decoder. Limiting the frequency
of these changes isto constrain the IRD software processing.

If the number of samples per row of the luminance component of the sourcepicture forany SVC
dependency representation isnot aninteger multiple of 16 and additional samples are padded to
makethe number of samples per row of the luminance componentaninteger multiple of 16, it is
recommended that these samples are padded at the right side of the picture.
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If the number of samples per column of the luminance component of the source picture forany
SVC dependency representationis not an integer multiple of 16 and additional samples are padded
to make thenumber of samples per columnof the luminance componentan integer multiple of 16,

it is recommended thatthese samples are paddedatthe bottom of the picture.

5.8.1.3.2 Subset Sequence Parameter Set

Encoding: In additionto the provisions set forthin Recommendation ITU-TH.264 / ISO/IEC 14496-10[ 16],
the following restrictions shallapply for the fields in the subset sequence parameter sets

(nal_unit_type isequalto 15):

profile_idc = 86 (Scalable High Profile [ 16])
constraint setl flag =1

constraint set2 flag =0
gaps_in_frame_num_value_allowed flag = 0 (gapsnot allowed)
vui_parameters_present_flag =1
svc_vui_parameters_present_flag =1
seq_ref_layer_chroma_phase_x plusl flag = chroma_phase x plusl flag
seq_ref _layer _chroma_phase y plusl = chroma_phase_y plusl

The SVC Video Usability Information extension shall include information for all present
combinations of dependency_id, quality_idandtemporal_idapplicablefor thesubset sequence
parameter set.

NOTE: Restrictionsfor sequence parameter sets (nal_unit_typeequalto 7), which are referenced in VCL NAL
units with dependency _id equalto 0 and quality_id equalto O are specified by the constraints for the SVC
base layerbitstreamin clauses 5.8.2.2,5.8.3.2,5.8.4.2and5.8.5.2.

5.8.1.4  Video Usability Information

5.8.1.4.0 General

The IRD shall support the use of the following syntaxelements in the Video Usability Information of sequence
parameter sets (nal_unit_type isequalto 7) and subset sequence parameter sets (nal_unit_type isequalto 15):

e  AspectRatio Information (aspect_ratio_idc).
e  ColourParameter Information (colour_primaries, transfer_characteristics, and matrix_coefficients).

e  Chrominance Information (chroma_sample _loc_type top fieldandchroma sample_loc_type bottom_field).

The IRD shall support the use of the following syntaxelements in the Video Usability Information of sequence
parameter sets (nal_unit_type isequalto 7):

e  Timinginformation (time_scale, num_units_in_tick, andfixed_frame_rate_flag).
e  Picture Structure Information (pic_struct_present flag).

The IRD shall support the use of the following syntaxelements in the SVC Video Usability Information extension of
subset sequence parameter sets (nal_unit_typeisequal to 15), foreachvalue i in the rangeof 0 to num_layers_minusl,
inclusive, withnum_layers_minus1beingthecorrespondingfield in the SVCVideo Usability Information extension:

e  Timinginformation (time_scale[i], num_units_in_tick[i], and fixed_frame_rate_flag[i]).

e  Picture Structure Information (pic_struct_present flag[i]).
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Aspect Ratio Information

The support of aspect_ratio_idcvaluesfor25 HzSVC HDTV IRDs and Bitstreams, 30 HzSVC HDTV IRDs and
Bitstreams, 50 Hz SVC HDTV IRDs and Bitstreams and 60 Hz SVC HDTV IRDs and Bitstreams is specified in
clauses5.8.2.5,5.8.3.5,5.8.4.5and5.8.5.5, respectively.

5.8.1.4.2

Encoding:

Decoding:

5.8.1.4.3

Encoding:

Decoding:

Colour Parameter Information

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
thered, green and blueprimaries shall be explicitlysignalledin the encoded SVC HDTV
Bitstream by setting the appropriate values for each of the following 3 parameters in the VUI of
all SVC Sequence Parameter Sets: colour_primaries, transfer_characteristics, and
matrix_coefficients.

Itis strongly recommendedthatthe VUIs ofall SVC Sequence Parameter Sets that are referenced
in the VCL NAL units of any particular access unit include the same values of colour_primaries,

transfer_characteristics, and matrix_coefficients.

SVC HDTV IRDs shall be capable of decoding bitstreams with any allowed values of
colour_primaries, transfer_characteristics and matrix_coefficients in the VUl of the SVC
Sequence Parameter Sets. It is recommended thatappropriate processing be included forthe
accurate representation of pictures using Recommendation ITU-R BT.709 [13] colorimetry; and it
is recommended thatappropriate processing be included for the accurate representation of pictures
usingRecommendation ITU-R BT.1700[25], Part B colorimetry for25 Hzand 50Hz SVC IRDs
and Bitstreams and Recommendation I TU-R BT.1700[25], Part A colorimetry for 30 Hz and

60 Hz SVC IRDs and Bitstreams.

Ifa SVC IRDreceivesa SVC bitstream with an AVC video sub-bitstream andan SVC video
sub-bitstream, and decodes only the AVC video sub-bitstream and outputs a scaled version of this
video sub-bitstream ata resolution matching the SVC video sub-bitstream, it is recommended that
the colour parameters of the AVC video sub-bitstream be converted, if they are different, to match
those of the SVC video sub-bitstream.

Chrominance Information

Itis recommended to specify the chrominance locations using the syntax elements
chroma_sample_loc type_top_fieldandchroma_sample_loc_type_bottom_field in the VUI of
each SVC Sequence Parameter set. It is recommended to use chroma sample type equalto 0 for
both fields.

Itis strongly recommended thatthe chrominance locations specified by the syntaxelements
chroma_phase x_plusl flagandchroma_phase_y pluslof a subset sequence parameter set be
consistentwith the chrominance locations specified in the VUI of the samesubset sequence
parameter set, as per Recommendation ITU-T H.264/1SO/IEC 14496-10[16].

Itis recommendedthat thereference layer chrominance locations specified by the syntax elements
ref_layer_chroma_phase x plusl flagandref_layer chroma phase y pluslbe consistent with
the chrominance locations specified in the VUI of the SVC sequence parameter set thatis
referenced in the reference SVC layer representation (specified by ref layer_dq_id),asper
Recommendation ITU-T H.264/1SO/IEC 14496-10 [16].

SVC HDTV IRDs shall support decoding any allowed values of
chroma_sample_loc_type_top_fieldandchroma_sample_loc_type bottom_field. Itis
recommended that appropriate processing be included for the display of pictures.

Ifa SVC IRDreceivesa SVC bitstream with an AVC video sub-bitstream andan SVC video

sub-bitstream, and decodes only the AVC video sub-bitstream and outputs a scaled version of this
video sub-bitstream ata resolution matching the SVC video sub-bitstream, it is recommended that
the chrominance parameters of the AVC video sub-bitstream be converted, if they are different, to

match those of the SVC video sub-bitstream.
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5.8.1.4.4 Timing Information

The support of time_scaleand num_units_in_tick values in the VUI of sequence parameter sets and time_scale[ i ]
and num_units_in_tick[i]values, forallpresentvalues of i, in the SVC VVUI extension of subset sequence parameter
setsforthe 25 Hz SVC HDTV IRD and Bitstream is specified in clause 5.8.2.3, forthe 30Hz SVCHDTVIRDand
Bitstream is specifiedin clause 5.8.3.3, forthe50 Hz SVC HDTV IRD and Bitstream is specifiedin clause 5.8.4.3,and
forthe 25 Hz SVC HDTV IRD and Bitstream is specified in clause 5.8.5.3. In case of still picture, thevalue of
fixed_frame_rate_flagin the VUI of sequence parameter sets andthe value of fixed_frame_rate_flag[i], forall
present values of i, in the SVC VUI extension of subset sequence parameter sets shall be equal to 0. In ot her cases, the
value of fixed_frame_rate_flagin the VUI of sequence parameter sets and the value of fixed frame rate_flag[i],for
all presentvalues of i, in the SVC VUI extension of subset sequence parameter sets shallbe equalto 1. The framerate
forany video sub-bitstream cannotbe changed between two access units that represent SVC IDR pictures forall present
values of dependency _id.

58.145 Picture Structure Information

The support of pic_struct _present _flag in the VUI of sequence parameter setsand pic_struct present flag[i], for
the present values of i, in the SVC VUI extension of subset sequence parameter sets is specified in clause 5.8.1.5.1
related to use of Picture Structure informationin the Picture Timing SEI and iscommonto all SYVCHDTV IRDsand
Bitstreams. For sequences that carry the picture structure information (suchas film mode), it is recommended that the
pic_struct_present_flag be setto 1 in the VUIs of thesequence parameter sets, the pic_struct_present_flag[i] be set
equalto 1 forthe present values ofiin the SVC VUI extensions of the subset sequence parameter setsand
corresponding picturetiming SEI messages are associated with each access unit in the coded sequence. If thesequence
doesnotrequire picturestructure information, thenthe pic_struct_present_flagshould be setto equalto 0 in the VUIs
of the sequence parameter setsandthe pic_struct_present_flag[i]should be setequalto O forthe presentvalues of i
in the SVC VUI extensions of the subsetsequence parameter sets. Use of the pic_struct_present_flag field in the \VUI of
sequence parameter setsandthepic_struct_present_flag[ i] fields in the SVC VUI extension of subset sequence
parameter sets allows use of corresponding picture timing SEI messageswith only the picturestructure information
without the needto include HRD information (suchas CPBand DPB delay or initial values of the delay in the
corresponding buffering period SEI messages).

5.8.1.5 Supplemental Enhancement Information

5.8.1.5.0 General
The IRD shall support the use of Supplemental Enhancement Information of the following message types:
e  Picture Timing SEI Message;

e  Pan-ScanRectangle SEI Message;

e  "User dataregistered by Recommendation I TU-T T.35SEI message” syntactic element [19]
user_data_registered_itu_t t35 asdefinedin clause B.7;

e  Scalable Nesting SEI Message with nested SEI messages being Picture Timing or Pan-Scan Rectangle SEI
messages.

Encoding: The SVC videosub-bitstream shall not containany NAL units with nal_unit_type equal to 6 (SEI
NAL units).

NOTE 1: All SEI messagesthatapply to SVC enhancementlayers should be includedin the AVC video
sub-bitstream (i.e. the video sub-bitstream with dependency_id equalto 0). This ensures that theaccess
unit re-assembling process does not require any re-ordering of NAL units.

NOTE 2: Eventhough SVC SEI messages other than those defined above are notprecluded, transmission systems
and broadcasters should take into account that the inclusion of any optional SEI messages could
significantly increase the bitrate and buffer utilization of the base layer AVC video sub-bitstream.
(Optional SEI messages include SEI messages other than the following: Picture Timing SEI message,
Pan-Scan Rectangle SEI message, User data registered by Recommendation ITU-T T.35[19] SEI
message, Scalable Nesting SEI message with one or more of the nested SEI messages not beinga Picture
Timing SEI message ora Pan-Scan Rectangle SEI message).
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Picture Timing SEI Message

If the SVC HDTV Bitstream contains picture structureinformation, thenthe
pic_struct_present_flagshallbe setequalto 1 in the VUI of the sequence parameter sets, the
pic_struct_present_flag[i]shall be setequalto 1 for the present values ofi in the SVC VUI
extension of the subset sequence parameter sets and corresponding Picture Timing SEI messages
shall be associated with every access unit. All Picture Timing SEI messages that apply to SVC
layer representations of the same SVC dependency representation shall havethe same value of
pic_struct. If the SVCHDTV Bitstreamdoes not contain picturestructure information, the
pic_struct_present_flagshallbe setto 0 in the VUI of the sequence parameter setsand the
pic_struct_present_flag[i]shall be setequalto 1 for the present values ofi in the SVC VUI
extensionof the subset sequence parameter sets.

SVC HDTV IRDs shall support all values definedin pic_struct includingallmodes requiring field
and frame repetition. The SVC HDTV IRDs need notmake use of any other syntax elements
(except pic_struct) in the Picture Timing SEI messages, if these elements are present.

Picture Timing SEI messagesare included in corresponding Scalable Nesting SEI messages when their

presence issignalled by the field pic_struct_present_flag[ i] in the SVC VUI extension of subset
sequence parameter sets and Picture Timing SEI messages are notincluded in Scalable Nesting SEI

messages when their presenceis signalled by the field pic_struct_present_flagin the VUI of sequence

parameter sets (per Recommendation I TU-T H.264/ ISO/1EC 14496-10 [16]).

I present, the picture structure information conveys the picture outputorder in the same order as the Picture Order
Count (POC) information in the SVC HDTV Bitstream (per clause D.2.2 of Recommendation I TU-T H.264/
ISO/IEC 14496-10[16]). Thisensures consistency betweenthe SEI message and the HRD model of Recommendation
ITU-TH.264/1SO/IEC14496-10[16].

5.8.1.5.2
Encoding:
Decoding:

NOTE 1:

Pan-Scan Rectangle SEI Message

The pan_scan_rect SEI message may be usedwhenappropriate.

SVC HDTV IRDs shall support all values specified inthe pan_scan_rect SEI message for all video
sub-bitstreams, except pan_scan_rect_top_offset[i] and pan_scan_rect_bottom_offset[i]. The
SVC HDTV IRD need not make use of pan_scan_rect_top_offset[i]and
pan_scan_rect_bottom_offset[i] parametersin the pan_scan_rect SEI message.

The support of the use of pan_scan_rect forup samplingis specified to allowa 4:3monitor to
give a full-screen display of a selected portionofa 16:9 coded picture with the correct aspectratio.
The support of vertical resampling to obtain the correctaspect ratio for a letterbox display of a
16:9 coded picture on a4:3 monitor is optional.

Pan-Scan Rectangle SEI messages that apply to dependency representations with dependency _id greater

than 0 areincluded in Scalable Nesting SEI messages.

NOTE 2:

Use of AFD asdefinedin clause B.3and Bar Data asdefined in clause B.4 may provide amore

convenient mechanism for enabling the full screen display of a selected portion ofthe coded picture.

5.8.1.5.3
Encoding:

Decoding:

Scalable Nesting SEI Message

SElmessages that are associated with SVC dependency representations with dependency _id
greaterthan0 orwith SVC layer representations with dependency_id greater than 0 or quality_id
greaterthanO orwith particular bitstream subsets shallbe included in Scalable Nesting SEI
messages, as specified in Recommendation ITU-TH.264 / ISO/IEC 14496-10[16].

SVC HDTV IRDs shall support Scalable Nesting SEI messages and shall associate the nested SEI
messages (i.e. SEI messages included ina Scalable Nesting SEl message) with the SVC
dependency representations or SVC layer representations or particular bitstream subsets
indicated by the parameters of the Scalable Nesting SEI message, as specified in Recommendation
ITU-T H.264 /ISO/IEC 14496-10[16].
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Still pictures

Still pictures shall complywith "AVC still picture™ definition as per Recommendation

ITU-T H.222.0/1SO/IEC 13818-1[1]. For Still pictures the frame rate specificationfor SVC
HDTV IRDs shall notapply. The valueof fixed_frame_rate_flagin the VUI of sequence
parameter setsandthevalues of fixed_frame_rate flag[i]inthe SVC VUI extension of subset
sequence parameter sets shallbe equalto 0.

Fordisplay that requires a fixed frame refresh according to the IRD frequency, the previously decoded picture should be
displayedtillthe next picture is available.

5.8.1.6 SVC Random Access Point

5.8.1.6.0

General

The definitions of SVCRAP and SVC random access dependency representationin clause 3 shall apply.

Encoding:

The time intervalbetween SVC RAPs (for each particular value of dependency_id) may vary
between programs andalso within a program. The broadcast requirements should set the time

interval between SVC RAPs as specified in clause 5.8.1.6.1.

NOTE: The AU_information_descriptor describedin annex D provides a means of signalling information about
Random Access Pointsthatmay be used by some applications, and it is recommended thatthis is present.

Decoding:

Foreach particular value ofdependency _id, all SVClayer pictures withthis particular value of
dependency_idandPTS greater thanorequalto PTS(rap) shallbe fully reconstructibleand
displayable, where PTS(rap) represents the Presentation Time Stamp of the picture of theSVC
RAP for this particular value of dependency_id. This means thatdecoders receivingan SVCRAP
fora particular value of dependency_idshallnot needto utilize data transmitted prior to this SVC
RAP to decode SVC layer pictures with this particular value of dependency _id thatare displayed
afterthe SVCRAP.

If an SVC access unit represents an SVCRAP for a particular value of dependency _id, it shall also
representan SVCRAP for allvalues of dependency_idin the range from 0 to the particular value
of dependency_idminus 1, inclusive.

If the maximum present value of dependency_idin anSVC access unit is different fromthe
maximum present value of dependency_id in the previous SVC access unitin decoding order
(when present), the SVC access unit shall represent an SVC RAP for all values of dependency _id

presentin the access unit.

To improve applications suchas channel change, it is recommended that the Presentation Time
Stampof the picture ofan SVC RAP be lessthan orequalto [DTS(rap) + 0,5 seconds] where
DTS(rap) represents the Decoding Time Stamp of the picture of the SVC RAP.

Packetization of random access points shall comply with the following additional rule:

A transportpacketcontaining the PES header ofan SVC random access dependency
representation shall havean adaptationfield. The payload_unit_start _indicator bitshall be set to
"1"in the transport packet header and the adaptation_field_control bitsshallbe setto "11" (as
per Recommendation ITU-TH.222.0/ ISO/IEC 13818-1 [1]). In addition, the
random_access_indicator bitin the adaptation header shallbe setto "1". The
elementary_stream_priority_indicator bit shall alsobe setto "1" inthe same adaptation header if
thistransport packet contains theslice start code of the SVC random access dependency
representation (see clauses 4.1.5.1 and 4.1.5.2).

SVC HDTV IRDs shall be capable of starting decoding and displaying pictures represented by an
SVC HDTV Bitstream Subset, containedin an SVCHDTV Bitstream, at any SVC RAP with
MaxDIdRAP equal to MaxDId. MaxDIdRAP represents the maximum value of dependency _id
that is associated with the SVC RAP in the SVC HDTYV Bitstream Subsetand MaxDId represented
the maximum value of dependency _id that is presentin the SVC RAP in the SVC HDTV
Bitstream Subset.
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Time Interval Between SVC RAPs

The encoder shall place SVCRAPs for dependency_idequal to O in thevideoelementary stream at
least onceevery 5s. Itisrecommended that SVC RAPs for dependency_idequal to O occurin the
video elementary stream on average at least every 2 s. Where rapid channel change timesare
important or forapplicationssuch as PVR it maybe appropriate for SVC RAPs for dependency id
equalto 0 to occur more frequently, such asevery 500 ms.

Foreach time interval in which dependency representations with any particular value of
dependency_idgreater than0 are presentin an SVCHDTV Bitstream, theencoder shallplace
SVC RAPs for this particular value of dependency_idin thevideo elementarystreamat least once
every 10 s. Itis recommended that, for each time interval in which dependency representations
with any particular value of dependency _id greaterthan 0 are presentinan SVC HDTV Bitstream,
SVC RAPs forthis particular value of dependency _id occurin the video elementary streamon
average atleastevery5s.

The time interval between successive RAPs for a particular value of dependency_id shallbe
measured as thedifference between their respective DTS values.

NOTE 1: AnSVC RAPfora particularvalue of dependency_id may ormaynotrepresentan SVC RAP forgreater
values of dependency _id.

NOTE 2: Decreasingthe time interval between SVC RAPs may reduce channel hoppingtimeand improvetrick
modes, but may reduce theefficiency ofthevideo compression.

NOTE 3: Havinga regularinterval between SVC RAPs may improvetrick mode performance, but may reduce the
efficiency of the video compression.

5.8.2 25 Hz SVCHDTV IRD and Bitstream

5.8.2.0

General

Thisclause specifiesthe 25 HzSVC HDTV IRD and Bitstream. All specifications in clause 5.8.1 shallapply. The
specificationin the remainder of this clause only appliesto the 25 Hz SVC HDTV IRD and Bitstream.

5821

Encoding:

Decoding:

Profile and level

25 Hz SVC HDTV Bitstream Subsets shall comply with the Scalable High Profile Level 4
restrictions, as specifiedin Recommendation ITU-TH.264 / ISO/IEC 14496-10[ 16].

Thevalue of level _idc in all sequence parameter sets and subset sequence parameter setsthatare
referenced inVCL NAL units of a 25 Hz SVC HDTV Bitstream Subsetshall be equal to 30,31, 32,
or40.

25 Hz SVC HDTV Bitstreams shall conformto Recommendation ITU-TH.264 /

ISO/IEC 14496-10[16] andshall containone or more 25Hz SVC HDTV Bitstream Subsets.
Optionally, 25 Hz SVC HDTV Bitstreams may containadditional VCL NAL unitsandassociated
non-VCL NAL unitsthatdo not belongto any 25 HzSVC HDTV Bitstream Subset.

25 Hz SVC HDTV IRDs shall be capable ofdecoding and rendering pictures using25 Hz SVC
HDTV Bitstreams. Support for SVC Bitstreams that donot contain 25 Hz SVC HDTV Bitstream
Subsets is optional.

25 Hz SVC HDTV IRDs shall be capable ofdecoding and rendering pictures that are represented
by 25 Hz SVC HDTV Bitstream Subsets contained in a 25 Hz SVC HDTV Bitstream. 25 Hz SVC
HDTV IRDs shall be capable ofdiscardingthe VCL NAL units of a 25 Hz SVC HDTV Bitstream
thatdo notbelongto a 25 Hz SVC HDTV Bitstream Subset, before decodingand rendering
pictures. Support fordecodingand rendering of pictures thatare represented by a SVC Bitstream
Subset with a conformance point beyond the conformancepointof 25Hz SVC HDTV Bitstream
Subsets is optional.
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Encoding:
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If the 25 Hz SVC HDTV IRD encounters anextension which it cannot decode, it shall discard the
following data until the next startcode prefix (to allow backward compatible extensions to be
addedin the future).

25 Hz SVC base layer bitstream

The SVC base layer bitstreamof a 25 Hz SVC HDTV Bitstream (anda 25 Hz SVC HDTV
Bitstream Subset) shall obey all constraints of a 25 Hz H.264/AVC SDTV Bitstreamor all

constraints of a 25 Hz H.264/AVC HDTV Bitstream.

Frame rate

The frame rate of eachvideo sub-bitstreamof a 25 Hz SVC HDTV Bitstream Subset shall be 25 Hz
or50Hz. Thisshall be indicated in the VUI of the sequence parameter sets referenced in VCL
NAL units of the video sub-bitstream by settingtime_scaleand num_units_in_tick according to
table 12 and the SVCVUI extension ofthe subset sequence parameter sets referenced in VCL NAL
units of the video sub-bitstream by setting time_scale[ i ]and num_units_in_tick[i]forall
present values of i accordingto table 12 with substitutingtime_scale[ i ] for time_scaleand
substitutingnum_units_in_tick[ i ] fornum_units_in_tick. The fieldstime_scale and
num_units_in_tick in the VUI of sequence parameter setsandthefieldstime_scale[ i] and
num_units_in_tick[i] in the SVC VUI extension of subset sequence parameter sets define the
picture rate of the video.

The source videoformat for 50 Hz frame rate video sub-bitstreams ofa 25 HzSVC HDTV
Bitstream should be progressive. The source video format for 25 Hz frame rate video
sub-bitstreams of a 25 Hz SVC Bitstream may be interlaced or progressive.

The frame rate of anyvideo sub-bitstream, of a 25 Hz SVC HDTV Bitstream, with a particular
value of dependency_id greater than0 shallbe an integer multiple of the frame rates of allvideo
sub-bitstreams with smaller values of dependency _id.

If a 25 Hz SVC HDTV Bitstream Subset contains a video sub-bitstreamwith dependency_idequal
to 1 and the source formatfor this videosub-bitstreamis interlaced, the source video formatfor

the video sub-bitstream with dependency_idequalto O shall also be interlaced.

25 Hz SVC HDTV IRDs shall supportdecodingand displaying video, represented by a 25 Hz SVC
HDTYV Bitstream Subset, with a frame rate of 25Hz interlaced or progressive or 50 Hz
progressive. Supportof other frame rates is optional.

Luminance resolution

Each videosub-bitstream of a 25 Hz SVC HDTV Bitstream Subsetshall representvideowith
luminanceresolutions asshownin table 8 andtable 11. Non full-screen pictures may be encoded
fordisplay at less than full-size (when using oneof thestandard up-conversionratios at the 25 Hz
SVCHDTVIRD).

If a 25 Hz SVC HDTV Bitstream Subsetcontains a video sub-bitstreamwith dependency_id equal
to 1 and thisvideosub-bitstreamhas frame_mbs_only_flagequalto 0, the value of
frame_mbs_only_flag for the video sub-bitstreamwith dependency_id equalto 0 shall alsobe

equaltoO.

25 Hz SVC HDTV IRDs shall be capable ofdecoding pictures represented by a 25 Hz SVC HDTV
Bitstream Subsetwith luminance resolutions as shownin table8 and table 11andapplyingup
samplingto allow the decoded pictures to be displayed at full-screen size.
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5.8.2.5  Aspect Ratio Information

For the following specification inthis clause, thesource aspect ratio information shall be derived fromthe
pic_height_in_map_units_minusl and the pic_width_in_mbs_minuslandthe frame cropping information codedin
the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of a video
sub-bitstreamas well as the sampleaspectratio encoded with the aspect_ratio_idc value in the Video Usability
Information of the sequence parameter sets and subsetsequence parameter sets referenced in the VCL NAL units of the
video sub-bitstream (see values of aspect ratio_idcin Recommendation ITU-TH.264 / ISO/IEC 14496-10[16],

table E-1).

Encoding: The source aspectratio shallbe the samefor all video sub-bitstreams of a 25 Hz SVC HDTV
Bitstream Subset.

The source aspectratio for eachvideosub-bitstream, of a 25 Hz SVC HDTV Bitstream Subset,
that represents pictures with one of the luminance resolutions shownin table 11 shallbe 16:9.

The source aspectratio for eachvideo sub-bitstream, of a 25 Hz SVC HDTV Bitstream Subset,
that represents pictures with one of the luminance resolutions shownin table 8 shall be either 4:3

orl16:9.

The frame cropping information in the SVC Sequence Parameter Sets may be used when
appropriate.

Decoding: 25 Hz SVC HDTV IRDs shall supportdecoding and displaying pictures represented by 25 Hz SVC
HDTYV Bitstream Subsets in which each video sub-bitstream obeys the constraints for
aspect_ratio_idc specified in table 11 or the constraints for aspect_ratio_idcspecifiedin table 8
dependingon the represented luminance resolution.

25 Hz SVC HDTV IRDs shall supportframe cropping.

5.8.2.6  Backwards Compatibility

Decoding: 25 Hz SVC HDTV IRDs shall be capable ofdecoding any bitstreamthat a 25 Hz H.264/AVC
HDTV IRD isrequiredto decode and resulting in the same displayed picturesasthe25 Hz
H.264/AVCHDTV IRD, asdescribedin clause 5.7.2.

5.8.3 30 Hz SVCHDTV IRD and Bitstream

5.8.3.0 General

This clause specifies the 30 HzSVC HDTV IRD and Bitstream. All specificationsin clause 5.8.1 shallapply. The
specificationin the remainder of this clause only appliesto the 30 Hz SVC HDTV IRD and Bitstream.

5.83.1 Profile and level

Encoding: 30 Hz SVC HDTV Bitstreams shall comply with the Scalable High Profile Level 4 restrictions, as
specified inRecommendation ITU-TH.264 / ISO/IEC 14496-10 [16].

Thevalue of level_idc in all sequence parameter sets and subset sequence parameter sets thatare
referenced inVCL NAL unitsof a 30 Hz SVC HDTV Bitstream Subsetshall be equal to 30,31, 32,

or40.

30 Hz SVC HDTYV Bitstreams shall conformto Recommendation ITU-T H.264 /

ISO/IEC 14496-10[16] andshall containone or more 30 Hz SVC HDTV Bitstream Subsets.
Optionally, 30 Hz SVC HDTV Bitstreams may containadditional VCL NAL unitsandassociated
non-VCL NAL unitsthatdo not belongto any 30 HzSVC HDTV Bitstream Subset.
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30 Hz SVC HDTV IRDs shall be capable of decodingand rendering pictures using 30 Hz SVC
HDTV Bitstreams. Support for SVC Bitstreams that donot contain30 Hz SVC HDTV Bitstream
Subsetsis optional.

30 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures that are represented
by 30 Hz SVC HDTV Bitstream Subsets contained in a 30 Hz SVC HDTV Bitstream. 30 Hz SVC
HDTV IRDs shall be capable of discarding the VCL NAL units of a 30 Hz SVC HDTV Bitstream
thatdo notbelongto a 30 Hz SVC HDTV Bitstream Subset, before decodingand rendering
pictures. Support fordecodingand rendering of pictures thatare represented by a SVC Bitstream
Subset with a conformance point beyond the conformancepointof 30Hz SVC HDTV Bitstream
Subsets is optional.

If the 30 HzSVC HDTV IRD encounters anextension which it cannot decode, it shalldiscard the
following data until the next startcode prefix (to allow backward compatible extensions to be

addedin the future).

30 Hz SVC base layer bitstream

The SVC base layer bitstreamof a 30 Hz SVC HDTV Bitstream (anda 30 HzSVC HDTV
Bitstream Subset) shall obey all constraints of a 30 Hz H.264/AVC SDTV Bitstreamor all
constraints of a 30 Hz H.264/AVC HDTV Bitstream.

Frame rate

The frame rate of eachvideo sub-bitstream of a 30 Hz SVC HDTV Bitstream Subset shall be
24000/1001,24,30000/1001,30,60 000/10010r 60 Hz. Thisshallbe indicated in the VUI of
the sequence parameter sets referenced in the VCL NAL units of the video sub -bitstream by setting
time_scaleand num_units_in_tick accordingto table 13 and the SVC VUI extension of the subset
sequence parameter sets referenced inthe VCL NAL units of the video sub-bitstream by setting
time_scale[ i Jand num_units_in _ticks[i]forall presentvalues ofiaccording to table 13with
substitutingtime_scale[ i ] for time_scale and substitutingnum_units_in_tick[ i ] for
num_units_in_tick. The fieldstime_scale and num_units_in_tick in the VUI of sequence parameter
setsand thefieldstime_scale[i] and num_units_in_tick[i] in the SVC VUI extension of subset
sequence parameter sets definethe picturerate of thevideo.

The source video format for 24 000/1 001, 24,60 000/1001 and 60 Hz frame rate video
sub-bitstreams of a 30 Hz SVC HDTV Bitstream should be progressive. The source video format
for30000/1001 and 30 Hzframe rate video sub-bitstreams of a 30 Hz SVC HDTV Bitstream

may be interlaced or progressive.

The frame rate of anyvideo sub-bitstream, of a 30 Hz SVC HDTV Bitstream, witha particular
value of dependency_id greater than0 shallbe an integer multiple of the frame rates of allvideo
sub-bitstreams with smaller values of dependency _id.

If a30 Hz SVC HDTV Bitstream Subsetcontains a video sub-bitstreamwith dependency_idequal
to 1 and the source formatfor this video sub-bitstream is interlaced, the source video formatfor
the video sub-bitstream with dependency_idequalto 0 shall also be interlaced.

30 Hz SVC HDTV IRDs shall supportdecoding and displaying video, represented by a 30 HzSVC
HDTV Bitstream Subset, witha frame rate of 30000/1001, 30 Hz interlaced or progressive or

24000/1001,24,60000/10010r 60 Hz progressive. Support of other frame rates is optional.
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5834 Luminance resolution

Encoding: Each videosub-bitstream of a 30 Hz SVC HDTV Bitstream Subsetshall representvideowith
luminanceresolutions asshownin table 10 and table 11. Non full-screen pictures may be encoded
fordisplay at less than full-size (when using oneof thestandard up-conversionratiosat the 30 Hz
SVCHDTVIRD).

If a30 Hz SVC HDTV Bitstream Subsetcontains a video sub -bitstream with dependency_idequal
to 1 and thisvideosub-bitstreamhas frame_mbs_only flagequalto 0, the value of
frame_mbs_only_flag for the video sub-bitstreamwith dependency_id equal to 0 shall alsobe
equaltoO.

Decoding: 30 Hz SVC HDTV IRDs shall be capable of decoding pictures represented by a 30 Hz SVC HDTV
Bitstream Subsetwith luminanceresolutions as shownin table 10 and table 11 and applyingup
samplingto allow the decoded picturesto be displayed at full-screen size.

5.8.3.5  Aspect Ratio Information

Forthe following specification inthis clause, thesource aspect ratioinformationshall be derivedfromthe
pic_height_in_map_units_minusl and the pic_width_in_mbs_minuslandthe frame cropping informationcodedin
the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of a video
sub-bitstreamas well as the sampleaspect ratio encoded withthe aspect_ratio_idc value in the Video Usability
Information of the sequence parameter sets and subsetsequence parameter sets referenced in the VCL NAL units of the
video sub-bitstream (see values of aspect_ratio_idcin Recommendation ITU-TH.264 / ISO/IEC 14496-10[16],

table E-1).

Encoding: The source aspectratio shall be the samefor allvideo sub-bitstreams of a 30 Hz SVC HDTV
Bitstream Subset.

The source aspectratio for eachvideo sub-bitstream, of a 30 Hz SVC HDTV Bitstream Subset,
that represents pictures with one of the luminance resolutions shownin table 11 shallbe 16:9.

The source aspectratio for eachvideo sub-bitstream, of a 30 Hz SVC HDTV Bitstream Subset,
that represents pictures with one of the luminance resolutions shownin table 10 shallbe either 4:3

orl16:9.

The frame cropping information in the SVC Sequence Parameter Sets may be used when
appropriate.

Decoding: 30 Hz SVC HDTV IRDs shall supportdecoding and displaying pictures represented by 30 Hz SVC
HDTYV Bitstream Subsets in which each video sub-bitstream obeys the constraints for
aspect_ratio_idc specified in table 11 or the constraints for aspect_ratio_idcspecifiedin table 10
depending on therepresented luminance resolution.

30 Hz SVC HDTV IRDs shall supportframe cropping.

5.8.3.6  Backwards Compatibility

Decoding: 30 Hz SVC HDTV IRDs shall be capable ofdecoding any bitstreamthat a 30 Hz H.264/AVC
HDTV IRD isrequiredto decode and resulting in thesame displayed pictures as the 30 Hz
H.264/AVCHDTV IRD, asdescribedin clause 5.7.3.

584 50 Hz SVCHDTYV IRD and Bitstream
5.8.4.0 General

This clause specifies the 50 HzSVC HDTV IRD and Bitstream. All specifications in clause 5.8.1 shallapply. The
specificationin the remainder of this clause only appliesto the 50 Hz SVC HDTV IRD and Bitstream.
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Profile and level

50 Hz SVC HDTV Bitstream Subsets shall comply withthe Scalable High Profile Level 4.2
restrictions, as specifiedin Recommendation ITU-TH.264 / ISO/IEC 14496-10[ 16].

The value of level_idc in all sequence parameter sets and subset sequence parameter sets thatare
referenced in VCL NAL units, of a 50 Hz SVC HDTV Bitstream Subset, thathave dependency_id
equal to O shall beequalto 30,31, 32, 0r 40. The value of level _idc inall subsetsequence
parameter setsthat arereferencedin VCL NAL units, of a 50 Hz SVC HDTV Bitstream Subset,

that havedependency_idequalto 1 shall be equal to 41or42.

50 Hz SVC HDTV Bitstreams shall conformto Recommendation ITU-TH.264 /

ISO/IEC 14496-10[16] andshall containone or more 50 Hz SVC HDTV Bitstream Subsets.
Optionally, 50 Hz SVC HDTYV Bitstreams may containadditional VCL NAL units and associated
non-VCL NAL unitsthatdo not belongto any50 HzSVC HDTV Bitstream Subset.

50 Hz SVC HDTV IRDs shall be capable of decodingand rendering pictures using50 Hz SVC
HDTV Bitstreams. Support for SVC Bitstreams that donot contain50 Hz SVC HDTV Bitstream

Subsets is optional.

50 Hz SVC HDTV IRDs shall be capable ofdecoding and rendering pictures that arerepresented
by 50 Hz SVC HDTV Bitstream Subsets contained in a 50 Hz SVC HDTV Bitstream. 50 Hz SVC
HDTV IRDs shall be capable ofdiscarding the VCL NAL units of a 50 Hz SVC HDTV Bitstream
thatdo notbelongto a 50 Hz SVC HDTV Bitstream Subset, before decodingand rendering
pictures. Support for decodingand rendering of pictures thatare represented by a SVC Bitstream
Subset with a conformance point beyond the conformancepointof 50Hz SVC HDTV Bitstream

Subsets is optional.

If the 50 HzSVC HDTV IRD encounters anextension which it cannot decode, it shalldiscard the
following data until the next startcode prefix (to allow backward compatible extensions to be
addedin the future).

50 Hz SVC base layer bitstream

The SVC base layer bitstream of a 50 Hz SVC HDTV Bitstream (anda 50 Hz SVC HDTV
Bitstream Subset) shall obey all constraints of a 25 Hz H.264/AVC SDTV Bitstreamor all
constraints of a 25 Hz H.264/AVC HDTV Bitstream.

Frame rate

The frame rate of eachvideo sub-bitstreamof a 50 Hz SVC HDTV Bitstream Subset shall be 25 Hz
or50 Hz. Thisshall be indicated in the VUI of the sequence parameter sets referenced in the VCL
NAL units of the video sub-bitstream by setting time_scaleand num_units_in_tick according to
table 12 and the SVCVUI extension ofthe subsetsequence parameter sets referenced in the VCL
NAL units of the video sub-bitstream by setting time_scale[ i ] and num_units_in_tick[i]forall
present values of i according to table 12 with substitutingtime_scale[ i ] fortime_scaleand
substitutingnum_units_in_tick[ i ] fornum_units_in_tick. The fieldstime_scale and
num_units_in_tick in the VUI of sequence parameter setsandthefieldstime_scale[ i] and
num_units_in_tick[i] in the SVC VUI extension of subset sequence parameter sets define the
picture rate of the video.

The source videoformat for 50 Hz frame rate video sub-bitstreams ofa 50 HzSVC HDTV
Bitstream should be progressive. The source video format for 25 Hz frame rate video

sub-bitstreams of a50 Hz SVC HDTV Bitstream may be interlaced or progressive.

If a50 Hz SVC HDTV Bitstream Subsetcontains a video sub-bitstreamwith dependency_idequal
to 1, the source video format for this video sub-bitstream shall be progressive.

The frame rate of anyvideo sub-bitstream, of a 50 Hz SVC HDTV Bitstream, witha particular
value of dependency_idgreater than0 shallbe an integer multiple of the frame rates of all video
sub-bitstreams with smaller values of dependency _id.
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50 Hz SVC HDTV IRDs shall supportdecoding and displaying video, represented by a 50 Hz SVC
HDTYV Bitstream Subset, with a frame rate of 25Hz interlaced or progressive, or 50 Hz
progressive. Supportof other frame rates is optional.

Luminance resolution

Each videosub-bitstream of a 50 Hz SVC HDTV Bitstream Subsetshall representvideowith
luminanceresolutions asshownin table 11. Non full-screen pictures may be encoded for display
at lessthan full-size (when usingone of the standard up-conversion ratios at the 50 HzSVC
HDTV IRD).

If a50 Hz SVC HDTV Bitstream Subsetcontains a video sub-bitstream with dependency_idequal
to 1,thefield frame_mbs_only flag shallbe equal to 1 for this video sub-bitstream.

If a50 Hz SVC HDTV Bitstream Subsetcontains a video sub-bitstreamwith dependency_id equal
to 1 andthefield frame_mbs_only flagfor the video sub-bitstreamwith dependency _idequalto 0
isequal to 0, thefields pic_height_in_map_units_minus1, frame_crop_top_offset and
frame_crop_bottom_offsetfor thevideo sub-bitstreamwithdependency_idequal to 1 shall be
equal to 2 x (picHeightinMapUnitsMinus1DId0+ 1)- 1, 2 x frameCropTopOffsetDId0and

2 x frameCropBottomOffsetDIdO, respectively, with picHeightInMapUnitsMinus1DId0,
frameCropTopOffsetDId0and frameCropBottomOffsetDIdO being the values of the fields
pic_height in_map_units_minusl, frame_crop_top_offset and frame_crop_bottom_offset,
respectively, for the video sub-bitstreamwith dependency_id equal to O.

NOTE: Scalability fromaninterlacedbase layer (with frame_mbs_only_flagequalto 0) to a progressive
enhancement layer (with frame_mbs_only_flagequalto 1) isonly supportedwhenthe vertical luminance
resolution isthe same in bothlayers.

Decoding:

50 Hz SVC HDTV IRDs shall be capable of decoding pictures represented by a 50 Hz SVC HDTV
Bitstream Subsetwith luminance resolutions as shownin table 11 and applying up sampling to
allow thedecoded picturesto be displayed at full-screen size.

5.8.4.5  Aspect Ratio Information

For the following specification inthis clause, thesource aspect ratio information shall be derivedfromthe
pic_height_in_map_units_minusl and the pic_width_in_mbs_minuslandthe frame cropping informationcodedin
the sequence parameter sets and subset sequence parameter sets referencedin the VCL NAL units of a video
sub-bitstreamaswell asthe sampleaspect ratio encoded withthe aspect_ratio_idc value in the Video Usability
Information of the sequence parameter sets and subsetsequence parameter sets referencedin the VCL NAL units of the
video sub-bitstream (see values of aspect_ratio_idcin Recommendation ITU-TH.264 / ISO/IEC 14496-10[16],

table E-1).

Encoding:

Decoding:

5.8.4.6
Decoding:

The source aspectratio for each video sub-bitstream of a 50 Hz SVC HDTV Bitstream Subset shall
be 16:9.

The frame cropping information in the SVC Sequence Parameter Sets may be used when
appropriate.

50 Hz SVC HDTV IRDs shall supportdecoding and displaying pictures represented by 50 Hz SVC
HDTV Bitstream Subsets in which each video sub-bitstream obeys the constraints for

aspect_ratio_idc specified in table 11.

50 Hz SVC HDTV IRDs shall supportframe cropping.

Backwards Compatibility

50 Hz SVC HDTV IRDs shall be capable ofdecodingany bitstreamthat a 50 Hz H.264/AVC
HDTV IRD isrequiredto decode and resulting in thesame displayed pictures as the50 Hz

H.264/AVCHDTV IRD, asdescribedin clause 5.7.4.
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5.85 60 Hz SVCHDTV IRD and Bitstream

5.8.5.0

General

This clause specifies the 60 HzSVC HDTV IRD and Bitstream. All specificationsin clause 5.8.1 shallapply. The
specificationin the remainder of this clause onlyappliesto the 60 Hz SVC HDTV IRD and Bitstream.

5.85.1 Profile and level

Encoding:

Decoding:

60 Hz SVC HDTV Bitstream Subsets shall comply with the Scalable High Profile Level 4.2
restrictions, as specifiedin Recommendation ITU-TH.264 / ISO/IEC 14496-10[ 16].

Thevalue of level_idc in all sequence parameter sets and subset sequence parameter setsthatare
referenced inVCL NAL units, of a 60 Hz SVC HDTV Bitstream Subset, thathave dependency _id
equal to O shall beequalto 30,31, 32,0r 40. The value of level _idc inall subsetsequence
parameter setsthat arereferencedin VCL NAL units, of a 60 Hz SVC HDTV Bitstream Subset,
that havedependency_idequalto 1 shall be equal to 410r42.

60 Hz SVC HDTV Bitstreams shall conformto Recommendation ITU-T H.264 /

ISO/IEC 14496-10[ 16] andshall containone or more 60 Hz SVC HDTV Bitstream Subsets.
Optionally, 60 Hz SVC HDTV Bitstreams may containadditional VCL NAL unitsandassociated
non-VCL NAL unitsthatdo not belongto any 60 HzSVC HDTV Bitstream Subset.

60 Hz SVC HDTV IRDs shall be capable ofdecodingand rendering pictures using 60 Hz SVC
HDTV Bitstreams. Support for SVC Bitstreams that donot contain 60 Hz SVC HDTV Bitstream

Subsets is optional.

60 Hz SVC HDTV IRDs shall be capable ofdecoding and rendering pictures that are represented
by 60 Hz SVC HDTV Bitstream Subsets containedin a 60 Hz SVC HDTV Bitstream. 60 HzSVC
HDTV IRDs shall be capable ofdiscarding the VCL NAL units of a 60 Hz SVC HDTV Bitstream
thatdo notbelongto a 60 Hz SVC HDTV Bitstream Subset, before decodingand rendering
pictures. Support fordecodingandrendering of pictures thatare represented by a SVC Bitstream
Subset with a conformance point beyond the conformance pointof 60Hz SVC HDTV Bitstream
Subsets is optional.

If the 60 Hz SVC HDTV IRD encounters anextension which it cannot decode, it shalldiscard the
following data until the next startcode prefix (to allow backward compatible extensions to be

addedin the future).

5.8.5.2 60 Hz SVC base layer bitstream

Encoding:

5.85.3
Encoding:

The SVC base layer bitstreamof a 60 Hz SVC HDTV Bitstream (anda 60 Hz SVC HDTV
Bitstream Subset) shall obey all constraints of a 30 Hz H.264/AVC SDTV Bitstreamor all
constraints of a 30 Hz H.264/AVC HDTV Bitstream.

Frame rate

The frame rate of eachvideo sub-bitstreamof a 60 Hz SVC HDTV Bitstream Subset shall be
24000/1001,24,30000/1001,30,60 000/10010r 60 Hz. Thisshallbe indicated in the VUI of
the sequence parameter sets referenced in the VCL NAL units of the video sub -bitstream by setting
time_scaleand num_units_in_tick accordingto table 13 and the SVC VUI extension of the subset
sequence parameter sets referenced inthe VCL NAL units of the video sub-bitstream by setting
time_scale[ i Jand num_units_in tick[i] accordingto table 13 with substitutingtime_scale[ i]
fortime_scaleand substituting num_units_in_tick[ i ] for num_units_in_tick. Thefieldstime_scale
and num_units_in_tickin the VUI of sequence parameter sets and the fields time_scale[ i] and
num_units_in_tick[i] in the SVC VUI extension of subset sequence parameter sets define the
picture rate ofthe video.
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The source video format for 24 000/1 001, 24,60 000/1 001and 60 Hz framerate video
sub-bitstreams of a60 Hz SVC HDTV Bitstream should be progressive. Thesource video format
for30000/1001 and 30 Hzframe ratevideo sub-bitstreams of a 60 Hz SVC HDTV Bitstream

may be interlaced or progressive.

If a60 Hz SVC HDTV Bitstream Subsetcontains a video sub-bitstreamwith dependency_idequal
to 1,the source videoformat for this video sub-bitstream shall be progressive.

The frame rate of anyvideo sub-bitstream, of a 60 Hz SVC HDTV Bitstream, witha particular
value of dependency_idgreater than0 shallbe an integer multiple of the frame rates of all video
sub-bitstreams with smaller values of dependency _id.

60 Hz SVC HDTV IRDs shall supportdecoding and displaying video, represented by a 60 Hz SVC
HDTYV Bitstream Subset, with a frame rate of 30000/1001, 30 Hz interlaced or progressive or
24000/1001,24,60000/10010r 60 Hz progressive. Support of other frame rates is optional.

Luminance resolution

Each videosub-bitstream of a 60 Hz SVC HDTV Bitstream Subsetshall representvideowith
luminanceresolutions asshownin table 11. Non full-screen pictures may be encoded for display
at lessthan full-size (when usingone of the standard up-conversion ratios at the 60 HzSVC
HDTV IRD).

If a60 Hz SVC HDTV Bitstream Subsetcontains a video sub-bitstreamwith dependency_id equal
to 1,thefield frame_mbs_only_flag shallbe equal to 1 for this video sub-bitstream.

If a60 Hz SVC HDTV Bitstream Subsetcontains a video sub-bitstream with dependency_id equal
to 1 and thefield frame_mbs_only_flagfor the video sub-bitstreamwith dependency_idequalto O
isequal to 0, the fields pic_height_in_map_units_minusl, frame_crop_top offset and
frame_crop_bottom_offsetfor thevideo sub-bitstreamwithdependency_idequal to 1 shall be
equal to 2 x (picHeightinMapUnitsMinus1DIdO+ 1) — 1,2 x frameCropTopOffsetDId0and

2 x frameCropBottomOffsetDIdO, respectively, with picHeightInMapUnitsMinus1DId0,
frameCropTopOffsetDId0and frameCropBottomOffsetDId0 being the values of the fields
pic_height_in_map_units_minusl, frame_crop_top_offset and frame_crop_bottom_offset,
respectively, for the video sub-bitstreamwith dependency_id equal to O.

Scalability fromaninterlaced base layer (with frame_mbs_only_flagequalto 0)to a progressive

enhancement layer (with frame_mbs_only_flagequalto 1) is only supported whenthe vertical luminance

Decoding:

resolution isthe same in bothlayers.

60 Hz SVC HDTV IRDs shall be capable ofdecoding pictures represented by a 60 Hz SVC HDTV
Bitstream Subsetwith luminance resolutions as shownin table 11 and applying up sampling to

allow thedecoded pictures to be displayed at full-screen size.

5.85.5  Aspect Ratio Information

For the following specification inthis clause, the source aspect ratioinformation shall be derived fromthe
pic_height_in_map_units_minusl and the pic_width_in_mbs_minuslandthe frame cropping informationcodedin
the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of a video
sub-bitstreamas well as the sampleaspectratio encoded with the aspect_ratio_idc value in the Video Usability
Information of the sequence parameter sets and subsetsequence parameter sets referenced in the VCL NAL units of the
video sub-bitstream (see values of aspect_ratio_idcin Recommendation ITU-TH.264 / ISO/IEC 14496-10[16],

table E-1).
Encoding:

The source aspectratio for eachvideo sub-bitstream of a 60 Hz SVC HDTV Bitstream Subset shall
be 16:9.

The frame cropping information in the SVC Sequence Parameter Sets may be used when
appropriate.
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Decoding: 60 Hz SVC HDTV IRDs shall supportdecoding and displaying pictures represented by 60 Hz SVC
HDTYV Bitstream Subsets in which each video sub-bitstream obeys the constraints for
aspect_ratio_idc specified in table 11.

60 Hz SVC HDTV IRDs shall supportframe cropping.

5.8.5.6  Backwards Compatibility

Decoding: 60 Hz SVC HDTV IRDs shall be capable ofdecoding any bitstreamthat a 60 Hz H.264/AVC
HDTV IRD isrequiredto decode and resulting in the same displayed pictures as the
60 Hz H.264/AVC HDTV IRD, as described inclause 5.7.5.

5.9 25 Hz VC-1 SDTV IRDs and Bitstreams

59.0 General

The video encodingandvideo decodingshall conformto SMPTE ST 421 [ 20]. Some of the parameters andfields are
notused in the DVB Systemand these restrictions are described below. The VC-1IRD designshall be made under the
assumptionthat any legal structureas permittedby SMPTEST 421 [20] and therestrictions that are specified for the
VC-1 IRDs may occur in the broadcaststreamevenif presentlyreserved or unused.

59.1 Profile, Level and Colour Difference Format

Encoding: 25 Hz VC-1 SDTV Bitstreams shall comply with the restrictions describedin SMPTE ST 421 20]
for AdvancedProfile at Level 1.

The value of PROFILE shall be equalto '11" indicating Advanced Profile. The value of LEVEL
shall be equalto '001'indicating Level 1 or, if appropriate, ‘000" indicating Level 0.

Decoding: 25 Hz VC-1SDTV IRDs shall supportdecoding and displaying of Advanced Profile bitstreams at
Level 1 using 4:2:0 colour difference format. Support of levels beyond Level 1 is optional. If the
VC-1IRDencountersan extensionwhich it cannot decode, it shall discard the following data until

the next startcode prefix (to allow backward compatible extensions to be added in the future).

59.2 Frame rate

Encoding: The frame rate in 25 Hz VC-1 SDTV Bitstreams shall be 25 Hz. This shall be indicated by setting
FRAMERATENR to2 and FRAMERATEDR o 1.

Decoding: 25 Hz VC-1 SDTV IRDs shall support decoding and displaying videowith a framerate of25 Hz
withinthe constraints of Advanced Profile atLevel 1. Support of other framerates is optional.

5.9.3  Aspectratio

Encoding: The source aspectratio in 25Hz VC-1 SDTV Bitstreams shall be either 4:3 or 16:9. The display
geometry information to optimally render the decoded picture shall besignalled by an appropriate
combination of DISP_HORIZ_SIZE,DISP_VERT_SIZE, ASPECT_RATIO,
ASPECT_HORIZ_SIZEand ASPECT_VERT_SIZE.

Decoding: 25 Hz VC-1SDTV IRDs shall support decoding and displaying 25 Hz VC-1 SDTV Bitstreams with
source aspect ratios of either 4:3 or 16:9. It isrecommended thatthe display process use the
display geometry information signalled by DISP_HORIZ_SIZE,DISP_VERT_SIZE,
ASPECT_RATIO,ASPECT_HORIZ SIZE and ASPECT_VERT_SIZE to optimally render
the decoded picture.
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5.9.4  Luminance resolution
Encoding: 25 Hz VC-1 SDTV Bitstreams shall represent coded video with luminance resolutions as shown in
table 14. Non full-screen pictures may be encoded for display at less than full-size, when using
one of the standard up-conversionratiosatthe 25 Hz VC-1 SDTV IRD (e.g. a horizontal
resolution of 704 pixels within the 720 pixels full-screendisplay).
Decoding: 25Hz VC-1 SDTV IRDs shall be capable of decoding pictures with luminance resolutions as

shown in table 14 and applying up samplingto allow the decoded pictures to be displayed at
full-screen size. In addition, 25 Hz VC-1 SDTV IRDs shall be capable of decoding lower picture
resolutions and displaying themat less than full-size after using one of thestandard
up-conversions, e.g. a horizontal resolution of 704 pixels within the 720 pixels full-screen display.

Table 14: Resolutions for Full-screen Display from 25 Hz VC-1 SDTV IRD

NOTE 2:

NOTE 3:

. Displayed Picture
Coded Picture Horizontal up sampling
Luml_nance resolqtlon Source Vldt_ao Aspect 4:3 Monitors 16:9 Monitors
(horizontal x vertical) Ratio
720 x 576 4:3 x 1 x 3/4 (see note 1)
16:9 x 4/3 (see note 2) x 1
544 x 576 4:3 x 4/3 x 1 (see notel)
16:9 x 16/9 (see note 2) x 4/3
480 x 576 4:3 x 3/2 x 9/8 (see note 1)
16:9 x 2 (see note 2) x 3/2
352 x 576 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
352 x 288 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
(and vertical up sampling x2) |(and vertical up sampling x 2)
NOTE 1: Up sampling of4:3 pictures for display ona 16:9 monitor is optional in the IRD, as 16:9 monitors can be

switched to operatein 4:3 mode.

The up sampling with this valueis applied to the pixels ofthe 16:9 pictureto be displayed on a4:3
monitor.

Itis recommended that luminanceresolution of 704 pixels represents the "middle" of the picture,

and that it be decoded to a 720 pixels full-screen display by placing 8 pixels of padding ateach side. It
isrecommended thatluminanceresolutions, such as 352 pixels, thatare natural scalings of 704 pixels,
be upscaledto 704 pixels and padded as above. It isrecommended thatall other resolutions be scaled
as indicated by the table above. Where thisdoes notresultin the expected 720 pixels full-screen
display, itisrecommended thattheresult ofthe scaling be clipped or padded symmetrically as required
to produce a 720 pixels full-screendisplay.

5.9.5

Encoding:

Decoding:

NOTE:

Colour Parameter Information

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
thered, green and blue primaries shall be explicitlysignalledin the encoded 25 Hz VC-1 SDTV
Bitstream by setting the appropriatevalues for each of the following 3 parameters:
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF.

Itis recommended that Recommendation I TU-R BT.1700 Part B [25] colorimetryis used in the
25 Hz VC-1 SDTV bitstream, whichis signalled by setting COLOR_PRIM to the value5,
TRANSFER_CHARto the value 5and MATRIX COEFFto the value 6.

25 Hz VC-1 SDTV IRDs shall support decoding bitstreams with any allowed values of
COLOR_PRIM, TRANSFER CHARand MATRIX_COEFF. It isrecommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.1700Part B [25] colorimetry.

Previous editions of the present document referenced Recommendation ITU-R BT.470 System B,
G colorimetry [i.4]. Recommendation ITU-R BT.1700[25] replaces Recommendation I TU-R
BT.470[i.4].
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5.9.6 Random Access Point

Encoding:

Where channel change times are importantit is recommended that a Sequence Header and
Entry-PointHeaderare encoded at least once every 500 ms. In applications where channel change
time is an issue but coding efficiency s critical, it is recommendedthat a Sequence Headerand
Entry-PointHeader are encoded at least once every 2 s. Forthose applications where channel
change time isnotanissue, it is recommended that a Sequence Header and Entry -PointHeaderare

sentat leastonce every5s.

NOTE 1: Increasingthe frequency of Sequence Header and Entry-Point Header will reduce channel hoppingtime
but will reduce theefficiency ofthe video compression.

NOTE 2: Havinga regularinterval between Entry-Point Headers may improve trick mode performance, but may
reduce the efficiency of the video compression.

NOTE 3: The AU_information_descriptor described in annex D provides a means of signalling information about
Random Access Points thatmay be used by some applications, and it is recommended thatthis is present.

5.10 25 Hz VC-1 HDTV IRDs and Bitstreams

5.10.0 General

Thevideo encoding andvideo decoding shall conformto SMPTE ST 421[ 20]. Some of the parameters andfields are
notused in the DVB Systemand these restrictions are described below. The VC-1IRD designshall bemade under the
assumptionthat any legal structureas permitted by SMPTEST 421 [20] and therestrictions that are specified for the
VC-1 IRDs may occur in the broadcaststreamevenif presently reserved or unused.

5.10.1 Profile, Level and Colour Difference Format

Encoding:

Decoding:

25 Hz VC-1 HDTV Bitstreams shall complywith the restrictions described in SMPTE ST 421 [ 20]
for Advanced Profile at Level 3.

The value of PROFILE shall be equalto '11" indicating Advanced Profile. The value of LEVEL
shall be equalto'011'indicating Level 3 or, if appropriate,'010'indicating Level 2,'001'
indicating Level 1 or'000' indicating Level 0.

25 Hz VC-1 HDTV IRDs shall supportdecoding and displaying of Advanced Profile bitstreams at
Level 3 using 4:2:0 colour difference format. Support of levels beyond Level 3 is optional. If the
VC-1IRDencountersan extensionwhichit cannot decode, it shall discard the following data until

the next startcode prefix (to allow backward compatible extensions to be added in the future).

5.10.2 Framerate

Encoding:

Decoding:

Theframerate in 25 HzVC-1 HDTV Bitstreams shall be 25 Hz or 50 Hz. This shall be indicated
by setting FRAMERATENR to 2 or 4,asappropriate,and FRAMERATEDR to 1.

25 Hz VC-1 HDTV IRDs shall supportdecoding and displaying video with a frame rateof 25 Hz
or 50 Hz withinthe constraints of Advanced Profileat Level 3. Support of other frameratesis
optional.

5.10.3 Aspectratio

Encoding:

The source aspectratio in 25Hz VC-1 HDTV Bitstreams shall be 16:9. The display geometry
informationto optimally render the decoded pictureshall be signalled by anappropriate
combination of DISP_HORIZ_SIZE,DISP_VERT_SIZE, ASPECT_RATIO,

ASPECT_HORIZ_SIZEand ASPECT_VERT_SIZE.

DVB BlueBook A001r18 (November 2021)



Decoding:

103

25 Hz VC-1 HDTV IRDs shall supportdecodinganddisplaying 25Hz VC-1 HDTV Bitstreams
with source aspectratios of 16:9. Itis recommended thatthe display process use the display
geometry informationsignalled by DISP_HORIZ_SIZE,DISP_VERT _SIZE,
ASPECT_RATIO, ASPECT_HORIZ_SIZE and ASPECT_VERT_SIZE to optimally render
the decoded picture.

5.10.4 Luminance resolution

Encoding:

Decoding:

25 Hz VC-1 HDTV Bitstreams shall representvideo with luminance resolutions as shownin
table 15. Non full-screenpictures may be encoded for display atless than full-size (when using
one of the standard up-conversionratiosatthe 25Hz VC-1 HDTV IRD).

25 Hz VC-1 HDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 15 and applying up samplingto allow the decoded pictures to be displayed at
full-screen size.

Table 15: Resolutions for Full-screen Display from 25 Hz VC-1 HDTV IRD

Coded Picture
Luminance resolution Source Aspect 16:9 Monitors
(horizontal x vertical) Ratio Horizontal up sampling
1920 x 1080 16:9 x 1
1440 x 1080 16:9 x 4/3
1280 x 1080 16:9 x 3/2
960 x 1 080 16:9 x 2
1280 x 720 16:9 x 1
960 x 720 16:9 x 4/3
640 x 720 16:9 x 2

5.10.5 Colour Parameter Information

Encoding:

Decoding:

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signalsfrom
thered, green and blue primaries shall be explicitlysignalledin the encoded 25 Hz VC-1 HDTV
Bitstream by settingthe appropriate values for each of the following 3 parameters:
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF.

Itis recommended that Recommendation I TU-R BT.709 [13] colorimetry is used forall25 Hz
VC-1HDTV Bitstreams, which is signalled by setting COLOR_PRIMto the value 1,

TRANSFER_CHARto the value 1 and MATRIX_COEFFto the value 1.

25 Hz VC-1 HDTV IRDs shall supportdecoding bitstreams withany allowed values of
COLOR_PRIM, TRANSFER_CHARand MATRIX_COEFF. It isrecommended that
appropriate processing be included forthe accurate representation of pictures using
Recommendation ITU-R BT.709 [13] colorimetry.

5.10.6 Random Access Point

Encoding:

Where channel change times are importantit is recommended that a Sequence Headerand
Entry-PointHeaderare encoded at least once every 500 ms. In applications where channel change
time is an issue but coding efficiency s critical, it is recommendedthat a Sequence Headerand
Entry-PointHeaderare encoded at least once every 2 s. For those applications where channel
change time isnotanissue, it is recommended that a Sequence Header and Entry -PointHeaderare
sentatleastonceevery5s.
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NOTE 1: Increasingthe frequency of Sequence Header and Entry-Point Header will reduce channel hoppingtime
but will reduce theefficiency ofthe video compression.

NOTE 2: Havinga regularinterval between Entry-Point Headers may improve trick mode performance, but may
reduce the efficiency of the video compression.

NOTE 3: The AU_information_descriptor described in annex D provides a means of signalling information about
Random Access Pointsthatmay be used by some applications, and it is recommended thatthis is present.

5.10.7 Backwards Compatibility

Decoding: 25 Hz VC-1 HDTV IRDs shall be capable of decoding any bitstreamthat a 25 Hz VC-1 SDTV IRD
isrequired todecode and resulting in the same displayed picturesasthe 25Hz VC-1 SDTV IRD.

5.11 30 Hz VC-1 SDTV IRDs and Bitstreams

5.11.0 General

The video encodingandvideodecoding shallconformto SMPTE ST 421[ 20]. Some of the parameters andfields are
notused inthe DVB Systemand these restrictions are described below. The VC-1IRD designshall be made under the
assumptionthat any legal structureas permitted by SMPTEST 421 [20] and therestrictions that are specified for the
VC-1 IRDs may occur in the broadcaststreamevenif presently reserved or unused.

5.11.1 Profileand level

Encoding: 30 Hz VC-1 SDTV Bitstreams shall complywiththerestrictions described in SMPTE ST 421[20]
for AdvancedProfile at Level 1.

The value of PROFILE shall be equalto '11" indicating Advanced Profile. The value of LEVEL
shall be equalto '001'indicating Level 1 or, if appropriate, ‘000 ‘indicating Level 0.

Decoding: 30 Hz VC-1 SDTV IRDs shall support decoding and displaying of Advanced Profile bitstreams at
Level 1 using 4:2:0 colour difference format. Support of levels beyond Level 1 isoptional. If the
VC-1IRDencountersan extensionwhichit cannot decode, it shall discard the following data until

the next startcode prefix (to allow backward compatible extensions to be added in the future).

5.11.2 Framerate

Encoding: The frame rate in 30 Hz VC-1 SDTV Bitstreams shallbe 24 000/1 001, 24,30 000/1 0001 or
30 Hz. Thisshall be indicated by setting FRAMERATENRto 1 or 3and FRAMERATEDR to 1

or2, asappropriate.

Decoding: 30 Hz VC-1SDTV IRDs shall support decoding and displaying videowith a frame rates of
24000/1001,24,30000/10001 or 30 Hzwithin the constraints of Advanced Profile at Level 1.
Support of other framerates is optional.

5.11.3 Aspectratio

Encoding: The source aspectratio in 30Hz VC-1 SDTV Bitstreams shall be either 4:3 or 16:9. The display
geometry information to optimally render the decoded picture shall besignalled by an appropriate
combination of DISP_HORIZ_SIZE,DISP_VERT_SIZE, ASPECT_RATIO,

ASPECT_HORIZ_SIZEandASPECT VERT SIZE.

Decoding: 30 Hz VC-1 SDTV IRDs shall support decoding and displaying 30 Hz VC-1 SDTV Bitstreams with
source aspect ratios of either 4:3 or 16:9. It is recommended thatthe display process use the
display geometry information signalled by DISP_HORIZ_SIZE,DISP_VERT_SIZE,
ASPECT_RATIO,ASPECT_HORIZ SIZE and ASPECT_VERT_SIZE to optimally render
the decoded picture.
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30 Hz VC-1 SDTV Bitstreams shall represent coded video with luminance resolutions as shown in

table 16. Non full-screen pictures may be encoded for display at less than full-size, when using
one of the standard up-conversionratiosatthe 30Hz VC-1 SDTV IRD (e.g. a horizontal

resolution of 704 pixels within the 720 pixels full-screendisplay).

Decoding:

30 Hz VC-1SDTV IRDs shall be capable of decoding pictures with luminance resolutions as

shown in table 16 and applyingup samplingto allow the decoded pictures to be displayed at
full-screen size. In addition, 30 Hz VC-1 SDTV IRDs shall be capable of decoding lower picture
resolutions and displaying themat less than full-size after using one of the standard
up-conversions, e.g. a horizontal resolution of 704 pixels within the 720 pixels full-screen display.

Table 16: Resolutions for Full-screen Display from 30 Hz VC-1 SDTV IRD

Coded Picture

Displayed Picture
Horizontal up sampling

Luminance resolution

Source Video Aspect

NOTE 2:
NOTE 3:

switched to operatein 4:3 mode.
The up sampling with this valueis applied to the pixels ofthe 16:9 picture to be displayed on a4:3 monitor.
Itis recommended that luminanceresolution of 704 pixels represents the "middle" of the picture, and that
it be decoded to a 720 pixels full-screen display by placing 8 pixels of padding ateach side. It is
recommended thatluminanceresolutions, such as 352 pixels, thatare natural scalingsof 704 pixels, be
upscaled to 704 pixels and padded as above. It is recommended thatall other resolutions be scaled as
indicated by the table above. Where this does notresultin the expected 720 pixels full-screen display, itis
recommended thatthe resultof the scaling be clipped or padded symmetrically as required to produce a
720 pixels full-screen display.

(horizontal x vertical) Ratio 4:3 Monitors 16:9 Monitors

720 x 480 4:3 x 1 x 3/4 (see note 1)
16:9 x 4/3 (see note 2) x 1

640 x 480 4:3 x 9/8 x 27/32 (see note 1)
16:9 x 3/2 x 9/8

544 x 480 4:3 x 4/3 x 1 (see notel)
16:9 x 16/9 (see note 2) x 4/3

480 x 480 4:3 x 3/2 x 9/8 (see note 1)
16:9 x 2 (see note 2) x 3/2

352 x 480 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2

352 x 240 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2

(and vertical up sampling x 2) | (and vertical up sampling x 2)
NOTE 1: Up sampling of4:3 pictures for display ona 16:9 monitoris optional in the IRD, as 16:9 monitors can be

5.11.5 Colour Parameter Information

Encoding:

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the

source picture and matrix coefficients used in deriving luminance and chrominance signals from
thered, green and blueprimaries shall be explicitlysignalled in the encoded 30 Hz VC-1 SDTV
Bitstream by setting the appropriatevalues for each of the following 3 parameters:

COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF.

Itis recommendedthat Recommendation ITU-R BT.1700 Part A[25] colorimetry isused for
30 Hz VC-1 SDTV bitstreams, which is signalled by setting COLOR_PRIM tothe value 6,
TRANSFER_CHAR to the value 6 and MATRIX_COEFFto the value 6.

Decoding:

30 Hz VC-1 SDTV IRDs shall support decoding bitstreams with any allowed values of

COLOR_PRIM, TRANSFER_CHARand MATRIX_COEFF. It isrecommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.1700 Part A[25] colorimetry.

NOTE:

Previous editions ofthe present documentreferenced SMPTEST 170 colorimetry [i.9].

Recommendation ITU-R BT.1700Part A[25] references SMPTE ST 170 [i.9].
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5.11.6 Random Access Point

Encoding:

Where channel change times are importantit is recommended that a Sequence Header and
Entry-PointHeaderare encoded at least once every 500 ms. In applications where channel change
time is an issue but coding efficiency s critical, it is recommended that a Sequence Headerand
Entry-PointHeader are encoded at least once every 2 s. Forthose applications where channel
change time isnotanissue, it is recommended that a Sequence Header and Entry -PointHeaderare

sentat leastonce every5s.

NOTE 1: Increasingthe frequency of Sequence Header and Entry-Point Header will reduce channel hoppingtime
but will reduce theefficiency ofthe video compression.

NOTE 2: Havinga regular interval between Entry-Point Headers may improve trick mode performance, but may
reduce the efficiency of the video compression.

NOTE 3: The AU_information_descriptor described in annex D provides a means of signalling information about
Random Access Pointsthatmay be used by some applications, and it is recommended thatthis is present.

5.12 30 Hz VC-1 HDTV IRDs and Bitstreams

5.12.0 General

Thevideo encoding andvideo decoding shall conformto SMPTE ST 421[ 20]. Some of the parameters andfields are
notused in the DVB Systemand these restrictions are described below. The VC-1IRD designshall bemade under the
assumptionthat any legal structureas permittedby SMPTEST 421 [20] and therestrictions that are specified for the
VC-1 IRDs may occur in the broadcaststreameven if presently reserved or unused.

5.12.1 Profile, Level and Colour Difference Format

Encoding:

Decoding:

30 Hz VC-1 HDTV Bitstreams shall complywith the restrictions described in SMPTE ST 421 [ 20]
for Advanced Profile at Level 3.

The value of PROFILE shall be equalto '11" indicating Advanced Profile. The value of LEVEL
shall be equalto'011'indicating Level 3 or, if appropriate, ‘010" indicating Level 2,'001"
indicating Level 1 or'000' indicating Level 0.

30 Hz VC-1 HDTV IRDs shall supportdecoding and displaying of Advanced Profile bitstreams at
Level 3 using 4:2:0 colour difference format. Support of levels beyond Level 3 is optional. If the
VC-1IRDencountersan extensionwhichit cannot decode, it shall discard the following data until

the next startcode prefix (to allow backward compatible extensions tobe added in the future).

5.12.2 Framerate

Encoding:

Decoding:

The frame rate in 30 Hz VC-1 HDTV Bitstreams shallbe 24 000/1001, 24,30 000/10001, 30,
60000/10000r 60 Hz. Thisshallbe indicated by setting FRAMERATENR to 1,3 or5and
FRAMERATEDR tol or2,asappropriate.

30 Hz VC-1 HDTV IRDs shall supportdecoding and displaying video witha frame rate of
24000/1001,24,30000/10001, 30,60 000/10000r 60 Hz within the constraints of Advanced
Profile at Level 3. Support of other frame rates is optional.

5.12.3 Aspectratio

Encoding:

The source aspectratio in 30Hz VC-1 HDTV Bitstreams shall be 16:9. The display geometry
informationto optimally render thedecoded pictureshall be signalled by anappropriate
combination of DISP_HORIZ_SIZE,DISP_VERT_SIZE, ASPECT_RATIO,
ASPECT_HORIZ_SIZEand ASPECT_VERT_SIZE.
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30 Hz VC-1 HDTV IRDs shall supportdecodinganddisplaying 30 Hz VC-1 HDTV Bitstreams
with source aspectratios of 16:9. Itis recommended thatthe display process use the display
geometry informationsignalled by DISP_HORIZ_SIZE,DISP_VERT _SIZE,
ASPECT_RATIO, ASPECT_HORIZ_SIZE and ASPECT_VERT_SIZE to optimally render
the decoded picture.

5.12.4 Luminance resolution

Encoding:

Decoding:

30 Hz VC-1 HDTV Bitstreams shall representvideo with luminance resolutions as shownin
table 17. Non full-screenpictures may be encoded for display atless than full-size (when using
one of the standard up-conversionratiosatthe 30Hz VC-1 HDTV IRD).

30 Hz VC-1 HDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 17 and applying up samplingto allow the decoded pictures to be displayed at

full-screen size.

Table 17: Resolutions for Full-screen Display from 30 Hz VC-1 HDTV IRD

Coded Picture
Luminance resolution Source Aspect 16:9 Monitors
(horizontal x vertical) Ratio Horizontal up sampling
1920 x 1080 16:9 x 1
1440 x 1080 16:9 x 4/3
1280 x 1080 16:9 x 3/2
960 x 1 080 16:9 x 2
1280 x 720 16:9 x 1
960 x 720 16:9 x 4/3
640 x 720 16:9 x 2

5.12.5 Colour Parameter Information

Encoding:

Decoding:

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
thered, green and blue primaries shall be explicitlysignalledin the encoded 30 Hz VC-1 HDTV
Bitstream by settingthe appropriate values for each of the following 3 parameters:
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF.

Itis recommended that Recommendation ITU-R BT.709 [13] colorimetryis used forall30 Hz
VC-1HDTV Bitstreams, which is signalled by setting COLOR_PRIMto the value 1,

TRANSFER_CHAR to the value 1 and MATRIX_COEFFto the value 1.

30 Hz VC-1 HDTV IRDs shall supportdecoding bitstreams with anyallowed values of
COLOR_PRIM, TRANSFER_CHARand MATRIX_COEFF. It isrecommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.709 [13] colorimetry.

5.12.6 Random Access Point

Encoding:

NOTE 1:

NOTE 2:

Where channel change times are importantit is recommended that a Sequence Headerand
Entry-PointHeaderare encoded at least once every 500 ms. In applications where channel change
timeis an issue but coding efficiency is critical, it is recommendedthat a Sequence Headerand
Entry-Point Header are encoded at leastonce every 2 s. For those applications where channel
change time isnotanissue, it is recommended that a Sequence Header and Entry -PointHeaderare
sentatleastonceevery5s.

Increasingthe frequency of Sequence Header and Entry-Point Header will reduce channelhoppingtime
but will reduce theefficiency ofthe video compression.

Havinga regular interval between Entry-Point Headers may improve trick mode performance, but may
reduce the efficiency of the video compression.
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NOTE 3: The AU_information_descriptor described in annex D provides a means of signallinginformationabout
Random Access Points thatmay be used by some applications, and it is recommended thatthis is present.

5.12.7 Backwards Compatibility

Decoding: 30 Hz VC-1 HDTV IRDs shall be capable of decoding any bitstreamthat a 30 Hz VC-1 SDTV IRD
isrequired todecode and resulting in the same displayed picturesasthe 30Hz VC-1 SDTV IRD.

5.13 MVC Stereo HDTV IRDs and Bitstreams

5.13.1 Specifications commonto all MVC Stereo HDTV IRDs and
Bitstreams

5.13.1.0 General

The specification in this clause applies to the following IRDs and Bitstreams:
° 25Hz MVC Stereo HDTV IRD and Bitstream;

° 30Hz MVC Stereo HDTV IRD and Bitstream.

In addition tothe constraints applicable to the H.264/AVC Stereo High Profile Level 4 of Recommendation I TU-T
H.264/1SO/IEC 14496-10 [16], the constraints listed in the following clauses apply tothe MVC StereoHDTV IRDs
and Bitstreams defined in the present document.

NOTE: TheH.264/AVCHDTV IRD and Bitstream specification applies to MVC Stereo IRDs and Bitstreams as
farasthe Baseview Bitstream ofan MVC Stereo HDTV Bitstream is compliant with the H.264/AVC
HDTV Bitstream specification.

5.13.1.1 Introduction

The video encodingandvideodecoding shall conformto Recommendation ITU-T H.264 / ISO/IEC 14496-10[ 16].
Some of the parameters andfields arenotused inthe DVB System, or theyshall take ce rtain predetermined values.
These restrictions are described below.

MVC Stereo HDTV Bitstreams and IRDs shall supportsome parts of the "Supplemental Enhancement Information
(SEN", the "Video usability information (VUI)", the "MVC SEI messages”, and the "MVC Video Usability Information
extension (MVC VUI extension)™” syntax elements as specified in Recommendation ITU-TH.264 /

ISO/IEC 14496-10[16], annexes Dand E and clausesH.13andH.14.

5.13.1.2 Composition of MVC Stereo HDTV Bitstreams

Encoding: MVC Stereo HDTV Bitstreams, as defined in the presentdocument, shall containa single MVC
Stereo Baseview bitstreamand a single MVC Stereo Dependent view bitstream.

The MVC Stereo Base view bitstreamandthe MVC Stereo Dependentviewbitstream shall be sent
in separate elementary streams and on separate PIDs.

Decoding: MVC Stereo IRDs shall supportthe decoding of MVC Stereo HDTV Bitstreams, for which MVC
Stereo Baseview bitstreamand MVC Stereo Dependent view bitstreamare sent in separate

elementary streams and on separate PI1Ds.
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5.13.1.3 MVC Sequence Parameter Set and Picture Parameter Set

The clause appliesto MVC Baseview video only.

Encoding:

In additionto the provisions relating to the MVC Stereo High Profile set forth in Recommendation
ITU-T H.264 / ISO/IEC 14496-10[16], the following restrictions applyfor the fields in the
sequence parameter set:

profile_idc =100 (High Profile [16])
constraint_set0_flag =

constraint_setl_flag =

constraint_set2_flag =

constraint_set3 flag =
gaps_in_frame_num_value_allowed_flag = 0 (gapsnot allowed)

vui_parameters_present_flag =1

Both, the pic_parameter_set idandtheseq_parameter_set id inthe MVCBase view video stream
may only refer to those PPSs and SPSs present in the MVC Base viewvideo stream. Additionally,
thevalues of the pic_parameter_set id andthe seq_parameter_set_id parameters shall not be

re-used in the MVC Dependent view video stream.
More than one PPS canbe present betweentwo MVC Stereo RAPs in the bitstream.

Multiple PPSsmay be present in an MVC Stereo RAP access unit. Additionally, the following
constraints apply:

e thereshallbe at least one and at most30 PPSsinthe first dependent unitin a codedvideo
sequence;

e thereshallbe oneorzero PPSsin eachdependent unit, except for the first dependentunitin
acoded video sequence.

5.13.1.4 pic_width_in_mbs_minusl and pic_height_in_map_units_minusl

Encoding:

Thevalues of pic_width_in_mbs_minusland pic_height_in_map_units_minus1shall not change
inan MVC Stereo HDTV Bitstream andtheyshall take the same value in the Base and Dependent
view bitstreams.

If the number of samples per row of the luminance component of thesource picture forany MVC
view component is not an integer multiple of 16 and additional samples are padded to make the
number of samples per row of the luminance component an integer multiple of 16, it is
recommended that these samples are padded at the right side of the picture.

If the number of samples per column of the luminance component of the source picture forany
MVC viewcomponent isnot aninteger multiple of 16 andadditional samples are padded to make
the number of samples per columnof the luminance componentaninteger multiple of 16, it is

recommendedthat these samples are padded at the bottom ofthe picture.

5.13.1.5 Subset Sequence Parameter Set

Encoding:

In additionto the provisions set forthin Recommendation ITU-TH.264 / ISO/IEC 14496-10[ 16],
the following restrictions shallapply for thefields in the subset sequence parameter sets
(nal_unit_type isequalto 15):

mvc_vui_parameters_present_flag =1
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In embeddedsequence_parameter_set_data():

profile_idc = 128 (Stereo High Profile [16])
In embeddedseq_parameter_set_mvc_extension()

num_level values_signalled_minusl =0

In embedded mvc_wui_parameters_extension())

vui_mvc_num_ops_minusl =0
vui_mvc_low_delay_hrd_flag =0 (if present)
vui_mvc_pic_struct present_flag = 0/1 (same value as 'pic_struct_present_flag'

SPS of Base view)

The SPS encoded in the Subset SPS shall take the same values as the SPS of the Base view, with the exception of
seq_parameter_set id,and profile_idc. Exactly one Subset SPS shallbe provided in the first Dependent view
component ofevery coded video sequence (in decoding order). This Subset SPS is referenced by all PPSsin a coded
video sequence and no other Subset SPS shallappearin a coded video sequence.

5.13.1.6 Video Usability Information

5.13.1.6.0 General

In additionto the requirements specified in clause 5.5.3, the VUI parameters, vui_parameters(), which are encodedin
SPSin Subset SPSfor MVC Dependent view video stream, shall havethe samevalues asthe VUl parametersin SPSof
the corresponding MVC Baseviewvideo stream, except for the following parameter, which if present, may take
differentvalues:

e  hrd_parameters()
o  max_dec frame_buffering
e num_reorder_frames

e  max_hytes per_pic_denom

5.13.1.6.1 MVC VUI parameters

The MVC VUI parameters extension (mvc_vui_parameters_extension()), shallbe presentin the Dependent view
bitstreamandencoded in the Subset SPS, and theyshall havethe same values as VUl parametersin SPSfor
correspondingview bitstream exceptfor the following parameters, which, if present, may takedifferent values:

e  hrd_parameters()

5.13.1.6.2 Aspect Ratio

Encoding: The source aspectratio in MVC StereoHDTV Bitstreams shall be 16:9. The aspect ratioshall be
the same for Base viewand Dependent view video.

The source aspectratio information shall be derived fromthe aspect ratio_idcvaluein the Video
Usability Information (see values of aspect_ratio_idc in Recommendation ITU-T H.264 /

ISO/IEC 14496-10[16], table E-1).

The frame cropping information inthe Sequence Parameter Set may be usedwhen appropriate.
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MVC Stereo HDTV IRDs shall support decoding and displaying MVC Stereo HDTV Bitstreams
with the values of aspect_ratio_idc as specifiedin table 18.

The source aspectratio information shall be derived fromthe pic_height_in_map_units_minusl
and the pic_width_in_mbs_minusl and the frame cropping information coded inthe Sequence
Parameter Set aswellas the sampleaspectratio encoded with the aspect_ratio_idc value in the
Video Usability Information (see values of aspect_ratio_idcin Recommendation ITU-T H.264 /
ISO/IEC 14496-10[16], table E-1).

MVC Stereo HDTV IRDs shall support frame cropping for the resolutions specified in table 18.

Colour Parameter Information

The chromaticity coordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitlysignalledin each of theencoded MVC Stereo
Base view and Dependent view bitstreams by setting the appropriate values for each of the
following 3 parametersin the VUI: colour_primaries, transfer_characteristics, and
matrix_coefficients.

These parameters shall take the same values for Base and Dependentview components.

Itis recommended that Recommendation ITU-R BT.709 [13] colorimetry is used forallMVC
Stereo HDTV bitstreams, which is signalled by setting colour_primaries to the value 1,

transfer_characteristics to thevalue 1 and matrix_coefficients to the value 1.

MVC Stereo HDTV IRDs shall be capable of decoding MVC Bitstreams with any allowed values of
colour_primaries, transfer_characteristicsand matrix_coefficients. It is recommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.709 [13] colorimetry.

Luminance Resolution

MVC Stereo HDTV Bitstreams shall represent video with luminance resolutions asshown in
table 18. Non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversionratiosatthe MVC StereoHDTV IRD).

MVC Stereo HDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 18 and applying up samplingto allow the decoded pictures to be displayed at

full-screen size.

Table 18: Resolutions for Full-screen Display from MVC Stereo HDTV IRD

Coded Picture
Luminance resolution | Source Aspect | aspect_ratio_idc 16:9 Monitors
(horizontal x vertical) Ratio Horizontal up sampling
1920 x 1080 16:9 1 x 1
1440 x 1080 16:9 14 x 4/3
1280 x 1080 16:9 15 x 3/2
960 x 1 080 16:9 16 x 2
1280 x 720 16:9 1 x1
960 x 720 16:9 14 x 4/3
640 x 720 16:9 16 x 2

5.13.1.7 HRD Conformance

The MVC Stereo Dependent view video bitstream shall conformto Type 2 (NAL level) HRD conformance, with output

timing conformance.

The HRD parameters (hrd_parameters()), if presentin VUl parameters (vui_parameters()), in SPS encoded in Subset
SPS for MVC Stereo Dependent view video stream shall fulfill HRD conformance for the MVC Stereo Dependent view

component.
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The HRD parameters (hrd_parameters()), if presentin MVC VUI parameters encoded in Subset SPS,
(mvc_vui_parameters_extension()) shall conformto HRD conformancefor both MVC Stereo Baseview componentand
MVC Stereo Dependent view component as MVC Stereo access unit. In other words, thetiming for decodingand
presentation shall be thesame for Baseand Dependentview components, even though the specific values for the
hrd_parameters() might be different.

NOTE: As pointed out below, HRD parameters in vui_parameters(), when present, mightbe differentfromthose
HRD parameters in mvc_vui_parameters_extensions().

Furthermore, for each of these view components independently, and withinthe accuracy of their respective clocks, the
Decoding Time Stamp and Presentation Time Stamp shall indicatethe same instant in timeas the nominal CPB
removal time and the DPB outputtime in the HRD respectively when picture timing SEl informationis transmitted (per
clause 2.4.3.7 ofRecommendation ITU-TH.222.0/ ISO/IEC 13818-1 [1]). This ensures consistency betweenthe STD
modelof Recommendation ITU-T H.222.0/ 1SO/IEC 13818-1 [1]andthe HRD model of Recommendation ITU-T
H.264/1SO/IEC 14496-10 [16].

5.13.1.8 Supplemental Enhancement Information

5.13.1.8.0 General

In additionto the requirements specifiedin clause 5.5.4, the IRD shall supportthe use of the following message type,
which shallbe sentinMVC Stereo Base viewcomponent:

e  Multiview View Position SEI message, which is used to indicate which of base or dependentview corresponds
to the left orright eye, aswell asto indicate that the MVC Base view component containing the SEI message
is part of an MVC StereoHDTV bitstream and as suchis associated to an MVC Dependent view component.

Clause 5.13.1.8.3 gives further details on the Multiview View Position SEI message.

Furthermore, the IRD shall support the use of thefollowing messagetype, which shall onlybe sentin MVC Stereo
Dependentaccess units:

e Scalable Nesting SEI Message.
Additionally, the following applies:

e  TheIRD may supporttheuse of the multi_region_disparity message, as specifiedin clause B.11, which, when
presentin the MVC Stereo HDTV Bitstream, shall be included in a "User data registered by Recommendation
ITU-T T.35[19] SEl message* contained in an MVC scalable nesting SEl message, and whichshall be sent
forevery MVC Stereo Dependent view component.

e  When Buffering Period SEl and/or Picture Timing SEl are encoded in the MVC Stereo Base view bitstream,
same SElsshall be encoded in the MVC scalable nesting SEI message of the MVC Stereo Dependentview

bitstreamwiththesame values, exceptfor seq_parameter_set_id, whichshall be different.

o If decoded reference picturemarking syntaxis repeated using a Decoded reference picture marking repetition
SElmessage in a MVC Stereo Base view component, then the same syntax shall be repeatedin the
Corresponding view component of the MVC Stereo Dependent view bitstream by usinga Decoded reference
picture marking repetition SEI.

o  AllSEl messages presentfor the Dependent view shall be placedinsidethe MVCscalable nesting SEI
message.

5.13.1.8.1 Prohibited SEI messages
The following SEl messages shall notbe presentin the MVC Baseviewbitstream:
e  Non-requiredview component SEI message (since all (two) views are used).
o  View dependency change SEI message (because there is just one dependentview).

e  MVCscalable nesting SEI message (because operating pointsare not usedin MVC Stereo High Profile).
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o  Userdataregisteredby Recommendation ITU-T T.35[19] SEI message containing the message
multi_region_disparity ().
The following SEI messages shall notbe presentin the MVC Dependentview bitstream:

e  The MVC Dependent view bitstream shall not containany SEl message outsidethe MVC scalable nesting SEI
message.

o  Following SEl messages shallnot bepresentin the MVCscalable nesting SEI message:
- Stereo video information SEI message.
- Pan-scanrectangle SEI message.
- Non-requiredviewcomponent SEI message.
- Viewdependencychange SEl message.

- Multiview View Position SEI message (becauseitis already transmitted in the MVC Baseview
bitstream).

5.13.1.8.2 Order of SEI Messages
SEImessages in the dependentunit shall be stored inthe following order:
e  MVCscalable nesting SEI message containinga Buffering period SEI message (if present).

e  MVCscalable nesting SEI message containinga "User data registered by Recommendation ITU-T T.35[19]
SEI message", which itself contains the message multi_region_disparity() asdefinedin clause B.11. Multi
region disparity may besent in the Dependentview bitstream foreachaccess unit.

e  Other SEIl messages in the MVC scalable nesting SEI message (if present).

5.13.1.8.3 Multiview View Position SEI message

Encoding: The Multiview View Position SEl message shall be present in every access unitof an MVC Stereo
Base view bitstream.

Its presencesignals thatthe H.264/ AVCaccess unit containing the SEI message isan MVC Stereo
Base view component associated to an MVC Stereo Dependent view component.

The Multiview View Position SEI message associates the baseand dependent viewto the leftand
right eye.

The value of thesyntaxelement num_views_minusl shall be setto '1".

Decoding: MVC Stereo IRDs shall supportthe Multiview View Position SEI message.
MVC Stereo IRDs shall ignore Multiview View Position SEI messages with a value of
num_views_minuslnotequalto 1.

5.13.1.9 Random Access Point

5.13.1.9.0 General
The definitionfor MVC Stereo RAP in clause 3 shall apply.

Encoding: The time interval between MVC Stereo RAPs may vary between programs andalsowithin a
program. The broadcast requirements should set thetime interval between MVC Stereo RAPs as
specified inclause5.13.1.9.1.

NOTE: The AU_information_descriptor described in annex D provides a means of signalling information about
Random Access Pointsthatmay be used by some applications, and it is recommended thatthis is present.
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The AU_information_descriptor may be presentin the Base viewbitstreamandit shall not be
presentin the Dependentview bitstream.

All pictureswith PTS greater thanor equalto PTS(rap) shall be fully reconstructible and
displayable, where PTS(rap) represents the Presentation Time Stamp of the picture of theMVC
Stereo RAP. This means that decoders receiving the RAP shall notneedto utilize data transmitted
priorto the RAP to decodepictures displayed after the RAP, at either Base or Dependentview.
Seeclause 1.1 for details.

To improve applications suchas channel change, it is recommended that the Presentation Time
Stamp of the picture of MVVC Stereo RAP be lessthanorequal to [DTS(rap) +0,5 seconds] where
DTS(rap) represents the Decoding Time Stamp of the picture of MVC Stereo RAP.

Packetization of random access points shall comply with the following additional rule:

A transportpacketcontaining the PES header ofan MVC Stereo RAP or an MVC Stereo random
access view component shallhave an adaptation field. The payload_unit_start_indicator bit shall
besetto"1" inthe transport packetheader and theadaptation_field_control bits shallbe setto
"11" (as per Recommendation ITU-TH.222.0/ISO/IEC 13818-1 [1]). In addition, the
random_access_indicator bitin the adaptation header shallbe setto "1". The
elementary_stream_priority_indicator bit shall alsobe setto "1" inthe same adaptation header if
thistransport packet contains theslice start code of the MVC Stereo Base view component (see
clauses4.1.5.1and4.1.5.2).

MVC Stereo IRDs shall be ableto startdecodinganddisplayingan MVC Stereo Bitstreamat an
MVC Stereo RAP.

Time Interval Between RAPs

The encoder shall place MVC Stereo RAPs in the MVC Stereobitstream at least once every 5 s. It
is recommendedthat MVC Stereo RAPs occur in the MVC Stereobitstream onaverage atleast
every 2 s. Where rapid channel change times are importantor forapplicationssuchas PVR it may
be appropriate for MVC Stereo RAPsto occur more frequently, such asevery500ms. The time
interval between successive RAPs shall be measured as the difference betweentheir respective
DTS values.

Decreasingthe time interval between MVC Stereo RAPs may reduce channel hopping time and improve

trick modes, but may reduce the efficiency of the video compression.

NOTE 2:

NOTE3:

Havinga regularinterval between MVC Stereo RAPs may improve trick mode performance, but may
reduce the efficiency of the video compression.

3D trick-modes should be used with care, as they might cause the rendered video to deviate from the
recommended production guidelines (e.g. fast-forwarding of 3D video).

5.13.1.10 Additional constraints

5.13.1.10.1

Constraints Common to Base and Dependent Views

In additionto Base and Dependent view adopting the same values (except if noted otherwise) for the parameters as
described in previous clauses, thefollowing parameter values shall notchange for the duration of the presentation:

e level_idc,whichshall be equal to'40'.

o  frame-rate, which shallbe derived fromtime_scale /num_units_in_tick/2.

o  Coded Picture Buffersize (CPB), CpbSize[cpb_cnt_minusl], derived from cpb_size scale and
cpb_size_value_minusl, when hrd_parameters() are present).

e  Maximuminputbit-rateto the CPB. The maximum input bitrate is BitRate[cpb_cnt_minus1], derived from
bit_rate scale and bit_rate_value_minus1, when hrd_parameters() is present.

NOTE:

Base and Dependent views may have different values for hrd_parameters(), see clause 5.13.1.8.
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o frame_mbs_only_flag.

e entropy_coding_mode_flag. The entropy_coding_mode_flagshallhave thesame valuefor baseanddependent
view and shallnotchange in the bitstream.

e view_idinthenal_unit_header_mvc_extension() in the Dependent view bitstream, which shall take a value
differentfromzero. View_idshall besetto zero,'0', for the Baseviewvideo, see clause 5.13.1.10.2.1.

5.13.1.10.2 MVC Stereo Base view constraints

5.13.1.10.2.1 Prohibited NAL units

Following NAL unitsshallnot be presentin the MVC Stereo Base view component video for reasons ofbackwards-
compatibility:

o Prefix NAL unit,nal_unit_type =14: thisNAL unit is specified in Recommendation ITU-TH.264 /
ISO/IEC 14496-10[16] to conveythenal unit_header_mvc_extension() for MVC Base view video. However,
the use of thisNAL unit is disallowed for DVB services. Therefore, the following constant values shall be

assumed for theparametersin the nal_unit_header_mvc_extension():

- non_idr_flagshallbe set accordingto nal_unit_type of corresponding Base view component. E.g. if
nal_unit_type of Base view component is set to '5' (IDR picture), non_idr_flag shallbe setto '0',
otherwise non_idr_flag shallbe setto'1".

- priority_idshallbe setto '0' (highest priority).
- view_idshallbe setto'0' (base view).
- temporal_idin the Base and Dependent view components shall be set to the samevalue.
- anchor_pic_flagin the Base and Dependentview components shall be set to the same value.
- inter_view_flag shallbe setto'1".
e  Codedslice extension NAL unit, nal_unit_type=20.

e  Subset SequenceParameter set NAL unit, nal_unit_type =15.

5.13.1.10.3 MVC Stereo Dependent view constraints

5.13.1.10.3.0 General

In the Coded slice extension NAL unit, nal_unit_type =20, thesvc_extension_flag shall be set to ‘0", meaning dependent
video bitstream complies with annex H of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [ 16].

Furthermore, the following clauses apply.

5.13.1.10.3.1 Prohibited NAL units

The following NAL unitsshallnotbe present in the MVC Stereo Dependentview componentvideofor reasons of
backwards-compatibility:

e Accessunitdelimiter NAL unit,nal_unit_type=9.
e Sequence parameter set extension NAL unit, nal_unit_type =13.

e  Codedslice of the auxiliary coded picture without partitioning NAL unit, nal_unit_type=19.
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For MVC Base viewvideo, the AU structureisthat of the H.264/AVC video, as per the present document.

For MVC Dependentviewvideo, figure 1 shows an overview of the Dependent Unit structure for the firstand

subsequent Units in a coded video sequence.

First Dependent AU in coded video sequence

View Component of Dependent View

Exactly one 1-30

VDRD_pal_unit Subset SPS PPS(s)

n slices

SEI(s)

Coded Slice
Extension unit(s)

SEI| message(s) in
MVC scalable nesting
SE|

Subsequent Dependent AU in coded video sequence

View Component of Dependent View

VDRD_nal_unit PPS '

n slices

Coded Slice
Extension unit(s) |

SEI

SEI message(s) in
MVC scalable nesting

—_—

e |
Filler Data i End of Sequenoe—l;End of Stream |

S e e

meT—etmma )

Filler Data ' End of Sequence | End of Stream l

S

Must be present
— — — May be present

Figure 1: AU Structure for Dependent video

The first Dependent Unit in a coded video sequence of shall be composed of following NAL units, which shall be present

inthisorder:

e  View and dependency representationdelimiter NAL unit, VDRD_nal_unit (nal_unit_type =24).

e  Exactly oneSubset SPS NAL unit.

. One ormore PPS NAL units.

e  Oneormore SEI NAL units (if present).

e Oneormore codedslice extension NAL unit(s) (nal_unit_type =20)as required by number of slices in the

anchorpicture.

e AfFiller data NAL unit (if required).

e  AnEndofsequence NAL unit (if applicable).

e AnEnd of stream NAL unit (if applicable).
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Any subsequent Dependent Units in a coded video sequence of MVC Dependent view video shall have following NAL

units, in this order:

e  Exactly oneViewand dependency representation delimiter NAL unit (nal_unit_type=24).

. One orzero PPS NAL units.

e  Oneormore SEI NAL units, if present.

e  Following NAL unit is repeated by number of slices:

Coded slice extension NAL unit(s), i.e. coded slice of ananchor pictureora non-anchor picture.

e AfFiller data NAL unit (if required).

e  AnEndofsequence NAL unit (if applicable).

e AnEnd of stream NAL unit (if applicable).

NOTE:

Filler data NAL unitcanbe placed in any positionunless it precedes the first slice NAL unit.

When an Endof sequence NAL unit exists in MVC Stereo Base view component, an End of sequence NAL unit shall
existin MVC Stereo Dependent view component in a same access unit.

When an Endof stream NAL unit exists in MVC Stereo Base view component, an End of stream NAL unitshall exist in
MVC Stereo Dependent view component in a same access unit.

5.13.2 25Hz MVC Stereo HDTV IRD and Bitstream

5.13.2.0

General

This clause specifies the 25 HzMVC StereoHDTV IRD and Bitstream. All specificationsin clauses 5.5 and5.13.1

shall apply.

5.13.2.1 Profile and level

Encoding:

Decoding:

25 Hz MVC Stereo HDTV Bitstreams shall complywiththe Stereo High Profile Level 4
restrictions, as specifiedin Recommendation ITU-TH.264 / ISO/IEC 14496-10[ 16].

The value of level_idc shall be equalto 40. Baseand Dependent view bitstreams shall have the
same level _idc value.

25 Hz MVC StereoHDTV IRDs shall support the decoding of Stereo High Profile Level 4
bitstreams. This requirementincludes support for Stereo High Profile and levels 3 to 4. Support
forprofilesandlevels otherthan High Profile Level 3to 4 is optional. If the 25 Hz MVC Stereo
HDTV IRD encounters anextension which it cannot decode, it shall discard the following data
until thenextstartcode prefix (to allowbackward compatible extensions tobe added in the
future).

5.13.2.2 Frame rate

Encoding:

Decoding:

The frame rate shall be 25Hz or 50 Hz. This shall be indicated in the VUI by setting time_scale
and num_units_in_tickaccordingto table 12. Time_scale and num_units_in_tick define the
picture rate of the video. The source videoformat for 50 Hz frame rate material shall be
progressive. The source video format for 25 Hz frame rate material shallbe interlaced or
progressive.

25 Hz MVC StereoHDTV IRDs shall support decoding and displaying video with a frame rate of
25 Hz interlaced or progressive, or 50 Hz progressive withinthe constraints of High Profile at

Level 4.

Support of other framerates is optional.

DVB BlueBook A001r18 (November 2021)



118

5.13.2.3 Backwards Compatibility

Decoding: 25 Hz MVC StereoHDTV IRDs shall be capable of decoding any bitstreamthat a 25 Hz
H.264/AVCSDTV IRDand a H.264/AVCHDTV IRD are requiredto decodeand resulting in the
same displayed pictures asthe 25 HzH.264/AVC SDTV IRD and 25 Hz H.264/AVC HDTV IRD,
asdescribedin clauses5.6.2and 5.7.2.

5.13.3 30Hz MVC Stereo HDTV IRD and Bitstream

5.13.3.0 General

This clause specifies the 30 HzMVC StereoHDTV IRD and Bitstream. All specificationsin clauses 5.5 and5.13.1
shall apply. The specificationin the remainder of this clause onlyappliesto the30 Hz MVVC StereoHDTV IRD and
Bitstream.

5.13.3.1 Profile and level

Encoding: 30 Hz MVC Stereo HDTV sub-bitstreams shall complywith the Stereo High Profile Level 4
restrictions, as specifiedin Recommendation ITU-TH.264 / ISO/IEC 14496-10[ 16].

The value of level_idc shall be equalto 40.

Decoding: 30 Hz MVC Stereo HDTV IRDs shall support the decoding of Stereo High Profile Level 4
bitstreams. This requirementincludes support for Stereo High Profile and levels 3 to 4. Support
forprofilesandlevels other than Stereo High Profile, Level 3 to 4 is optional. If the 30 Hz MVC
Stereo HDTV IRD encounters anextension which it cannot decode, it shall discard the following
data untilthe next start code prefix (to allow backward compatible extensions to be added in the

future).
5.13.3.2 Frame rate

Encoding: The frame rate shall be 24000/1001,24,30000/1001, 30,60 000/1001 or 60 Hz. Thisshall be
indicated inthe VUI by setting time_scaleand num_units_in_tick according totable 13.
Time_scale andnum_units_in_tick define the picturerate of the video. The source video format
for24000/1001, 24,60 000/1001 and 60 Hz frame rate material shall be progressive. The source

video format for 30 000/1 001 and 30 Hz frame rate material shall be interlaced or progressive.

Decoding: 30 Hz MVC Stereo HDTV IRDs shall support decoding and displaying video with a frame rate of
30000/1001, 30 Hz interlaced or progressive, or 24 000/1001, 24,60 000/1001 or 60 Hz
progressivewithin the constraints of High Profile at Level 4.

Support of other framerates is optional.

5.13.3.3 Backwards Compatibility

Decoding: 30 Hz MVC Stereo HDTV IRDs shall be capable of decoding any bitstreamthat a 30 Hz
H.264/AVCSDTV IRDand a 30 Hz H.264/AVCSDTV IRD are required to decodeand resulting
inthe same displayed pictures asthe 30 Hz H.264/AVC SDTV IRDand 30 Hz H.264/AVC SDTV
IRD, asdescribedin clauses5.7.2 and 5.7.3.

5.14 HEVC IRDs and Bitstreams

5.14.1 Specifications Commonto all HEVC IRDs and Bitstreams

5.14.1.0 Scope
The specification in clause 5.14 applies to the following IRDs and bitstreams:

. HEVC HDTV IRDand Bitstream;
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° HEVC UHDTV IRD and Bitstream;

° HEVC HDR UHDTV IRD and Bitstream;

e HEVCHDRHDTYV Bitstream;

) HEVC HDR HFR UHDTV IRD and Bitstream;

. HEVC HDR UHDTV2 IRD and Bitstream.

Clause 5.14 specifies HEVCIRD conformance points and HEVC Bitstream conformance points for UHDTV as listed

in table 18a and table 18b. Compliant HEVVC IRDs may combine several of the capabilities from table 18a.

Table 18a: HEVC IRD conformance points specified in the present document

HEVC IRD type

Relevant clauses

50 Hz HEVC HDTV 8-bit
IRD

5.14.1 (with constraints setas documented for 50 Hz HEVC HDTV IRDs in 5.14.1.7)
5.14.2 (with constraints setas documented for HEVC HDTV 8-bit IRDs in 5.14.2.1)

60 Hz HEVC HDTV 8-bit
IRD

5.14.1 (with constraints setas documented for 60 Hz HEVC HDTV IRDs in 5.14.1.7)
5.14.2 (with constraints setas documented for HEVC HDTV 8-bit IRDs in 5.14.2.1)

50 Hz HEVC HDTV 10-bit
IRD

5.14.1 (with constraints setas documented for 50 Hz HEVC HDTV IRDs in 5.14.1.7)
5.14.2 (with constraints setas documented for HEVC HDTV 10-bit IRDs in 5.14.2.1)

60 Hz HEVC HDTV 10-bit
IRD

5.14.1 (with constraints setas documented for 60 Hz HEVC HDTV IRDs in 5.14.1.7)
5.14.2 (with constraints setas documented for HEVC HDTV 10-bit IRDs in 5.14.2.1)

HEVC UHDTV IRD

5.14.1

5.14.3
HEVC HDR UHDTV IRD [5.14.1
using HLG10 5.14.4 (with constraints setas documented for HLG10 in 5.14.4.4.2)
HEVC HDR UHDTV IRD [5.14.1
using PQ10 5.14.4 (with constraints setas documented for PQ10in 5.14.4.4.3)

HEVC HDR HFR UHDTV
IRD using HLG10

5.14.1
5.14.5 (with constraint setas documented for HLG10)

HEVC HDR HFR UHDTV
IRD using PQ10

5.14.1
5.14.5 (with constraints setas documented for PQ10)

HEVC HDR UHDTV2 IRD

5141
5.14.6
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Table 18b: HEVC UHDTYV Bitstream conformance points specified in the present document and
the IRDs capable to decode them (where "yes" means that the IRD can decode the Bitstream
and "no" means that the IRD cannot decode the Bitstream)

UHDTYV Bitstream
conformance points

HEVC
UHDTV
IRD

HEVC HDR
UHDTV IRD
using
HLG10

HEVC HDR
UHDTV IRD
using PQ10

HEVC HDR
HFR
UHDTV IRD
using
HLG10

HEVC HDR
HFR
UHDTV IRD
using PQ10

HEVC HDR
UHDTV2
IRD

SDR

Frame Rate up to 60 Hz
Resolution up to
3840x2160

yes

yes

yes

yes

yes

yes

HDR with PQ10

Frame Rate up to 60 Hz
Resolution up to
3840x2160

no

no

yes

no

yes

yes

HDR with HLG10
Frame rate up to 60 Hz
Resolution up to
3840x2160

yes, but as
SDR

yes

yes, but as
SDR

yes

yes, but as
SDR

yes

SDR

HFR with single PID
Resolution up to
3840x2160

no

no

no

yes

yes

no

HDR with PQ10
HFR with single PID
Resolution up to
3840x2160

no

no

no

no

yes

no

HDR with HLG10
HFR with single PID
Resolution up to
3840x2160

no

no

no

yes

yes, but as
SDR

no

SDR

HFR with dual PID and
temporal scalability
Resolution up to
3840x2160

yes, but at
halfframe
rate

yes, but at
halfframe
rate

yes, but at
half frame
rate

yes

yes

yes, but at
half frame
rate

HDR with PQ10

HFR with dual PID and
temporal scalability
Resolution up to
3840x2160

no

no

yes, but at
half frame
rate

no

yes

yes, but at
half frame
rate

HDR with HLG10

HFR with dual PID and
temporal scalability
Resolution up to
3840x2160

yes, but as
SDR and at
halfframe
rate

yes, but at
half frame
rate

yes, but as
SDR and at
half frame
rate

yes

yes, but as
SDR

yes, but at
halfframe
rate

SDR

Frame Rate up to 60 Hz
Resolution up to
7680x4320

no

no

no

no

no

yes

HDR with PQ10

Frame Rate up to 60 Hz
Resolution up to
7680x4320

no

no

no

no

no

yes

HDR with HLG10
Frame Rate up to 60 Hz
Resolution up to
7680x4320

no

no

no

no

no

yes
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5.14.1.1 General

The video encodingandvideo decoding shall conformto Recommendation ITU-T H.265 / ISO/IEC 23008-2 [ 35]. Some
of the parameters and fields arenotused in the DVB System and these restrictions are described below. HEVC

Bitstreams an

d IRDs shall support some parts of the "' Supplemental Enhancement Information (SEI)" and the"Video

usabilityinformation (VUI)" syntax elements as specified inRecommendation ITU-T H.265 / ISO/IEC 23008-2[ 35],
annexes Dand E. The HEVC IRD design shall be madeunder the assumptionthat any structure conforming to
Recommendation ITU-T H.265 / ISO/IEC 23008-2 [ 35] andtherestrictions thatare specified for the HEVC IRDs may

occurintheb

roadcast streamevenif presently reserved or unused.

5.14.1.2 Video Parameter Set

Decoding:

NOTE:

HEVC IRDs conformingto the present document may ignore the content of all VPS NAL unitsas
defined in Recommendation ITU-TH.265/1SO/IEC23008-2 [35], clause 7.4.3.1. Where the
value of syntax elements in the VPS differ fromthosecarriedin or derived fromthe SPS, the SPS
values (including derivedvalues) shall take precedence.

Future versions of the present documentmay require use of the video parameter set, hencefuture IRDs
may be requiredto process thevideo parameter set.

5.14.1.3 Sequence Parameter Set
Encoding: The time interval between two successive changesin general_profile_idc, general_tier_flag or

level_idccarriedin theHEVC_descriptor shallbe greater thanorequal toone second.
When the valueof pic_height_in_luma_samples ischanged between1 080and 540, andthe
picture rate is changed between 25and50 or 30 000/1001and60 000/1001,
sps_max_num_reorder_pics[temporal_id_max], where temporal_id_maxissignalled inthe
HEVC video descriptor, expressed in seconds shall be kept constant.
Thevalue of no_output_of prior_pics_flagshall be provided in the bitstream and not assumedto
be inferred by the decoder.

NOTE 1: Limitingthe frequency of profile, tier or level changes isto constrain the IRD complexity, while enabling
seamless switching between field and frame decoding when processing HEVC Bitstreams of interlaced
video content. Inaddition, the recommended signalling is provided in order to help the IRD to perform a
continuous "bumping" process (described in clause C.5.2.4 of Recommendation I TU-T H.265/
ISO/IEC 23008-2 [35]) at a frame andfield transition.

If padding is required to align the number of samples per row, it is recommended that these
samplesare paddedatthe right side of the picture.

If padding is required to align the number of samples per column, it is recommended that these
samplesare paddedatthe bottom of the picture.

NOTE 2: Video formatswith vertical sizes of 1 080 lines canbe codedas either 1 080 lines or 1 088 lines with a
conformance croppingwindow of 1 080 lines. If 1 088 linesisused to code 1 080 line pictures, the
conformance croppingwindow is defined with conf_win_top_offsetequalto 0 and
conf_win_bottom_offsetequal to 4. The formula to determinethe number of linesto crop fromthe
bottom is SubHeightC x conf_win_bottom_offset and SubHeightC has a valueof 2 when
chroma_format_idcequal 1.

Decoding: When the valueof pic_height_in_luma_samples is changed between1 080and 540, andthe

picture rate is changed between 25and50 or 30 000/1001and 60 000/1001, the variable
NoOutputOfPriorPicsFlag shall not be inferredto be equal to 1 and shallbe set to thevalue of
no_output_of prior_pics_flag.

When conformance_window_flagisequalto 1, HEVC IRDs shall apply the conformance
croppingwindowsignalledwith conf_win_left_offset, conf_win_right_offset,
conf_win_top_offset,and conf_win_bottom_offset, as specified in Recommendation ITU-TH.265
/ 1ISO/IEC 23008-2 [35], clause 7.4.3.2.
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5.14.1.4 Picture Parameter Set

Encoding:

More than one picture parameter set canbe present in the bitstreambetweentwo HEVC
DVB_RAPs. Between two HEVC DVB_RAPSs, thecontentof a picture parameter set witha
particular pps_pic_parameter_set_idshallnotchange. l.e. if more thanonepicture parameter set
ispresentin the bitstreamand these picture parameter sets are different fromeach other, then
each pictureparameter set shall have a differentpps_pic_parameter_set_id.

5.14.1.5 Video Usability Information

5.14.1.5.0
Encoding:

Decoding:

5.141.5.1

Encoding:

General

HEVC Bitstreams shall set vui_parameters_present flagto 1 in theactive Sequence Parameter
Set, i.e. HEVC Bitstreams shall containa Video Usability Information syntax structure.

In the hrd_parameters, if present, thefollowing restrictions shallapply:
sub_pic_hrd_params_present flag =0

The HEVC IRD shall supportthe use of Video Usability Information of the following syntax
elements:

=  Aspect Ratio Information (aspect ratio_idc);
= QOverscan Information (overscan_appropriate_flag);
=  Video Range (video_full range flag);

= ColourParameter Information (colour_primaries, transfer_characteristics, and
matrix_coeffs);

= Chrominance Information (chroma_loc_info_present_flag,
chroma_sample_loc_type top_field and chroma_sample_loc_type bottom_field);

= Picture Structure Information (frame_field_info_present_flag);

=  Default Display Window (default_display_window_flag, def disp_win_left offset,
def_disp_win_right_offset, def_disp_win_top_offsetand def_disp_win_bottom_offset);

=  Timinginformation (vui_time_scale andvui_num_units_in_tick).

Aspect Ratio and Overscan Information

The display aspectratio ofthe HEVC coded frame, after conformance cropping isapplied, shall
be 16:9. Where sourceimages of other aspect ratios, such as letterboxed or pillarboxed, are
formatted within 16:9 frames, signalling of AFD/Bar data documented in annex B, and Default
Display Window documentedin clause 5.14.1.5.6, are recommended. However, if AFD/Bar Data
signallingdocumented in annex B does lead to an ambiguous determination of the active area, it is
recommended not to use it.

NOTE: When "decimated" sub-rastersas documented in clauses5.14.2.2 and 5.14.3.2are used, which decimate
the production image in both horizontaland vertical axes to help with bitrate efficiency, AFD/Bar data
might not work properly, and may therefore be considered ambiguous.

The sample aspectratioinformationshall besignalledin the bitstream using the aspect_ratio_idc
value in the Video Usability Information (see values of aspect_ratio_idc in Recommendation
ITU-T H.265/ISO/IEC 23008-2 [ 35], table E-1).

HEVC Bitstreams shall representsquare pixels indicated by aspect_ratio_idcequalto 1, except
forthe caseslisted intable20 andtable 21.
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Decoding: HEVC IRDs shall supportdecoding and displaying of 16:9 HEVC Bitstreams withthe values of
aspect_ratio_idc setto 1 andto theadditional values specified intable 20andtable21.

HEVC IRDs shall supportconformance cropping. Support of Default Display Window VUI is
strongly recommended. HEVC IRDs may ignore AFD/Bar Data signalling.

HEVC IRDs shall make useof pic_width_in_luma_samples, pic_height_in_luma_samples,
aspect_ratio_idc andtheconformance croppingwindowto (where necessary) rescale the coded
video frameboth horizontallyandvertically tofillthe 16:9 output raster.

The IRDshould signalthe overscan_appropriate_flagandannex B AFD/Bar Datato the display,
so that the display canoptimize the presentation of the decoded video takingaccount of viewer
preferencesandthedisplay aspect ratio. The IRD should not apply overscanscaling itself as
overscan isa display function, and should only be applied once.

IRDs with integrated displays may combine the separate IRD and display scalingstepsinto a
single process.

5.141.5.2 Video Range

The Recommendation I TU-R BT.2020 [36], Recommendation | TU-RBT.709[13], Recommendation
ITU-RBT.601-7 [38] and Recommendation I TU-R BT.2100 [45] narrow range specifications provideadditional
headroom above thespecified referencewhite leveland below the specified reference black level to accommodate the
smallvariations in signal level that occurin live TV productionand to allow signal transients to pass through the
system. Thisissignalled to an IRD by settingthe video_full_range_flagequalto "0". Itis important to maintainthe
additional headroom throughto theoutput ofthe IRD in order to preserve detail in the highlights and lowlights of a
scene.

Encoding: Thevideo_full_range flag shallequal "0".

Decoding: Regardless of the value of the video_full_range flag, it is strongly recommended that the IRD
preservesthe full 8 or 10 bit signalrange.

NOTE: Whenthevideo_ full range_flagisequalto"0",the HEVCIRD should notapply clippingat the
indicated blackandwhite reference levels or tone mapping between the indicated black and white
reference levels.

514153 Colour Parameter Information

Encoding: The syntax element colour_description_present_flag shallbe setto 1", so that colour_primaries,
transfer_characteristics, matrix_coeffs are presentin the VUI.

Decoding: HEVC IRDs shall be capable of decoding Bitstreams with colour_description_present_flagequal
to n lll .

The support of colour_primaries, transfer_characteristics, and matrix_coeffs values forthe HEVCHDTV IRDs and
Bitstreams is specified in clause 5.14.2.3, forthe HEVC UHDTV IRDs and Bitstreams in clause 5.14.3.3, for the HEVC
HDR UHDTV IRDs andBitstreams in clause 5.14.4.4 and forthe HEVCHDR HFRUHDTYV IRDs and Bitstreams in

clause5.14.5.4.

514154 Chrominance Information

Encoding: The chrominance locations shall be specified by setting chroma_loc_info_present flagto 1 and
using the syntax elements chroma_sample_loc_type top_field and
chroma_sample_loc_type_bottom_field in the VUI.

Itis recommendedto use chromasample type equalto O for progressive video conforming to
Recommendation ITU-R BT.709 [13] or 2 for progressive video conforming to Recommendation
ITU-RBT.2020 [36].
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Chroma samples locationmay be modified priorto HEVC encodingwhen processing interlaced
content. If chroma samples are displaced from their original location priorto HEVC encoding, the
obtained chroma samples location is signalled in the VUI by setting
chroma_sample_loc type top_fieldandchroma_sample _loc_type bottom_fieldtothenew
locationasdescribed in Recommendation I TU-T H.265 / 1ISO/IEC 23008-2[35], figure E-1.

Decoding: HEVC IRDs shall supportdecoding anyallowed values of chroma_sample_loc_type_top_field
and chroma_sample_loc_type_bottom_field. It is recommended that appropriate processing be
included forthedisplay of pictures.

514155 Picture Structure Information

The support of frame_field_info_present_flagin HEVC Bitstreams is specifiedin clause5.14.1.6.1 related to use of
Picture Structureinformation in the Picture Timing SEI and iscommon to allHEVC IRDs and Bitstreams. Use of this
flagbitin the VUI allows use of picturetiming SEI with only the picture structure information withoutthe needto

include HRD information (such as CPB and DPB delay or initial values ofthe delay in the buffering period SEI).

Encoding: HEVC Bitstreams shall set frame_field_info_present _flag to "1" inthe VUl and a picture timing
SEImessage shall be associated with each access unit inthe coded sequence.

Decoding: HEVC IRDs shall supportdecoding of the picture timing SEI message.

5.141.56 Default Display Window

The support of Default Display Window specified in the VUI is intendedto help HEVC IRDs to display the video
accordingto the display characteristics.

Its first possible use is to signalthe activearea within the decoded picture. In this case, the default display window is
provided asanoptionto replace annex B AFD/Bar Data signalling.

Encoding: Tosignalthe activearea, HEVC Bitstreams may set default_display_window_flagto "1" in the
VUI and signalusingdef _disp_win_left offset,def_disp_win_right_offset,
def_disp_win_top _offset,anddef_disp_win_bottom_offset, the active area of the decoded
picture that is intended to be displayed. If the defaultdisplaywindow is usedfor this purpose,
there shallnotbe any Frame Packing Arrangement SEI message present inthe bitstream.

If both annex B AFD/Bar Data and Default Display Window are signalled in the HEVC Bitstream
forthe purpose of signallingthe active area, they are expected to describethe same active area.
The use of Default Display Window is recommended over the use of annex B AFD/Bar Data.

Decoding: HEVC IRDs may use Default Display Window signalling to adjustthe decoded picture display in
the absence of annex B AFD/Bar Data signalling. If both Default Display Window and annex B
AFD/Bar Dataare signalled in the HEVC Bitstream, HEVC IRDs may ignore annex B AFD/Bar
Data signallingasthe Default Display Window signalling takes precedence.

NOTE: HEVC IRDsmayblankpartsofthe picturesthatare outside the Default Display Window.

Itssecondpossible use isto allowthe HEVC IRD to extract a 2D picture from a plano stereoscopic frame compatible
arrangement. In this case, the default display window is used together with the Frame Packing Arrangement SEI
message.

Encoding: To allow 2D compatibility of plano stereoscopic frame compatible arrangement, HEVC Bitstreams
may set default_display_window_flagto "1"in the VUl andsignalusing
def_disp_win_left offset, def _disp_win_right_offset, def disp_win_top_offset,and
def_disp_win_bottom_offset, thearea of the picture containing the view intended to be displayed
asa 2D picture. If the default display window is used for this purpose, a Frame Packing
Arrangement SEl message shallbe present in thebitstreamfor eachaccess unitas specifiedin
clause J.4.3.2 of the present document.

Decoding: HEVC IRDs may use Default Display Window signalling to extracta 2D picture fromaplano
stereoscopic arrangement. If bothannex B AFD/Bar Data and the Default Display Window are
presentin a bitstreamthatcontains Frame Packing Arrangement SEI messages, HEVC IRDs may
use the Default Display Windowto extract a 2D picture from a plano-stereoscopic arrangement
and may use AFD/Bar Data to extract theactivearea fordisplay.
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The above twosignalling methods (signalthe active area, and 2D compatibility of plano stereoscopic frame compatible
arrangement) for the Default Display Window are intended as mutually exclusive.

5.141.5.7

Timing Information

The support of vui_time_scale, vui_num_units_in_tick and elemental_duration_in_tc_minusl[temporal_id_max]
valuesforthe HEVC IRDs and Bitstreams is specifiedin clause5.14.1.7.

5.14.1.6 Supplemental Enhancement Information

5.14.1.6.0
Encoding:

NOTE:

General

All prefix SEls shall not occur after thefirst VCL NAL unitof the access unit. All suffix SEls shall
not occur before the lastVCL NAL unit of theaccess unit.

HEVC allows SEI messages (both prefix and suffix SEI)to occur between the firstandthe last VCL NAL

units of an access unit. The constraint in the present clause forbids SEI messages from occurring between
the firstand the last VCL NAL units of an access unit.

Decoding:

514161
Encoding:

Prefix SEINAL unitswithin anaccess unit shall be placed after all NAL units of type VPS_NUT,
SPS_NUTand PPS_NUT.

HEVC IRDs shall supportthe use of Supplemental Enhancement Information ofthe following
message types:

- Picture Timing SEl Message;

Recovery Point SEI Message;

- "User data registered by Recommendation ITU-T T.35SEI message” syntactic element [19]
user_data_registered itu_t_t35asdefinedin clauseB.8a.

Picture Timing SEI Message

HEVC Bitstreams shall containa picturetiming SEl message for every access unitofa coded
video sequence and frame_field_info_present_flagshallbe setto 1 in the VUI.

The value of pic_struct shallnotbe equal to 1 or 2.

Before anencoding process, in orderto achievea higher framerate than the framerateof the
original programme, additional pictures may be created e.g. by repeating or motion interpolating
original programme pictures. It isrecommendedto use the duplicate_flag forthis use casein a
manner different to the usage documented in Recommendation I TU-T H.265/

ISO/IEC 23008-2 [35].

=  |fthecurrentpicture isnot an original programme picture, it is recommended to set the value
of duplicate_flagto 1.

= Inthecase of motion compensated Video Standard Conversionas a pre-process before
encoding, e.g. from 50Hz to 60000/1001 Hz orfrom 100Hz to 120000/1001 Hz, there
might not be any original programme pictures preserved at all, hence it isrecommended that
all pictures get duplicate_flag value 0 to avoid accidental deletion after decoding.

= Incaseof temporal layeringof HFR, it is recommended that all the original programme
picturesare contained in HEVC temporal video sub-bitstreamas 50 Hz (60/1 001 Hz)
capable IRDwould notbe able to extractthe pictures from HEVC temporal video subset.
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NOTE 1: Settingframe_field_info_present_flag to "1" indicates the presence of pic_structto determine if the
picture should be displayedasa frame oroneormore fields. Possible values for pic_structare definedin
table D-2 of Recommendation ITU-T H.265 / ISO/IEC23008-2 [35]. Thepic_structvalues1and 2 are

not allowed in bitstreams since these values do not carry field relationship information which may be
needed bythe IRDto avoid field parity loss in presence of transmissionerrors. This implies that non -

paired fieldsare tobe avoidedin HEVC Bitstreams, and that HEVC IRD may notbe able to display
correctly HEVC Bitstreams containing non-paired fields.

NOTE 2:

In the context of HEVC, paired fields are two fields that are in consecutiveaccess units in decoding order

astwo coded fields of opposite parity of the sameframe, regardless their display order.

Decoding:

5.141.6.2
Encoding:

HEVC IRDs shall supportall values defined in pic_structincluding all modes requiringfield and
frame repetitionexcept pic_struct values 1 and 2. The HEVC IRDs need not make use ofany
othersyntax elements (except pic_struct) in the picture timing SEI message, if these elementsare

present.

An IRD may utilize the values of duplicate_flagto identify and extract fordisplay theoriginal
lower programmeframe rateout ofa receivedand decoded higher framerate.

Recovery Point SEI Message

The recovery point SEI messageshall not be present inaccess units thatdo not contain an HEVC
DVB_RAP.Whenpresent, the recovery_poc_cntshall beset to 0, exact_match_flag shall be set to
1, and broken_link_flagshall be setto 0.

5.14.1.7 Frame rate

Encoding:

The frame rate for progressive material shall be24 000/1 001, 24,25, 30 000/1001, 30, 50,
60000/10010r 60 Hzfor all allowed luminance resolutions.

The frame rates for interlaced material shall be 25and 30 000/1 001 Hz.
These two frame rates for interlaced material are only applicable to luminance resolutions with
1080 lines.

The Decoding Time Stamps of access units in HEVC Bitstreams shall be inserted at a constant
rate,such asevery 1/50sfor 50 Hz HEVC Bitstreams or every 1/60 sfor 60 Hz HEVC Bitstreams.

NOTE 1: 24and 24000/1001 Hz content is carried within a 60and 60 000/1 001 Hz bitstream respectively, using
3:2 pull-down (pic_structvalues 7 and 8) - see clause 5.14.5.5.2. In which case the HEVC temporal video
subset isnot presentandthe DTS interval will be at multiples of 60and 60 000/1 001 Hz.

The frame rate shall be indicated in the VUI by setting vui_time_scale, vui_num_units_in_tick
syntax elementsand, if HEVC Temporal sub-layers arepresent, by setting
elemental_duration_in_tc_minus1[temporal_id_max]in the hrd_parameters(), where

temporal_id_maxissignalled in the HEVC videodescriptor (as per clause 4.1.8.19a).

Table 19 liststhe frame rates that shall be supported and the recommended values for signalling
them.
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Table 19: Progressive and Interlaced Frame Rates for HEVC Bitstreams

and recommended values for signalling

Output Frame | Interlaced or |elemental_duration_i vui_time_scale vui_num_units_ Allowed
Rate Progressive n_tc_minusl in_tick pic_struct
[temporal_id_max
(note 3)]
24 000/1 001 P 0 24 000 1001 0,7,8
24 P 0 24 1 0,7,8
25 P 0 25 1 0,7,8
25 | (encoded as 3,4,5,6
frames) 0 50 1
25 | (encoded as 9,10,11,12
fields) 0 50 1
30 000/1 001 P 0 30 000 1001 0,7,8
30 000/1 001 | (encoded as 3,4,5,6
frames) 0 60 000 1001
30 000/1 001 | (encoded as 9,10,11,12
fields) 0 60 000 1001
30 P 0 30 1 0,7,8
50 P 0 50 1 0,7,8
60 000/1 001 P 0 60 000 1001 0,7,8
60 P 0 60 1 0,7,8

NOTE2: Theinterlacedframeratesare only applicable to the luminance resolutions with 1 080 lines.

NOTE 3: Othervaluesofvui_time_scale,vui_num units_in tickand
elemental_duration_in_tc_minus1[temporal_id_max] may be used, forexample wherea lower frame
rate signalis carried asan HEVC temporal video sub-bitstreamof a higher frame rate HEVC bitstream
(seeclause5.14.5.5). The note in clause 5.14.5.5.1 explains howto calculate the frame rate using
vui_time_scale,vui_num_units_in_tick andelemental_duration_in_tc_minusl1[temporal_id_max].

Decoding:

50 Hz HEVC HDTV IRDs shall support decoding and displaying of video withan outputframe
rate of 25 interlaced or progressive; 50 Hz progressive. Supportof other output frame rates is

optional.

60 Hz HEVC HDTV IRDs shall support decoding and displaying of video withan outputframe
rate of 30 000/1001 interlacedor progressive; 24000/1001,24,30,60 000/1 001 or 60 Hz
progressive. Supportof other output frame rates is optional.

HEVC UHDTV IRDs shall supportdecodinganddisplaying of videowith the outputframe rates
supportedby 50 HzHEVC HDTV IRDs and 60 Hz HEVC HDTV IRDs.

The frame rate shall be calculated using the VUl and VUI hrd_parameters() syntax elements
vui_time_scale,vui_num_units_in_tickand
elemental_duration_in_tc_minusl1[temporal_id_max]. The highest Temporall D to bedecoded is
indicated by temporal_id_max, carried in the HEVC video descriptor.

The frame ratesthat shall be supported and the recommended values for signalling them are listed
intable 19.

NOTE 4: High Dynamic Range and/or High Frame Rates Bitstreams as defined in clauses 5.14.4and 5.14.5 arenot
intended to be used with interlaced formats. Therefore, the use of interlaced formats in HEVC UHDTV
Bitstreams will complicate any upgrade to HDR and/or HFR.
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5.14.1.8 Random Access Point

5.14.1.8.0
Encoding:

General

An HEVC DVB_RAP shall include exactlyoneVideo Parameter Set (thatis active), exactly one
Sequence Parameter Set (that is active) with VUI, at least one Picture Parameter Set, and
optionally a recovery point SEI message whichshall be present if the nal_unit_typeof theHEVC
DVB_RAP isequal to TRAIL_R. The VPS, SPS, and PPS thatare requiredfor decodingthe
associated pictureshall precede SEI NAL units in thisaccess unit. The recoverypointSEI
message, when present, shall precedeall other SEINAL unitsin an HEVC DVB_RAP.

The nal_unit_type of eachVCL NAL unit of an HEVC DVB_RAP pictureshall be equal to one of
BLA_W_LP,BLA_ W_RADL,BLA_N_LP,IDR_W_RADL, IDR_N_LP,CRA_NUTor TRAIL_R
that containsonly sliceswith slice_typeequalto 2 (Islice) (per Recommendation ITU-T H.265/
ISO/IEC 23008-2 [ 35]).

If aNAL unitcontainsa HEVC DVB_RAP, thevalue of nuh_temporal_id_plusl shall be equal to
1.

NOTE 1: Forprogressive contentcoding, it is recommendedthat HEVC IRAP pictures (IDR, BLAorCRA)are

used.

Decoding:

Thetime interval between HEVC DVB_RAPs may vary between programsandalso within a
program. The broadcast requirements should set thetime interval between HEVC DVB_RAPs as
specified in clause5.14.1.8.1.

All pictureswith PTS greater thanorequalto PTS(rap) shall be fully reconstructible and
displayable, where PTS(rap) represents the Presentation Time Stamp of the picture of the HEVC
DVB_RAP. Thismeans that decoders receivingthe HEVC DVB_RAP shall notneed to utilizedata
transmitted prior to the HEVC DVB_RAPto decode pictures displayed after the HEVC DVB_RAP.

To improve applications suchas channel change, it is recommended that the Presentation Time
Stampof the picture of HEVC DVB_RAP be lessthanorequalto [DTS(rap) +0,67 seconds]

where DTS(rap) represents the Decoding Time Stamp of the picture of HEVC DVB_RAP.
Packetization of random access points shall comply with the following additional rule:

A transportpacketcontaining the PES header ofa HEVC DVB_RAP shall havean adaptation
field. The payload_unit_start_indicator bitshall besetto "1" in thetransportpacket header and
the adaptation_field control bitsshallbe setto "11" (as per Recommendation ITU-TH.222.0/
ISO/IEC 13818-1 [1]). In addition, therandom_access_indicator bitinthe adaptation header
shall be setto"1". The elementary_stream_priority_indicator bit shallalsobe setto 1" in the
same adaptation header if this transport packet contains thefirst slice start code ofthe HEVC
DVB_RAP access unit (see clauses4.1.5.1 and4.1.5.2).

Both the random_access_indicator and elementay_stream_priority_indicator bits shall be set to
"1"inthe adaptationfield of a transport packet containing the PES packet header of HEVC
DVB_RAP ifthistransport packetalso containsthe firstslicestartcode of HEVC DVB_RAP
picture. Otherwise a transport packetwith the elementary_stream_priority indicator bit set to
"1" may followthetransport packet with the random_access_indicator bit setto "1".

HEVC IRDs shall be able tostartdecoding anddisplaying an HEVC Bitstreamat an HEVC
DVB_RAP.

NOTE2: Inthe case where elementary stream priority_indicator and random_access_indicatorare used to
identify the HEVC DVB_RAP, it should be noted that a VVPS, SPS, PPS and any SEI may exceed one or

more transportpacketin length.
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514181 Time Interval Between Random Access Points

Encoding: The encoder shall place HEVC DVB_RAPs in thevideo elementary stream at least once every 5 s.
Itis recommendedthat HEVC DVB_RAPs occur in the video elementary stream on average at
leastevery 2 s. Where rapid channel change times are importantor for applications suchas PVR it
may be appropriate for HEVC DVB_RAPsto occur more frequently, such as every 1 second. The
time interval between successive HEVC DVB_RAPs shall bemeasured as the difference between
their respective DTS values.

NOTE 1: Decreasingthe time interval between HEVC DVB_ RAPs may reduce channel hoppingtime and improve
trick modes, but may reduce the efficiency ofthe video compression.

NOTE 2: Havinga regularintervalbetweenHEVC DVB_RAPs may improve trick mode performance, butmay
reduce the efficiency of the video compression.

NOTE 3: Dueto the nature of videoencoding,the HEVC DVB_RAP period may notbe exactly aligned towhole
seconds.

5.14.1.9 Scalability

5.14.1.9.0 General

HEVC Temporal sub-layers are components of a single bitstream, analogous to thetiers described in annex D of the
present document, and signalled usingthe nuh_temporal_id_pluslin the NAL unit header. Thatis,each HEVC
Temporal sub-layer represents a set of pictures that are only dependentupon pictures of anequivalent or lower

numberedsub-layer. HEVVC Temporal sub-layers can be beneficially used to assist trick modes.

Extensions mightbe added in future versions of the present document. It is expected thatsuch extensions would use
additional transport stream PIDs to allow suchservices to be introduced in a backwards compatible manner.

Decoding: HEVC IRDs shall skip over datastructureswhichare currently "reserved" (as per
Recommendation ITU-T H.265/ ISO/IEC 23008-2 [ 35]), or which correspond to functions not
implemented by the HEVC IRD.

5.141.9.1 Temporal sub-layers

Encoding: HEVC Bitstreams and HEVC temporal video sub-bitstreams shall be carried on a single Transport
Stream PID with stream_type equal to 0x24. Only HEVC Bitstreams and HEVC temporal video
sub-bitstreams:

= obeying the limits associated with level 4.1 for HDTV HEVC Bitstreams shall be carried
withinthis PID;

= obeying the limits associated with level 5.1 for UHDTV HEVC Bitstreams or UHDTV HDR
HEVC Bitstreams shall be carried withinthis PID.

The Decoding Time Stamps of access units in HEVC Bitstreams and HEVC temporal video sub -
bitstreams carriedwithin this PID shall be inserted at a constantrate.

All Access Units of HEVC Bitstreams and HEVC temporal video sub -bitstreams carried within this
PID shall have values of Temporalld lower thanor equalto 4.

Decoding: HEVC HDTV IRDs shall decode HEVC Bitstreams with stream_typeequalto 0x24, obeying the
limits associated withlevel 4.1.

HEVC UHDTV IRDs shall decode HEVC Bitstreams and HEVCtemporal video sub-bitstreams
with stream_type equal to 0x24, obeying the limits associated with level 5.1.

HEVC IRDs shall decode HEVC Bitstreams and HEVC temporal video sub-bitstreams with
sps_max_sub_layers_minusl greater thanO.
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NOTE: HEVC IRDsare notrequired to use the temporal substream extraction process describedin
Recommendation I TU-T H.265/ 1SO/IEC 23008-2 [35], clause 10to decode and display the HEVC
Bitstreams in the Transport Stream P1D with stream_type equal to 0x24.

5.141.92 Layer Sets

Encoding: HEVC Bitstreams and HEVC video sub-bitstreams shall set the NAL unitheader nuh_layer _id
equal to 0 for Transport Streams with stream_type equal to 0x24.

Decoding: HEVC IRDs may ignoreall NAL units with values of nuh_layer_id notequal to0.

NOTE 1: Itis possible thatfuture versions of the presentdocument may allow non-zero values, but that these
streams should still be decodable by HEVC IRDs compliant with the present document.

NOTE2: Itis expected that NAL units with values of nuh_layer_id otherthan0 would occuron adifferentPID
(or separate but associate bitstream carriage) and so would notbe expected tobe seen by a decoder

compliantto the present document.

NOTE 3: HEVC Layersetsmay be usedin future versions of the present document to support for example, high
dynamic range, wide colour gamut, 3D or higher spatial resolution extensions.

5.14.1.10 HEVC Seamless splicing

Seamless splicingof HEVC video may be accomplished by conformingto the constraints of ANSI/SCTE 172 [i.20],
"Constraintson AVC Video Coding for Digital Program Insertion™.

NOTE: While ANSI/SCTE 172 is currently drafted with AVC in mind, the constraints are fully applicable to
HEVC and DVB expects that SCTE will produce anupdated document which explicitly includes HEVC.

5.14.2 HEVCHDTV IRDs and Bitstreams

5.14.2.0 General

This clause specifiesthe HEVCHDTV IRDs and Bitstreams. All specifications in clause 5.14.1shall apply. The
specificationin the remainder of this clause only appliesto the HEVCHDTV IRDs and Bitstreams.

Two HEVC HDTV IRDs are defined in the present document: HEVCHDTV 10-bit IRDand HEVC HDTV 8-bit IRD
with the capabilities defined in the definitions.

NOTE: AnadditionalHEVC HDRHDTYV Bitstream conformance point is specified in clause 5.14.3, butwithout
any corresponding IRD conformance point.

5.14.2.1 Profile, tier and level

Encoding: In additionto the provisions set forthin Recommendation ITU-TH.265/ ISO/IEC 23008-2 [ 35],
the following restrictions shallapply for thefields in the sequence parameter set:

bit_depth_luma_minus8 =0or2
bit_depth_chroma_minus8 = bit_depth_luma_minus8
vui_parameters_present_flag =1
sps_extension_present_flag =0

In additionto the provisions set forthin Recommendation ITU-TH.265/
ISO/IEC 23008-2 [ 35], the following restrictions shall apply for the fields in the profile_tier_level
syntax structurein the sequence parameter set:

general_tier_flag =0

general_profile_idc =1 (Main profile) or 2 (Main 10 profile)
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HEVC HDTV Bitstreams shall obeythe limits in Recommendation ITU-T H.265 /
ISO/IEC 23008-2 [ 35], table A.1 and table A.2 associated with Level 4.1.

general_level_idcshall be lessthanorequal to 123 (level 4.1), unlessthe HEVC Bitstreamisa
HEVC temporal video sub-bitstream. In this case, sps_max_sub_layers_minus1 shall be greater
than"0",sub_layer_level present_flag[i] where'i*isequalto temporal_id_max carried within
the HEVC Video Descriptor shallbe equal to 1", and sub_layer_level _idc[i] where 'i" isequal to
temporal_id_max carriedwithin the HEVC Video Descriptor shall be lessthanor equalto *123"
(level 4.1).

Itis recommended that bitstreams whichare compliant with the Main profile set
general_profile_compatibility flag[1]to 1.

As specifiedin annex A of Recommendation ITU-TH.265/ ISO/IEC 23008-2 [ 35], thevalue of
bit_depth_luma_minus8andbit depth chroma_minus8shall be equal to0 when

general_profile_idcisequalto 1 orgeneral profile_compatibility flag[1]isequalto 1.
Main 10 Profile and the Main Profile, chroma_format_idc isequalto '1".

HEVC HDTV 10-bit IRDs shall support thedecoding of HEVC HDTV Bitstreams.
HEVC HDTV 8-bit IRDs shall support thedecoding of HEVC HDTV Bitstreams within the

constraints of the definition.

If temporal extensions are added in future versions of the present document, general_level idc
may be greaterthan123 (level4.1). Whensps_max_sub_layers minuslisgreater than"0", IRDs
may ignore general_level_idc andshall make use of the sub_layer_level _idc[i] syntaxelement,
where'i"isequal to temporal_id_max carried within the HEVC Video Descriptor, to determine
whether a bitstream or sub-bitstream canbe decoded.

The HEVC HDTV IRD may ignore sequence parameter set extensions signalled by
sps_extension_present_flagsetto "1".

NOTE2: HEVCHDTV IRDsare not required to decode anddisplay correctly HEVC Bitstreams or HEVC
temporal video sub-bitstreams thatdo not obey the constraints and limits associated with the Main or
Main 10 Profile, Main Tier, Level4.1.

5.14.2.2 Luminance resolution

Encoding:

Decoding:

HEVC HDTV encodersshall, asa minimum, represent video with the luminance resolutions
shown in table 20, where luminance resolutionis to be understood as the video resolution after
conformance cropping. Pictures may be down-scaledandencodedatless than full size using the
reciprocal of the scaling ratios shown in the table. Additional luminance resolutions may be
supported, buttheyshall be square pixel formats indicated by aspect_ratio_idcequalto "1".

Where non 16:9 sources are re-formatted and encoded within a 16:9 frame, AFD/bar data defined
in clause B.3 anddefault display window definedin clause5.14.1.5.6 should be included within

the bitstream to assist the IRD in displaying the content.

HEVC HDTV IRDs shall be capable of decoding pictures with luminance resolutions shownin
table 20, where luminance resolution isto be understood as the video resolution after
conformancecropping. HEVC IRDs shall be ableto reconstructthe imagesize to allow the

decoded picturesto be displayed at full-screensize.
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Table 20: Resolutions for Full-screen Display from HEVC HDTV IRD

Luminance resolution Scan Aspect ratio Example up-sampling
(interlace/ for 1 920 x 1 080 display
Horizontal Vertical progressive) Coded Aspect_ratio_i | Horizontal Vertical
Frame dc

1920 1080 land P 16:9 1 x1 x1
1440 1080 land P 16:9 14 X 413 x1
1600 900 P 16:9 1 X 6/5 X 6/5
1280 720 P 16:9 1 x 312 x 3/2
960 720 P 16:9 14 X2 x 3/2
960 540 P 16:9 1 X2 X2

5.14.2.3 Colour Parameter Information

Encoding:

NOTE:

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
thered, green and blueprimaries shall be explicitlysignalledin the encoded HEVC HDTV
Bitstream by setting the appropriate values for each of the following 3 parameters in the VUI:
colour_primaries, transfer_characteristics, and matrix_coeffs.

HEVC HDTV Bitstreams shall use Recommendation ITU-R BT.709 [ 13] or optionally

IEC 61966-2-4[31] colorimetryfor luminance resolutions shownin table 20. For other luminance
resolutions, usage of Recommendation | TU-R BT.709[13] should be used except for interlaced
resolutions with heights of 576 or 480 lines where Recommendation I TU-R BT.601-7 [38] is
appropriate.

Interlaced Standard Definition resolutions are not currently defined for HEVC bitstreams and IRDs in the

present document. Nonetheless, the above clause states that Recommendation ITU-RBT.601-7 [38]
colorimetry should be used if encoders support those resolutions.

Decoding:

Recommendation I TU-R BT.709 [13] colorimetry usage is signalled by setting colour_primaries
tothevaluel, transfer_characteristics to thevalue 1 and matrix_coeffsto thevalue 1.

IEC 61966-2-4 [31] colorimetry usageis signalled by setting colour_primaries to the value 1,
transfer_characteristics to thevalue 11 and matrix_coeffs to the value 1.

HEVC HDTV IRDs shall be capable of decoding bitstreams that use Recommendation ITU-R
BT.709 [13] colorimetry. It isrecommended that appropriate processing be included fortheaccura
te representation of pictures using Recommendation ITU-RBT.709 [13] colorimetry.

HEVC HDTV IRDs may be capable of decoding bitstreams thatuse IEC61966-2-4[31]
colorimetry.

5.14.3 HEVCUHDTV IRDs and Bitstreams

5.14.3.0

General

This clause specifies the HEVC UHDTV IRDs and Bitstreams. All specifications in clause 5.14.1shall apply. The
specificationin the remainder of this clause only applies to the HEVC UHDTYV IRDs and Bitstreams.

5.14.3.1 Profile, tier and level

Encoding:

In additionto the provisions set forthin Recommendation ITU-T H.265/ ISO/IEC 23008-2 [ 35],
the following restrictions shallapply for thefields in the sequence parameter set:

bit_depth_luma_minus8
bit_depth_chroma_minus8

vui_parameters_present_flag

=0or2

= bit_depth_luma_minus8

=1
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sps_extension_present_flag =0

In additionto the provisions set forthin Recommendation ITU-T H.265 / ISO/IEC 23008-2 [ 35],
the following restrictions shall apply for thefields in the profile_tier_level syntax structure in the
sequence parameter set:

general_tier_flag =0
general_profile_idc = 2 (Main 10 profile)

HEVC UHDTV Bitstreams shall obeythe limits inRecommendation ITU-TH.265/
ISO/IEC 23008-2 [ 35],table A.1 and table A.2 associated with Level 5.1.

general_level_idcshall be lessthanorequal to 153 (level 5.1), unlessthe HEVC Bitstreamisa
HEVC temporal video sub-bitstream. In this case, sps_max_sub_layers_minus1 shall be greater
than"0",sub_layer level present_flag[i]where'i'isequalto temporal_id maxcarriedwithin
the HEVC Video Descriptor shallbe equal to 1", and sub_layer_level idc[i] where 'i" isequal to
temporal_id_max carriedwithin the HEVC Video Descriptor shall be less thanorequalto *153"
(level 5.1).

Itis recommended that bitstreams which are compliant with the Main profile set
general_profile_compatibility_flag[1]to 1.

NOTE 1: Inthe Main10 Profile, chroma_format_idc isequalto'l".

Decoding:

HEVC UHDTV IRDs shall supportthe decoding of Main 10 Profileand Main Profile, MainTier,
Level 5.1 bitstreams within the constraints ofthe present document.

If temporal extensions are added in future versions of the present document, general_level_idc
may be greaterthan 153 (level5.1). Whensps_max_sub_layers_minuslisgreaterthan"0", IRDs
may ignore general _level idc andshall make use of the sub_layer_level _idc[i] syntax

element, where 'i* isequal to temporal_id_max carried within the HEVC Video Descriptor, to

determine whether a bitstream or sub-bitstream can be decoded.

HEVC UHDTV IRDs may ignore sequence parameter set extensions signalled by
sps_extension_present_flagsetto "1".

NOTE2: HEVC UHDTV IRDsare not required to decode and display correctly HEVC Bitstreams or HEVC
temporal video sub-bitstreams thatdo not obey the constraints and limits associated with the Main or

Main 10 Profile, Main Tier, Level5.1.

NOTE 3: High Dynamic Range and/or High Frame Rates Bitstreams as defined in clauses 5.14.4and 5.14.5 arenot
intendedto be usedwith a coding bit depth of 8 bits. Therefore, theuse of a coding bit depth of 8 bitsin
HEVC UHDTYV Bitstreams might complicate any upgradeto HDR and/or HFR.

5.14.3.2

Encoding:

Decoding:

Luminance resolution

HEVC UHDTV encodersshall, asa minimum, represent video with the luminance resolutions
shown in table 21 and the luminance resolutions shownin table 20, where luminanceresolutionis
to be understood as the video resolution after conformance cropping. Pictures may be down-
scaled and encodedatlessthanfull size usingthe reciprocal of the scaling ratios shown in those
two tables. Additional luminance resolutions may be supported, buttheyshall be square pixel
formatsindicated by aspect_ratio_idc equal to "'1".

Where non 16:9 sources are re-formatted and encoded within a 16:9 frame, AFD/bar data defined
in clause B.3 and default display window defined in clause5.14.1.5.6 should be included within
the bitstream to assist the IRD in displaying the content.

HEVC UHDTV IRDs shall be capableof decoding pictures with luminance resolutions shownin
table 21 and luminance resolutionsshown intable 20, where luminance resolutionisto be
understood as the video resolution after conformance cropping. HEVC IRDs shall beable to
reconstruct theimage size to allow the decoded pictures to be displayed at full -screen size.

DVB BlueBook A001r18 (November 2021)



134

Table 21: Resolutions for Full-screen Display from HEVC UHDTV IRD

Luminance resolution Scan Aspect ratio Example up-sampling for
(interlace/ 3840 x 2160 display
Horizontal Vertical progressive) Coded Aspect_ratio_i | Horizontal Vertical
Frame dc
3840 2160 P 16x9 1 1 1
2880 2160 P 16x9 14 X 4/3 x1
3200 1 800 P 16x9 1 X 6/5 X 6/5
2 560 1440 P 16x9 1 x 3/2 x 3/2
NOTE: High Dynamic Range and/or High Frame Rates Bitstreams as definedin clauses 5.14.4and 5.14.5 arenot

5.14.3.3

Encoding:

Decoding:

intended to be used with non-square pixel formats (with aspect_ratio_idc notequalto "1"). Therefore,
the use of non-square pixel formats in HEVC UHDTYV Bitstreams might complicate any upgrade to HDR
and/orHFR.

Colour Parameter Information

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
thered, green and blue primaries shall be explicitlysignalled in the encoded HEVC Bitstream by
settingthe appropriate values for each of the following 3 parameters in the VUI:
colour_primaries, transfer_characteristics, and matrix_coeffs.

HEVC UHDTYV Bitstreams shall use Recommendation ITU-R BT.709 [ 13] or Recommendation
ITU-R BT.2020 [ 36] non-constant luminance colorimetry.

BT.709 [13] colorimetry usage is signalled by setting colour_primariesto thevalue 1,
transfer_characteristics to thevalue 1 and matrix_coeffs to thevalue 1.

BT.2020[36] non-constant luminance colorimetry usage is signalled by setting colour_primaries
tothevalue9, transfer_characteristics to thevalue 14and matrix_coeffsto the value 9.

HEVC UHDTV IRDs shall be capable of decoding bitstreams that use Recommendation

ITU-R BT.709 [ 13] or Recommendation ITU-R BT.2020 [ 36] non-constant luminance colorimetry.
Itis recommended that appropriate processing be included for the accurate representation of
pictures using Recommendation ITU-R BT.709 [13] colorimetry.

NOTE1: The HEVC UHDTV IRDs mightnotincludeappropriate processing for the accurate representation of

pictures using Recommendation I TU-R BT.2020 [36] non-constant luminance colorimetry. DVB

anticipates that BT.2020 colour primaries will be used together with future versions of the present

document. Equipment makers should consider including the capability to map BT.2020 colour primaries

forBT.709 displays.

NOTE 2: Where IRDs implement a transformation of the colour space of the coded bitstream to match the

NOTE 3:

5.14.34
Decoding:

capabilities of the display (e.g. from a Recommendation I TU-R BT.2020 non-constantluminance [36]
bitstreamtoa Recommendation I TU-R BT.709[13] display), it is recommended that the colour space

conversiondoes not:

" impose a hard limit such that all bitstream colours outside of thegamut of the display are placedon
the outer boundary ofthedisplay gamut;

" linearly scale the wider gamut of the bitstream to fit within the gamutof thedisplay.

High Dynamic Range and/or High Frame Rates Bitstreams as defined in clauses 5.14.4and 5.14.5 arenot
intendedto be usedwith BT. 709 colour primaries. Therefore, the use of BT. 709 colour primaries in

HEVC UHDTYV Bitstreams might complicate any upgradeto HDR and/or HFR.
Backwards Compatibility

HEVC UHDTV IRDs shall be capable of decodinganybitstreamthata HEVC HDTV IRD is
requiredto decode and resultingin thesame displayed pictures asthe HEVC HDTV IRD, as
described in clause 5.14.2.
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5.14.4 HEVCHDR UHDTV IRDs and Bitstreams

5.144.1 General

This clause specifies the HEVC HDR UHDTV IRDs and Bitstreams that add High Dynamic Range functionalities in
additionto thosesupported in HEVC UHDTV IRDs and Bitstreams.

The present clause specifies two types of HEVCHDR UHDTV Bitstreams:

e  BitstreamsusingHLG10: the Bitstreams are specified in such a way that HEVC UHDTV IR Ds as specified in
clause 5.14.3 are expected to produce good images, although with a quality thatmay be lower thantheone

produced by HEVCHDR UHDTV IRDs.

e  Bitstreamsusing PQ10: forsuch Bitstreams, HEVCUHDTYV IRDs as specified in clause 5.14.3are not
expected toproduce any picture at all.

HEVC HDR UHDTV IRDs may supportoneor bothtypes of Bitstreams specified in the present clause.

All specifications inclause5.14.1 shallapply. The specification in the remainder of this clause only appliesto the
HEVC HDR UHDTV IRDs and Bitstreams.

5.14.4.2 Profiles, Tiers and Levels

All specificationsinclause5.14.3.1shall apply with the following restriction.

Encoding: In additionto the provisions set forthin Recommendation ITU-TH.265/
ISO/IEC 23008-2 [35] andin clause 5.14.3.1, thefollowing restriction shallapplyfor thefieldsin

the sequence parameter set:

bit_depth_luma_minus8 =2

5.14.4.3 Luminance Resolutions

Encoding: HEVC HDR UHDTV encodersshall, as a minimum, represent video with the luminance
resolutions shown in table 21a. Pictures may be downscaledand encoded at less thanfull size
usingthe reciprocal of the scaling ratios shown in table 21a. Additional luminance resolutions may

be supported, buttheyshall be square pixel formats indicated by aspect_ratio_idc equal to "'1".

HEVC HDR UHDTV encoders may represent video using only the luminance resolutions in the
last fourrows of Table 21a. SuchHEVC HDRHDTYV Bitstreams are a subset ofthe HEVCHDR
UHDTYV Bitstream conformance point.

Decoding: HEVC HDR UHDTV IRDs shall be capable of decoding pictures with luminance resolutions
shown in table 21a. HEVC HDR UHDTYV IRDs shall be capableto reconstructthe imagesize to
allow thedecoded pictures to be displayed at full-screen size.

Table 21a: Resolutions for Full-screen Display from HEVC HDR UHDTV IRD

Luminance resolution Scan Aspect ratio Example up-sampling
(interlace/prog for 3 840 x 2 160 display
Horizontal Vertical ressive) Coded Aspect_ratio_i | Horizontal Vertical
Frame dc

3840 2160 P 16:9 1 x1 x1
3200 1 800 P 16:9 1 X 6/5 X 6/5
2 560 1440 P 16:9 1 x 3/2 X 3/2
1920 1080 P 16:9 1 X2 X2

1 600 900 P 16:9 1 x 12/5 x 12/5
1280 720 P 16:9 1 X3 x 3
960 540 P 16:9 1 x4 x4
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NOTE 1: Table21acontainsonly progressive and square pixel formats. The interlaced and non-square pixel
formats documented in tables 20and 21 aretherefore not meantto be used forHEVCHDR UHDTV
Bitstreams and these formats are notguaranteedto be supported by HEVCHDR UHDTV IRDs, except if
the bitstream fulfillsallthe constraintsofanHEVC UHDTYV Bitstream, as specifiedin clause 5.14.4.6 on
Backwards Compatibility.

NOTE 2: Thereis no IRD conformancepointcorrespondingto the HEVCHDR HDTV Bitstream conformance
point,asall IRD supporting HDR are expected to be able to decode all resolutions listed in Table 21a.

5.14.4.4 High Dynamic Range and Colour Parameter Information
5.14.44.1 Signalling of colour primaries and matrix coefficients

Encoding: HEVC HDR UHDTV Bitstreams shalluse Recommendation ITU-R BT.2100 [ 45] colour primaries
and non-constantluminance matrix coefficients, which shall be explicitly signalled tothe IRD by
settingthe VUI colour_primaries equal to 9 and matrix_coeffs equal to 9. Content produced with
differentsystemcolorimetryshall be mappedinto a BT.2100 colour container prior to HEVC
encoding.

NOTE: RecommendationlTU-R BT.2100[45] colour primaries and non-constant luminance matrix coefficients
are identicalto Recommendation 1 TU-R BT.2020[36] colour primaries and non-constant luminance
matrix coefficients, so the same VUI parameter valuesare used.

Decoding: HEVC HDR UHDTV IRDs shall be capableof decoding high dynamic range bitstreams with
Recommendation ITU-R BT.2100 [45] colour primaries and non-constant luminance matrix
coefficients.

Itis recommendedthat appropriate processing is performed for the representation of pictures using
Recommendation ITU-R BT.2100 [45] colour primaries and non-constant luminance matrix
coefficients.

5.14.4.4.2 HEVC HDR UHDTV IRDs and Bitstreams using HLG10

5.14.4.4.2.1 Signalling of transfer characteristics

HLG10 isspecified for HDR bitstreams intended to be decodable by HEVCUHDTV IRDs. The HLG10 signalling
specified below may also be used for HLG services wherethereis no requirement for the bitstreams tobe decodable by

HEVC UHDTV IRDs.
Encoding: HEVC HDR UHDTV Bitstreams using HLG10 shall set VUI transfer_characteristics tothe value

NOTE1:

"14" to signal the opto-electronic transfer functionas Recommendation ITU-R BT.2020 [ 36]
10-bits.

HEVC HDR UHDTV Bitstreams using HLG10 shall also contain the
alternative_transfer_characteristics SEI message. The alternative_transfer_characteristics SEI
message shall be inserted on the HEVC DVB_RAP, and preferred_transfer_characteristics shall

be setequal to 18", indicating Recommendation ITU-R BT. 2100 [45] HLG system.

Recommendation ITU-R BT.2100[45] HLG system has anidentical Opto-Electronic Transfer Function
to ARIB STD-B67 [i.27], so the same preferred_transfer_characteristics value is used.

Decoding: HEVC HDR UHDTV IRDs using HLG10 shall be capable of decoding high dynamic range

NOTE 2:

bitstreams conforming to HLG10, as specified in Recommendation ITU-R BT.2100[45].

Itis recommendedthat the IRD implements processingto map the large colour volume ofthe
HLG10 signalto the potentially smaller colour volume of the display.

At the time of writing, the ITU-R has not yetpublished Production Guidelines for Recommendation
ITU-RBT.2100 [45] programmes. In the meantime, thereference level for graphics canbe assumedto be
75 % of the narrow range signal. Similarly, when re-mapping SDR content intoan HLG10 container (e.g.
foroutput over HDMI), SDR 90 % of the narrow range signal canbe mapped to HLG1075 % of the
narrow range signal.
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5.14.4.4.2.2 Dynamic switching between SDR and HDR as a result of bitstream splicing

5.14.4.4.2.2.1 Introduction

Broadcastservicesare expected to be delivered in eithera high dynamic range or a standard dynamic range format.
However, bitstream splicing within a network may result in dynamic changes between high and standard dynamic range
contentatthe IRD.

5.14.4.4.2.2.2 Transition from HDR to SDR

Encoding: HEVC HDR UHDTYV Bitstreams may switch toa HEVC UHDTYV Bitstream. To improvethe
detectability of SDR switching for IRDs:

- If the HEVC UHDTV bitstreamis using BT.709 colour primaries, the HEVC UHDTV
bitstreamshall alter the VUI colour_primariesto the value 1, transfer_characteristics to the
value 1 and matrix_coeffs to the value 1.

If an alternative_transfer_characteristics SEI message is present during the HEVC UHDTV
bitstreamtransmission, it shall have preferred_transfer_characteristics setto 1.

- If the HEVC UHDTV bitstreamis using BT.2020 colour primaries, the HEVC UHDTV
bitstreamshall containthe altemative_transfer_characteristics SEI message. The
alternative_transfer_characteristics SEI messageshall be inserted on the HEVC DVB_RAP
(at least on the first onefollowed by SDR transmission), and
preferred_transfer_characteristicsshall be set equal to 14" to signal the opto-electronic
transfer function as Recommendation ITU-R BT.2020 [ 36] 10-bits.

Decoding: HEVC HDR UHDTV IRDs using HLG10 should be capable of handlingsuch a change to HEVC
UHDTYV bitstream seamlessly.

NOTE: Theabove constraint on handlingsucha change seamlessly applies to the bitstream, and not to the
display. The display may, forexample, showa black screen temporarily when switching between
differenttransfer characteristics and/or colour primaries.

5.14.4.4.2.2.3 Transition from SDR to HDR

Encoding: HEVC UHDTYV Bitstreams may switch to a HEVC HDRUHDTYV Bitstream. The HEVC HDR
UHDTV Bitstreamshall be compliant with clause 5.14.4.4.2.1.

Decoding: HEVC HDR UHDTV IRDs using HLG10 should be capable of handling such a change to HEVC
HDR UHDTV bitstream seamlessly.

NOTE: Theabove constraint on handlingsucha change seamlessly appliesto the bitstream, and not to the
display. The display may, for example, showa black screen temporarily when switching between
differenttransfer characteristics and/or colour primaries.

5.14.4.4.3 HEVC HDR UHDTYV IRDs and Bitstreams using PQ10

5.14.4.4.3.1 General Introduction

The following clauses containthe specific signalling required for the transmission of PQ10 and optional supplemental
enhancement information messages. Optional Supplemental Enhancement | nformation messages assist IRDs in post
processingto adapt the picture to the rendering capabilities of displays with differing capabilities than the mastering
display usedto create the HDR content (including, but not limitedto, displays intended to render SDR pictures). It is
noted that different messages (or parts of them) may servesimilar purposes.

NOTE: Optional Supplemental Enhancement Information message support is optional both in the bitstream and
in the IRD. As Phase 2 IRDs will exist which do not take account of these optional SEI messages,
broadcasters should be aware of this and take suitable measures to facilitate quality of HDR reproduction
by IRDs not utilizing these optional SEI messages.
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5.14.4.4.3.2 Signalling of transfer characteristics
Encoding: HEVC HDR UHDTV Bitstreams using PQ10 shall set VUI transfer_characteristics to thevalue
"16" to signal the electro-optical transfer function as Recommendation ITU-R BT.2100 [45] PQ
system.

NOTE: Recommendationl TU-R BT.2100[45] PQ system has an identical Electro-Optical Transfer Functionto
SMPTE ST 2084 [i.26], so the sametransfer_characteristics value is used.

Decoding: HEVC HDR UHDTYV IRDs using PQ10 shall be capable of decoding highdynamicrange
bitstreams that use Recommendation ITU-RBT.2100[45] PQ system.

Itis recommended that appropriate processing is performed for the representation of pictures using
Recommendation ITU-R BT.2100[45] PQ transfer characteristics.

5.14.4.4.3.3 Optional Supplemental Enhancement Information messages

5.14.4.4.3.3.1 General

The present clause specifies restrictions applying to Supplemental Enhancement Information messages thatare
specified in Recommendation I TU-T H.265/ I SO/IEC 23008-2 [35] and that may be optionally presentin HEVC HDR
UHDTYV Bitstreams using PQ10.

These Supplemental Enhancement Information messages providea production or playout side controlled post
processing in the IRD and donotpreclude alternative postprocessing on the IRD side.

Decoding: HEVC HDR UHDTV IRDsarenot required to support the SEI messages specified in the present
clause.
5.14.4.4.3.3.2 Mastering Display Colour Volume SEl message

HEVC Mastering Display Colour Volume SEI message identifies the colour volume (primaries white pointand
luminancerange) of a display consideredto be the mastering display for the associated video content. The usage of this
informationmay helpimproving colour reproduction of mastered contentwhen represented in differentcolour volume
or shown on other displays thanthe mastering display. The information conveyed in this SEI message is intended to be
adequate for purposes corresponding to the use of Society of Motion Picture and Television Engineers ST 2086 [i.29]
"Mastering Display Color Volume Metadata Supporting High Luminance and Wide Color Gamut I mages".

Encoding: HEVC HDR UHDTYV Bitstreams using PQ10 may contain a mastering display colour volume SEI
messageas specified in Recommendation ITU-T H.265/ 1SO/IEC 23008-2[35],annexD. If a
masteringdisplay colour volume SEI message is present, it shall be transmitted with every HEVC
DVB_RAP.

Itis recommendedthat HEVCHDR UHDTYV Bitstreams set a valid number to
display_primaries_x]c], display_primaries_y[c], white_point x, white_point_y,
max_display_mastering_luminance, min_display_mastering_luminance fields.

If the proper value forallthese fields is unknown, it is recommended thatno mastering display
colourvolume SEI message is present in the HEVCHDR UHDTYV Bitstream; or if the proper
value forany oneof the following fields are unknown, display_primaries_x[c],
display_primaries_y[c], white_point_x, white_point_yor max_display_mastering_luminance, it is
recommended that the unknown field isset to 0.

The lowest value formin_display_mastering_luminance that is valid without ambiguity is 0,0001,
when viewinga Reference Monitor calibrated while viewinga test pattern (suchas PLUGE for

example). Hence it is recommended that:
- an unknown value for min_display_mastering_luminance should be signalled with value 0;

- a known value for min_display_mastering_luminance should be signalled with a value
largerthan orequalto 0,0001.
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5.14.4.4.3.3.3 Content Light Level Information SEI message

HEVC Content Light Levelinformation SEI message identifies upper bounds for the nominal targetbrightness light
levelof the associated video content. The information conveyed in this SEI message is intended to be adequate for
purposes corresponding to the use of the Consumer Technology Association standard CTA861-H[52].

Encoding: HEVC HDR UHDTYV Bitstreams using PQ10 may contain a content light level SEI message as
specified in Recommendation I TU-T H.265/ ISO/IEC 23008-2 [35], annexD. If a content light
level information SEI message is present, it shall betransmitted with every HEVC DVB_RAP.

NOTE: Insome cases,such aslive andlinearbroadcast, it may not be possible to calculatethe values of
max_content_light_level andmax_pic_average_light_levelfields.

If the value forthese fields is known, it is recommended that HEVC HDRUHDTYV Bitstreams
include valid settings forthe max_content_light_leveland max_pic_average_light_level fields.

Ifthe value forallthese fields isunknown, it is recommended that no content light level
information SEI messageis present in the HEVC HDRUHDTYV Bitstream; or if the value forany
one of these fields isunknown, it is recommended that the unknown field is set to 0.

5.14.4.4.3.3.4 Optional Supplemental Enhancement Information messages carrying DMI

5.14.4.4.3.3.4.1 General

The present clause specifies restrictions applying to Supplemental Enhancement Information messages carrying DMI as
specified in ETSI TS103572[50]orETSI TS103433-2 [51] or CTA861-H[52], and that may be optionally presentin

HEVC HDR UHDTYV Bitstreams using PQ10.

The Supplemental Enhancement I nformation messages carrying DM1 defined in the present clause can guide dynamic
mapping, as produced in a reference viewing environment or otherwise. A display that is cognizant of the DMI can use
thisinformationto adaptthe rendering of the video content to its own display capabilities and/or to the viewing
environment, including the possibility to replicateas closely as possible theintended appearance of thatcontentas

produced in the reference viewing environment.

Encoding: HEVC HDR UHDTYV Bitstreams using PQ10 may contain Supplemental Enhancement
Information messages carrying DMl accordingto the rules defined foreach DMI format in the

present clause.

HEVC HDR UHDTYV Bitstreams using PQ10 may simultaneously include Supplemental
Enhancement Information messages carrying DMI from multiple DMI formats defined in the
present clause.

If DMl isincluded, it is recommended that the PQ10 Bitstream provides video quality at the level
that canbe expected froman HEVCHDR UHDTYV IRD using PQ10 that does notsupport DMI,

and that the DMI enables further enhancement of the video.

Decoding: HEVC HDR UHDTV IRDsarenot required to support the SEI messages specified in the present
clause.

HEVC HDR UHDTV IRDs may supportoneor more DMI formats defined in the present clause.

HEVC HDR UHDTYV IRDs may optionally support processingbasedon DM included in the SEI
messages specified in the present clause, and alternative and/or additional processing may be

applied.
5.14.4.4.3.3.4.2 Dynamic switching between bitstreams with and without DMI
Broadcastservicesmay switch dynamically between bitstreams supporting different DMI formats orno DMl atall.

Encoding: HEVC HDR UHDTYV Bitstreams using PQ10 with DMI may switch to HEVCHDR UHDTV
Bitstreams using PQ10 with a different DMI formator without DMI.HEVCHDR UHDTV
Bitstreams using PQ10 without DMI may switch toH EVC HDRUHDTYV Bitstreams using PQ10
with DMI.
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Ifan HEVC HDRUHDTYV IRD supports oneormore DMI formats it should be capable of
handlingsuch a change seamlessly.

NOTE: Theabove constraint on handlingsucha change seamlessly applies to the bitstream, and not to the
display. The display may, forexample, showa black screen temporarily whenswitching.

5.14.44.3.3.43

SMPTE ST 2094-10 SEl message

SMPTE ST 2094-10[i.38] DMI provides and describes dynamic information about the video signal. The information
conveyedin the SEI message carrying SMPTE ST 2094-10[i.38] DMI isadequate for purposes corresponding to the
use of Society of Motion Picture and Television Engineers SMPTE ST 2094-1 [i.37]and SMPTE ST 2094-10[i.38].

Encoding:

5.14.4.4.3.3.4.4

HEVC HDR UHDTYV Bitstreams using PQ10 may contain SEI messages carrying SMPTE ST
2094-10 DML.

The SMPTE ST 2094-10[i.38] DM is carried in the video elementary stream as Supplemental
EnhancementInformationin HEVC's "User data registered by Recommendation I TU-T T.35SEl

message" syntactic element asdefinedin clause B.7.2.

If the "User dataregistered by a Recommendation ITU-T T.35 [19] SEl message” carrying
SMPTE ST 2094-10[i.38] DMl is presentin an HEVC HDR UHDTV Bitstreamusing PQ10, the
constraints defined below shall apply.

- It shall be a prefix SEI message (i.e. nal_unit_type shallbe equalto PREFIX_SEI_NUT) sent
forevery accessunitof the HEVC HDR UHDTV Bitstream using PQ10.

- The HEVC HDR UHDTYV Bitstreamusing PQ10 shall contain a Mastering Display Colour
Volume SEI message as specified in clause 5.14.4.4.3.3.2.

The following constraints shall applyto the syntactic element as definedin clause B.7.2 ofthe
"User data registered by a Recommendation ITU-T T.35 [19] SEI message" carrying SMPTE

ST2094-10[i.38] DMI:

- user_identifier shall be set equal to "GA94" indicating a DVB1_data() structure asdefined in
clause B.2 of thepresentdocument.

- user_data_type_code referenced by the DVB1_data() structureshall be set equal to*'0x09"
indicating a ST2094-10_data() structureasdefinedin clause4 of ETSITS 103 572 [ 50].

The following constraints shall applyto the ST2094-10_data() structure ofthe "User data
registered by a Recommendation ITU-T T.35 [ 19] SEI message" carrying SMPTE ST 2094-10
DMI [i.38]:

- app_identifier shall be setequal to"1".

- app_versionshall be set equal to "0".

- Thenumber of extensionblocks with ext_block level set equalto 1" shallbe constrainedto
beequalto"1".

- Thenumber of extension blocks with ext_block _level set equalto 2" shallbe constrainedto
be lessthan orequalto 16"

- Thenumber of extensionblocks with ext_block level set equalto "5" shallbe constrainedto
be lessthan orequalto"1".

SL-HDR2 SEI message

Dynamic mappingaccordingto SL-HDR2 is specifiedin ETSI TS 103 433-2 [51] and provides a broadcaster with an
HDR-to-HDR/SDR reference display mapping methodto verify theintended result of thedisplay mapping process. The
defined referencedisplay mapping method does not imply thatthe video signal will be mapped with thereference

display mapping method nor does it enforceimplementation onthe IRD.

Encoding:

HEVC HDR UHDTYV Bitstreams using PQ10 may contain SEl messages carrying SL-HDR2 DMI.
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The SL-HDR2 DM is carried in the video elementary stream as Supplemental Enhancement
Information in HEVC's "User data registered by Recommendation I TU-T T.35 SEI message”
syntactic element. The syntax and semantics of SL-HDR2 DM are specifiedinannex Aof ETSI

TS 103 433-2 [51].

NOTE 1: Annex AofETSI TS103433-2 [51]refersto ETSITS103433-1[i.40]in which the syntax and
semantics commonto SL-HDR1 and SL-HDR2 is specified. It also provides additional constraints to
SL-HDR2 DMI.

If the "User dataregistered by a Recommendation ITU-T T.35 [19] SEI message" carrying
SL-HDR2 DMl is present inan HEVC HDR UHDTYV Bitstreamusing PQ10, the following

constraints shallapply.
- Itshall be aprefix SEI message (i.e. nal_unit_type shallbe equalto PREFIX_SEI_NUT).

- Allconstraints specifiedin annex A of ETSI TS 103 433-2 [51] shall apply.

- It shall be transmitted at least withevery HEVC DVB_RAP of the HEVC HDR UHDTV
Bitstreamusing PQ10.

NOTE 2: The persistenceof the SL-HDR2 DM I is controlled by two flags thatare included in the SEI message.
The DMI may apply tothe currentpicture only, untilthe next SL-HDR Information SEI message (or the
end of the bitstream), orit may be cancelled.

- Ifsrc_mdcv_info_present flagissetequalto"1"and the HEVCHDR UHDTV Bitstream
using PQ10 contains a Mastering Display Colour Volume SEI message, thevalues for the
corresponding syntax elements should be identical.

Decoding: Itis recommendedthat the IRD implements either the reference display mapping method ora
display mapping method that performs at least as wellas the reference display mapping method

given the capabilities of the IRD.

5.14.4.4.3.3.4.5 SMPTE ST 2094-40 SEl message

SMPTE ST 2094-40[i.39] DMI provides and describes dynamic information about the video signal. The information
conveyedin the SEI message carrying SMPTE ST 2094-40i.39] DMI isadequate for purposes corresponding to the
use of Society of Motion Picture and Television Engineers SMPTE ST 2094-1 [i.37]and SMPTE ST 2094-40[i.39].

Encoding HEVC HDR UHDTYV Bitstreams using PQ10 may contain SEI messages carrying SMPTE ST
2094-40[i.39] DMI.

The SMPTE ST 2094-40[i.39] DM is carried in the video elementary stream as Supplemental
Enhancement Informationin HEVC's "User data registered by Recommendation I TU-T T.35SEI
message" syntactic element. Thesyntax of the SEI message carryingthe DMI based on SMPTE
ST 2094-40 [i.39] is specified in CTA861-H [52] Clause S.2. The semantics of the SEI message
carryingthe DMI based on SMPTE ST 2094-40 [i.39] are specified in CTA861-H [52] Clause

S.3. The additional constraints of Clause S.4 shallapply.

If the "User dataregistered by a Recommendation ITU-T T.35 [ 19] SEI message" carrying
SMPTE ST 2094-40[i.39] DMl ispresentin an HEVC HDR UHDTYV Bitstream using PQ10, the
following constraints shallapply.

- It shall be a prefix SEI message (i.e. nal_unit_type shallbe equalto PREFIX_SEI_NUT) sent
once forevery access unit of the HEVC HDR UHDTYV Bitstream using PQ10.

- The HEVC HDR UHDTV Bitstream using PQ10 shall contain a Mastering Display Colour
Volume SEI message as specified in clause 5.14.4.4.3.3.2.
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5.14.4.4.3.4 Dynamic switching between SDR and HDR as a result of bitstream splicing

5.14.4.4.3.4.1 Introduction

Broadcastservicesare expectedto be delivered in either a high dynamic range or a standard dynamic range format.
However, bitstream splicing within a network may result in dynamic changes between high and standard dynamic range
contentatthe IRD.

5.14.4.4.3.4.2 Transition from HDR to SDR

Encoding: HEVC HDR UHDTYV Bitstreams may switch toa HEVC UHDTYV Bitstream.

- If the HEVC UHDTV bitstreamis using BT.709 colour primaries, theHEVC UHDTV
bitstreamshall alter the VUI colour_primariesto the value 1, transfer_characteristics to the
value 1 and matrix_coeffsto the value 1.

- If the HEVC UHDTV bitstreamis using BT.2020 colour primaries, the HEVC UHDTV
bitstreamshall alter the VUI colour_primariesto the value 9, transfer_characteristics to the

value 14 and matrix_coeffsto the value 9.

Decoding: HEVC HDR UHDTV IRDs using PQ10 should be capable of handlingsuch a change to HEVC
UHDTYV Bitstream seamlessly.

NOTE: Theabove constraint on handlingsucha change seamlessly appliesto the bitstream, and not to the
display. The display may, for example, show a black screen temporarily when switching between
differenttransfer characteristics and/or colour primaries.

5.14.4.4.3.4.3 Transition from SDR to HDR

Encoding: HEVC UHDTYV Bitstreams may switch toa HEVC HDRUHDTYV Bitstream. The HEVC HDR
UHDTV Bitstreamshall be compliant with clause 5.14.4.4.3.2.

Decoding: HEVC HDR UHDTV IRDs using PQ10 should be capable of handlingsuch a change to HEVC
HDR UHDTYV Bitstream seamlessly.

NOTE: Theabove constraint on handlingsucha change seamlessly applies to the bitstream, and not to the
display. The display may, forexample, showa black screen temporarily when switching between
differenttransfer characteristics and/or colour primaries.

5.14.45 Frame Rates
All specificationsinclause5.14.1.7 shall apply with the following restrictions.

Encoding: Only progressive frame rates shall be used, i.e. the value of field_seq flagin theVideo Usability
Information shallbe equalto 0.

Decoding: HEVC HDR UHDTV IRDs shall support decoding and displaying of video with an outputframe
rate of24000/1001, 24,25,30000/1001, 30,50,60 000/1 001 or 60 Hz progressive.
5.14.4.6 Backwards Compatibility

Decoding: HEVC HDR UHDTV IRDs shall be capable of decodinganybitstreamthata HEVC UHDTV IRD
isrequired todecode and resulting in the same displayed pictures asthe HEVCUHDTV IRD, as
described in clause 5.14.3.
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5145 HEVCHDR HFR UHDTV IRDs and Bitstreams and HEVC HFR
UHDTYV Bitstreams

5.145.1 General

This clause adds High Frame Rate (HFR) functionality in addition to the functionalities supportedin HEVC UHDTV
IRDsand Bitstreams or HEVC HDRUHDTYV IRDs and Bitstreams.

The present clause specifies two types of Bitstreams thatinclude the HFR functionality (where standard frame rates
HEVC IRDs referto HEVC IRDs that are capable to decode frame rates upto 60 Hz only, suchasthe HEVCUHDTV

IRDorthe HEVC HDR UHDTV IRD):

o  HFRBitstreamsusingdual PID andtemporal sca lability: the Bitstreams are specified in such a way that
standard frame rates HEVC IRDs are expected to display fair motion portrayal, although the motion portrayal
may not be as goodas that reproducedby HEVC HDRHFR UHDTV IRDs.

e  HFRBitstreamsusingsingle PID: for such Bitstreams, standard frame rates HEVVC IRDs are not expected to
produceany pictureatall.

The HEVC HDR HFR UHDTV IRD shall supportthe decoding of both of the HFR Bitstreamtypes specified in the
present clause.

All specificationsinclause5.14.1 shallapply.

Itis assumedthatall HEVC IRDs thatsupport HFR will also support HDR, i.e. there is no specification of an IRD
conformancepointto support HFRbutnotHDR.

5.145.2 Profiles, Tiers and Levels

5.145.2.1 Common
Encoding: In additionto the provisions set forthin Recommendation ITU-TH.265/

ISO/IEC 23008-2 [ 35], the following restrictions shall apply for the fields in the sequence
parameter set:
bit_depth_luma_minus8 =2
bit_depth_chroma_minus8 = bit_depth_luma_minus8
vui_parameters_present_flag =1
sps_extension_present_flag =0

In additionto the provisions set forthin Recommendation ITU-TH.265/

ISO/IEC 23008-2 [ 35], the following restrictions shall apply for the fields in the profile_tier_level
syntax structurein the sequence parameter set:

general_tier_flag =0

general_profile_idc =2 (Main 10 profile)

general_level_idcshallbe lessthan orequalto 156 (level5.2)

HEVC HDR HFR UHDTV Bitstreamsand HEVC HFR UHDTYV Bitstreams shall obey thelimitsin
Recommendation ITU-T H.265/ ISO/IEC 23008-2 [ 35], table A.1 andtable A.2 associated with
Level 5.2.

NOTE: IntheMain10 Profile,chroma_format_idc isequalto'l".

Decoding: HEVC HDR HFR UHDTV IRDs shall supportthe decoding of Main 10 Profile, Main Tier,
Level 5.2 bitstreams within the constraints ofthe present clause.
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All specificati

Encoding:

NOTE:

5.14.5.2.3
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HEVC HDR HFR UHDTYV IRDs may ignore sequence parameter set extensions signalled by
sps_extension_present_flagsetto "1".

HFR Bitstreams using dual PID and temporal scalability
onsinclause5.14.5.2.1 shall apply.

sps_max_sub_layers_minuslshall be greater than "0".

sub_layer_level present_flag[i] where 'i'isequal to temporal_id_max carriedwithinthe HEVC
Video Descriptor for stream_type 0x24 shall be equal to 1", and

sub_layer_level idc[i]where'i'isequalto temporal_id_max carried within the HEVC Video
Descriptor for stream_type Ox24 shall be lessthanorequal to *153" (level 5.1).

HEVC UHDTV IRDs, specifiedin clause 5.14.3, are able to decode frame rates only upto 60 Hz. They
are expectedto be able to decode HEVC HFR UHDTYV Bitstreams by receiving only the half frame rate

HEVC temporal video sub-bitstream contained therein.

HEVC HDR UHDTV IRDs, specified in clause 5.14.4, are able to decode frame rates only up to 60 Hz.
They are expected to be able to decode HEVC HDRHFR UHDTV and HEVCHFR UHDTYV Bitstreams
by receivingonly the half frame rate HEVC temporal video sub-bitstreamcontained in the respective

HFR Bitstream.

HFR Bitstreams using single PID

All specificationsinclause’5.14.5.2.1 shall apply.

Encoding: sps_max_sub_layers_minusl may be greaterthan"0".

5.14.5.3

sub_layer level present flag[i] where'i" is equalto temporal_id_max carried within the HEVC
Video Descriptor for the single PID with stream_type 0x24 may be equalto "1" or"0".

HFR Bitstreams usingsingle PID are not required to include anHEVC UHDTV sub -bitstream.
The details of sps_max_sub_layers_minusl,sub_layer_level_present_flag[i]and
sub_layer level idc[i]allowforthesevaluesnotto be set thereby allowingfora bitstream that
doesnotinclude a HEVC temporal video sub-bitstream.

Luminance Resolutions

All specificationsinclause5.14.4.3shall apply, i.e. HEVC HFR UHDTYV Bitstreams and HEVC HFR HDR UHDTV

Bitstreams sh

5.145.4

all representthe same luminance resolutions as HEVC HDR UHDTV Bitstreams.

Colour Parameter Information

Encoding: HEVC HFR UHDTV Bitstreams and HEVC HDR HFR UHDTYV Bitstreams shall use

NOTE:

Recommendation ITU-R BT.2100 [45] colour primaries and non-constant luminance matrix
coefficients, whichshall be explicitlysignalled to the IRD by settingthe VUI colour_primaries
equal to 9 and matrix_coeffs equal to 9. Content produced with different system colorimetryshall
be mapped into a BT.2100 colour container prior to HEVC encoding.

Recommendation I TU-R BT.2100 [45] colour primaries and non-constant luminance matrix coefficients
are identicalto Recommendation 1 TU-R BT.2020[36] colour primaries and non-constant luminance
matrix coefficients, so the same VUI parameter values are used.

HEVC HFR UHDTV Bitstreams shall use Recommendation ITU-R BT.2020 [36] opto-electronic
transfer characteristics, which shall be explicitly signalledto the IRD by setting the VUI

transfer_characteristics to the value 14.
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5.14.5.5

5.14.5.5.1

145

HEVC HDR HFR UHDTYV Bitstreams shall use specifications in clause5.14.4.4.2 or
clause5.14.44.3.

HEVC HDR HFR UHDTV IRDs shall use specifications in clause 5.14.4 4.

High Frame Rates

General

The present clause extends clause 5.14.1.7. All specifications in clause 5.14.1.7 shall apply.

Encoding:

The frame rate for progressive material shall be24 000/1 001, 24, 25,30 000/1001, 30, 50,
60000/1001, 60,100,120 000/10010r 120Hzfor all allowed luminance resolutions.

HEVC bitstreams encodedat 100,120000/10010r 120 Hz may exploit HEVC Temporal
sub-layersto allowa partial decode of the bitstream athalf of the native frame rateby anHEVC
UHDTYV IRD. Where required, the bitstream shall be partitioned in to two HEVC video
sub-bitstreams carrying alternate frames - an HEVC temporal video sub-bitstream targeting the
HEVC UHDTV IRD and an HEVC temporal video subset comprising the remaining frames of the
HEVC bitstream. See clauses5.14.5.6and 5.14.5.7.

The frame rate shall be indicated in the VUI by setting vui_time_scale, vui_num_units_in_tick
syntax elementsand, if HEVC Temporal sub-layers arepresent, by setting
elemental duration_in_tc_minus1[temporal_id_max]inthe hrd_parameters(), where the

temporal_id_maxvaluesare signalled in the HEVC video descriptors associated witheach HEVC
video sub bitstream (as per clause4.1.8.19a).

The progressivescanshall be indicated in the VUl by setting field seq flagequalto O.

Table 21bisan extension to table 19 and lists the additional frame rates that shall be supported and
the recommended values for signalling them.

Table 21b: Progressive Frame Rates for HEVC HFR UHDTV Bitstreams

and recommended values for signalling

Stream Type: 0x24 X
(HEVC bitstream Stream Type: 0x25 2 1=
Output Frame Rate (fps) and HEVC temporal (HEVC temporal % .El g
video sub- video subset) Q o o
bitstream) o = 3
elemental_ elemental_ £ 3, B
HEVC HDR duration duration 7 €
HEVClRUDHDTV HFR _in_tc_minus1 _in_tc_minus1 3 gl i’
UHDTV IRD [temporal _id [temporal _id = <
~max](0x24) ~max](0x25) >
Not applicable 100 0 Not applicable 100 1 0,7,8
50 100 1 0 100 1 0,7,8
Not applicable | 120 000/1 001 0 Not applicable 120 000 |1001 | 0,7,8
60 000/1 001 120 000/1 001 1 0 120 000 {1001 | 0,7,8
Not applicable 120 0 Not applicable 120 1 0,7,8
60 120 1 0 120 1 0,7,8

NOTE:

Frame Rate is calculated using vui_time_scale, vui_num_units_in_tickand
elemental_duration_in_tc_minus1[temporal_id_max](0x24).

HEVC Output Frame Rate (fps)

vui_time_scale

If the HEVC temporal video subset is either not applicable, not present or not decoded, the HEVC Output

(el emental_duration_in_tc_minus1[temporal_id_max] (0x24)

1+
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If the HEVC temporal video subset is present and decoded, the HEVC Output Frame Rate is calculated
usingvui_time_scale, vui_num_units_in_tickand
elemental_duration_in_tc_minus1[temporal_id_max](0x25).

HEVC Output Frame Rate (fps)
vui_time_scale

1+ . o
(el emental_duraction_in_tc_minus1[temporal_id_max](0x2 5)) * Vuli_num_units_in_tick

Decoding: HEVC HDR HFR UHDTV IRDs shall supportdecodingand displaying of videowiththe output

frame rates supported by HEVC UHDTV IRDsand 100,120 000/1001and 120 Hz in addition.

The frame rate shall be calculated using the VUl and VUI hrd_parameters() syntax elements
vui_time_scale,vui_num_units_in_tickand
elemental_duration_in_tc_minusl1[temporal_id_max]. The highest Temporall D to bedecoded is
indicated by temporal_id_max, carried in the HEVC video descriptor.

The frame rates that shall be supported and the recommended values for signalling them are listed
intables19and21b.

5.145.5.2 Dynamic Changes in Frame Rate

Efficient encoding of “film-style™ 24,25,30000/1001 and 30 Hzmaterial is not currently possible within a full frame
rate 100,120 000/10010r 120 HzHEVCvideo bitstream as the HEVC pic_struct parameter does not permit frame
guadruplingand sextupling. In addition, high frame rate programmes may include inserts (e.g. from a radio camera) at
standard frame rates. Thus, a restricted set of dynamic changes in framerateare permitted:

Encoding: The video framerate indicated by the vui_time_scale, vui_num_units_in_tick and
elemental_duration_in_tc_minus1[temporal_id_max] shallchangeonly atan HEVC DVB_RAP.
Such changes shall be restricted to either a doubling or halving of frame rate between 50,
60000/10010r60Hzand 100,120 000/10010r 120Hz.

Decoding: Changesin framerate atthe IRD output, indicated by thevui_time_scale,
vui_num_units_in_tickandelemental_duration_in_tc_minusl[temporal_id_max], should be
seamless when theyoccuratan HEVC DVB_RAP and represent either a doubling or halving of
framerate between50,60 000/1 001 or60 Hz and 100, 120 000/10010r 120 Hz.

NOTE: Where the output frame rate ishalved from 100,120000/1 001 or 120Hz to 50,60 000/1 001 or 60 Hz,
the HEVC temporal video subset will no longer be present.

5.14.5.6 HEVC temporal sub-layers for HFR Bitstreams using dual PID and temporal
scalability

HEVC UHDTYV IRDs are specifiedin clause5.14.3 and are by definition capable to decode frame ratesup to 60 Hz
only. HEVC HDR UHDTV IRDs are specified in clause5.14.4 and are by definition capable to decode frame rates up
to60 Hzonly.

HEVC Temporal sub-layers enable the partial decoding of an HEVC bitstream at a submultiple of its native frame-rate.

Encoding: Where a half frame rate componentofa 100,120000/1001 or 120Hz HEVC bitstreamsis
requiredto be decoded by an HEVC UHDTV IRD or an HEVC HDR UHDTV IRD, the HEVC

video bitstreamshall be partitioned into two sub-bitstreams carrying alternate frames:

- A half frame rate HEVC temporal video sub-bitstream comprising the lower temporal sub-
layerswitha frame rateequalto 50,60 000/1001 or 60 Hz asdefinedin the
clause5.14.1.9.1.

- AnHEVC temporal videosubset, comprising onetemporal sub-layer and containing every
second picturein display order as defined inthe present clause.
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HEVC temporal videosubsets shall be carried ona single Transport Stream PI1D with stream_type
equal to 0x25. Only HEVC temporal video subsets obeying the limits associated with level 5.2 for
HEVC HDR HFR UHDTYV Bitstreams or HEVC HFR UHDTYV Bitstreams shall be carried within
thisPID.

HEVC HDR HFR UHDTV IRDs shall decode HEVC Bitstreams and HEVC temporal video sub-
bitstreams with stream_type equal to 0x24 and HEVC temporal video subsets with stream_type
equal to 0x25, obeyingthelimits associated with level 5.2 for HEVC HDR HFR UHDTV
Bitstreams or HEVC HFR UHDTV Bitstreams.

HEVC encoding structure for HFR Bitstreams using dual PID and temporal
scalability

HEVC UHDTV IRDs are specifiedin clause 5.14.3 and are by definition capable to decode frame rates up to 60 Hz
only. HEVC HDR UHDTYV IRDs are specifiedin clause5.14.4 and are by definition capable to decode frame rates up

to60 Hzonly.

Encoding:

Where a half frame ratecomponentofa 100,120 000/1001 or 120Hz HEVC bitstreams is
requiredto be decoded by an HEVC UHDTV IRD or an HEVC HDR UHDTV IRD, the HEVC
video bitstreamshall be partitioned into two sub-bitstreams carrying alternate picturesin display
order:

- A half frame rate HEVC temporal video sub-bitstream comprising the lower temporal sub-
layerswitha frame rateequalto 50,60 000/1001 or 60 Hz as defined in the
clause5.14.1.9.1.

- AnHEVC temporal videosubset, comprising onetemporal sub-layer and containing every
second picturein displayorder.

HEVC DVB_RAP pictures shall be included into the half frame rate HEVC temporal video sub-
bitstream.

The Decoding Time Stamps of access units in the half frame rate HEVC temporal video sub-
bitstreamshall be in a constantrate, i.e. 60 Hz for 120 Hz HFR Bitstreams, 50 Hz for 100 Hz HFR
Bitstreams.

NOTE 1: The constraintisintroducedto ensure thatthe DTS value ofanaccess unit in the HEVCtemporal video
sub-bitstream can be applied both to decoding of the half framerate UHDTV video only, and decoding of
the HFR UHDTV video. Forinformation, anexample of a coding structure that fulfils this constraint is
documented in Recommendation I TU-R BT.2073-0[i.30],annex2.

NOTE2: 24and 24000/1001 Hz content is carried within a 60and 60 000/1 001 Hz bitstream respectively, using
3:2 pull-down (pic_structvalues 7 and8) - see clause 5.14.5.5.2. In which casethe HEVC temporal
video subsetis not presentandthe DTS interval will be at multiples of 60 and 60 000/1 001 Hz.

Decoding:

All aspects other thanthe frame rate (such as colour primaries, matrix coefficients, transfer
characteristics, resolution, bit depth for example) shall stay thesame in the half framerate HEVC
temporalvideosub-bitstreamand the HEVC temporal video subset.

HEVC HDR HFR UHDTV IRDs shall decode boththehalf frame rate HEVC temporal video sub-
bitstreamandthe HEVCtemporal video subsetto reconstructthe HFR UHDTV video. HEVC
UHDTVIRDsand HEVC HDRUHDTV IRDs are only requiredto decode the half frame rate

HEVC temporal video sub-bitstream.
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Constraint on Temporalld

For HFR Bitstreams usingdual PID and temporal scalability, thefollowing constraints shall apply:

Encoding:

The values of Temporalld shall be assignedto theset of pictures as below, with Temporalld =
nuh_temporal_id_plusl-1 asspecified inRecommendation ITU-TH.265/
ISO/IEC 23008-2 [35]:

Temporalld=6 Reserved for future extensions

Temporalld=[N+1] Access Unit of the HEVCtemporal video subsetthat only carries a
picture for 100,120000/1 001 or 120 Hz

Temporalld=N Access Unit of the HEVCtemporal videosub-bitstreamthatcarries a
non-referencepicture for standard frame rate equalto or lower than
60 Hz. Thispicture may be a reference picture for the HEVC temporal

video subset when present

Temporalld=0...[N-1]  Access Unit of the HEVCtemporal videosub-bitstreamthatcarries a
referencepicture for standard frame rate equal toor lower than 60 Hz

Thevalue of Nis configuredatthe encoder. The value of N shallbe in the range 1 to 4 (inclusive)
and shall remain static.

The value of temporal_id_maxin the HEVCvideo descriptor for stream_type 0x24 shall beequal
toN.

The values of temporal_id_min andtemporal_id_maxin the HEVCvideo descriptor for
stream_type 0x25, carrying the picturesfor 100,120000/1 001 or 120 Hz, shallbe equal to N+1.

When splicingbetweendual PID high frame rate and single PID standard frame rate bitstreams the
HEVC video descriptor should remainstatic. Changes in the HEVC video descriptor at splice
points may leadto unpredictable IRD behaviour.

For HFR Bitstreams usingsingle PID, the following constraints shall apply:

Encoding:

If HEVC sub-layers are used, the values of Temporalldshall beassignedto the set ofpictures as
below, with Temporalld = nuh_temporal_id plusl - 1 asspecifiedin Recommendation ITU-T
H.265/ISO/IEC 23008-2 [35]:

Temporalld=6 Reserved for future extensions

Temporalld=[N+1] Access Unit of the HEVCvideo bitstreamthat onlycarriesa non-
referencepicture for 100,120000/10010r 120 Hz

Temporalld=0...N Access Unit of the HEVCvideo bitstreamthat carriesa picture for

standard frame rate equal to or lower than60 Hz

Thevalue of Nis configuredatthe encoder. The value of N shallbe in the range 1 to 4 (inclusive)
and shall remain static.

The value of temporal_id_maxin the HEVCvideo descriptor for stream_type 0x24 shall beequal
toN+1.

When splicing betweensingle PID high frame rateandsingle PID standard frame rate bitstreams,
thetemporal_id_max for the highframe rate bitstreamshall be higher than the temporal_id_max
of the standard frame ratebitstream.

NOTE 1: There might be gapsin the values of Temporalld in use. Forexample, for HFR bitstreams using dual P1D,
the Access Units of a half frame rate HEVVC temporal video sub-bitstreams may have values of
Temporalldequalto 0,1 or2,and the Access Units of theHEVC temporal video subsetmay have
Temporalldequalto 5. Therefore, there will be no Access Units with values of Temporalldequalto 3 or

4.

NOTE 2: Temporalld[N+1]will not be present whena high framerate bitstream switches to standard framerate.
See clause 5.14.5.5.2 Dynamic Changes in Frame Rate.
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5.14.5.9 Backwards Compatibility

Decoding: HEVC HDR HFR UHDTV IRDs shall be capable of decoding any bitstream that a HEVC HDR
UHDTV IRD isrequiredto decode and resulting in the same displayed pictures as the HEVC HDR

UHDTV IRD, asdescribed in clause 5.14.4.
5.14.6 HEVCHDR UHDTVZ2IRDs and Bitstreams

5.146.1 General

This clause specifies the HEVC HDR UHDTV2 IRDs and Bitstreams. All specifications in clause 5.14.1shallapply.
The specification in the remainder of this clause only applies to the HEVC HDRUHDTV2 IRDs and Bitstreams.

5.14.6.2 Profile, tier and level

Encoding: In additionto the provisions set forth in Recommendation ITU-T H.265/ ISO/IEC 23008-2 [ 35],
the following restrictions shallapply for thefields in the sequence parameter set:

bit_depth_luma_minus8 =2
bit_depth_chroma_minus8 = bit_depth_luma_minus8
vui_parameters_present_flag =1
sps_extension_present_flag =0

In additionto the provisions set forthin Recommendation ITU-TH.265/ ISO/IEC 23008-2 [ 35],
the following restrictions shallapply for thefields in the profile_tier_level syntax structure in the

sequence parameter set:
general_tier_flag =0
general_profile_idc =2 (Main 10 profile)

HEVC HDR UHDTV2 Bitstreams shall obeythe limitsin Recommendation ITU-T H.265 /
ISO/IEC 23008-2 [ 35], table A.1 and table A.2 associated with Level 6.1.

general_level_idcshall be lessthanorequal to 183 (level 6.1), unlessthe HEVC Bitstreamisa
HEVC temporal video sub-bitstream. In this case, sps_max_sub_layers_minusl shall be greater
than"0",sub_layer level present_flag[i] where'i" isequalto temporal_id_maxcarriedwithin
the HEVC Video Descriptor shallbe equal to "1",and sub_layer_level idc[i]where'i"isequal to
temporal_id_max carriedwithin the HEVC Video Descriptor shall be lessthanorequalto *183"
(level 6.1).

NOTE 1: Inthe Main10 Profile,chroma_format_idc isequalto'l".

Decoding: HEVC HDR UHDTV2 IRDs shall supportthe decoding of Main 10 Profile, Main Tier, Level 6.1
bitstreams within the constraints of the present document.

If temporal extensions are added in future versions of the present document, general_level idc
may be greaterthan 183 (level 6.1). Whensps_max_sub_layers_minuslis greaterthan"0", IRDs
may ignore general _level idc andshall make use of the sub_layer_level idc[i] syntax

element, where 'i' isequal to temporal_id_max carried within the HEVC Video Descriptor, to

determine whether a bitstream or sub-bitstream can be decoded.

HEVC HDR UHDTV2 IRDs may ignore sequence parameter set extensions signalled by
sps_extension_present_flagsetto "1".

NOTE2: HEVC HDR UHDTV2 IRDs are not required to decode and display correctly HEVVC Bitstreams or
HEVC temporal video sub-bitstreams that do notobey the constraints and limits associated with the Main
10 Profile, Main Tier, Level 6.1.
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5.14.6.3 Luminance resolution

Encoding: HEVC HDR UHDTV2 encodersshall, asa minimum, representvideowith the luminance
resolutions shown in table 21c, where luminance resolution isto be understood as the video

resolution after conformance cropping.

Where non 16:9 sources are re-formatted and encoded within a 16:9 frame, AFD/bar data defined
in clause B.3 and default display window defined in clause5.14.1.5.6 should be included within
the bitstream to assist the IRD in displaying the content.

Decoding: HEVC HDR UHDTV2 IRDs shall be capable of decoding pictures with luminance resolutions
shown in table 21c, where luminance resolutionis to be understood as thevideoresolutionafter
conformancecropping. HEVC IRDs shall be ableto reconstructthe imagesize to allow the
decoded picturesto be displayed at full-screensize.

Table 21c: Resolutions for Full-screen Display from HEVC HDR UHDTV2 IRD

Luminance resolution Scan Aspect ratio Example up-sampling for
(interlace/ 7 680 x 4 320 display
Horizontal Vertical progressive) Coded Aspect_ratio_i | Horizontal Vertical
Frame dc
7 680 4320 P 16x9 1 x1 x1
5120 2880 P 16x9 1 X 3/2 X 3/2
3840 2160 P 16x9 1 X2 X2
3200 1800 P 16x9 1 x 12/5 x 12/5
2 560 1440 P 16x9 1 X3 X3
1920 1080 P 16x9 1 X 4 X 4
1600 900 P 16:9 1 X 24/5 X 24/5
1280 720 P 16:9 1 X 6 X 6
960 540 P 16:9 1 X 8 X 8
5.14.6.4 Dynamic Range and Colour Parameter Information
Encoding: HEVC HDR UHDTV2 Bitstreams shall use specifications in clause’5.14.3.3 (for Standard

Dynamic Range) or clause 5.14.4.4 (for High Dynamic Range) with the additional constraintthat
Standard DynamicRange Bistreams shall use onlyRecommendation ITU R BT.2020 [ 36] non-

constantluminance colorimetry.

HEVC HDR UHDTV2 Bitstreams using HLG10 may signal the usage of the Recommendation
ITU-RBT. 2100 [45] HLG system by setting transfer_characteristics in the VUI to thevalue 18.

Decoding: HEVC HDR UHDTV2 IRDs shall use specificationsinclause5.14.3.3 (for Standard Dynamic
Range Bitstreams) and clause 5.14.4.4 (for High Dynamic Range Bitstreams).

In additionto supportingsignalling ofthe HLG System using the
alternative_transfer_characteristics SEI message, HEVC HDR UHDTV2 IRDs shall supporta
value of transfer_charateristics in the VUl equal to 18.

5.14.6.5 Frame Rates

All specificationsinclause5.14.1.7 shall apply with the following restrictions.

Encoding: Only progressive frame rates shall be used, i.e. the value of field_seq_flagin theVideo Usability
Information shallbe equalto 0.

Decoding: HEVC HDR UHDTV2 IRDs shall supportdecodinganddisplaying of videowithan output frame
rate 0f24 000/1001, 24,25,30000/1001,30,50,60 000/1 001 or 60 Hz progressive.
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5.14.6.6 Backwards Compatibility

Decoding: HEVC HDR UHDTV2 IRDs shall be capableof decoding anybitstream thata HEVC HDR
UHDTV IRD using HLG10 anda HEVC HDR UHDTV IRD using PQ10 is required to decode and
resulting inthe same displayed pictures asthe HEVCHDR UHDTV IRD, as describedin clause
5.144.

6 Audio

6.0 Introduction

This clause describes the guidelines forencoding MPEG-1or MPEG-2 Layer Il backward compatible audio, or AC-3
audio, or Enhanced AC-3 audio, or AC-4 audio, or DTS Audio, or DTS-HD audio, or DTS-UHD audio, or MPEG-4
AAC audio, or MPEG-4 HE AAC audio, or MPEG-4 HE AAC v2 audio, or MPEG-H audio, or combinations of MPEG
Surround audio with MPEG-1 Layer 11, MPEG-4 AAC audio, or MPEG-4 HEAAC audio, or MPEG-4 HE AAC v2

audio in DVB broadcastbitstreams, and for decoding this bitstream in the IRD.

The following clauses donotimply thateither MPEG-1audio, or MPEG-2 Layer | | backward compatible audio, or
AC-3 audio, or Enhanced AC-3 audio, or AC-4 audio, or DTS Audio, or DTS-HD audio, or DTS-UHD audio, or
MPEG-4 AAC audio, or MPEG-4 HE AAC audio, or MPEG-4 HE AAC v2 audio, or combinations of MPEG Surround
with MPEG-1 Layer |1, MPEG-4 AAC audio, or MPEG-4 HE AAC audio, or MPEG-4 HE AAC v2 audio, or MPEG-H
audio are mandatory. The codecs that a given IRD supports will define which of the following clauses the IRD shall
comply with.

The recommended level for referencetones for transmission is 18 dB below clipping level, in accordance with EBU
RecommendationR.68[11].

Itis recommendedthat IRDs handle loudness normalization in accordance with EBU Recommendation R 128 [i.18] and
EBU Tech 3344[i.19].

6.1 MPEG-1 and MPEG-2 backward compatible audio

6.1.0 General

MPEG-1 and MPEG-2backward compatibleaudio encoding shall conformto either ISO/IEC 11172-3[9] or
ISO/IEC 13818-3 [ 3]. Some of the parametersand fields in ISO/IEC 11172-3[9]and ISO/IEC 13818-3 [3] are not used

in the DVB System and these restrictions are described below.

The design of an IRD compatible with MPEG-1 and/or MPEG-2 backward compatible audio should be made under the
assumptionthat any legalstructureas permitted by ISO/IEC 11172-3[9] or ISO/IEC 13818-3[3] may occur in the
broadcast streamevenif presently reserved orunused. To allow full complianceto ISO/IEC 11172-3[9] and

ISO/IEC 13818-3 [ 3] and upward compatibilitywith future enhanced versions, a DVB IRD shall be able to skip over
data structureswhichare currently*'reserved"”, or which correspondto functions notimplemented by the IRD. For
example, an IRDwhichisnot designed to make use of the ancillarydata field shall skip over thatportion of the
bitstream.

Thisclause isbased onISO/IEC 11172-3[9] (MPEG-1 audio) and ISO/IEC 13818-3 [3] (MPEG-2 backward
compatible audio).

Optionally, also thecombinationof MPEG-1 Layer I with MPEG Surround is supported. The encodingand decoding
of MPEG Surround complies with 1ISO/IEC 23003-1[29]and [31]. MPEG Surround createsa (mono or stereo)
downmix from the multi-channel audio inputsignal. This downmix is encoded usinga core audio codec, in this case
MPEG-1 LayerI1.In addition, MPEG Surround generates a spatial image parameter description of the multi-channel
audio thatisaddedas an ancillary data stream to the core audio codec. Legacy mono or stereo decoders ignore the
ancillary dataandplay backa stereo respectively monoaudio signal. MPEG Surround capable decoders will first
decode the mono or stereo core codec audio signalandthen usethe spatial image parameters extracted from the
ancillary data stream to generate a high quality multi-channel audio signal.
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Figure la: Principle of MPEG Surround, the downmix is coded using MPEG-1 Layer Il

Thisclause isbased onISO/IEC 11172-3[9], Recommendation I TU-T H.222.0/1SO/IEC 13818-1[1] and
IEC 61966-2-4[31].

6.1.1 Audio mode

Encoding: MPEG-1 and MPEG-2 backward compatible audioshallbe encoded in one of thefollowing
modes:

. ISO/IEC 11172-3 [9] single channel;
. ISO/IEC 11172-3 [9] jointstereo;
. ISO/IEC 11172-3 [9] stereo;

- ISO/IEC 13818-3 [3] multi-channelaudio, backwards compatible to ISO/IEC 11172-3 [9]
(dematrix procedure =0, 1 or 2).

Inaddition, audio may be encodedin ISO/IEC 11172-3[9] dualchannel mode, in a transmission
intendedboth asa contributionfeed and for Direct-To-Home (DTH) reception. However, this is
not recommended. Care needs to be takento ensure that the optional dual channel decodingmode
is supportedin the DTH IRD. Furthermore, there may be problems due to theleft/right channel
selection being performed by differentequipment from the decoding unit (e.g. decoding may be by
a set-top-box but left/right channel selectionandaudio balance may be performed by the TV set).

Decoding: IRDs compatiblewith MPEG-1and/or MPEG-2 backward compatibleaudio shallbe capable of
decodingthefollowing audiomodes:

. ISO/IEC 11172-3 [9] single channel;
. ISO/IEC 11172-3 [9] jointstereo;
. ISO/IEC 11172-3 [9] stereo.

IRDs compatiblewith MPEG-1and/or MPEG-2 backward compatibleaudio shallbe capable of
decodingat least the ISO/IEC 11172-3 [ 9] compatible basic stereo informationfroman
ISO/IEC 13818-3 [ 3] multi-channel audiobitstream. Fulldecoding ofan ISO/IEC 13818-3 [3]
multi-channelaudio bitstream is optional.

Support for decoding of ISO/IEC 11172-3 [9] dual channel is optional.
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6.1.2 Layer

Encoding: An ISO/IEC 11172-3 [9] encoded bitstream shall useeither Layer 1 or Layer Il coding
(layer="11" or"10" respectively). Use of Layer Il is recommended.

An ISO/IEC 13818-3 [ 3] multi-channel encoded bitstream shall use Layer 1l coding
(layer="10").

Decoding: IRDs shall be capable of decoding Layer | and Layer Il. In case the IRD supports MPEG
Surrounddecoding, it shall supportthe combinationof MPEG-1 Layer Ilwith MPEG Surround.
The IRD shall interpretthese formats in accordance with MPEG-1and MPEG Surround audio

syntax.
6.1.3  Bitrate
Encoding: The value of bitrate_index in theencodedbitstreamshall be one of the 14 values from"0001" to

"1110"(inclusive).

ForLayer|,these correspond tobitrates of: 32 kbits/s, 64 kbits/s, 96 kbits/s, 128 kbits/s,
160 kbits/s, 192 kbits/s, 224 kbits/s, 256 kbits/s, 288 kbits/s, 320 kbits/s, 352 kbits/s, 384 kbits/s,
416 kbits/s or 448Kkbitg/s.

ForLayerll,these correspond to bitrates of: 32 kbits/s, 48 kbits/s, 56 kbits/s, 64 kbits/s, 80 kbits/s,
96 kbits/s, 112 kbits/s, 128 kbits/s, 160 kbits/s, 192 kbits/s, 224 kbits/s, 256 kbits/s, 320 kbits/s and
384 kbits/s.

For ISO/IEC 13818-3 [ 3] encoded bitstreams with total bitrates greater than 384 kbit/s, an
extensionbitstreamshallbe used. The bitrate of thatextension may be in the range of 0 to
682 khit/s.

Decoding: IRDs shall be capable of decoding bitstreams with a value of bitrate_index from"0001" to
"1110"(inclusive). Support forthefree formatbitrate (bitrate_index="0000") is optional.

6.1.4  Sampling frequency

Encoding: The audiosampling rate of primary sound services shall be 32 kHz, 44,1 kHz or 48 kHz. Sampling
ratesof 16 kHz,22,05kHz, 24 kHz, 32 kHz, 44,1 kHz or 48 kHz may be used for secondary sound
services.

Decoding: The IRD shall be capable of decoding audiowith sampling rates of 32 kHz, 44,1 kHz and 48 kHz.

Support forsamplingratesof 16 kHz, 22,05 kHz and 24 kHz is optional.

6.1.5 Emphasis

Encoding: The encoded bitstream shall have no emphasis (emphasis ="00").

Decoding: The IRD shall be capable of decoding audiowith no emphasis. Support for 50/15 microseconds
de-emphasis and Recommendation ITU-T J.17[10] de-emphasis (emphasis="01"or"11")is
optional.

6.1.6  Cyclic redundancy code

Encoding: The parity checkword (crc_check) shallbe included in the encoded bitstream.

Decoding: Itis recommendedthat the IRD use crc_check to detecterrors and subsequently invokesuitable
concealmentor muting mechanisms.
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6.1.7 Prediction

Encoding:

Decoding:

ISO/IEC 13818-3 [ 3] multichannel encoded bitstreams shall not use mc_prediction
(mc_prediction_onequals™0").

The IRD shall be capable of decoding ISO/IEC 13818-3 [3] multichannel encoded bitstreams
which do not usemc_prediction.

6.1.8 Multilingual

Encoding:

Decoding:

ISO/IEC 13818-3 [ 3] multichannel encoded bitstreams shall not contain multilingual channels
(no_of_multilingual_channels equals "0").

The IRD shall be capable of decoding ISO/IEC 13818-3 [3] multichannel encoded bitstreams
which do not contain multilingual channels.

6.1.9 Extension Stream

Encoding:

When an I SO/IEC 13818-3 [3] encoded bitstream uses anextension stream, it is recommended
thata continuous stream of extension frames is maintained for the duration ofa programme, even
if a total bitrate of less than 384 kbits/s would be sufficientto encode individual frames. This

prevents undesired resets of the audio decoder.

6.1.10 Ancillary Data

Encoding:

Decoding:

ISO/IEC 13818-3 [3] stereo or multichannel encoded bitstreams may contain ancillary data as
described in annex C. Itisrecommended toincludethe data in the bitstream.

- In orderto support the contribution of DAB signals, the ancillary data field may embedthe

DAB ancillary data field [18].

- In orderto support the transmission of RDS data to DVB receivers and analogue FM
transmitters, the ancillary data field may embed RDS data via the UECP protocol.

- If data fieldsaccording to DVD-Video extended ancillary data (as described in annex C) or
ancillary dataaccordingto the DAB specification [18] are used, they have, for backward
compatibility reasons, to be the first data field at theend ofthe audio frame. This means thata
common usage of DVD-Video and DAB data is excluded.

The IRD may interpretthe ancillary data field in an ISO/IEC 13818-3 [3] stereo or multichannel
bitstream as described in annex C and it is recommended that the contribution | RD make use of

thisdata.

6.1.11 MPEG Surround configurations, profiles and levels

The baseline MPEG Surround profile is defined in ISO/IEC23003-1[29] and I SO/IEC 23003-1:2007/Cor: 2008,
Technical Corrigendum 1 [30]. For the combination of MPEG Surround with MPEG-1 Layer I, the baseline MPEG
Surround profile shall be used together with the restrictions definedin clauses 6.1.1 t0 6.1.10.

The MPEG Surround bitstream payload shall complywith level 3 or 4 of the Baseline MPEG Surround profile.

Encoding:

In case of the combination of MPEG-1 Layer Il with MPEG Surround, the MPEG Surround
bitstreamshall be embedded intotheancillary dataof the MPEG-1 Layer Il bitstream using the
AncDataElement() bitstreamelementas definedin ISO/IEC23003-1[29]. For MPEG-1 Layer I,
the spatial frame length, indicated by the bsFramelLength parameter, shall correspondto the
MPEG-1 Layer Il frame length. Hence, thebsFrameLength shall be one of thefollowing values:
{17, 35}, resulting in effective MPEG Surround frame lengths of 1 152 and 2 304 timedomain

samples respectively.
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Decoding: The IRD, if compatible withMPEG-1 Layer Il audio and capable of decoding MPEG Surround
and capable ofproviding 7.1 channels or more of output, shall be capable of providing decoder
output accordingto MPEG Surround Baseline profile level 4.

The IRD, if compatible withMPEG-1 Layer Il audio and capable of decoding MPEG Surround
and capable of providing more thantwoandup to 5.1 channels of output shall be capable of

providing decoder outputaccordingto MPEG Surround Baselineprofile level 3.

The IRD, if compatible withMPEG-1 Layer Il audio and capable of decoding MPEG Surround
and capable of providing 2.0 channels of outputshall be capable of providing decoder output
according to MPEG Surround Baseline profilelevel 1.

6.2 AC-3 and Enhanced AC-3 audio

6.2.0 General

The codinganddecoding of AC-3 and Enhanced AC-3 elementary streams is based upon ETSI TS 102 366 [12].

IRDs compatiblewith AC-3 shall decode all bitrates and sample rates listedin ETSI TS 102366 [ 12] (not including
annex E).

IRDs compatiblewith Enhanced AC-3 shall additionally decode Enhanced AC-3 streams with data rates from 32 kbps
to 3024 kbpsandsupportall samplerates listed inETSI TS 102 366 [12],annex E.

Enhanced AC-3 bit streams are similarin natureto standard AC-3 bit streams, butare not backwardscompatible
(i.e. they are not decodable by standard AC-3 decoders). Some constraints are placed on the PES layer forthe case of
multiple audio streams intended to be reproduced in exact sample synchronismas described in clause 6.2.1.

6.2.1 AC-3 and Enhanced AC-3 PES constraints

6.2.1.1 Encoding

In some applications, the audio decoder may be capable of simultaneously decoding two elementary streams containing
differentprogramme elements, and then combining the programme elements intoa complete programme.

Most of the programme elements are found in the main audio service. Another programmeelement (suchasa spoken
narration of thepicture content intended for thevisually impaired listener, a specially created dialogue based audio
service forthe hearingimpaired listener, oradditional audio services such asa spoken director's commentary or
alternative languages) may be found in an associated audio service.

In orderto have the audio from the two elementary streams reproduced in exactsample synchronism, it is necessary for
the originalaudio elementary streamencoders to have encoded the two audio programme elements frame
synchronously; i.e. if audio stream 1 has sample 0 of frame n takenat time t 0, then audio stream 2 should also have
framen beginningwith its sample 0 takenthe identical time t 0. If the encoding of multiple audio services is done frame
and samplesynchronous, and decoding is intendedto be frameand sample synchronous, then the PES packets ofthese
audio services shallcontainidentical values of PTS, which refer to the audio access units intended for synchronous
decoding.

Audio services intended to be combined together for reproductionaccording to the mixing process defined in ETSI
TS 102 366 [ 12] (annex E) shall meet the following constraints:

e  Audio services intended to be combinedtogether for reproductionshallbe encoded at an identical sample
rate.

e  Themain programmeaudioshallbe encodedas either an AC-3 or an Enhanced AC-3elementary stream. The
associatedaudioservice shallbe encodedas an Enhanced AC-3 elementary stream.

e  TheEnhanced AC-3elementary stream carryingthe associated audio service shall containmixing metadata
foruse by the decoder to control the mixing process.
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o  When mixing metadatais present in the Enhanced AC-3 elementary stream, the AD_Descriptor definedin
clause E.1 shall not be present inthe PES encapsulation of the Enhanced AC-3 elementary stream.

e  Themain programmeshall contain from1to 7.1 channels of audio. The Enhanced AC -3 elementary stream
that carriesthe associated audio services to be mixed with themain programme audio shall containno more
than two audio channels, and shall notcontain more audio channels than the main audio programme.

e  Dual-monocodingmodeis not supportedfor either themain programme or associated audio service.

e  Theencoding of the associated audio service andsubsequent creation of the associated audio service
elementary stream shall be done withknowledge of the encoding of the main programme stream.

e  Thepgmsclfield in the associated programmebitstream should be set to a positivevalue. It is recommended
thisbe positive 12 dB to match the default user volume adjustmentsetting in the decoder.

6.2.1.2  Decoding

If audioaccess units fromtwoaudioserviceswhichare to be simultaneously decoded have identical values of PTS
indicated intheir corresponding PES headers, thenthe corresponding audio access units shall be presented to the
audio decoder for simultaneous synchronous decoding. Synchronous decoding means thatfor corresponding audio
frames (access units), corresponding audio samples are presented at the identical time.

If the PTS valuesdonotmatch (indicating thattheaudio encoding was not frame synchronous) then the audio

frames (access units) of the main audio servicemay be presented to theaudio decoder for decodingand presentation at
the time indicated by the PTS. An associated service, which is being simultaneously decoded, may have its audio
frames (access units), which are in closest timealignment (as indicated by the PTS) to those of themain service being
decoded, presented to the audio decoder for simultaneous decoding. In this case theassociated service may be
reproduced outof sync by as muchas 1/2 ofa frametime. (This is typically satisfactory; a visually impaired narration
doesnot require highly precise timing.)

A minimum functionality mixeris described in clause E.4 of ETSI TS 102 366 [12]. IRDs that implementthis mixing
method shall set the default user volume adjustment of the associated programme level to minus 12 dB.

The IRD may use the 1SO 639-2 [27] language descriptor to indicate the language of the content of the associated
programme. As the associated services are carried in separate elementary streams to the main service different
languages may be indicated for each programme stream.

6.2.1.3  Byte-alignment

The AC-3 and Enhanced AC-3 elementary streamshall be byte-aligned withinthe MPEG-2 data stream. This means
thatthe initial 8 bitsofan AC-3 or Enhanced AC-3frame shall reside in a single byte, whichis carried by the MPEG-2

data stream.

6.2.2  Enhanced AC-3 with multiple independent substreams - PES
constraints

6.2.2.1 Encoding

In some applications, the audio decoder may be capable of simultaneously decoding two different programme elements,
carried as separate independent substreams within a single Enhanced AC-3 elementary stream, and then combining the
programme elements into a complete programme.

Most of the programme elements arefound in the main audio service. Another programmeelement (suchasa spoken
narration of thepicture content intended for the visually impaired listener, a specially created dialogue based audio
service forthe hearingimpaired listener oradditional audio services such asa spokendirector'scommentary) may be
foundin one ormore independent substreams carried in the same Enhanced AC-3 bitstreamas themain programme.

The Enhanced AC-3elementary streamshall containno more thanthree independentsubstreams inadditionto the
independentsubstream containing the main audio programme. The mainaudio programme shall only be delivered in
independentsubstreamO.
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When mixing metadatais present in one of moresubstreams of the Enhanced AC -3 elementary stream, the
AD_Descriptor definedin clause E.1 shall not be present inthe PES encapsulation of the Enhanced AC-3 elementary
stream.

In orderto have the independent substreams containing audio from the main programmeand the associated audio
service reproduced in exactsample synchronism, it is necessary for the Enhanced AC-3 encoder to have encoded all of
the audio programme elements frame synchronously; i.e. if the independentsubstream 0 has sample 0 of frame n taken
attimet0, thenindependentsubstream 1 should also have frame n beginning with its sample 0 takenthe identical
timetO0.

Independent substreams intended to be combined together for reproduction according tothe mixing process defined in
ETSITS 102 366 [12] (annex E) shall meet the following constraints:

e Independent substreams intended to be combined together for reproduction shallbe encoded at anidentical
sample rate.

e  Theindependent substream carrying theassociated audio serviceshall contain mixing metadatafor use bythe
decoder to control the mixing process.

e  Theindependent substreamthatcarries the main programme shall contain from 1 to 5.1 channels of audio.
The independent substreamthatcarries the associated audio services to be mixed with the main programme
audio shall contain nomore thantwo audio channels, and shall notcontain more audio channels thanthe

main audio programme.
e  Dual-monocodingmodeis not supportedfor either the main programme or associated audio service.

e  Theencoding of the associated audio service and subsequent creation of the associated audio service
substreamshall be donewith knowledge ofthe encoding of the main programme substream.

e  Thepgmscl field in the associated programme substream should be set to a positivevalue. It is recommended
thisbe positive 12 dB to matchthe default user volumeadjustmentsetting in the decoder.

6.2.2.2 Decoding

IRDs shall be able to accept Enhanced AC-3 elementary streams that contain more than oneindependent substream.

For TV-broadcasting applications, noticeably public service broadcasting, there is often a requirement for commentary
or narration audio services to provide for different languages or Visually Impaired or Hearing Impaired audiences. To
allow cost effective transmissionand reproduction of these services it is strongly recommended that IRDs be able to
select additional independent substreams carried in an Enhanced AC-3 elementary stream and mix the selected
independentsubstream with the main audio programme. A minimum functionality mixer is describedin clause E.4 of
ETSI TS102 366 [12]. IRDs thatincludethis mixing capability shall set the defaultuser volumeadjustmentof the
associated programme level to minus 12 dB.

The IRD may use the 1SO 639-2 [27] language descriptor to indicate the language of the content of the main
programme. As the associated programmes are carried in the same elementary streamas themain programme, the IRD
shall assumethat the language of associated programmes carried in independent subst reams is the same as that of the
main programme. To deployassociated programmes with different languages than the main programme, separate
Enhanced AC-3 elementarystreams shall be used, asdescribed in clauses 6.2.1.1and 6.2.1.2.

IRDsthatsupport multiple different output-interfaces, for example headphone output or baseband analogue outputs,
may optionally support separate mixes for each output created by multiple Enhanced AC -3 decoders.
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6.3 DTS Audio

6.3.0 General

The codinganddecodingof DTS Audio coded elementary streams isbasedupon ETSI TS102 114 [15].
IRDs compatiblewith DTS Audioshall decodeall bitratesandsamplerates listed in ETSI TS 102114 [ 15].

Some constraints are placed on the PES layer for the case of multiple audio streams intendedto be reproduced in exact
sample synchronism as describedin clause6.3.1.

6.3.1 DTS Audioand DTS-HD PES Constraints

6.3.1.1 Encoding

In some applications, the audio decoder may be capable of simultaneously decoding two elementary streams containing
differentprogramme elements, and thencombining the programme elements intoa complete programme.

Most of the programme elements arefound in the main audio service. Another programmeelement(suchas a narration
of the picture content intended for the visually impaired listener) may be found in the associated audio service.

In orderto have the audio from the two elementary streams reproduced in exactsample synchronism, it is necessary for
the originalaudio elementary streamencoders to have encoded the two audio programme elements frame
synchronously; i.e. if audio stream 1 has sample 0 of frame n takenat time t 0, thenaudio stream 2 should also have
framen beginningwith its sample 0 takenthe identical time t 0. If the encoding of multiple audio services is done frame
and samplesynchronous, and decoding is intended to be frameandsample synchronous, then the PES packets ofthese
audio services shall containidentical values of PTS, which refer to the audioaccess units intended for synchronous
decoding.

Audio services intended to be combined together for reproductionshallbe encoded at an identical sample rate.

6.3.1.2 Decoding

If audioaccess units fromtwoaudioserviceswhichare to be simultaneously decoded have identical values of PTS
indicated intheir corresponding PES headers, thenthe corresponding audio access units shall be presented to the

audio decoder for simultaneous synchronous decoding. Synchronous decoding means thatfor corresponding audio
frames (access units), corresponding audio samples are presented at the identical time.

Ifthe PTSvaluesdonotmatch (indicating thattheaudio encodingwas not frame synchronous) thenthe audio

frames (access units) of the main audio service may be presentedto theaudio decoder for decodingand presentation at
the time indicated by the PTS. An associated service, which is being simultaneously decoded, may have itsaudio
frames (access units), which are in closest timealignment (as indicated by the PTS) to those of themainservice being
decoded, presented to the audio decoder for simultaneous decoding. In this case theassociated service may be
reproducedoutof sync by asmuchas 1/2 of a frametime. (Thisis typically satisfactory; a visually impaired narration
doesnot require highly precise timing.)

6.3.1.3  Byte-alignment

The DTS Audio and DTS-HD elementary streams shall be byte-aligned within the MPEG-2 data stream. This means
thatthe initial 8 bits ofa DTS Audio/DTS-HD frameshall residein a single byte, which is carried by the MPEG-2 data

stream.
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6.4 MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2
audio

6.4.0 Introduction

The codinganddecodingof MPEG-4 AAC, MPEG-4 HEAAC and MPEG-4HE AAC v2 elementary streams is based
upon ISO/IEC 14496-3 [17].

The MPEG-4 AAC and the MPEG-4 High Efficiency AAC Profiles are subsets of the MPEG-4 High Efficiency AAC
v2 profile. HE AAC adds the AOT SBR to the MPEG-4 AAC Profile. HE AAC v2 adds the AOT PS to the MPEG-4
High Efficiency AAC profile to improve theaudio quality atlow bitrates. Every HE AAC decoder can decodeanHE
AAC v2 bitstream, but will not be able to use the parametric stereo information and will therefore replay ona mono
signal.

Perceptual
Quality Quality level,
A PCM 44,1 kHz, 16 bit, stereo
N
HE AAC v2
HE AAC AAC
| | | | | , . BitRate
J | | | | | gl H
16 32 48 64 96 12g  [Kbit's]

Figure 2: Typical bitrate range of the HE AAC v2, HE AAC and AAC for stereo

Figure 2 indicates the typical bitrateranges for the use of MPEG-4 HE AAC v2, MPEG-4 HE AAC and MPEG-4 AAC
on the encoder side for stereo. Theactual bitrates for the use of the differenttools is dependent from theencoder

implementation.

Optionally, also thecombinationof MPEG-4 AAC, MPEG-4 HEAAC and MPEG-4 HE AAC v2 with MPEG
Surround is supported. The encodingand decoding of MPEG Surround complies with ISO/IEC 23003-1:2007 [29] and
ISO/IEC 23003-1:2007/Cor 1:2008 [30]. MPEG Surround creates a (mono or stereo) downmix from the multi-channel
audio input signal. This downmix is encoded usinga core audio codec, in this case MPEG-4 AAC,HE AAC orHE
AAC v2.Inaddition, MPEG Surround generates a spatial image parameter description of the multi-channel audio that is
addedasanancillary data stream to the core audio codec. Legacy mono or stereo decoders ignore the ancillary dataand
playbacka stereorespectively monoaudio signal. MPEG Surround capable decoders will first decode the mono or
stereo core codec audio signalandthen usethe spatialimage parameters extracted fromthe ancillary data streamto
generatea high quality multi-channel audio signal.
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Figure 3: Principle of MPEG Surround, the downmix is coded using MPEG-4 AAC,
HE AAC or HE AAC v2

6.4.1 LATM/LOAS formatting

The MPEG-4 HE AAC or HE AAC v2 elementary stream datashall be firstencapsulated in the LATM multiplex format
according to ISO/IEC 14496-3 [17].

When MPEG Surround is used thenthe combination of MPEG Surround as specified in ISO/IEC 23003-1 [29] and [31]
with MPEG-4 AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2 as specifiedin ISO/IEC 14496-3 [ 17] is transmitted
using LOAS/LATM, being also specified in ISO/IEC 14496-3 [17]. First, thecombined MPEG-4 AAC/MPEG Surround,
MPEG-4 HE AAC/MPEG Surround or MPEG-4 HE AAC v2/MPEG Surround shallbe formatted usingthe LATM
multiplex format.

The AudioMuxElement() multiplex element format shall be used.

The LATM formatted MPEG-4 HE AAC or HE AAC v2 elementary stream datashall be encapsulated in the LOAS
transmissionformataccordingto ISO/IEC 14496-3 [ 17]. The AudioSyncStream() version shall be used.
AudioSyncStream() adds a sync word tothe audio streamto allowfor synchronization. Semantics: The semantics of the
AudioMuxElement() and AudioSyncStream() formatting aredescribedin ISO/IEC 14496-3 [17].

Encoding: The MPEG-4 HE AAC and HE AAC v2 elementary streams shall be formatted with
AudioMuxElement() LATM multiplex format, and AudioSyncStream() LOAS transmission
format.

The MPEG-4 AAC/MPEG Surround, MPEG-4 HE AAC/MPEG Surround and MPEG-4 HE AAC
v2/MPEG Surround elementary streams shall be formatted with AudioMuxElement() LATM

multiplex format, and AudioSyncStream() LOAS transmission format.
The following limitations to the LATM multiplex shallapply:
= audioMuxVersionshallbe "0";

= numLayershall be 0", asno scalable profile isused; When MPEG Surround is used this
indicates that a singlelayer is presentconsistingof MPEG-4 AAC, MPEG-4 HE AAC or
MPEG-4 HE AAC v2 with embedded MPEG Surround data;

= numProgramshall be 0", asthereisonly oneaudio programper LATM multiplex;

= numSubFramesshall be "0",asthere isonly one PayloadMux() (access unit) per LATM
AudioMuxElement();

= allStreamsSameTimeFraming shallbe 1", asall payloads belongto the same access unit;

= thefields taraBufferFullness and latmBufferFullness shall be set totheir largest
respective value, indicating thatbuffer fullness measures are not used in DVB context;
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= thevaluefor frameLengthFlag contained inthe GASpecificConfig shall be set to 0,
indicating thatthe transformlength ofthe IMDCT for AACis 1 024 samples for longand
128 forshortblocks.

In case of the combination MPEG-4 AAC withMPEG Surround, the Audio Object Type (AOT)
element, audioObjectType, shallbe set to thevalue 2 (indicating AAC-LC).

In case of the combination MPEG-4 HE AAC with MPEG Surround or the combination of MPEG4
HE AAC v2 with MPEG Surround, the Audio Object Type (AOT) element, audioObjectType, shall
be setto thevalue5 (indicating SBR). Furthermore, separate fill elements shall be employedto
embed the SBR(/PS) extension dataelements shr_extension_data(), describedin

ISO/IEC 14496-3 [17],and MPEG Surround spatial audio data Spatial Frame(), described in
ISO/IEC 23003-1 [29] and [31]

The spatial framelength, indicated by the bsFrameLength parameter, shall correspondto the
MPEG-4 AAC frame length. Hence, the bsFrameLength shall beany ofthe following values:
{15, 31, 63}, resulting in effective MPEG Surround frame lengths of 1 024,2 048 and 4 096 time
domain samples respectively.

These formats shall be read by the IRD, and the IRD shall interpret these formats in accordance
with MPEG-4 audio syntax.

In case the IRD supports MPEG Surround decoding, theseformats shall be read by the IRD, and
the IRD shall interpret these formats in accordance with MPEG-4 and MPEG Surround audio
syntax.

Profiles and Levels

Profiles and Levels for AAC, HE AAC and HE AAC v2

MPEG-4 AAC,HE AAC and HE AAC v2 are defined in ISO/IEC 14496-3 [17], clause 1.5.2as AAC Profile, High
Efficiency AAC Profile and High Efficiency AAC v2 Profile respectively.

Encoding:

Decoding:

The encoder shall useeither the MPEG-4 AAC Profile, the MPEG-4 High Efficiency AAC Profile
orthe MPEG-4 High Efficiency AAC v2 Profile. Use of the MPEG-4 HE AAC Profile is
recommended.

Monaural, stereoand parametricstereo MPEG-4 HE AAC v2 bitstreams shall comply with level 2
restrictions.

Monauralandstereo MPEG-4 AAC and HE AAC bitstreams shall comply with level 2 restrictions,
respectively.

Multichannel audioup to 5.1 channel bitstreams shall comply with the level 4 restrictions
respectively. Coupling Channel Elements (CCEs) accordingto ISO/IEC 14496-3[17] shall notbe

used.

The IRD, if compatible withMPEG-4 AACaudio, shallbe capable of decoding MPEG-4 AAC,
MPEG-4 High Efficiency AAC or the MPEG-4 High Efficiency AAC v2 Profile bitstreams.

A MPEG-4 HE AAC v2 monaural, stereoand parametric stereo enabled decoder shall support
decoding MPEG-4 HE AAC v2 Profile Level 2 bitstreams. This requirementdoes include support
forlower levels, but not other profiles. Support for other profiles and for levels beyond Level 2 is
optional.

A MPEG-4 AAC and HE AAC monaural and stereoenabled decoder shall support decoding
MPEG-4 High Efficiency AAC Profile Level 2 bitstreams. This requirement does include support
forlower levels, but not other profiles. Support for other profilesand for levelsbeyond Level 2 is
optional.
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MPEG-4 AAC, HE AAC or HE AAC v2 multi-channel enabled decoder shall support decoding
MPEG-4 AAC Profile, MPEG-4 High Efficiency AAC Profile or High Efficiency AAC v2 Profile
Level 4 bitstreams respectively. This requirement does include support for lower levels, but not
other profiles. Support for other profilesand for levels beyond Level 4 is optional. Support for
CouplingChannel Elements (CCEs) accordingto ISO/IEC 14496-3 [17] isoptional. Ifan IRD
supports higher levelsthanlevel 2 then it shall also support Matrix-Mixdown according to
ISO/IEC 14496-3 [17],clause4.5.1.2.2. It shall further support the application of
downmixing_levels MPEG4in ancillarydata (annex C).

6.4.2.2 Profiles and Levels for MPEG Surround in combination AAC, HE AAC and HE
AAC v2

The Baseline MPEG Surround Profile is defined in ISO/IEC 23003-1 [29] and ISO/IEC 23003-1:2007/Cor:2008 [30].
Forthe combination of MPEG Surround with MPEG-4 AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2, the Baseline
MPEG Surround Profile will be employed together with the AAC Profile, High Efficiency AAC Profile or High
Efficiency AAC v2 Profile respectively. The AAC or HE AAC or HE AAC v2 bitstream payloads shall complywith
level 2 or level 4 of the respective profile. The MPEG Surround bitstream payload shall comply with level 3,4 or 5 of
the Baseline MPEG Surround profile.

Encoding: In combinationwith MPEG Surround, MPEG-4 AAC, MPEG-4HE AAC or MPEG-4 HE AAC v2
bitstream payloads shall complywiththerestrictions of level 2 of their respective profile. If the
MPEG Surround bitstream payload compliesto Level 5 of the Baseline MPEG Surround profile,

bitstream payloads shall complyto Level 4 of the AAC or HE_AAC profile.

Decoding: The IRD, if compatible withMPEG-4 HE AAC audio at Level 4 and capable of decoding MPEG
Surroundand capable of providing 7.1 channels or more of output, shall be capable of providing
decoder outputaccordingto MPEG Surround Baseline profile level 5.

The IRD, if compatible with MPEG-4 HE AAC audio upto Level 3 and capableof decoding
MPEG Surroundand capable of providing 7.1 channels or more of output, shallbe capable of
providing decoder outputaccordingto MPEG Surround Baseline profile level 4.

The IRD, if compatible with MPEG-4 HE AAC audio and capable of decoding MPEG Surround
and capable of providing more thantwoandup to 5.1 channels of output shall be capable of
providing decoder outputaccordingto MPEG Surround Baselineprofile level 3.

The IRD, if compatible with MPEG-4 HE AAC audio and capable of decoding MPEG Surround
and capable of providing up to 2.0 channels of output shall be capable of providing decoder
output accordingto MPEG Surround Baseline profile level 1.

6.4.3  Dynamic Range Control

The MPEG-4 AAC Dynamic Range Control (DRC)toolisdefinedin ISO/IEC 14496-3 [17], clause4.5.2.7. For more
detailed information onthe MPEG-4 AAC Dynamic Range Control toolsee ISO/IEC 14496-3[17].

Encoding: Itis strongly recommendedthatthe encoder uses the MPEG-4 AAC Dynamic Range Control
(DRC)tool.
Decoding: The IRD shall support the MPEG-4 AAC DynamicRange Control (DRC).If a program reference

level isnot transmitted in the bitstream, it is strongly recommended that a program reference level
of-23 dBisassumed.

It isstronglyrecommended thateach IRD operates either at a targetlevelof -23 dB or at atarget
level of -31 dB.

Details of howDynamicRange Control should be applied are specified in clause C.5.4.

6.5 Random Access Points with MPEG-4 Audio

6.5.0 General
The definitionfor MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2 RAP in clause 3 shall apply.
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6.5.1 Definition of RAP with MPEG-4 Audio

6.5.1.0 Introduction

In contrastto MPEG-2, MPEG-4 audio streams may not be accessible and decodable with full fidelity with each single
access unit (AU). The reason forthis isto save bit-rateby not transmitting static informationwith each AU. The

following clause describes required constraints to startdecoding of MPEG-4 audio at a given AU.

6.5.1.1 RAP with the LATM/LOAS transport header

The LATM/LOAS transport format carries the "StreamMuxConfig". This structure carries essential, but quasi-static
informationsuchas samplingrate or channel configuration. As these parameters change rather seldom in broadcast
applications, this structure need not betransmitted with eachaccess unit, but isexpected to be present periodically to
allow forrandom access to thestream.

Encoding: ForaRAP, within AudioMuxElement(), useSameStreamMux shall beset to "0";
i.e. StreamMuxConfig() is present.

Within the scope of the present document, useSameConfigisalwayssetto"0". See clause 6.4.1, where both,
numProgram and numLayer shallbe "0"yielding to useSameConfigto be set to "0"aswell. In consequencean

AudioSpecificConfig() isalways contained in a StreamMuxConfig().

6.5.1.2 RAP with the AAC Profile

AAC-LC s the only Audio Object Typeused in the AAC Profile. In additionto the given constraints with the
LATM/LOAS transport header (see clause6.5.1.1), thefollowing constraints shall be satisfied for thisAOT.

Encoding: If channel configuration O is used, the ProgramConfigElement() containing the actual channel
configurationshall be presentin the bitstream for a RAP.

6.5.1.3 RAP with the HE AAC Profile

The HE AAC profile is based on the AAC profile and is extended by the Audio Object Type SBR; therefore all
constraints fromthe AOT AAC-LC (see clause 6.5.1.2) shallalsobe fulfilled.

In contrastto the AAC configurationthatis completely described by the AudioSpecificConfig(), the Audio Object
Type SBR decoder needs additional configuration parameters. These parameters are transmitted inside the SBR header
which is not required to be contained in every access unit.

To allowthe decoderto access and instantaneously fully decodea HE AAC profile bit stream, it is necessary to transmit
ansbr_header() in the first access unit aftera RAP (RAP access unit).

Encoding: ForaRAP in case of the Audio Object Type SBR, the bs_header_flagshallbe setto"1";
i.e.sbr_header() ispresent.

NOTE 1: Theuse of toolsthatrely on preceding frames (i.e. time differential coding of parameters) is prohibited
forframes containingan SBR header by the MPEG-4 Audio Conformance (ISO/IEC 14496-26 [41],
clause 7.17.1.2.1.4). This restriction ensures that a RAP frame can be completely decoded and processed.

NOTE 2: Accordingto ISO/IEC 14496-3[17], clause 4.5.2.8.2.1,"aslongasno SBR header part is present, the
SBR decoder performs upsamplingand delay adjustmentonly™. Therefore, audio playback may start even
if sbr_header() wasnotyet received, butonly with reduced quality. Therefore, ISO/IEC 14496-3 [17]
recommends: "In continuous broadcastapplications, SBR extension data elements with an SBR header
partare typically sent twice persecond. In addition,a SBR header partcananytimebe inserted, if an
instantaneous, possibly program dependent, change of header parameters is required™ (see
ISO/IEC 14496-3 [17],clause 4.5.2.8.2.1).
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6.5.1.4 RAP with the HE AAC v2 Profile

The HE AAC v2 profile isbased on the HE AAC profile andis extended by the Audio Object Type Parametric Stereo
(PS); therefore all constraints from the HE AAC profile (see clause6.5.1.3) shallalsobe satisfied.

As with the Audio Object Type SBR, the configuration parameters for the Audio Object Type PS payload are
transmitted inside the PS header information, which isnot requiredto be contained in every access unit.

Toallowthe decoderto access and instantaneously fully decodea HE AAC v2 profile bit stream, it is necessary to
transmit PS header information in the first access unit of a sequence (RAP AU).

Encoding: Fora RAP in case of the Audio Object Type Parametric Stereo, enable_ps_header should beset
to"1", i.e. the PSdecoder configuration data is transmitted.

NOTE 1: Theuse of toolsthatrely on preceding frames (i.e. time differential coding of parameters) for frames with
enable_ps_header =1 is prohibited by the MPEG-4 Audio Conformance (ISO/IEC 14496-26 [41],

clause 7.18.1.3). This restriction ensures that an RAP frame can be completely decoded and processed.

NOTE 2: Asthe Audio Object Type Parametric Stereo conformance requires a PS header with every SBR header
(see ISO/IEC 14496-26[41], clause 7.18.1.3), this requirementis also implicitly inherited from the Audio
Object Type SBR requirements.

NOTE 3: Accordingto ISO/IEC 14496-3[17], clause 8.6.5.1, mandates that a conformant decoder that receives PS
data output themonosignal in the two outputchannels until a first ps_data() elementwith
enable_ps_header==1s received andin which forallenabled parameters frequency differential coding
is employedandnum_env>0, ensuringthatthe PS data canbe decoded correctly.

Thereforeaudio playback may start even if ps_data() may not be decoded.

6.5.1.5 RAP with AAC-LC / HE AAC plus MPEG Surround

As MPEG Surround isbased onan AAC-LC or HE AAC core coder, all restrictions for AAC-LCand HE AAC shall
also apply for MPEG Surround respectively. Further restrictions are as follows, for details see ISO/IEC 23003-1[29].

Encoding: ForaRAP in case of MPEG Surround, the SpatialSpecificConfig() datastructure shall be
transmitted, i.e. in sac_extension_data(), ancType andancStartshall be setto "1".
Additionally, thecoding of RAP frames shall be independentof previous frames. Therefore the
bitstream payload element bsindependencyFlagshall be setto 1"

6.5.1.6  RAP with Dynamic Range Control and MPEG-4 Audio ancillary data

Encoding: ForaRAP, both dynamic_range_info() and MPEG4_ancillary_data() shall be present in access
unit. Further, prog_ref_level_present shallbe setto 0x1, i.e.the programreferencelevelis
presentin dynamic_range_info(). In MPEG4 _ancillary_data(),

downmixing_levels MPEG4 status shall be setto "1".

6.5.2 Time interval Between RAPs

Encoding: The encoder shall place MPEG-4 AAC, HE AAC or HE AAC v2 RAPs in the audio elementary
streamat least every 2 seconds.
Itis recommendedthat MPEG-4 AAC,HE AAC or HE AAC v2 RAPs occurin the audio
elementary stream on average at least every 500 ms. Further it is recommended those audio frames
in the audio elementary stream whose PTS values areclosest tothe PTS values ofthe RAPs of the
associated video elementary streamare also codedas RAPs.

NOTE: PTS of HE AAC v2 RAP usually will not be identical to thatof associated video elementary stream RAP,
therefore the associated audio/video RAPs should have closest PTS values.
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6.6 AC-4 channel-based audio

6.6.0

Introduction

Clause 6.6 specifies carriage of audio encoded using ETSI TS 103 190-1 [43], using bitstream_version=0. Carriage of
audio with bitstream_version>0, encoded using ETSI TS 103190-2 [46] is specified in clause 6.7 of thepresent

document.

6.6.1

General

The codinganddecoding of the raw AC-4 frames ofan AC-4 elementary stream isbasedupon ETSI
TS 103 190-1 [43]. AC-4 elementary streams consist of presentations, which definea set of one or more substreams to

be presented simultaneously.

The following requirements apply forencoders and IRDs compatible with AC-4:

Encoding:

Decoding:

An AC-4 elementarystreamshall contain at least one presentation. The first presentation (by
order of appearance) shallcontain mainaudio of upto 7.1 channels, plus anoptional dialogue

enhancement substream of up to 3 channels (L,C,R).

The AC-4 elementary streamshall be encoded at an audio frame rate in theset {48 000/2 048,
24000/1001,24,25,30000/1001,30,50,60 000/1 001, 60} Hz. This set corresponds to all video
frameratesasperclause 5.14.1.7 ofthe present documentand additionally includes the native
AC-4 framerate.

An AC-4 elementarystreamshall be encoded witha sampling rate of 48 kHz, 96 kHz or 192 kHz.

The raw AC-4 frames shall beencapsulated inthe AC-4 Sync Frameformat, as describedin
clause 6.6.6 of the presentdocument. Frames encapsulated in this way are subsequently referredto
asAC-4 frames.

The bitstream_version fieldaccording to clause 4.3.3.2.1 of ETSI TS 103 190-1 [43] shall be set
tothevalueO.

The presentation_version field according to clause 4.3.3.4.1 of ETSI TS 103 190-1 [43] shallbe
setto thevalueO.

The IRD shall by default decode the first presentation. It may skip additional presentations
contained in the AC-4 elementary stream.

The IRD shall be capable of decoding a substream of main audioof up to 7.1 channelsand a
substream containing dialogue enhancement of up to 3 channels (L,C,R).

The IRD shall be able to decodeall audioframeratesinthe set {48 000/2048,24 000/1001, 24,
25,30000/1001, 30,50,60 000/1 001,60} Hz. This set corresponds to all video frame rates as per

clause 5.14.1.7 of the presentdocument and additionally includes the native AC -4 frame rate.
The IRD may decodethe 48 kHzsubstream of elementary streams encodedat 96 kHz or 192 kHz.
The IRD may ignore AC-4 elementary streams with bitstream_version field not equal to 0.

The IRD may skip presentations if the presentation_version field isnot 0.

The IRD may ignore umd_payload_substreams data as describedin ETSI TS103 190-1[43],
clause 4.3.3.6.1.

The IRD may ignore protection_bits_primaryand protection_bits_secondary as defined in
ETSITS103190-1[43],clause 4.3.15.3.1.

The IRD shall ignore protection_bits_primary and protection_bits_secondaryas defined in
ETSITS103190-1 [43],clauses4.3.15.3.1and4.3.15.3.2if the key_idasdefinedin ETSI
TS 103 190-1[43], clause 4.3.3.6.2 is equal to 0x06.
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6.6.2 PES packaging for AC-4 elementary streams

With AC-4 elementary streams, framesizes (in bytes) vary between AC-4frames. In order to minimize overhead, AC4
frames should be packaged into PES packets in a wayto bestfit them tothe payload of the PES packets with minimum
or no paddingrequired.

To achievethismultiple AC-4 frames may be packed per PES packet. The number of AC-4 frames per PES packet may
vary between PES packets, but each PES packet shall contain aninteger number of AC-4 frames only. AC-4 frames
shall not besplitover two or more PES packets.

The AC-4 elementary streamshall be byte-aligned within the PES packet so thatthe first byte of the first AC-4 frame
containedin the PES packet is located in the first byte of the PES packet payload.

Encoders shall signal randomaccess frames by setting the random_access_indicator in theadaptation_fieldin the
MPEG 2 transport layer. Random access frames in AC-4 elementary streams are indicated by the b_iframe_global flag
in ETSI TS103 190-1[43].

Some additional constraintsareplaced on the PES layer for the case of multiple separate elementary streams intended to
be reproducedin sync asdescribed in clause 6.6.2 of the presentdocument.

6.6.3  PES packaging for AC-4 for receiver mix audio

In some applications, the IRD may be capable of simultaneously decoding several different programmeelements and
subsequently combine them intoa complete programme. This is referred to as "receiver-mix" audio in ETSI
EN 300468 [i.32].

In thisuse case, most of the programmeelements are found in the main audio service. Some programme elements (such
asa spoken narration of the picture content intended for the visually impaired listener, a specially created dialogue
based audioservice forthe hearing impaired listener or additional audio services suchasaspokendirector's
commentary) may be carried in separate AC-4 elementary streams.

In addition tothe requirements for PES packaging of AC-4 elementary streams in clause 6.6.1 of the present document,
the following constraints apply for two elementary streams containing programmeelements which are to be combined
in a "receiver-mix":

Encoding: The elementary stream carrying theassociated audio serviceshall onlycontaina single
presentation, consisting ofa single substream.

The elementary stream carrying theassociated audio serviceshall carry either monoor stereo
content.

The PES packets of theassociated audio serviceshall carry the AD_descriptor as described in
clause E.2 of the presentdocument which contains the metadata for use by the decoder to control
the mixing process, described in clause E.3 of the present document.

NOTE: Thesignallingforreceivermix audio isdefined in clause J.2 of ETSIEN 300 468 [i.32].

Decoding: Clause E.3 of the presentdocument specifies that support for decoding supplementary audiois
optional. Ifimplemented, the decoder should followthe mixing process as described in clauses E3
and E.5 of the presentdocument.

6.6.4 DRC and Loudness

The AC-4 bitstream format has beendesigned toenable intelligent control of audio loudness processing algorithms
foundthroughouttoday's media workflows and delivery chains to improvethe overall quality ofaudio programmes for
consumers.

The loudness metadata included in the AC-4 elementary stream allows the fullrange of parameters to be described,
including:

o  true peakand maximumtrue peak, as specifiedin Recommendation ITU-R BS.1770 [i.17];

o relative gated loudness values, as specified in Recommendation ITU-RBS.1770 [i.17];
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e  speech gatedloudnessvalues, as specified, e.g. in FreeTV OP-59 [i.21];

o thedialogue gatingtype, asspecifiedin ETSI TS103 190-1 [43];

e momentary and maximum momentary loudness, as specified in Recommendation ITU-RBS.1771-1[i.22];

e  shortterm and maximum shortterm loudness, as specified in Recommendation I TU-R BS.1771-1 [i.22]; and

e loudnessrange andits measurement practicetype, as specified in EBU Tech Document3342[i.23].

The Dynamic Range Control (DRC) elements of AC-4 provide users and systems with a flexible range of dynamic
range control options to address a wide range of device profilesand userapplications.

In orderto take fulladvantage of these features, it is strongly recommended to follow the recommendations in
EBUR 1287]i.18], EBU Tech Doc 3343[i.24]and EBU Tech Doc 3344 [i.19] orlocal loudness regulations, e.g.
FreeTV OP-59 [i.21].

Inorderto comply with EBUR 128[i.18], the following constraints apply:

Encoding:

The dialnorm_bits parameter shall be used to indicate the audio programme loudness measured
according to local loudness regulations (EBU Tech 3344 [1.19], FreeTV OP-59 [i.21]). The
loud_prac_type parameter shall accordingly be set to indicate the measurement practice used.

The b_loudcorr_type flag shall be setto zero, if the audio programme has beencorrectedwithan
infinite look-ahead (file-based). If the loudness correctionwas based ona combination of real-
time loudness measurementand dynamic range compression, the flagshall be set to one.

The max_truepk parameter should beset to the maximum true peak sample value of theaudio
programme, measured accordingto annex 2 of Recommendation ITU-R BS.1770[i.17]and

without metadata applied.

The Ira parameter should beset to the loudness range of theaudio programme as specified in EBU
Tech Document3342[i.23].

The loudrelgat parameter may be usedto signalthe measurementof the integrated loudness of the
audio programme, as specified in Recommendation | TU-R BS.1770 [i.17], without loudness or
DRC metadata applied.

The dialgate_prac_type parameter may be set to the appropriate typeif dialogue gating that was
utilized to measure the audio programme loudness (indicated in dialnorm_bits) for normalizing
the program prior to transmission.

The max_loudstrm3s parameter may be used to signal the maximum short-term loudness of the
audio programme, measured as specified in Recommendation ITU-RBS.1771-1]i.22], without

loudness or DRC metadata applied.

The max_loudmntry parameter may be usedto signalthe mamimum maximum momentary
loudness of the audio programme, measured as specified in Recommendation I TU-R
BS.1771-1i.22], without loudness or DRC metadata applied.

All 4 default DRC modes, indicated by drc_decoder_mode_idvalues 0 to 3 shallbe includedin the
AC-4 elementary stream.

Table 22: drc_decoder_mode_id supported by AC-4

Value of DRC decoder mode Output level range
drc decoder mode id in LUFS
0 Home Theatre -31...-27
1 Flat panel TV -26...-17
2 Portable - Speakers -16...0
3 Portable - Headphones -16...0
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Decoding: The IRD shall apply DRC and loudness metadata as specifiedin ETSI TS 103 190-1 [43].

The IRD shall support all default DRC decoder modes aswell asthe EAC-3 profiles. The decoder
shall alsosupport parametricDRC curves asdefinedby ETSI TS 103 190-1 [43].

Table 23: (E-)AC-3 profiles supported by AC-4

drc_eac3 profile Profile
None
Film standard
Filmlight
Music standard
Music light
Speech

G |WIN PO

Itis strongly recommended forthe IRD to operate at targetlevel of -23 LUFS for IDTVsand set
top boxesor-31 LUFS for Home Theatre systems to maintain full dynamic range.
6.6.5  Dialogue Enhancement

The AC-4 bitstream format features flexible and scalable dialogue enhancementcapabilities, which are built into the
codec. Theyare detailed in clause5.7.8 of ETSI TS 103 190-1 [43]. The following constraints apply:

Encoding: An AC-4 elementary streamcarryinganaudio programme that contains dialogue (mixed into the
main programme, or separate nextto a music and effects track) should contain dialogue
enhancement data.

Decoding: The IRD shall be capable of applying dialogue enhancement carried in the AC-4 elementary

streamasdescribedin ETSI TS 103190-1 [43].

6.6.6  Audio/Video Synchronization

AC-4 is designed to facilitate keeping video and audio in sync throughoutthe distribution chain by providing the
flexibility to encode theaudio programme at the same framerateas thevideo programme. This means thatforevery

video frame there isa corresponding audio framewhenthis AC-4 feature is enabled.

When enabled, this optional AC-4 feature facilitates splicingworkflows as well as use cases like transcoding from or to
SMPTE ST 292-1 [i.25].

When the A/V sync feature of AC-4 isenabled, thefollowing constraints apply:
Encoding: An AC-4 elementary streamshould be encoded with a frame rate equal to the video framerate.

Where an equal video frame rate isused, the PTS associated with the first AC-4 frame in each PES
packet should match the PTS of the corresponding video frame. That means that foreach video
access unit there should be a matching audio access unit with the same (signalled or inferred)

presentationtime.

6.6.7 AC-4 Sync Frame Format

AC-4 frames shallbe encapsulated as specifiedin ETSI TS 103190-2[46], annex C. Encapsulated AC-4 frames shall
be carried inthe PES packet data bytesection of the PES_packet structure as defined in Recommendation ITU-T

H.222.0/1SO/IEC 13818-1 [1].
Figure 4: Void

Table 24: Void
Table 25: Void

Table 26: Void
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6.7 AC-4 for channel-based, immersive and personalized audio

6.7.1  AC-4 specific NGA concepts

Clause 4.5 of ETSI TS103 190-2 [46] givesan in-detail view of the structure of AC-4. This clauseservesasa brief
introductionto AC-4 specific concepts astheyrelate to NGA.

AC-4 offersthe possibility to carry many differentcomponents in one stream, and to combine these components into
complete experiences in IRD. Therefore, receiver mix capabilities are fundamental to every AC-4 decoder.

The AC-4 elementary streams each carry a table of contents (TOC) which lists the different experiences (called
presentations) thatcan be derived.

Inthe context of clause 6.7, Audio Preselections areimplemented as AC-4 presentations, and Audio Programme
Components are implemented by substream groups.

AC-4 presentations aggregate substreamgroups. Ina presentation, substream groups take on a specific role (such as
M&E, dialogue, etc.). Substream groups, in turn, are aggregations of substreams.

Itis important to notethatthereisa manyto many relationship between these concepts. This provides flexibility to re-
use substream groups and substreams many times over.

6.7.2  Generalrequirements

The codinganddecoding of the raw AC-4 frames ofan AC-4 elementary stream isdefined in ETSI TS103 190-2 [46].
AC-4 elementary streams consist of presentations, which definea set of one or more substream groups to be presented
simultaneously.

The following requirements apply forencoders and IRDs compatible with AC-4:

Encoding: An AC-4 elementarystreamshall contain at least one presentation, containing main audio. The
md_compat fieldas defined by clause6.3.2.2.30f ETSI TS 103190-2 [46] shallbe less than or
equal to three.

If the videoframe rate isless than or equal to 60Hz or the videois encoded accordingto
clauses5.14.5.2.2,5.14.5.6 and 5.14.5.7 of the present document., the AC-4 elementary stream
shall be encodedat an audioframerate in the set {48 000/2048,24 000/1001, 24, 25,
30000/1001,30,50,60000/1001, 60} Hz. This set corresponds toall video framerates as per
clause 5.14.1.7 of the presentdocument and additionally includes the native AC-4 frame rate.

If the videoframe rate isin the set {100,120000/1001, 120} Hz and thevideois encoded
according to clause 5.14.5.2.3 of the present document, the AC-4 elementary stream shall be
encoded at anaudio frame ratein the set {48 000/2 048,24 000/1001, 24,25,30 000/1 001, 30,
50,60000/1001, 60,100,120 000/1001, 120} Hz.

NOTE 1: Seealso clause 6.7.7 foradditional requirements if audio and video are to use matching frame rates.
An AC-4 elementarystreamshall be encoded witha sampling rate of 48kHz, 96 kHz or 192 kHz.

The raw AC-4 frames shall beencapsulated inthe AC-4 Sync Frameformat, as describedin ETSI
TS 103 190-2[46], annex C. Frames encapsulatedin this wayare subsequently referred to as

AC-4 frames.

The bitstream_version fieldaccording to clause 6.2.1.1 of ETSI TS 103 190-2 [46] shall be set to
thevalue 2.

The presentation_version fieldaccording to clause 6.2.1.30f ETSI TS 103190-2 [46] shall be set
tothevaluel.

The number of presentations inan elementary stream shallbe 64 or less.

A reference renderer provides a broadcaster a tool to verify the rendering performance ofthe generated NGA delivery
signal. Defininga reference renderer does not imply that the signalwill be rendered with the reference renderer nor

does it enforce implementation requirements onthe IRD.
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Decoding: The IRD shall, by default, andin theabsence of any user preference data, decode thefirst
presentation thatit candecode as determined bythe following paragraphs. It may ignore
additional presentations contained in the AC-4 elementary stream.

The IRD shall be capable of decoding presentations where the md_compat field as defined by
clause 6.3.2.2.3 of ETSITS 103190-2[46] islessthanorequal tothree.

The IRD shall be able to decodeall audioframeratesinthe set {48 000/2048,24 000/1001, 24,
25,30000/1001, 30,50,60000/1 001,60} Hz. This set corresponds to all video frame rates as per

clause 5.14.1.7 of the presentdocument and additionally includes the native AC -4 frame rate.

If the IRD supportsvideoframe rates between 100 Hzand 120 Hz, it shalladditionally be ableto
decode all audioframe ratesin the set {100,120 000/1 001, 120} Hz.

The IRD shall be able to decode elementary streams with a samplerate of 48 kHz, and the 48 kHz
part of elementary streams withsample rates of 96 kHz and 192 kHz. The IRD may additionally
support decoding into 96 kHz,or 192 kHz.

The IRD shall decode AC-4 elementary streams with bitstream_version equalto 0 and AC-4
elementary streams with bitstream version equal to 2. The IRD may decode orignore AC-4
elementary streams with other values of bitstream_version.

The IRD shall be able to decode presentations with presentation_version equal to 0 and
presentations with presentation_version equal to 1. It may decode or ignore presentations where

the presentation_version field is greaterthan 1.

The IRD may ignore emdf_payload_substreams dataasdescribedin ETSI TS103 190-1[43],
clause4.3.15.1.

The IRD may ignore protection_bits_primaryand protection_bits_secondary as defined in
ETSITS103190-1[43],clause 4.3.15.3.1.

The IRD shall ignore protection_bits_primary and protection_bits_secondaryas defined in
ETSITS103190-1 [43],clauses4.3.15.3.1and4.3.15.3.2if the key_idasdefinedin
ETSITS 103 190-1[43], clause 4.3.3.6.2 isequal to 0x06.

Itis recommendedthat the IRD implements either the reference renderer ora renderer that
performsatleastaswellasthe reference renderer given the capabilities of the IRD.

NOTE 2: Thereference rendererforaudio coded in accordance with ETSI TS103 190-2[46] isdefinedin ETSI
TS 103448]i.28].ETSI TS 103 448][i.28] specifies the semantics of the metadata syntax containedin

clause 6.3.90f ETSI TS103190-2[46].

6.7.3  PES packagingfor AC-4 elementary streams

AC-4 frames shallbe encapsulated as specified in ETSI TS 103190-2[46], annex C. Encapsulated AC-4 frames shall
becarried inthe PES_packet_data_bytesection of the PES_packet structure as defined in Recommendation ITU-T

H.222.0/1SO/IEC 13818-1 [1].

In AC-4 elementary streams, frame sizes (in bytes of the encoded frame) can vary between AC-4 frames. In order to
minimize overhead, AC-4 frames should be packagedinto PES packets in a wayto best fit them to the payload of the
PES packets with minimum or no padding required.

To achievethis, multiple AC-4 frames may be packed per PES packet. The number of AC-4frames per PES packet
may vary between PES packets, buteach PES packetshall containan integer number of AC-4frames only. AC-4

frames shall not be splitover two or more PES packets.

The AC-4 elementary streamshall be byte-aligned within the PES packetso thatthe first byte of the first AC-4 frame
containedin the PES packet is located in the first byte of the PES packet payload.

Encoders shall signal randomaccess frames by setting the random_access_indicator in theadaptation_fieldin the
MPEG 2 transport layer. Random access frames in AC-4 elementary streams are indicated by the b_iframe_global flag
asdefinedin ETSI TS103 190-2[46].
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Some additional constraints are placed on the PES layer for the case of multiple separate elementary streams intended to
be reproducedin sync asdescribed in clause 6.7.4.2 of the present document.

6.7.4  Multiple audio programme components

6.7.4.1 General

Multiple audio programme component use cases are a generalization of receiver-mix audio as defined in earlier versions
of the presentdocument: several audio components aredecoded and mixed in the receiver. To implement these use
cases, the IRD shallbe capable of simultaneously decoding several different audio components and subsequently

combiningthemintoa complete programme.

In these use cases, mostof the programme components may be multiplexed intothe main audio service. Some other
programme components (suchasa spokendirector'scommentary) may additionally be carriedas:

e  separate substream groups within thesame AC-4 elementary stream (see clause 6.7.4.2);
e  separate AC-4 elementary streams (see clause 6.7.4.3);
e acombinationof theabove.

The additional programme components are referred to as supplementary audio components below.

NOTE 1: Inthiscontext, the following use-cases are covered: music-+effects combined with one of multiple
languages, spoken narration of the picture content intended for the visually impaired listener, a sp ecially
created dialogue basedaudio serviceforthehearing impaired listener or additional audio services such as
a spokendirector'scommentary, or additional effects tracks.

The following requirements apply toallmultiple audio programme component use cases:
Encoding: At least one presentation shallbe entirely contained withina single PES.
Decoding: The IRD shall support single-streamdelivery as definedin clause6.7.4.2.

The IRD should support multi-stream delivery as defined in clause 6.7.4.3.
NOTE 2: Thisincludessupport for supplementary audio.

The presentationshall be decoded and its substreams combined as describedin clause4.8.4 in
ETSITS 103190-2 [46].

The IRD shall ignore the contents of the AD_descriptor, and instead use pan & fade values from
the elementary stream, as specifiedin ETSI TS 103190-2 [46], clause 6.2.7.4.

6.7.4.2 Single-stream delivery

In this use case, the supplementary audio components are carried as separate substreamgroups in the same AC-4
elementary stream, andall presentations are contained in a single PES.

In addition tothe requirements in clause6.7.4.1, thefollowing constraintsapply.
Encoding: Theb_multi_pidfield asdefinedin ETSI TS103 190-2[46], clause 6.3.2.2.7 shall be set to 0.

To provide I-Frames (see ETSITS 103 190-2[46], clause 4.5.2) flagsb_audio_ndot,b_pres ndot,
b_oamd_ndotof substreams combined in oneelementary stream shallbe aligned.

NOTE: Following this requirementensures that muxing/splicing o perations keep presentations intact that
combine several substreams.
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6.7.4.3 Multi-stream delivery

In thisuse case (oftentermed "multi P1D™), most of the programme components are found in the main audio service,
but at leastonesupplementary programme component (such as a narration of the picture content intended for the

visually impaired listener) is carried in a separate PES.
NOTE 1: Itfollowsthatin thiscase at leastsome presentations span across separate PES.

Support forthis caseis optional.

Encoding: Support of this case is optional forencoders. Encoders may encode all components into a single
PES.

Decoding: Support ofthis case isoptional for IRDs. An IRD may ignore presentations that span separate
PES.

When this case is supported, the following requirements apply.

NOTE 2: Theterm "contributingstreams" is definedto be the set ofallelementary streams that contain Audio
Programme Components contributingto a presentation. A bitstream elementis said to be contributing if it
is containedin a contributing stream.

Encoding: Forany presentation, all contributing elementary streams shall share the same frame rate.
For any presentation, all contributing elementary streams shall be time aligned with each other,
i.e.the PTS of audioframes (whether transmitted explicitly or implied) shall be identical.

Forany presentation, all contributing elementary streams shall have synchronized sequence
numbers.

Forany presentation, all contributing elementary streams should use identical i-framing to
facilitate synchronous startup aftera channel change.

Forany presentation,theb_multi_pidfieldin the contributing ac4_presentation_v1_info
containersaccording to ETSI TS 103 190-2 [46], clause 6.3.2.2.7 shall be set to 1.

The presentationelements in the contributing TOCs shall be identical except for theactual
substreamgroup information. Specifically, the presentation_group_index elements shall match.

Decoding: The contributing elementary streams may be remixed into a single elementary stream as per the
stepsdescribedin ETSI TS103 190-2[46], clause 5.1.2.

6.7.5 DRC and Loudness

The AC-4 bitstream format has been designed toenable intelligent control of audio loudness processing algorithms
foundthroughouttoday's media workflows and delivery chains to improvethe overall quality of audio programmes for

consumers.

The loudness metadata included in the AC-4 elementary stream allows the fullrange of parameters to be described,
including:

e truepeakandmaximumtrue peak,asspecified in Recommendation ITU-R BS.1770[i.17];

relative gated loudness values, as specified in Recommendation ITU-RBS.1770 [i.17];

o  speech gatedloudness values, as specified, e.g. in Free TV OP-59 [i.21];

o thedialogue gatingtype, asspecifiedin ETSI TS103 190-1 [43];

e momentary and maximum momentary loudness, as specified in Recommendation ITU-RBS.1771-1[i.22];

e  shortterm and maximum shortterm loudness, as specified in Recommendation I TU-R BS.1771-1 [i.22]; and

e loudnessrange andits measurement practicetype, as specified in EBU Tech Document3342[i.23].
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The Dynamic Range Control (DRC) elements of AC-4 provide users and systems with a flexible range of dynamic
range control options to address a wide range of device profiles and user applications.

In orderto take fulladvantage of these features, it is strongly recommended to follow the recommendations in
EBUR 1287Ti.18], EBU Tech Doc 3343[i.24]and EBU Tech Doc 3344 [i.19] orlocal loudness regulations, e.g.
FreeTV OP-59 [i.21].

Inorderto comply with EBUR 128[i.18], the following constraints apply:

Encoding: The dialnorm_bits parameter shall be used to indicate the audio programme loudness measured
according to local loudness regulations (EBU Tech 3344 [ .19], FreeTV OP-59 [i.21]). The
loud_prac_type parameter shall accordingly be set to indicate the measurement practice used.

The b_loudcorr_type flag shall be set to zero, if the audio programme has been correctedwithan
infinite look-ahead (file-based). If the loudness correctionwas based ona combination of real-

time loudness measurementand dynamic range compression, the flagshall be set to one.

The max_truepk parameter should beset to the maximum true peak sample value of theaudio
programme, measured accordingto annex 2 of Recommendation ITU-R BS.1770[i.17]and
without metadata applied.

The Ira parameter should beset to the loudness range of theaudio programme as specified in EBU
Tech Document3342[i.23].

The loudrelgat parameter may be used to signal the measurementof the integrated loudness of the
audio programme, as specified in Recommendation I TU-R BS.1770 [i.17], without loudness or
DRC metadata applied.

The dialgate_prac_type parameter may be set to the appropriate typeif dialogue gating that was
utilized to measure the audio programme loudness (indicated in dialnorm_bits) for nomalizing

the program prior to transmission.

The max_loudstrm3s parameter may be usedto signalthe maximum short-term loudness of the
audio programme, measured as specified in Recommendation I TU-RBS.1771-1[i.22], without
loudness or DRC metadata applied.

The max_loudmntry parameter may beusedto signalthe mamimum maximum momentary
loudness of the audio programme, measured as specified in Recommendation I TU-R

BS.1771-11i.22], without loudness or DRC metadata applied.

All 4 default DRC modes, indicated by drc_decoder_mode_idvalues0to 3 asdefinedin ETSI
TS103190-1[43], clause 4.3.13.3.1shall be included in the AC-4 elementary stream.

Decoding: The IRD shall apply DRC and loudness metadata as specifiedin ETSI TS 103 190-2 [46].

The IRD shall support the relevant DRC decoder modes as defined in ETSI TS 103 190-1[43],
clause4.3.13.3.1.

NOTE 1: Different device types typically operate atdifferentoutputreference levels (e.g. in a mobile phone, DRC
decodermode 2 mightbe foundto be relevant, whereas fora TV, decoder mode 1 might).

NOTE2: The E-AC-3 profilesasdefined in ETSI TS 103 190-1 [43], clause4.3.13.2.2 provide further provisions
forthe case that transcoding to E-AC-3 is supported by the IRD.

The decoder shall also support parametric DRC curves as defined by ETSI TS 103 190-1[43],
clause 4.3.13.4.

6.7.6  Dialogue Enhancement

The AC-4 bitstream format features flexible and scalable dialogue enhancement capabilities, which are built into the
codec. Theyare detailed in clause5.7.8 of ETSI TS103190-1 [43]and clause 5.8 of ETSI TS103190-2 [46]. The
following constraintsapply:

Encoding: An AC-4 elementary streamcarryinganaudio programme that contains dialogue mixedintothe
main programme should contain dialogue enhancement data.
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The IRD shall be capable of applying dialogue enhancement carriedin the AC-4 elementary
streamasdescribedin ETSI TS 103190-1 [43] and ETSITS 103190-2[46].

6.7.7  Audio/Video frame rate matching

AC-4 is designed to facilitate keeping videoandaudio in sync throughoutthe distribution chain by providing the
flexibility to encode theaudio programme at thesame framerateasthevideo programme. This means thatforevery
video frame there isa corresponding audio framewhenthis AC-4 feature is enabled.

When enabled, this optional AC-4 feature facilitates splicingworkflows as well as use cases like transcoding from orto
SMPTE ST 292-1 [i.25].

When the A/V sync feature of AC-4 isenabled fora programme, thefollowing constraints apply to allelementary
streams of that programme:

Encoding:

If Audio/Video frame rate matching is used:

- If the video isencoded as specified in clauses 5.14.5.2.2,5.14.5.6 and 5.14.5.7 of the present
document, the audio frame rate shall be chosento match the frame rate of the half framerate
HEVC temporal video sub-bitstream.

- Otherwise, an AC-4 elementary stream shall be encoded with a framerate equal to the video
framerate.

The PTSassociated with the first AC-4 frame in each PES packetshould matchthe PTS of the
corresponding video frame. That means that for each video access unit there should be a matching
audio access unit with the same (signalled orinferred) presentationtime. Table 27 summarizes the
above constraints for informative purposes.

Table 27: Choosing the audio frame rate afr dependent on video frame rate vfr

Framerate vfr £ 60 Hz 60 Hz <vfr £120 Hz
Video Any Clauses 5.14.54{2.2, 6, 7} Clause 5.14.5.2.3
encoded per
clause
Rate aligned |afr = vfr afr = vfr/2 afr = vir
Rate not afr € {48 000/2 048, 24 000/1 001, 24, 25, afr € {48 000/2 048, 24 000/1 001, 24, 25,
aligned 30 000/1 001, 30, 50, 60 000/1 001, 60} Hz 30 000/1 001, 30, 50, 60 000/1 001, 60, 100,
120 000/1 001, 120} Hz

6.8 MPEG-H Audio

6.8.1 Introduction

MPEG-H Audio offers methods for coding of channel-based content, coding of object-based content, and coding of
scene-based content (using Higher Order Ambisonics [HOA] as a sound-field representation). Figure 5 providesan
overview of the signal flowin the MPEG-H Audio decoder from bit-stream input to loudspeaker or headphone outputs.
The transmitted audio signals are decoded by the MPEG-H Audio Core Decoder. Channel-based signals are mapped to
the target reproduction loudspeaker layout using the Format Conversion module. Object-based signals are decoded and
rendered to the target reproduction loudspeaker layout by the Object Renderer module. HOA content isrenderedto the
target reproduction loudspeaker layoutusing the associated HOA metadata by a HOA decoder including renderer.
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Figure 5: Top level block diagram of the MPEG-H Audio decoder

6.8.2 Profiles and Levels for MPEG-H Audio

Encoding: Audio signals shall be encoded accordingto the MPEG-H Audio Low Complexity (LC) Profile as
definedin ISO/IEC 23008-3 [47], clause4.

The encoder shall usethe MPEG-H Audio LC Profile Level 1, Level 2 or Level 3.

The immersiveDownmixFlag in the downmixConfig() structure shall be set to 0.

The MPEG-H Audio LC Profile specifies a complete signal chain from bit-stream input to loudspeaker outputincluding
the decoding, rendering, mixingand loudness/DRC processing of MPEG-H Audio LC Profile Level 1, Level2 and
Level 3 bitstreams. The renderers for objectand HOA signals specified in [47] are thereference renderers foraudio
object content and HOA content encoded in accordance with MPEG-H Audio LC Profile. The interfaceto the reference
rendererforlocal setup information is defined in ISO/IEC23008-3[47],clauses 17.2,17.3 and 17.5, theinterface to the
renderer foruserinteractionis definedin ISO/IEC 23008-3 [47],clauses 17.7 and 17.8.

A reference renderer provides a broadcaster a tool to verify the rendering performance of the generated NGA delivery
signal. Defininga reference renderer does not imply that thesignalwill be rendered with thereference renderer nor

does it enforce implementation requirements onthe IRD.

Decoding: The IRD shall be capable of decoding MPEG-H Audio LC Profile Level 1, Level 2 and Level 3
bitstreams with thefollowing relaxations:

Itis recommendedthat the IRD implements either thereference object rendererand the
reference HOA renderer, oran object rendererand an HOA renderer that performat least as
well asthe referencerenderer given the capabilities of the IRD. This performance
recommendation covers the behaviour of the IRD over the complete decodingand rendering
chain, especially for the case of configuration changes as described in clause 6.8.5, mixing of
channel, HOA andobjectcontent or DRC processing, loudness compensation and user

interactivity.

The user interaction interface as defined for the reference rendererin ISO/IEC 23008-3 [47],
clause 17 isoptional.

The Generic Loudspeaker Rendering/Format Conversiondefinedin ISO/IEC 23008-3 [47],
clause 10 isoptional.

The Immersive Renderer defined in ISO/IEC23008-3[47], clause 11is optional.
Binaural renderingdefined in ISO/IEC 23008-3[47], clause 13 is optional.
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6.8.3 MHAS elementary stream formatting

Encoding:

Decoding:

6.8.4

6.8.4.1

Encoding:

The MPEG-H Audio elementary streams shall be encapsulated in the MPEG-H Audio Stream
Format (MHAS) accordingto ISO/IEC 23008-3 [47], clause 14, with further specification in

ISO/IEC 13818-1[1],clause2.19.2.

MHAS packets ofalltypesdefinedin ISO/IEC 23008-3 [47],clause 14, may be presentinan
MHAS elementary stream with the following exception:

MHAS packets with the types PACTYP_CRC16, PACTYP_CRC32, PACTYP_GLOBAL_CRC16
and PACTYP_GLOBAL_CRC32 shallnotbe presentin an MHAS elementary stream.

Other MHAS packets may be presentin the MHAS stream.

If Audio Scene Information, according to ISO/IEC 23008-3 [47], clause 15, is present, it shall
always be encapsulated in an MHAS PACTYP_AUDIOSCENEINFO packet.

Audio Scene Informationshall not be included in the mpegh3daConfig() structure in the MHAS
PACTYP_MPEGH3DACFG packet.

The IRD shall readand process MHAS packets of the following types in accordance with
ISO/IEC 23008-3 [47],clause14: PACTYP_SYNC, PACTYP_MPEGH3DACFG,
PACTYP_AUDIOSCENEINFO, PACTYP_AUDIOTRUNCATION,
PACTYP_MPEGH3DAFRAME, PACTYP_USERINTERACTIONand
PACTYP_LOUDNESS_DRC (see clause 6.8.9 for further specifications regarding the last two

packet types).

The IRD may readand process MHAS packets of the following types: PACTYP_SYNCGAP,
PACTYP_BUFFERINFO,PACTYP_MARKER and PACTYP_DESCRIPTOR.

Itis optional forthe IRD to process MHAS packets of thetype PACTYP_SYSMETAand thus
packets ofthis type may be ignored.

Other MHAS packets may be presentin an MHAS elementary stream and may be ignored.

Random Access Points with MPEG-H Audio

Definition of RAP with MPEG-H Audio

All rulesdefined in ISO/IEC 13818-1 [1], clause 2.19.2 regarding Random Access Points (RAP)
shall apply. Particularly, this clause specifies thata RAP into an MPEG-H Audio Stream consists

of the following MHAS packets, in the following order:

- PACTYP_SYNC
- PACTYP_MPEGH3DACFG
- PACTYP_MPEGH3DAFRAME

Additionally, thefollowing rules apply:

- An MHASPACTYP_BUFFERINFO packetshall be present before the MHAS

PACTYP_MPEGH3DAFRAME packet.

- If Audio Scene Info is present,an MHAS PACTYP_AUDIOSCENEINFO packet shall

directly followthe MHAS PACTYP_MPEGH3DACFG packetasdefinedin
ISO/IEC 23008-3 [47], clause 14.

Furthermore, theaudio data encapsulated in the MHAS packet PACTYP_MPEGH3DAFRAME
shall follow therules for a random access point as definedin ISO/IEC 23008-3 [47], clause 5.7.
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Additional MHAS packets may be presentin-betweentheabove listed MHAS packets or after the
MHASPACTYP_MPEGH3DAFRAME packet, with one exception: when present the MHAS
PACTYP_AUDIOSCENEINFO packet directly follows the MHAS PACTYP_MPEGH3DACFG

packet.
6.8.4.2 Time interval Between RAPs
Encoding: MPEG-H Audio RAPs shall be inserted in the audio elementary stream at least once inevery

2 seconds. The minimumdistance between two RAPs shallbe 500 ms.

It is recommended that those audio frames whose PTS values are closest to the PTS values ofthe RAPs of the
associated videoelementary streamare also codedas RAPs.

6.8.4.3 Tune-In at a RAP

A tune-in happens, forexample whenthe IRD switches the service. The audio decoder is able to tune-in to a newaudio
stream at every random access point (RAP).

Starting with the RAP, the decoder receives MHAS packets. The configuration information (contained in the MHAS
PACTYP_MPEGH3DACFG and PACTYP_AUDIOSCENEINFO packets) that is present at the RAP is used to
initialize the audio decoder. After initialization, theaudio decoder reads encoded audio frames (containedin the MHAS
PACTYP_MPEGH3DAFRAME packet) and decodes them.

Decoding: To optimize startupdelay attune-in theinformation fromthe MHAS PACTYP_BUFFERINFO
packet should be taken into account. The inputbuffer should befilled at leastto thestateindicated

in the MHAS PACTYP_BUFFERINFO packet before startingto decode audio frames.

NOTE: Itmaybe necessaryto feed severalaudio frames into the decoder before the first decoded PCM output
bufferisavailable,asdescribedin ISO/IEC 23008-3 [47], clause 4.

Itis recommendedthat on tune-in, the IRD performs a 100ms fade-in on the first PCM outputbuffer that it receives
from the audio decoder.

6.8.5  Configuration Change and Audio/Video Alignment

MPEG-H Audio enables seamless configuration changes in a broadcast environment. A configuration change takes
place in an audio stream when the contentsetup or the Audio Scene Information changes (e.g. when changesoccurin
the channel layout, thenumber of objects, etc.) and, therefore,a new MHAS PACTYP_MPEGH3DACFG packet is
required. Additionally, if the Audio Scene Information is present,a new MHAS PACTYP_AUDIOSCENEINFO packet
is also required. Eventhough configuration changes usually happen at program boundaries, they are notrestricted to
that case and they may occur at any time within a program.

Encoding: Ateach configuration change, the MHASPacketLabel shall be changed toa differentvalue from
the MHASPacketLabel in use before the configuration change occurred. The Access Unit that

contains a configuration changeshall be encoded as RAP as defined above.
The values of the MHASPacketLabel shall beset according to ISO/IEC 23008-3 [47], clause 14.

Decoding: If the decoder detects a configurationchange in thebitstream, the decoder shall performthe
configurationchangeaccordingto ISO/IEC 23008-3 [47], clause 5.5.6.

The configurationchange can, for instance, be detected through the change ofthe
MH ASPacketlabel of the packet PACTYP_MPEGH3DACFG compared to the value of the
MH ASPa cketLabel of previous MHAS packets.

If MHAS packets of type PACTYP_AUDIOTRUNCATION are present, theyshall be used as
described in ISO/IEC 23008-3 [47], clause 14.

The Access Unit thatcontains the configuration changeand the last Access Unit beforethe configuration change may
contain a truncationmessage (PACTYP_AUDIOTRUNCATION) as defined in 1ISO/IEC 23008-3 [47], clause 14. The
MHAS packet of type PACTYP_AUDIOTRUNCATION enables synchronization between video and audio elementary
streams atprogram boundaries. When used, sample-accuratesplicing and reconfiguration of theaudio stream are
possible.
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NOTE: A change in the mpegh3daLoudnessinfoSet() and mpegh3daUniDrcConfig() structures may occur
without triggeringa configuration change. Changes in mpegh3daLoudnessinfoSet() and
mpegh3daUniDrcConfig() are handled as described in ISO/IEC23003-4 [48], clause6.8.

6.8.6 Metadata Audio Elements and Audio Preselections

MPEG-H Audio uses a set of static metadata, the "Metadata Audio Elements" (MAE), to definean"Audio Scene". An
Audio Scene representsan Audio Programme.

Audio Programme Components are associated with metadata thatcontainallinformation necessary for personalization,
interactive reproduction, and rendering in flexible reproduction layouts.

The metadata (MAE) is structured in several hierarchy levels. The top-level elementof MAE is represented by the
"mae_AudioScenelnfo()" structure. Sub-structures of the "mae_AudioScenelnfo()" structure contain "Groups," "Switch
Groups,"and"Presets". The Groups and Switch Groups represent Audio Programme Components, Presets represent
Audio Preselections.

Encoding: If the Audio Programme contains Audio Preselection description, the Audio Programme shall
contain exactly onedefault Audio Preselection, i.e. the Audio Preselection containing themain
audio tobe decoded in theabsence of any user preference dataor any other systemautomatic
selection information. This means that, if the Audio Programme contains Audio Preselection
description, exactly onegroup preset shall have the mae_groupPresetID fieldequal to O.

The number of Audio Preselections shall be equal with 31 or less, i.e. the mae_numGroupPresets
field shall be set to a value between0 and 31. If the Audio Programme does notcontain Audio
Preselection descriptionthe mae_numGroupPresets fieldshall be set 0.

Decoding: The IRD shall, by default, andin theabsence of any user preference dataor any other system
automatic selection information, decodethe default Audio Preselection, i.e. the IRD shall decode
the Audio Programme Components contained in the group presetwith themae_groupPresetiD
field setto 0.

The IRD shall be capable of decoding all Audio Preselections, i.e. decodeall group presets
signalledin the"mae_GroupPresetDefinition()" structure as defined in ISO/IEC 23008-3 [47],

clause 15.

If the IRD receives a Preselection ID value, the IRD shall decode the Audio Programme
Components contained in thegroup preset with the mae_groupPresetID field equal tothe
received Preselection IDvalue.

6.8.7 MPEG-H Multi-Stream Audio

6.8.7.1 Encoding and Decoding of MPEG-H Multi-Stream Audio

The multi-stream-enabled MPEG-H Audio System is capable ofhandling Audio Programme Components delivered in
severaldifferent elementary streams (e.g. one MHAS stream containing one complete audio main, and oneormore
auxiliary MHAS streams, containing different languages and audio description).

The main MHAS stream (containing one complete audio main or the Audio Programme Components corresponding to
the default Audio Preselection) andauxiliary MHAS streams (containing the Audio Programme Components

corresponding to several other Audio Preselections) canbe carried:
e withina single MPEG-H Audio elementary stream; or

e asseparate MPEG-H Audio elementary streams.

The MAE information allows the MPEG-H Audio Decoder to correctly decode several MHAS streams. The MHAS
streams can be provided directly tothe MPEG-H Audio Decoder. Alternatively, the MHAS streams can be first merged
into one single MHAS stream which is provided to the MPEG-H Audio Decoder.
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Encoding: Foreach MHAS stream, the MHASPacketlLabel shall be set according to
ISO/IEC 23008-3 [47],clause 14.6.

One MHAS streamshall be themainstream, i.e. in exactlyone MHAS streamthe Audio Scene
Information shall have the mae_isMainStream field setto 1. In all other MHAS streams the
mae_isMainStream shallbe setto 0.

In each auxiliary MHAS stream (i.e. streams with mae_isMainStream field set to0) the
mae_bsMetaDataE lementl Doffset field in the Audio Scene Informationshall be set to the index of

the first metadataelementin the auxiliary MHAS streamminus one.

All MHAS elementary streams thatcarry Audio Programme Components of one Audio Programme
shall be time aligned, i.e. the PTS of those audio frames ofthe mainand all auxiliary streams that
correspondto thesame time instance (whether transmitted explicitly or implied) shall beidentical.

In each auxiliary MHAS elementary stream (i.e. streams with mae_isMainStream field set to 0),
RAPsshall be aligned to the RAPs present in themainstream (i.e. the streamwith
mae_isMainStreamfield setto 1).

Decoding: The IRD shall be capable of simultaneously decoding of Audio Programme Components fromthe
main and up to 2 auxiliary MHAS streams and subsequently combiningthemintoasingle
elementary stream by utilizing thefield mae_bsMetaDataElementIDoffsetin the Audio Scene
Information as described in ISO/IEC 23008-3 [47], clause 14.6.

6.8.7.2 Example of MPEG-H Multi-Stream Audio

Figure 6 illustratesan example of a multi-streamdelivery scenario wherein, out of severalincoming streams, the main
stream (stream#0) andthethird stream (stream #2) areselected and merged intoa single stream, while the second

stream (stream #1) is discarded, based on information obtained from the systemslevel.

Groups:
stream #0 * channel bed
——— | *effects ——MHAS—
* main dialog LANG1
mae_isMainStream = 1;
MHAS sub-streams:
Groups:
stream #1 * main dialog LANG2 MHASPacketLabel = 1: MHASPacketLabel = 2:
——MHAS—m» MHAS merger ——MHAS—®»| * channel bed * audio description LANG1 ——MHAS—»
mae_isMainStream = 0; * effects mae_isMainStream = 0;
mae_bsMetaDataElementiDoffset = 8; * main dialog LANG1 mae_bsMetaDataElementIDoffset = 10;
mae_isMainStream = 1;
Groups:
stream #2 * audio description LANG1
— ——MHAS—p»
mae_isMainStream = 0;
mae_bsMetaDataElementIDoffset = 10;

| Systems Interaction:
| -select language LANG 1
- merge stream #0 and stream #2

Figure 6: Example of switching and merging multiple incoming streams

6.8.8  Loudness and Dynamic Range Control

The MPEG-H Audio System includes advancedtools for loudness and dynamic range control inherited from
ISO/IEC 23003-4 [48]. ISO/IEC 23003-4 defines a comprehensive and flexible metadata formatthatincludes
transmission of loudness metadata according to recommendations Recommendation ITU-R BS.1770[i.17]and
Recommendation ITU-R BS.1771-1 [i.22] amongst others. Further, ISO/IEC 23003-4 is compliant to worldwide
loudness regulations including EBU Recommendation R 128 [i.18].

Encoding: Loudness metadatashall be embedded within the mpegh3daloudnessinfoSet() structure as defined
in ISO/IEC 23008-3 [47], clause6.3. Such loudness metadata shall include atleastthe loudness of
the audiocontent renderedto thedefaultrendering layout as indicated by the referenceLayout
field (see ISO/IEC 23008-3 [47], clause 5.3.2). More precisely, the mpegh3daLoudnessinfoSet()
structureshall include atleastoneloudnessinfo() structure with loudnessinfoType set to 0, whose
drcSetld and downmixldfields are setto 0 andwhichincludes at least one methodValue field
with methodDefinition setto 1 or 2 (see ISO/IEC 23008-3 [47], clause6.3.1and
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ISO/IEC 23003-4 [48], clause 7.3). The indicated loudness value shall be measured according to
local loudness regulations (e.g. EBUR 128 [i.18]).

DRC metadata shallbe embedded in the mpegh3daUniDrcConfig() and uniDrcGain() structures
asdefinedin ISO/IEC23008-3 [47], clause 6.3.

Foreachincluded DRC set the drcSetTargetLoudnessPresent field shall be setto 1. The
bsDrcSetTargetLoudnessValueUpperandbsDrcSetTargetLoudnessValueLower fields shall be
configuredto continuously cover the range of target loudness levels between -31 dB and 0 dB.

Loudness compensationinformation (mae_LoudnessCompensationData()) as defined in

ISO/IEC 23008-3 [47], clause 15.5shall be present in the Audio Scene Informationif the
mae_allowGainlInteractivity field (accordingto ISO/IEC23008-3 [47], clause 15.3) issetto 1 for
at least one Group.

Decoding: The IRD shall apply loudness and DRC metadata as specifiedin ISO/IEC 23008 -3 [47], clause 6.
The loudness normalization feature ofthe MPEG-H Audio Decoder shall be enabled constantly.

NOTE: Thetarget levelfornormalization is typically fixed and dependent onthe specific receiving device
(e.g. audio-videoreceiver, TV set, Mobile device).

6.8.9  User Interactivity and Personalization

6.8.9.1 Audio Scene and User Interactivity Information

If the MPEG-H Audio bitstream enables user interactivity, i.e. it contains an MHAS packetwith type
PACTYP_AUDIOSCENEINFO, the user may change certain aspects of therendered audio scene during playback, e.g.

change the gain or position ofanaudio object.

The Audio Scene Information as defined in ISO/IEC 23008-3 [47], clause 15 contains informationas to whatthe user is
allowed to change and by howmuch, e.g. which Audio Programme Components are enabled for interactivity and what
the maximumallowed changesare (e.g. in terms of gain or position). The Audio Scene Informationalso may contain
textual labels with descriptions of Audio Programme Components or presets thatcan be used in a Gra phical User

Interface (GUI).

Changes that result from user interactivity in the GUI are taken into account by the MPEG-H Audio Decoder during
rendering of the audio scene.

Decoding: If MHAS_PACTYP_USERINTERACTION and MHAS_PACTYP_LOUDNESS DRCpacketsare
presentin the MHAS streamthe IRD shall read and interpretthese formats in accordance with
ISO/IEC 23008-3 [47], clause 14.

If the user interactivity results in gainchanges of one or more Audio Programme Components in
the audioscene, loudness compensationas defined in ISO/IEC 23008-3[47], clause 15 shall be

applied.

The preferred Loudness and DRC configuration shall be controlled by the
mpegh3dalLoudnessDrcinterface() structure as defined in ISO/IEC 23008-3 [47], clause 14.2.2

and ISO/IEC 23003-4 [48], annexB.

The mpegh3daloudnessDrcinterface() structureshall be restricted to parameter changesin the
loudnessNormalizationControl Interface() and dynamicRangeControl Interface() sub-structures.
The loudnessNormalizationOn field (part of loudnessNormalizationControl Interface()) and the
dynamicRangeControlOn field (partof dynamicRangeControlinterface()) shallbe setto 1 (see
ISO/IEC 23003-4 [ 48], annexB).

6.8.9.2 User Interface Examples (informative)

6.89.2.1 Introduction

Two examples are described howthe Audio Scene Information canbe providedto the GUI and howthe user
interactivity information canbe provided from the GUI to the audio decoder:
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e  Through aninterface (API) of the MPEG-H Audio Decoder, as further describedin clause6.8.9.2.2.
e  Through a separate building block at systems level of the receiving device, as further described in
clause 6.8.9.2.3.
6.8.9.2.2 MPEG-H Audio Decoder API for User Interface
In the scenario described in this clause the audio decoder has two interfaces:
e thedatainterfacefortheencodedbitstream data;and

e anadditional interface for User Interactivity Information. This additional interface is defined in
ISO/IEC 23008-3 [47],clause 17.7.

As shown in figure 7, the MPEG-H Audio Decoder makes the Audio Scene Information available to anapplication for
usage ina GUI. Inreturn, the MPEG-H Audio Decoder receives User Interactivity Information from the application
through the mpegh3daElementinteraction() structure as defined in ISO/IEC23008-3[47], clause 17.7. The
ei_interactionMode field in the mpegh3daElementinteraction() structure is set to one only if presetinformationis
presentin the bitstream.

Optionally, the MPEG-H Audio decoder may receive an mpegh3daLoudnessDrcinterface() structureas defined in
ISO/IEC 23008-3 [47], clause 14.2.2for selection ofa preferred DRC and loudness configuration.

GUI

mpegh3daElementinteraction()

AudioS Infi
mae_AudioScenelnfo() (optionally: mpegh3daloudnessDrcinterface() )

» MPEG-H Audio Decoder
Bitstream Interface

(MHAS)

Figure 7: MPEG-H Audio Decoder Interface for User Interactivity

6.8.9.2.3 User Interface on Systems Level

In the scenario described in this clause the audio decoder has only the data interface fortheencoded bitstream data and
no additional interface for user interactivity. Two separate building blocks at systems level are connectedto the GUI, an
"MHAS Extractor" building block andan "MHAS Embedder" buildingblock.

As shown in figure 8, the Audio Scene Information is extracted from the MPEG-H Audio bitstream at systems level.
The "MHAS Extractor” building block parses the MHAS stream, extracts the MHAS PACTYP_AUDIOSCENEINFO

packet and makes it available to the application for usage in a GUI.

In return the "MHAS Embedder" accepts the User Interactivity Information from the application layer. The User
Interactivity Informationis carried in the mpegh3daElementinteraction() structure whichis further encapsulated in the
MHASPACTYP_USERINTERACTION packet, asdefined in ISO/IEC23008-3[47],clause14.4.9. The
ei_interactionMode field in the mpegh3daElementinteraction() structure is set to one only if presetinformation is
present in the bitstream.

The "MHAS Embedder” building blockembedsthe MHAS packet PACTYP_USERINTERACTION into the MHAS
streamthatis fed into the audio decoder. Optionally the MHAS packet PACTYP_LOUDNESS DRCasdefinedin
ISO/IEC 23008-3 [47], clause 14.4.10 isalso embedded into the MHAS packet stream, if the preferred DRCand
loudness configurationis intendedto be changed in the GUI.
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e

MHAS PACTYP_USERINTERACTION

MHAS_PACTYP_AUDIOSCENEINFO
(optionally: MHAS PACTYP_LOUDNESS_DRC)

\ 4
MHAS packet MHAS packet
Bitstream Interface EXlactol Emberiey Bitstream Interface
» » MPEG-H Audio Decoder
g Systems Level 4
MHAS MHAS MHAS

Figure 8: Interface on Systems Level for User Interactivity

6.9 DTS-UHD Audio

6.9.1 Overview

6.9.1.1 DTS-UHD Stream Structure

ETSI TS103 491 [49] definesa DTS-UHD audio stream as a sequence of DTS-UHD audio frames. EachDTS-UHD
audio frame, in turn, iscomposed of sets of coded waveforms (the audio essences) and metadata such as positional or
loudness information.

In DTS-UHD, audio program components are organized into audio program component groups. Audio program
components can be partof severalaudio program component groups; and each audio program componentgroup
contains one or more oneaudio program components. This allows the efficient construction ofaudio preselections.

Figure 9 shows an example of how information within a DTS-UHD frameis organized.

Object 1 Metadata

Object 2 Metadata
Object List

123 Object 3 Metadata

\ Audio Component A
Rendering Metadata

Component Group 0 Audio Component B

Audio Component C
Object 4 Metadata
Object 5 Metadata Audio Component D

Object 6 Metadata

Object List

4,5,6

Audio Essence

Rendering Metadata

Component Group 1

Audio Frame

Figure 9: Organization Example of DTS-UHD Component Groups
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Audio program component groups are completely contained within a particular DTS-UHD stream; that is, the audio
program components all reside in the same DTS-UHD stream that also contains theaudio program componentgroup.

Audio preselections according to clause K.1.3 are combined from Audio Program Components.

NOTE: InDTS-UHD,thisrelationship isindirect asaudio preselections are combined from audio program
component groups.

When the audio preselection is madeup of morethan oneaudio program componentgroup, each such groupis
contributed froma different DTS-UHD stream, as further specified in clause 6.9.2.

6.9.1.2 Decoders and Renderers

A DTS-UHD decoderis configured to decode a specific audio program component group, identified by configuration
parameter ucAudPresindex. Thedecoder then processes a selected DTS-UHD audio stream into sets of linear PCM
waveforms. Thewaveforms are passed to a renderer along with the respective object metadata, plus additional metadata
specific to the audio program componentgroup. Figure 10 providesanillustration.
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PCM
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Select
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Decode List
of
Components

Component Group
Metadata

Figure 10: Component Group Selection Decoded and Rendered

The rendererapplies the metadata to the essence from the given time intervaland mixes all inputs together to generate
the finaloutputto the speakers.

A reference renderer provides a broadcaster a tool to verify the rendering performance of the generated NGA delivery
signal. Defininga reference renderer does not imply that thesignalwill be rendered with the reference renderernor

does it enforce implementation requirements onthe IRD.

Itis recommendedthat the IRD implements either the reference renderer or a renderer that performs at leastaswellas
the reference renderer given the capabilities of the IRD.

NOTE: A-reference rendererfor DTS-UHD can be foundin ETSI TS103 584 [i.35].

6.9.1.3 Sync Intervals

To enable break-in, the streamis partitioned into sync intervals. Syncintervals start andendat sync frames. The
duration of the sync interval is unlimited, but is nominally between 500 msand 2 seconds.
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Sync frames are special DTS-UHD audio frames thatrepresentthe random access points for random navigation toa
particularlocation in the bitstream as specified in ETSI TS103 491[49], clause4.2.3. Decoding start with a sync frame
and the decoder commences to decode the stream as configured by the parameter ucAudPresindex.

Sync frames also mark the points where DTS-UHD BroadcastChunk data becomes valid as further detailed in
clause 6.9.3.2.

6.9.2  Multi-stream Playback

The provisions of this clause apply to the case when an audio programme contains multiple e lementary streams.

This case is characterized by the presence of one main stream andone or more auxiliary streams. The audio program
shall containno morethan a maximum of 8 DTS-UHD audio streams. The stream with stream ID =0 is called the
"main stream"; all other streams are called "auxiliary streams".

In this case, Audio Preselections canbe made up of morethan oneaudio program componentgroup, andthe conceptual
modelassumed in the present documentis such that the separate component groups are decoded by separate DTS-UHD

decodersasdefined in ETSI TS 103 491 [49].

NOTE: Thisdoes not preclude otherimplementations; animplementation choice may be a single decoder
processingthe frames from the various streams sequentially, thenrendering all waveforms from the given
time intervaltogether to generate the final output tothe speakers.

The individual audio component groups making up the preselection carry positional information for each waveform.
Each audio component groupalso passes available loudness and dynamic metadata to therenderer. The final rendering
metadata for scaling the output shall always be provided by the highestordered elementary streamin the sequence that

contains such metadata.

In the example of Figure 11 threeelementary streams contributeto a particular preselection. Component #2 is from the
highest ordered stream in a multi-streampreselection. The renderer will first look for metadata from Component#2 to
performthe final scaling of themix. If some metadata is missing, then the renderer looks at the metadata delivered with
Component#1,andfinally Component #0, in order, to fillin the missingmetadata.

To illustrate this example, consider that the component from elementary stream #0 carries music and effects, the
component from elementary stream #1 carries dialogue, and the component from elementary stream #2 adds spoken
subtitles. Multiple dialogue objects might be able to use the same music and effects, so the mixing metadata with the
dialogue will be preferred when only these two components are selected. Since the spoken subtitle is stored in stream
#2,and was mastered with the M&E plus dialog, it was the only one mastered with the awareness of the other
components. Therefore, the metadata in Component#2 can provide the bestexperience. In some sce narios, new mixing
metadata may not be generated with thespokensubtitle, i.e. it was mastered in consideration of the stream#1 metadata.
In this case, stream #1 metadata will be used forthe final rendering.
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Figure 11: DTS-UHD Multi-stream Example

6.9.3  Detailed Requirements

6.9.3.1 DTS-UHD BroadcastChunk

The DTS-UHD BroadcastChunkis a map ofthe audio programme. It carries high-level information aboutthe
preselections available, anda mapping of the components to specific preselections.

The structureof the BroadcastChunk is defined in table 28. This metadata block is delivered in the main DTS-UHD
streamand is carried between audio frames. Ifauxiliary streams are also present, these streams do not carry a
BroadcastChunk. The components delivered in auxiliary streams are referenced by the BroadcastChunk in the main
stream.

The BroadcastChunk s organized by language. Foreach language indicated there are oneor more SelectionSets, each
defininga preselection. Each SelectionSet is composed of two parts. The first partis a preamble that identifies certain
properties of the preselection. The second part is a list of components needed to compose the preselection. The
preamble has several pre-defined flags to indicate specific features, and an optional byteto further differentiate
programme content. Each component is identified with a StreamlD anda ComponentiD.

Table 28: DTS-UHD BroadcastChunk

Syntax Number of Identifier
bits

DTSUHD _BCHUNK 32 bslbf
ByteCount 8 uimsbf
Version 3 uimsbf
numLanguages 5 uimsbf
for (i=0; i < numLanguages;i++) { // Languagelndex =i

1ISO639 code /l Language Table 24 bslbf
)
for (i=0; i < numLanguages;i++) { // Language Groups

b UserByte 1 bslbf

reserved bits 2 blsbl
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Syntax Number of Identifier
bits
numSelectionSets [i] /| Preselections per group 5 uimsbf
for(j= 0; j < numSelectionSets [i]; j++) { // Programindex =j
AudioDescription /| properties of Preselection 1 bslbf
SpokenSubtitle 1 bslbf
DialogueEnhancement 1 bslbf
if (b_UserByte)
UserByte 8 bslbf
numComponents 3 uimsbf
reserved bits 2 bslbf

for (k =0; k < numComponentGroups; k++){ // each Preselection
StreamID 3 uimsbf
ComponentGroupID 5 uimsbf
}// numComponentGroups
}/InumSelectionSets
} //InumLanguages
CRC16 16 bslbf

Semantics:
DTSUHD_BCHUNK isa 4-byte syncword identifying the broadcast chunk. The value shall be as shownin table 29.

ByteCountisthe size, in bytes, of the DTS-UHD BroadcastChunk. This value shall reflect the number of bytesin the
BroadcastChunk excluding the syncword, but inclusive of ByteCount and CRC16.

Versionshallbe setto 0.

numLanguages isa 5-bit unsigned integer representing the number of language codes in the language table.
numLanguages + 1 shall equal thenumber of language codes in the language table and the number of language
groups defined in the BroadcastChunk.

1ISO639_code shallbe usedto indicate the language ofthe preselections in thelanguage group as a 3 byte language
code according to 1ISO 639-2 [ 27].

b_UserByte indicates the presence of a user byte. If b_UserByte isequalto 1, thena user defined byteshall be included
in each preselection preamble for theassociated language group. If b_UserByteis equal to 0, a user defined byte shall
not be present.

numSelectionSets]i] isa 5-bit unsigned integer representing the number of preselections defined fora particular
language group. numSelectionSets[i] + 1 shall equal the number of preselections listed in language group i.

AudioDescription shall be equal to 1 if the preselection includes scene descriptive audio. Otherwise,
AudioDescription shall equal 0. Preselections including scene descriptiveaudio should containanobject where the
corresponding m_ucAssociatedAssetTypeissetto ASSET_TYPE_VISUALLY_IMPAIRED, as described in
clause 7.7.6.5.20f ETSITS 103 491 [49].

SpokenSubtitle shall be equal to 1 if the preselection includes spoken subtitles. Otherwise, SpokenSubtitle shall equal
0. Preselections including spokensubtitle should contain an objectwhere the corresponding
m_ucAssociatedAssetType issetto ASSET_TYPE_SPOKEN_SUBTITLE as described in clause 7.7.6.5.2 of ETSI

TS 103491 [49].

DialogueEnhancement shallbe equalto 1 if the preselectionincludes dialogue thathas been enhanced for improved
voice clarity. Otherwise, DialogueEnhancement shall be set to 0. Preselections including dialogue enhancement should
contain an object where the corresponding m_ucAssociatedAssetType is set to

ASSET_TYPE_HEARING_IMPAIRED asdescribed in clause 7.7.6.5.2 of ETSI TS103491[49].
UserByte shall exist or notaccordingto b_UserByte.

NumComponentsisa 3-bit unsigned integer representing the number of components creating the given preselection.
NumComporents + 1 shall equal the total number of components listed by StreamID and ComponentID to definethe
given preselection.

reserved_bitsare 2 bits reserved for future definition. They shallboth be set to 0.
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StreamID shallidentify whichelementary streamis contributing a given component. Thevalue 0 isassigned tothe
main stream, which is the first stream in the TS multiplex. The value 1 represents the first auxiliary stream,andso on,
to a maximum of 8 elementary streams.

ComponentGrouplD shallidentify a specific contribution withinthestreamindicated by StreamID with the
correspondingvalue of ucAudPresindex, as defined in ETSI TS 103491 [49].

CRC16 : A BroadcastChunk shallbe terminated witha 16-bit CRC starting from (including) numLanguages, through
the last instance of ComponentID. The CRCshall be calculated by initializing to OxFFFFand computed with the

polynomial x ¢ + x12 + x5 + 1.

6.9.3.2 Requirements for including the DTS-UHD BroadcastChunk

The following requirements and constraints apply to the use of the DTS-UHD BroadcastChunk:

Encoding: The BroadcastChunk shall be presentwhen a givenaudio programme uses multiple DTS -UHD
elementary streams.

The BroadcastChunk should be present when a single stream audio programme contains multiple
preselections.

When the BroadcastChunk is present, it shall be transmitted in themain elementary streamand
shall be located beforeany audioframe.

The BroadcastChunk shallnot beencrypted.
When the BroadcastChunk is required, it shall be presentat least once per sync interval.

If the BroadcastChunkis present more than once per sync interval, thenall instances of the
BroadcastChunk in that sync interval shallbe identical.

Decoding: The BroadcastChunk shall always applyto thenextsync interval.

6.9.4  General Requirements for DTS-UHD

The following requirements apply toencodersand IRDs:

Encoding: The elementary streamshall be constructed in compliance with ETSI TS 103491 [49] withthe
following constraints:

The main elementary stream shall contain a default preselection.

The default preselectionshall be constrained to at most 16 full bandwidth waveforms and two LFE
channels.

A sync frame shall be present at every randomaccess point.

If DTS-UHD auxiliary streams are presentin the Audio Programme, the syncframes of the
auxiliarystreams shall be alignedto the sync frames of themain stream.

At least one 48 kHz presentationshall be presentin Audio Programme. Other audio sampling
frequencies are optional.

Note thatseamless playback requires thataudio chunktype, audio frame duration and maximum
audio sampling frequency in the elementary stream to remain constant.

Decoding: The IRD shall be able to decodeand render atleast 16 full bandwidthwaveforms and two LFE
waveforms fromthedelivered DTS-UHD Audio Programme.

The IRD shall be capable of decoding preselections witha sampling frequency of 48 kHz.

The IRD shall invoke playbackaccordingto table 4-1in ETSI TS 103 491 [49] using either
API_PRES_SELECT_DEFAULT_AP,or API_PRES_SELECT_SPECIFIC_AP. The IRDshall
notinvoke playback using API_PRES_SELECT_OBJECT_ID_LIST.
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6.9.5 DTS-UHD PES Packaging

Multiple access units are permitted in a PES packet. Audioaccess units begin with a valid DTS sync word. Valid DTS
syncwordsare listed in table 29.

Table 29: DTS-UHD Syncwords

Name Syncword Description
DTSUHD SYNC 0x40411BF2 DTS-UHD Sync Frame
DTSUHD NOSYNC 0x71C442E8 DTS-UHD Non-syncFrame
DTSUHD BCHUNK Ox2A3E2523 DTS-UHD BroadcastChunk

If a transport packet is designated to be a random-access point, the following conditions shall be satisfied accordingto
ISO/IEC 13818-1[1]:

e  PESheadershall be present;
e  PESheadershall contain PTS;

e  Data_Alignment_Indicator withinthe PES header shall be setto 1 andthe syncword (DTSUHD_SYNC) shall
immediatelyfollow the PES header.

A decodersessioncan only begin ona sync frame; therefore, only sync frames canbe random accesspoints. Note that
only transport packets whichare random access points require syncword alignment.

When a DTSUHD_BCHUNK s extractedfromthe TS, then it shall be delivered to the decoder promptly such thatit
will come intoeffectat thenextSync Frame.

6.9.6 Loudness

The DTS-UHD elementary stream is capable of carrying multiple loudness parameter sets, some of which include
(nominally) the complete presentation, the speech components only, and composition of allcomponents excluding the
speech.

The loudness metadata will be contributed from the highestordered stream containing such metadata for theentire
preselection as indicated in clause6.9.2.

Each loudness parameter set consists of 3 values:
e m_rLoudnessisthe measured loudness, stored with anassociated asset type code
e m_ucAssociatedAssetType whichdescribes thetype of asset being measured

e  m_ucLoudnessMsrmType whichindicates themethod usedto calculate m_rLoudness

Details regarding loudness measurements and signaling for DTS-UHD are documented in ETSI TS103 491 [49],
clause 7.7.6.5.

6.9.7  Dynamic Range Personalization

Multiple selectable and custom dynamic range compressioncurves can beassociated with an Audio Programme to
facilitate adaptationto various listening environments. The presence of a selectable DRC curve is indicated by the
bitstream metadata parameter m_bCustomDRCCurveMDPresent as definedin ETSI TS 103 491 [49]. Different
curvescanbe assignedto high, medium and low compression to accommodate various playback environments. More
informationabout this can be foundin ETSI TS103 491 [49], clause 7.7.6.8.
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Annex A (informative):
Examples of Full screenluminance resolutions for SDTV
and 25 Hz/30Hz HDTV

Table A.1: Examples of MPEG-2 screen resolution

vertical_size horizontal_size aspect_ratio [frame_rate code Progressive Decodeable by
value value information (see note) or Interlace MPEG-2 SDTV
IRD

1080 1920 16:9 25 P N
1080 1920 16:9 23,976; 24; P N

29,97; 30
1080 1920 16:9 25 | N
1080 1920 16:9 29,97; 30 [ N
720 1280 16:9 25; 50 P N
720 1280 16:9 23,976; 24; P N

29,97; 30; 59,94;
60

576 720 16:9 50 P N
576 720 4:3, 16:9 25 P Y
576 720 4:3, 16:9 25 | Y
576 544 4:3, 16:9 25 P Y
576 544 4:3, 16:9 25 | Y
576 480 4:3, 16:9 25 P Y
576 480 4:3, 16:9 25 | Y
576 352 4:3, 16:9 25 P Y
576 352 4:3, 16:9 25 | Y
480 720 16:9 59,94; 60 P N
480 720 4:3, 16:9 23,976; 24; P Y

29,97; 30
480 720 4:3, 16:9 29,97; 30 | Y
480 640 4:3 23,976; 24, P Y

29,97; 30
480 640 4:3 29,97; 30 | Y
480 544 4:3, 16:9 23,976; 29,97 P Y
480 544 4:3, 16:9 29,97 [ Y
480 480 4:3, 16:9 23,976; 29,97 P Y
480 480 4:3, 16:9 29,97 | Y
480 352 4:3, 16:9 23,976; 29,97 P Y
480 352 4:3, 16:9 29,97 | Y
288 352 4:3, 16:9 25 P Y
240 352 4:3, 16:9 23,976; 29,97 P Y

NOTE: Shaded "frame rate code" values indicate 30 Hz bitstreams, clear values 25 Hz bitstreams.
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Table A.2: Examples of H.264/AVC Screen Resolution

Vertical Horizontal size | Aspect ratio Frame rate Progressive Decodable by
size (see note) or Interlaced H.264/AVC SDTV IRD
1080 1920, 1 440, 16:9 23,976; 24 P N

1280, 960 25 I N

P N

29,97; 30 I N

720 1 280, 960, 640 16:9 25; 50 P N

23,976; 24; 29,97; P N
30; 59,94; 60

576 720 4:3, 16:9 25 P Y

I Y

544, 480, 352 4:3, 16:9 25 P Y

| Y

480 720, 640, 544, 4:3, 16:9 23,976; 24; 29,97; P Y

480, 352 30

29,97; 30 I Y

288 352 4:3 25; 50 P Y

25 | Y

240 352 4:3 23,976; 24; 29,97; P Y
30; 59,94; 60

29,97; 30 I Y

NOTE: Shaded "frame rate code" values indicate 30 Hz bitstreams, clear values 25 Hz bitstreams.

Table A.3: Examples of VC-1 screen resolution

Vertical Horizontal size | Aspect ratio Frame rate Progressive [Decodable by VC-1
size (see note) or Interlaced SDTV IRD
1080 1920, 1 440, 16:9 23,976; 24 P N

1 280, 960 25 I N
P N
29,97; 30 I N
720 1 280, 960, 640 16:9 25; 50 P N
23,976; 24; 29,97; 30; P N
59,94; 60
576 720 4:3, 16:9 25 P Y
I Y
544, 480, 352 4:3, 16:9 25 P Y
| Y
480 720, 640, 544, 4:3, 169 23,976; 24; 29,97; 30 P Y
480, 352 29,97; 30 I Y
288 352 4:3 25; 50 P Y
25 | Y
240 352 4:3 23,976; 24; 29,97; 30; P Y
59,94; 60
29,97; 30 I Y
NOTE: Shaded "frame rate" values indicate 30 Hz bitstreams, clear values 25 Hz bitstreams.
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Table A.4: Examples of HEVC Bitstreams Resolutions

Vertical size |Horizontal size |Display aspect Frame rate Progressive or Decodable by
ratio (see note) Interlaced HEVC HDTV IRD
2160 3840, 2 880 16:9 25, 50 P N
24 000/1 001, 24, P N
30 000/1 001, 30,
60 000/1 001, 60
1800 3200 16:9 25, 50 P N
24 000/1 001, 24, P N
30 000/1 001, 30,
60 000/1 001, 60
1440 2 560 16:9 25, 50 P N
24 000/1 001, 24, P N
30 000/1 001, 30,
60 000/1 001, 60
1080 1920, 1 440 16:9 24 000/1 001, 24 P Y
25 | Y
P Y
50 P Y
30 000/1 001, 30 | Y
P Y
60 000/1 001, 60 P Y
900 1600 16:9 25, 50 P Y
24 000/1 001, 24, P Y
30 000/1 001, 30,
60 000/1 001, 60
720 1280, 960 16:9 25, 50 P Y
24 000/1 001, 24, P Y
30 000/1 001, 30,
60 000/1 001, 60
540 960 16:9 25, 50 P Y
24 000/1 001, 24, P Y
30 000/1 001, 30,
60 000/1 001, 60
NOTE: Shaded frame rate values indicate bitstreams that mightnotbe able to be decoded by 50 Hz HEVC

HDTV IRDs.
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Annex B (normative):
Auxiliary Data in the Video Elementary Stream

B.1 Overview

Certain picture-related types of data may becarried in the video elementary stream. While the "outer wrapper" is codec
dependent, the basic data structures are shared in common between MPEG-2, H.264/AVC, HEVC, and VC-1. These
picture-related data types include Active Format Description (AFD), bar data, North American-style closed captions
and disparity for graphics placement in plano-stereoscopic 3DTV.

Transmission of these descriptions and use of these descriptions by a receiverare both optional.

B.2 Common Syntax and Semantics

The payload s identified by use of several identifier values. Each one specifies the underlying payload syntax. In the
case of the DVB1_data() structure, there is an additional sub-identifier and several sub-structures are used.

Table B.1: Values for user_identifier

user identifier user structure()
0x47413934 ('GA94) DVB1 data()
0x44544731 ('DTG1) afd data()

NOTE: Valuesoftheuser_identifierare registered with SMPTE-RA.

user_identifier: A32 bit field whose value indicates the contents of the user_structure() asindicated in table B.1.

user_structure(): Thisis a variable length data structure defined by the value of user_identifier andtable B.1. The two
possible structures are shownin tables B.2 and B.3.

Table B.2: Afd_data() Syntax

Syntax No. of Bits Identifier
afd data() {
‘0’ 1 bslbf
active format flag 1 bslbf
reserved (set to '00 0001") 6 bslbf

if (active format flag==1) {
reserved (setto '1111') bslbf
active format 4 bslbf

N

}

}

active_format_flag: A1 bitflag. A value of "1"indicates thatanactive format is described in this data structure.

active_format: A4 bit field describingthe "area of interest" in terms of its aspectratio within the coded frame.

Table B.3: DVB1_data() Syntax

Syntax No. of Bits| Identifier

DVB1 data() {
user data type code 8 uimsbf
user data type structure()

DVB BlueBook A001r18 (November 2021)



193

user_data_type_code: An 8-bit value that identifies the type of user data to followin the user_data_type_structure().
The values are defined in table B .4.

Table B.4: Values for user_data_type_code

user_data type code user_data type structure()

0x00 to 0x02 Industry Reserved (seecode point
registry [i.36])

0x03 cc_data()

0x04 Industry Reserved (seecode point
registry [i.36])

0x05 Industry Reserved (see code point
registry [i.36])

0x06 bar data()

0x07 multi region disparity()

0x08 Industry Reserved (seecode point
registry [i.36])

0x09 ST2094-10 data()

0x0A to OxFF Industry Reserved (seecode point
registry [i.36])

user_data_type_structure: Thisis a variable length set of data defined by the valueof user_data_type_codeand
table B.7 (bardata) ortable B.9 (closed captions) ortable B.14 (multiregion disparity) or clause4 of ETSI

TS 103572[50] (SMPTE ST 2094-10 metadata [i.38]).

B.3  Active Format Description (AFD)

B.3.0 Introduction

The AFD describes the portionofthe coded video frame that is "of interest". It is intended for use in networks that
delivermixed formatstoa heterogeneous receiver population. The formatdescriptions areinformative in nature andare
provided toassist receiver systems to optimizetheir presentation of video. The AFD may besupplemented by "bar
data", which describes the size of eithera pairof topand bottom bars ("letterbox") or a pair of side bars (“pillar-box™).
This permitsa display ofeither4:3or 16:9aspectratioto bestdisplay a picture of any aspectratio.

The AFD is intended for use wherethere are compatibility problems between the source format ofa programme, the
formatused for the transmission of that programme, and the formatof the target receiver population. Forexample, a
wide-screen production may be transmitted asa 14:9 letter-box within a 4:3 coded frame, thus optimized for the viewer
ofa 4:3 TV, but causing problems to the viewer of a wide screen TV. The appropriate AFD may be transmitted with the
video to indicateto the receiverthe"area of interest" of the image, thereby enabling a receiver to present the image in
an optimum fashion (which will depend onthe formatand functionality of the receiving equipment combined with the
viewer's preferences). In this example, the functionality provided by the AFD is analogous to (but differentfrom) that
provided by Wide Screen Signalling (WSS) described in ETSI EN 300 294 [14].

In addition, the AFD extends WSS by allowingthe "area of interest™ ofa full-frame 16:9 (anamorphic) image to be
described, forexample to indicate that the centre 4:3 portion of the image has been protected such that a set-top box

connected to a4:3set may performa centre cut-outwithout removing any essential picture information.

The AFD itself does not describe the aspectratio of the coded frame (as this is described elsewhere in the MPEG-2,
H264/AVC,HEVC, or SMPTE VC-1 videosyntax).

DVB BlueBook A001r18 (November 2021)



194

B.3.1 Coded Frame in MPEG-2 Video

The active_format is used by the decoder in conjunctionwith the "source aspectratio™. The source aspectratio is
derived fromthe"Display AspectRatio" (DAR) signalled in the aspect_ratio_information, the horizontal_size,
vertical_size,anddisplay_horizontal_sizeand display_vertical_sizeif present (see Recommendation ITU-TH.262/
ISO/IEC 13818-2 [2]):

e Ifsequence_display_extension()is not present:
source aspectratio = DAR
o Ifsequence_display_extension()is present:

display_horizontal_size o vertical_size
display_vertical size  horizontal_size

source aspectratio = DARx

B.3.2 Coded Frame in H264/AVC Video

Theactive_format is used by the receiverin conjunctionwith picture size and shape information as indicated in the
"sequence parameter set RBSP" andthe aspect_ratio_idc field of the "VUI parameters"”. In particular, the picture
width, picture height, frame cropping information, and sample aspectratio are importantfor proper use of active_format
(see ISO/IEC 14496-10[16]).

The combination of sourceaspect ratio andactive_format allows the receiver to identify whether the "area of interest” is
the whole of the frame (e.g. source aspect ratio 16:9, active_format 16:9 center), a letterbox within the frame

(e.g. source aspectratio4:3,active_format16:9 center), ora "pillar-box" within the frame (e.g. source aspect ratio 16:9,
active_format 4:3 center).

B.3.3 Coded Frame in VC-1 Video

Theactive_format is used by the decoder in conjunction with the sample aspect ratio signalled ina VVC-1 elementary
stream by means of the ASPECT_RATIOfield in the sequence header asdefinedin SMPTE ST 421 [20].

The combination of sample aspect ratio and active_formatallows thedecoder to identify whether the "area of interest"”
is the whole of the frame (e.g. source aspectratio 16:9, active_format16:9 centre), a letterbox within the frame

(e.g. source aspectratio4:3,active_format16:9 centre), ora "pillar-box" within the frame (e.g. source aspect ratio 16:9,
active_formmat 4:3 centre).

B.3.4 Common Semantics of AFD

The combinationof sourceaspect ratio andactive_format allows the decoder to identify whether the "area of interest" is
the whole of the frame (e.g. source aspect ratio 16:9, active_format 16:9 centre), a letterbox within the frame

(e.g. source aspectratio4:3,active_format16:9 centre), ora "pillar-box" (see note) within the frame (e.g. source aspect
ratio 16:9, active_format 4:3 centre).

NOTE: "Pillar-box"describesa frame that the image fails to fillhorizontally, in the same way that a "Letterbox"
describesa frame thatthe image fails to fill vertically.
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Table B.5: Active_format

Active format Aspect ratio of the "area of interest"
0000 AFD unknown (see below)
0001 Reserved
0010 box 16:9 (top)
0011 box 14:9 (top)
0100 box > 16:9 (centre)

0101 to 0111 Reserved
1000 Active format is the same as the coded frame
1001 4:3 (centre)
1010 16:9 (centre)
1011 14:9 (centre)
1100 Reserved
1101 4:3 (with shootand protect 14:9 centre)
1110 16:9 (with shootand protect 14:9 centre)
1111 16:9 (with shootand protect4:3 centre)

AFD 0000 indicates that information is not available and is undefined. Unless bar data is available, receivers and video

equipment should interpret theactiveformat as beingthesameas the coded frame. AFD "0000", whenaccompanied by
bardata, signalsthat theimage's aspectratiois narrowerthan 16:9, butis not either 4:3 or 14:9. The bar data should be

used to determine theextent of the image.

AFD "0100", which should be accompanied by bar data, signals thatthe image's aspect ratio iswiderthan 16:9, as is
typically the case with widescreen features. The bar data should be usedto determinethe heightof the image.

The completeset of Active Formats described in the present documentisillustrated in table B.6. Note that foreach
formattwo example illustrations have beengiven, correspondingto thesource aspectratio of thecoded frame being4:3
and 16:9. The AFD mayalso be usedwith coded frames of otheraspectratios. Forexample a coded frameof 2.21:1

with active_format 10 would represent a 16:9 image centred (pillar-box) within a 2.21:1 frame.

The Active Formatsareillustrated using the following diagrammatic representation.

) Grey regions that lie outside the smallest rectangle enclosing the white
Bounding box represents regions indicate areas of the picture that may be cropped by the receiver

the coded frame / / without significant loss to the viewer

o /

Black regions indicate areas
of the picture that do not /
contain useful information ; ;
and should be cropped by \

the receiver where
appropriate

; \The smallest rectangle enclosing the white
regions indicates the area of essential
picture information which should always be
displayed by all receivers

FigureB.1
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Table B.6: Active Formats Illlustrated

Active format lllustration of described format

Value

Description In 4:3 coded frame In 16:9 coded frame

0000 to 0001

reserved

(0

0010 box 16:9 (top)
0011 box 14:9 (top) K N
0100 box > 16:9 (centre)

0101 to 0111

reserved

10z

1000 As the coded frame { >C
O @
1001 4:3 (centre) ‘ .
(see note)
1010 16:9 (centre) E ( }
1011 14:9 (centre) ﬁ I{ }I
1100 reserved
4:3
1101 (with shootand protect
14:9 centre)
1
16:9
1110 (with shootand protect
14:9 centre)
16:9
1111 (with shootand protect
4:3 centre)
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Active format lllustration of described format
Value | Description In 4:3 coded frame | In 16:9 coded frame
NOTE: Itis recommended to usethe 4:3 coded frame mode to transmit 4:3 source material rather than
using apillar-box to transmititin a 16:9 coded frame. This allows for higher horizontal resolution on
both 4:3 and 16:9 sets.

B.3.5 Relationship with Pan Vectors

Encoding: Encoded bitstreams may optionally include panvectors and AFDs.

Decoding: The decoder may use the AFD as partof thelogic thatdecides howthe IRD processes and
positions the reconstructed image for display ona monitor, where the monitor aspect ratio does not

match the source aspectratio (e.g. whether to use pan vectors, or generate a letterbox display).

B.3.6 Coded Frame in HEVC Video

Theactive_format isused by the receiverin conjunctionwith picture size and shape information as indicated in the
"sequence parameter set RBSP" andthe aspect_ratio_idc field of the "VUI parameters”. In particular, the picture
width, picture height, frame cropping information, and sample aspectratio are importantfor proper use ofactive_format

(see Recommendation ITU-R H.265/ 1SO/IEC 23008-2 [35]).

The combination of the aspectratio of thecoded frame and active_formatallows the receiver to identify whether the
"area of interest" isthe whole of the frame (e.g. aspect ratio 16:9, active_format 16:9 center), ora "pillarbox" within
the frame (e.g. aspectratio 16:9, active_format4:3center).

B.4 Bar data

B.4.0 Syntax and semantics

Table B.7 describes thesyntax of bar data. Bar data should be included in video user data whenever the rectangular
picture area containing useful information does not extend to the full height or width of thecoded frameand AFD alone

is insufficient to describe the extentof the image. See clause B.3.4.

NOTE 1: Bardataisintended to facilitatea fixed-pixel display's picture optimization. Images are notexpectedto
be resized orscaled, rather to permit backlights to be turned off in the signalled bar. Please consult
SMPTE ST 2016-1 and clause B.4.2 foradditional information.

NOTE 2: Inthe case of HEVCcodedvideo, certain "decimated" sub-rasters are documentedin clauses 5.14.2.2 and
5.14.3.2 which decimate the productionimage in bothhorizontaland vertical axesto help with bitrate
efficiency. As AFD/Bar Data might not work properly in combination with such sub-rasters, the HEVC

Default Display Window documented in clause5.14.1.5.6 can be used asanalternative.

Bardatais constrained (below) to be signalled in pairs, eithertopand bottom bars or left and right bars, butnot both
pairsat once. Bars maybe unequal in size. One bar of a pairmay be zerowidth or height.
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Table B.7: Bar Data Syntax

Syntax No. of Bits| Identifier
bar data() {
top bar flag 1 bslbf
bottom bar flag 1 bslbf
left_bar_flag 1 bslbf
right bar flag 1 bslbf
reserved (setto "1111") 4 bslbf
if (top bar flag=="1") {
marker bits (setto "11") 2 bslbf
line number end of top bar 14 uimsbf
}
if (bottom bar flag =="1") {
marker_bits (set to "11") 2 bslbf
line number start of bottom bar 14 uimsbf
}
if (left bar flag =="1") {
marker _bits (setto "11") 2 bslbf
pixel number end of left bar 14 uimsbf
}
if (right _bar flag =="1") {
marker bits (set to "11") 2 bslbf
pixel_number_start of right _bar 14 uimsbf
}
}

Designationof line numbersfor line_number_end_of top_barand line_number_start of bottom_barisvideo
format-dependent and shall conformto theapplicable standard indicatedin table B.8.

NOTE 3: Therange of line numbersand pixels within the coded frame for each image format is specifiedin table 2
of SMPTE ST 2016-1:2009 [23].

Table B.8: Line Number Designation

Video Format Applicable Standard
480 Interlaced 4:3 SMPTE ST 125 [i.8]
480 Interlaced 16:9 SMPTE ST 267 [i.10]
480 Progressive SMPTE ST 293 [i.12]
720 Progressive SMPTE ST 296 [i.13]
1 080 Interlaced SMPTE ST 274 [i.11]
1 080 Progressive SMPTE ST 274 [i.11]

top_bar_flag: Thisflagshall indicate, when setto 1", thatthe top bar datais present. If left_bar_flagis"1", thisflag
shall besetto "0".

bottom_bar_flag: Thisflagshall indicate, when setto™1", that thebottombar data is present. This flag shallhave the
same value astop_bar_flag.

left_bar_flag: Thisflagshall indicate, when setto ""1", thatthe left bar datais present. If top_bar_flagis"1", thisflag
shall besetto "0".

right_bar_flag: Thisflagshall indicate, when setto "1", thatthe right bar data is present. This flag shall have the
same value asleft bar_flag.

line_number_end_of top_bar: A 14-bit unsigned integer value representingthe last line of a horizontal letterbox bar
area at thetop ofthe reconstructed frame. Designation of linenumbers shall be as defined per each applicable standard

intable B.8.

line_number_start_of bottom_bar: A 14-bit unsignedinteger value representingthefirst [i.12] line of a horizontal
letterbox bararea at the bottom of the reconstructed frame. Designation of linenumbers shall be as defined per each
applicable standardin table B.8.
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pixel_number_end_of _left_bar: A 14-bit unsigned integer value representing the last horizontal luminance sample of
a verticalpillar-box bararea at the left side of thereconstructed frame. Pixels shall be numbered from zero, starting
with the leftmost pixel.

pixel_number_start_of right_bar: A14-bitunsigned integer value representing the first horizontal luminance sample
of a vertical pillar-box bararea atthe right side of the reconstructed frame. Pixels shall be numbered from zero, starting

with the leftmost pixel.

additional bar_data: Reserved for future DVB definition.

B.4.1 Recommended Receiver Response to Bar Data

Receivingdevice designers are strongly encouraged to study Consumer Electronics Association (CEA) bulletin CTA
CEB16-B[24], which contains recommendations regarding the processing of bar data.

B.4.2 Relationship Between Bar Data and AFD

Certain combination of Active Format Descriptionandbar data may be presentin video user data (either, neither, or
both). Please consult clause5 of SMPTE ST 2016-1 [23] for detailed guidance on this subject. Notethat AFD data may
not always exactly match bar data because AFD primarily deals with 4:3,14:9,and 16:9 aspect ratios while bar data can
represent nearly any aspect ratio.

NOTE: SMPTEST 2016-1 [23] provides guidance for signalingaspect ratios otherthan4:3,14:9,and16:9. In
partitsays"AFD'0000', whenaccompanied by Bar Data, signals that theactiveimage's aspectratiois
narrowerthan 16:9, butisnot4:3or14:9. ... AFD code '0100' signals that the active image aspect ratio
iswiderthan16:9." Contentproducers are expected to correctly code AFD/bar data with their source
video images.

B.5 Closed Captions

B.5.0 Introduction

The captiondata, (aswellas AFD and bardata) is carried in the user data of the video elementary stream.

The underlying structure, cc_data(), iscommonacross MPEG-2, H.264/AVC,HEVC and VVC-1.

B.5.1 Syntax and Semantics of cc_data()

The syntaxforcc_data() isshown intable B.9.
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Table B.9: cc_data Syntax

Syntax No. of Bits| Identifier
cc data() {
reserved (setto "1") 1 bslbf
process cc data flag 1 bslbf
zero_bit (setto "0") 1 bslbf
cc_count 5 uimsbf
reserved (setto "1111 1111") 8 bslbf
for(i=0 ;i< cc count;i++){
one bit(setto"1") 1
reserved (setto "1111") 4
cc_valid 1 bslbf
cc type 2 bslbf
cc_data 1 8 bslbf
cc data 2 8 bs|bf
}
marker bits = "11111111" 8 bslbf
}

process_cc_data_flag: Thisflagisset to indicatewhetherit is necessary to processthe cc_data. Ifitissetto 1", the
cc_datashallbe parsedandits meaning processed. Whenitissetto 0", the cc_datashall be discarded.

zero_bit: Thisbit shallbe "0" to maintain backwards compatibility with previous versions of CEA-708-E [ 26].
cc_count: This 5-bit integer indicates thenumber of closed caption constructs following this field. It can have values 0
through 31. The value of cc_countshall be set according tothe frame rateand coded picture structure (fieldor frame)
such that a fixed bandwidth of 9 600 bits per second is maintained for the closed caption p ayload data. Sixteen (16) bits
of closed caption payload data are carried in each pair of the fields cc_data_landcc_data 2.

one_bit: Thisbitshallbe "1"to maintain backwards compatibility with previous versions of CEA-708-E [ 26].

cc_valid: Thisflagissetto"1"to indicatethatthe two closed captiondata bytes that followare valid. I f set to "0" the
two data bytesare invalid, as defined in CEA-708-E [26].

cc_type: Denotesthe type ofthe twoclosed caption data bytes that follow, as defined in CEA-708-E[26].

cc_data_1: The first byteof a closed caption data pairas defined in CEA-708-E [26].
cc_data_2: The secondbyte ofa closed caption data pairas defined in CEA-708-E [26].

B.6  Auxiliary Dataand MPEG-2 video

B.6.1 Coding

The Auxiliary Data (AFD, bar data, and captiondata) is carried in the video elementary stream at the picture levelas
shown in table B.10. The repetition rate of the Auxiliary Data depends upon its pay load.

When present, captiondata shall be carried in the datastructure cc_data(), withinthe pictureuser datasyntaxas
shown in table B.9,andshall be presentfor everypicture. Receivers may ignore caption data.

When present, bar datashall be carried in the datastructure bar_data(), withinthe pictureuser datasyntaxas shown
intable B.7. After any sequence_header() such bar data shallappear before the next picture_data() within

extension_and user_data(2). After introduction, such bardata shall remain in effect until:
1) thenextsequence_header(); or

2) extension_and_user_data(2) containinga bar_data() structure which contains new bar data; or
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3) extension_and user_data(2) containing AFD perclause B.3.4.

Afterany sequence_header(), unless AFD datais presentspecifying otherwise, theabsence of bar datashall indicate
that the rectangular picture area containing useful information extends to thefull heightand width of the coded frame.

B.6.2 Syntax and Semantics

Table B.10 is provided to showthesyntax that is required for picture extension and user data (specifically
extension_and_user_data(2)) asdefined by MPEG-2video (ISO/IEC 13818-2[2]).

Table B.10: Auxiliary Data for MPEG-2 video

Syntax No. of Bits| Identifier
user_data() {
user data start code 32 bslbf
user_identifier 32 bslbf
user_structure()
}

In accordance with the bit streamsyntaxin table B.10, morethanonepicture user data construct may follow any given
picture header. However, no more than one picture user dataconstruct usingthe sameuser_identifier or

user_data_type_code shallfollow any given pictureheader.

Receivingdevices are expectedto silently discard any unrecognized video user data encountered in the video bit stream.
Forexample, if an unrecognized 32-bit identifier is seen following the user_data_start_code, oranunrecognized 8-bit
user_data_type_code is seen following the DVB_identifier, data should be discarded untilanother startcode is seen.

user_data_start_code: Thisshall be set to 0x0000 01B2 per ISO/IEC 13818-2 [ 2].
user_identifier: Thisis a 32 bit code that indicates the contentsof the user_structure() as indicated in table B.1.

user_structure(): Thisis a variable length data structure defined by the value of user_identifier andtable B.1.

B.7 Auxiliary Data and H264/AVC, MVC Stereo or SVC
video

B.7.1 Coding

The Auxiliary Data is carried in the data as Supplemental Enhancement Informationin H.264/AVC's "User data
registered by Recommendation ITU-T T.35[19] SEI message" syntactic element (see clauses D.8.5and D.9.5 of
ISO/IEC 14496-10[16]).

Encoding: Support forthe encoding of Auxiliary Data is optional.

Decoding: Support forthe decoding of Auxiliary Data is optional.

B.7.2 Syntax and Semantics

The Auxiliary Data (AFD, bar data, caption dataand multi_region_disparity) is carried in the video elementary stream
as Supplemental Enhancement Informationin H.264/AVC's "User data registered by Recommendation ITU-T T.35
SEI message" syntactic element [19]. The syntax of Auxiliary Dataisillustrated in table B.11.
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Table B.11: Active Format Description for H264/AVC video

user data registered itu t t35(payloadSize){ Descriptor Notes
itu t t35 country code b(8) 0xB5
Itu t t35 provider code u(16) 0x0031
user identifier f(32)
user structure()

}

itu_t t35_country_code: This 8 bit fieldshall have the value 0xB5.
itu_t t35 provider_code: This 16 bitfieldshall have the value 0x0031.
user_identifier: Thisis a 32 bit code that indicates the contentsof the user_structure() asindicated in table B.1.

NOTE: InMPEG-2,the only discriminator within user_datais this 32-bit value. In the contextof H.264/AVC,
the value of user_identifier isused in additionto country and provider codes todefinitively identify this
as Auxiliary Data.

user_structure(): Thisis a variable length data structure defined by the value of user_identifier andtable B.1.

B.7.3 Auxiliary Data in MVC Stereo HDTV Bitstreams

When present in MVC Stereo HDTV Bitstreams, the active formatdescriptor, bar data and closed captiondata shall be
the same for both baseand dependent view bitstreams and may be transmitted in the MVC Stereo Base viewbitstream.

When present inMVC Stereo HDTV Bitstreams, the multi_region_disparity() datashallbe sentinthe

user_data registered_itu_t t35() SEI message, which is contained in MVC scalable nesting SEl message of everyMVC
Stereo Dependentviewcomponent. When present in MVC Stereo HDTV Bitstreams, themulti region disparity data
shall be presentfor every MVC Stereo Dependent view component.

B.8 Auxiliary Dataand VC-1video

B.8.1 Coding

The Auxiliary Data is carried in the user data of the video elementary stream as defined in SMPTE ST 421 [20]. After
each sequence start (and repeat sequence start) the default aspect ratio of the area of interestis that signalled by the
sequence headerand sequencedisplay extension parameters. When present, after introduction,an AFD orbardata

persists until the next sequence startor untilanother AFD or differentbar data is introduced.
Encoding: Support forthe encoding of Auxiliary Data is optional.

The Auxiliary Data may be inserted in the video elementary stream as sequence level, entry-point
levelor frameleveluser data as specifiedin SMPTE ST 421 [20]. Forexample, it could be
inserted oncepersequence, once per entry-point, oronce per frame. It may be changed foreach
frame. Caption data, when present, shall be inserted once per frame.

Afterintroduction, suchan AFD remains in effect until the nextsequence start oruntila new AFD is introduced.

Decoding: Support for the decoding of Auxiliary Data is optional.

A decoder that supports thedecoding of Auxiliary Data shall be capable of decoding it fromthe
sequence level, entry-pointleveland frame level locations specified in SMPTE ST 421[20].
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B.8.2 Syntax and Semantics

The Auxiliary Datais carried in the user data of the video elementary stream as defined in SMPTE ST 421 [20]. The
syntax isillustratedin table B.12.

Table B.12: Auxiliary Data for VC-1 video

Syntax No. of Bits| Identifier
user data() {
VC1 user data start code 32 bslbf
user identifier 32 bslbf

user_structure()

VC1_user_data_start_code: This 32-bit field shall be set to 0xX0000011D to indicate the beginning of a user data
structurein the VC-1 elementary stream.

user_identifier: Thisis a 32 bit code that indicates the contentsof the user_structure() as indicated in table B.1.

user_structure(): Thisis a variable length data structure defined by the value of user_identifier andtable B.1.

B.8a Auxiliary Dataand HEVC video

B.8a.1 Coding

The Auxiliary Datais carried in the data as Supplemental Enhancement Informationin HEVC's "User data registered by
Recommendation ITU-T T.35[19] SEI message" syntactic element (see clauses D.2.6and D.3.6 of Recommendation

ITU-T H.265 / 1SO/IEC 23008-2 [35]).

Encoding: Support forthe encoding of Auxiliary Data is optional.
When the "User dataregistered by Recommendation ITU-T T.35 [19] SEI message" is presentin
an HEVC Bitstream, it shall be a prefix SEI message (i.e. nal_unit_type shall be equal to
PREFIX_SEI_NUT).

Decoding: Support forthe decoding of Auxiliary Data is optional.

B.8a.2 Syntax and Semantics

The Auxiliary Data (AFD, bar data, captiondataand multi_region_disparity) is carriedin thevideo elementarystream
as Supplemental Enhancement Informationin HEVC's " User data registered by Recommendation ITU-T T.35 SEI
message" syntacticelement[19] which shall be thesame as for H.264/AVC. See clause B.7.2 forthesyntaxand
semantics.
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B.9 Relationship with Wide Screen Signalling (WSS)

The AFD and bardata providea super-setof the aspectratiosignalling specifiedin ETSI EN 300 294[14]. The
mapping of source aspect ratio and active_formatto WSS Aspect Ratio is given intable B.13.

Table B.13: Support for WSS

Sequence Active Format WSS
Header Description
Source aspect Value Code Description

ratio (Bits 0-3)
1001 0001 full format 4:3
1011 1000 box 14:9 Centre
0011 0100 box 14:9 Top

4:3 1010 1101 box 16:9 Centre
0010 0010 box 16:9 Top
0100 1011 box > 16:9 Centre
1101 0111 full format 4:3

(shootand protect 14:9 Centre)
16:9 1010 1110 full format 16:9 (anamorphic)

As all-digital systems are constructed, there may remain legacy (or evenregulatory) requirements to provide WSS
support at some IRD outputs. It is recommended that transmission systems make use of SMPTE ST 2016-1:2009 [23]

forsignalling AFD and bar data in the incoming video, and that IRDs provide support for this on digital outputs.

Encoding: Incomingaspectratiosignalling (whether originating via WSS or AFD) should be placed in the
video elementary stream per the present document. I f desired, theencoder may also carry
equivalentWSSdataperETSI EN300294[14]in a separate PID.

Decoding: IRDs shall pass AFD andbar data valuesto their digital video outputs. Such values may be
translated, pertable B.13 into analogue WSS waveforms for appropriate placement on analogue

outputs.

B.10 AspectRatio Ranges

Thelabels4:3,14:9,16:9 and > 16:9usedin the AFD shall correspond tothe aspect ratio ranges specified in
ETSIEN 300 294 [ 14] (note that the corresponding active lines specifiedin ETSIEN 300294 [14] donot, in general,

apply).

B.11 Multi Region Disparity

B.11.0 Introduction

This clause describes howto convey depthinformationin the form of disparity values so as to enable the overlay of
additional information (graphics, menus, etc.) such that a depth violation between the plano-stereoscopic video and
graphicsisavoided.

Foreach frame, one maximum disparity value is transmitted. Regions are definedaccordingto a set of predefined
image partitioning patterns. For eachregion of each frame, exactly one minimum disparity value is transmitted.

NOTE: The presenceof multiregion disparity information can be signalled usingthe video depth range
descriptor, asisspecifiedin clause 6.4.16 of ETSI EN 300 468 [i.32].
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B.11.1 Syntax and Semantics of Multi Region Disparity

The syntaxformulti_region_disparity() is shown in table B.14.

Table B.14: Multi Region Disparity Syntax

Syntax

No. of bits

Identifier

multi_region disparity() {

multi_region disparity length

8

uimsbf

if ( ((multi_region_disparity_length >1) && (multi_region_disparity_length <6)) ||
(multi_region_disparity_length==10) || (multi_region_disparity_length==17) )

{

number_of regions =multi_region_disparity length -1

max disparity in picture 8

tcimsbf

for (i=0; i<number of regions,i++){

min_disparity _in_region_i 8

tcimsbf

}

} else if (multi_region_disparity length ==0) {

/* there is no disparity information to deliver */

1 else {

for (i=0;i<N;i++) {

reserved for future use 8

bslbf

}

1

}

multi_region_disparity_length: The multi_region_disparity _length isan 8-bit field specifyingthenumber of bytesin

the multi_region_disparity() immediately following the byte defining the value of this field. Furthermore, it signals the

type of region pattern. The multi_region_disparity length field hasa limited set of values thatcorrespondto predefined
image partitioning patterns specified below in table B.15, all other values are prohibited or reserved for future use.

Each image partitioning pattern defines several regions of the image. The boundaries between the regions shallbe
locatedat one quarter, one halfandthree quarters ofthe coded imagewidth and height before cropping (for example,
forimagesofsize 1920x 1080, thesize 1 920x 1 088 shallbe usedto determine the position of the boundariesin the
transmitted picture). The different region partitioning patterns are all based on these partition boundaries. Each region is
identified by a number increasing from leftto right and from top tobottom.

Table B.15: Meaning of multi_region_disparity_length

Value Meaning of the value
0 no disparity informationis to be delivered
1 Prohibited
2 one minimum_disparity_in_regionis coded as representing the minimumvalue in overall
picture (see figure B.3)
3 two vertical minimum_disparity_in_regionsare coded (seefigure B.4)
4 three vertical minimum disparity in regions are coded (seefigure B.5)
5 four minimum_disparity_in_regions are coded (seefigure B.6)
6109 reserved for future use
10 nine minimum_disparity in regionsare coded (seefigure B.7)
11 to 16  |reserved for future use
17 sixteen minimum_disparity in regions are coded (seefigure B.2)
18 to 255 |reserved for future use
NOTE 1: Eachregionismade upto align to the 4 x 4 partitionboundaries as shown in figure B.2. The patterns

NOTE 2:

defined in figures B.3 to B.7 are based onthe pattern from figure B.2 by spatially combiningsome of the
regions.
When multi_region_disparity_lengthisset to 0,the IRD isrecommendedto use a safer display method

while graphics are present, to avoid viewer's eye strain. One of thesafer display methods is to switch
video to 2D, while graphics are overlaid onto the video with a slight disparity, which can retaina viewer's

3D experience.
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NOTE 3: Thevalue of multi_region_disparity_lengthshould not be modified within anevent, exceptto switch to
the value '0'on a frame-by-frame basis to indicate that nodisparity valueis signalled fora picture.

max_disparity_in_picture: this field specifies the maximum disparity value in a picture. The value signalled isa two's
complement integer in the range [-128, +127].

min_disparity_in_region_i: this field specifies theminimum disparity value in region i. The value signalled isa two's
complement integer in the range [-128, +127]. The identifier iforeachregion depends on thevalue of
multi_region_disparity _length. Figures B.2 to B.7 showtheregionsand theirassociated numberforeachallowed

pattern.

The disparity value isthe difference betweenthe horizontal positionsof a pixel representing the same point in spacein
the rightand left views. The difference is given in number of pixels relativeto a screenwith a horizontal size of

1920 pixels. Particularly, if right position minus leftposition is a positive value, it refers to a point behind the display
screen,andif itis a negative value, it refersto a point in frontof the display screen. Max (maximum) disparity gives the

farthest, while min (minimum) disparity gives the closestpoint in depth.

region O region 1 region 2 region 3
[RO] [R1] [R2] [R3]
region 4 region 5 region 6 region 7
[R4] [R5] [R6] [R7]
region 8 region 9 | region 10 | region 11
[R8] [RI] [R10] [R11]
region 12 | region 13 | region 14 | region 15
[R12] [R13] [R14] [R15]

Figure B.2: Size and position of regions for multi_region_disparity_length =17

region 0
[RO]

NOTE: RO spatially encompasses all theregions defined in figure B.2.

Figure B.3: Size and position of regions for multi_region_disparity_length =2
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region 0
[RO]

region 1
[R1]

NOTE: RO spatially encompasses the regions ROto R7 defined in figure B.2 and R1 spatially encompasses the
regions R8to R15 defined in figure B.2.

Figure B.4: Size and position of regions for multi_region_disparity_length =3

region 0
[RO]

region 1
[R1]

region 2
[R2]

NOTE: RO spatially encompassestheregions ROto R3 defined in figure B.2, R1 spatially enco mpasses the
regions R4to R11 defined in figure B.2 and R2 spatially encompasses theregionsR12to R15 defined in

figure B.2.

Figure B.5: Size and position of regions for multi_region_disparity_length =4
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region 0 region 1
[RO] [R1]
region 2 region 3
[R2] [R3]

RO spatially encompasses theregions RO, R1, R4, R5 defined in figure B.2, R1 spatially encompasses the
regions R2,R3, R6, R7 defined in figure B.2, R2 spatially encompasses theregionsR8,R9, R12, R13
defined in figure B.2 and R3 spatially encompasses theregions R10, R11, R14, R15 defined in figure B.2.

Figure B.6: Size and position of regions for multi_region_disparity_length =5

region 0 region 1 region 2
[RO] [R1] [R2]
region 3 region 4 region 5
[R3] [R4] [R5]
region 6 region 7 region 8
[R6] [R7] [R8]

RO isidentical to theregion ROdefined in figure B.2, R1 spatially encompasses theregionsR1and R2
defined in figure B.2, R2 isidentical to theregion R3defined in figure B.2, R3 spatially encompasses the
regions R4and R8 defined in figure B.2, R4 spatially encompasses theregions R5, R6, R9, R10 defined in
figure B.2, R5 spatially encompasses the regions R7 and R11 defined in figure B.2, R6 isidentical to the
region R12 defined in figure B.2, R7 spatially encompasses theregions R13and R14 defined in figure B.2
and R8 is identical to theregion R15defined in figure B.2.

Figure B.7: Size and position of regions for multi_region_disparity_length =10
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Annex C (normative):
Implementation of Ancillary Data for MPEG Audio

C.1  Scope

Thisannexcontains theguidelines required to include ancillary data in the MPEG-1, MPEG-2 or MPEG-4 Audio
elementary stream.

The IRD design should be made under the assumption thatany structure as permitted by thisannex may occur in the
broadcast stream. The IRD is not required to make use of this data but its use is recommended.

C.2 Introduction

An MPEG-1/-2/-4 audio elementary streamprovides for the inclusion of ancillary data. This data can be used to convey
specific information about theaudio contentto thedecoder, allowing the broadcaster to control rendering of the content

to a greaterextent. The data includes dynamic range control informationand dialogue normalization information.

In case of MPEG-1 streams or MPEG-2 streams without an extension stream (MPEG audio format 1), ancillary data
described in thisannexis placedatthe endofeach base frame.

In case of MPEG-2 streams with extension stream (MPEG audio format2), the ancillary data described in thisannex s
placed at theend of eachbaseframe.

In case of MPEG-4 streams in LATM/LOAS format, the ancillary data described in thisannex is placed into
data_stream_element() (see ISO/IEC 14496-3 [17], table 4.10).

C.3 DVB Compliance

The ancillary data format described in thisannex does not introduceany additional elements to the DVB transport
stream. It iscompliant with the present documentand compatible with all MPEG-1/-2/-4 audio decoders.

Presence and typeof ancillary data in audio elementary streams is signalled in DVB S| Program Map Table by the
ancillary data descriptor (see ETSI EN300468[i.32], clause6.2.2).

C.4  Detailed specification for MPEG1 and MPEG2

C.4.1 DVD-Video Ancillary Data

The transmission of "dynamic_range_control"in MPEGL1 Layer I/1l and MPEG2 Layer | audiois optional. If applied,
16 bitsof ancillary data[b15.b0] (situated at the end of each MPEG audio base frame) shall be used.

Table C.1: DVD-Video ancillary data syntax

Syntax No. of Bits Mnemonic
dvd ancillary data( ) {
dynamic range control 8 bs|bf
dynamic _range control on 1 bslbf
reserved (set to "000 0000b™) 7 bslbf
}
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The 8-bit dynamic_range_controlfield leads to the following gain control value by considering the
upper 3 bitsasunsigned integer X and thebinary value of the lower5 bitsas unsigned integer Y

= linear: G = 24-(X +YI30)

(0<X<7,0<Y<29)
= indB:  G=24,082-6,0206 X-0,2007 Y
(0<X<7,0<Y<29)

If the dynamic_range_control_onfield issetto "0b", the dynamic_range_control field does not
convey useful information.

When dynamic rangecontrol istemporarilynotapplied, that value of dynamic_range_control
shall be setto 1000 0000b" or dynamic_range _control_onshall be set to "0b".

The decoder shall read thisfield, andthe decoder shallinterpretthe value Gasa gainvalue
applied toall subband samples, before the reconstructionfilter. This value may be scaled in the
decoderto allowuser control of the amountof dynamic range compressionthatis applied.

C.4.2 Extended ancillary data syntax

C.4.2.0 Syntax

The syntax of theextended ancillary data field is described in table C.2.

The extended ancillary data is inserted beginning fromthe end of the base frame. It is recommended that it be parsed
from the end. The descriptionin table C.2 isin the reverse order of the transmission. The bit order in each byte is,
however, suchthatthe msh comes first in the transmission.

Table C.2: Extended ancillary data syntax

Syntax No. of Bits Mnemonic
extended ancillary data( ) {

dvd ancillary data 16 bslbf
extended ancillary data sync(setto 0xBC) 8 bslbf
bs info 8 bslbf
ancillary data status 8 bslbf
iflfadvanced dynamic range control status ==1)

advanced dynamic range control 24 bslbf
if(dialog normalization status==1)

dialog normalization 8 bslbf
if(reproduction level status ==1)

reproduction_level 8 bslbf
if(downmixing levels MPEG2 status == 1)

downmixing_levels MPEG2 8 bslbf
if(audio coding mode and compression status==1) {

audio _coding mode 8 bslbf

Compression 8 bslbf
}
if(coarse grain timecode status==1)

coarse grain timecode 16 bslbf
if(fine_grain _timecode status ==1)

fine grain timecode 16 bslbf
if(scale factor CRC status == 1)

scale_factor CRC 16 to 32 bslbf

)

The elements of the ancillary data structure are described in the following clauses. The order of thebitsisin
transmissionorder, msb first.
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C.4.2.1 ancillary_data_sync

Encoding: Thisfield shallbe setto 0xBC.

Decoding: The decoder may use this field to verify the availability of theextended ancillary data. If the IRD
indicates thatthis information is present, this takes precedence.

C.4.2.2 Dbs_info

The detailed syntaxis describedin table C.3.

Table C.3: Bs_info syntax

Syntax No. of Bits Mnemonic
bs info(){
mpeg audio type 2 bslbf
dolby surround mode 2 bslbf
ancillary data bytes 4 uimsbf
}

C.4.2.3 mpeg_audio_type

Table C.4: MPEG audio type Table

mpeg audio_type Description
"00" Reserved
"01" Only MPEG1 audio data
"10" MPEG?2 audio data
"11" Reserved
Decoding: The decoder may ignore this field.

C.4.2.4 dolby surround_mode

Table C.5: Dolby surround mode Table

mpeg audio type Description
"00" Reserved
"01" MPEG1 partis notDolby surround encoded
"10" MPEG1 partis Dolby surround encoded
"11" Reserved
Decoding: Itis recommended that the decoder parse this field and provides this information to the

reproductionset-up.

C.4.25 ancillary _data bytes

Thisfield indicates theamount of ancillary data bytes that precede this bytein the transmission. This field may be used
by the decoderasanindication of howmany bytes it needs to buffer.
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C.4.2.6 ancillary _data_status

The detailed syntax is described on table C.6.

Semantics:
Encoding:

Decoding:

Table C.6: Ancillary_data_status syntax

Syntax No. of Bits Mnemonic
ancillary data status( ) {
advanced dynamic range control status 1 bslbf
dialog_normalization_status 1 bslbf
reproduction level status 1 bslbf
downmix_levels MPEG2_status 1 bslbf
scale_factor CRC_status 1 bslbf
audio coding mode and compression status 1 bslbf
coarse grain_timecode status 1 bslbf
fine grain timecode status 1 bslbf

The bitsin thisfield indicatethe presence ofthe associated fields in the ancillary data.
Abitinthisfieldshall be setto "1" if the associated field is present inthe bitstream.

Itis recommended that the decoder parse this field to allow parsing of the following fields in the
ancillary data section.

C.4.2.7 advanced_dynamic_range_control

The detailed syntaxis described on table C.7.

Semantics:

Decoding:

Table C.7: Advanced_dynamic_range_control syntax

Syntax No. of Bits Mnemonic
advanced dynamic range control( ){
advanced drc part 0 8 bslbf
advanced drc part 1 8 bslbf
advanced drc part 2 8 bslbf

Each field consists of an unsigned integer value X in the three most significantbitsand an
unsigned integer value Y in the five less significant bits. The actual value is

24,082-6,0206 X-0,2007 YdB. The 1152 samples of anMPEG2 frameare divided in 3 parts of
384 samples. The advanced_drcvalues are applicable for the corresponding part of the audio
frame.

If thisfieldis present and the decoder supports this type of dynamic range control, thesevalues
shall be usedrather thanthe DVD-Video ancillary data. The decoder shall apply these values to
the sub bandsamples, before the reconstructionfilter. These values may be scaled in the decoder
to allow user control of the amount of dynamic range compression that is applied.
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C.4.2.8 dialog_normalization

C.4.28.0

Syntax

The detailed syntaxis described on table C.8.
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Table C.8: Dialog_normalization syntax

Syntax No. of Bits Mnemonic
dialog_normalization() {
dialog_normalization_on 2 bslbf
dialog normalization value 6 uimsbf

C.4.2.8.1 dialog_normalization_on

Table C.9: Dialog normalization Table

dialog normalization on Description
"00" dialog normalization valueis notvalid
"01" reserved
"10" dialog_normalization_valueis valid
"11" Reserved

C.4.2.8.2 dialog_normalization_value

Semantics:

Decoding:

This field represents the headroom in dB of the dialogue component in the MPEG1 compatible
part, relativeto full-scale sine wave. Values 41 through 63 are reserved. Whendialogue
normalizationistemporarily not applied, "Dialogue_Normalization_on" shall besetto "00"and
"Dialog_Normalization_value" shall be set to"000000".

Itis recommendedthat the decoder parse this field. The decoder should apply these valuesto the
sub bandsamples, beforethe reconstruction filter, in order to allow reproduction of different

programmes with the same dialoguelevel.

C.4.29 reproduction_level

C.4.290

Syntax

The detailed syntaxis described on table C.10.

Table C.10: Reproduction_level syntax

Syntax No. of Bits Mnemonic
reproduction_level () {
Surround reproduction level 1 bslbf
production _roomtype 2 bslbf
reproduction level value 5 uimsbf
}
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C.4.2.9.1 surround_reproduction_level

Table C.11: Surround reproduction level Table

surround_reproduction_level Description
"0" The surround channels have the correctlevel for reproduction
"1" The surround channels should be attenuated by 3 dB during reproduction
Decoding: Itis recommendedthat thedecoder parse this filed and pass the valueto thereproductionunit to

allow correct adjustment of the surround levels.

C.4.2.9.2 production_roomtype

Table C.12: Production room type Table

production roomtype Description
"00" notindicated
"01" largeroom
"10" smallroom
"11" reserved
Decoding: Itis recommended that the decoder parse this field and pass the valueto thereproduction unit to

allow correct adjustment of the monitoring equipment.

C.4.2.9.3 reproduction_level value

Semantics: This field represents the absoluteacoustic sound pressure level in dB SPL duringthe finalaudio
mixingsession.

Decoding: The decoder may ignore this field.

C.4.2.10 downmixing_levels MPEG2

C.4.2.10.0 Syntax

The detailed syntaxis described on table C.13. The downmixing levels describe thedownmix in the decoder for stereo
reproduction.

Table C.13: Downmixing_levels_ MPEG2 syntax

Syntax No. of Bits Mnemonic

downmixing levels MPEG2 () {
center mix level on 1 bs|bf
center_mix _level value 3 bslbf
Surround mix level on 1 bs|bf
Surround _mix_level value 3 bslbf

}

C.4.2.10.1 center_mix_level on
Semantics: Ifthisfield is setto "1" the center_mix_value field indicates nominal downmix level of the centre

channelwith respect to the left and right frontchannels. If thisfieldisset to 0" the
center_mix_value fieldshall be set to 000"

Decoding: Itis recommendedthat the decoder parse this field.
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C.4.2.10.2 surround_mix_level_on

Semantics: If this field is set to "1" the surround_mix_value field indicates nominaldown mix level of the
surround channels with respectto the leftand right front channels. If thisfieldissetto “0" the

surround mix_value fieldshallbe setto "000".

Decoding: Itis recommendedthat thedecoder parse this field.

C.4.2.10.3mix_level value

Table C.14: Mix level value Table

mix_level value Multiplication factor
"000" 1,000 (0,0 dB)
"001" 0,841 (-1,5 dB)
"010" 0,707 (-3,0 dB)
011" 0,596 (-4,5 dB)
"100" 0,500 (-6,0 dB)
"101" 0,422 (-7,5 dB)
"110" 0,355 (-9,0 dB)
"111" 0,000 (-0 dB)
Decoding: The multi-channel decoder may apply these values as gainfactors to the individual channels when

a down mix for stereo listeninghasto be created. Thevalues needto be scaled to avoid overload
afterthemixingprocess.

C.4.2.11 audio_coding_mode

C.4211.0 Syntax
The detailed syntaxis describedin table C.15.

Table C.15: Audio coding mode syntax

Syntax No. of bits Mnemonic

audio coding mode (){
MPEG2 extension stream present 1 bslbf
MPEG2 center 2 bslbf
MPEG2 surround 2 bslbf
MPEG?2 Ifeon 1 bslbf
MPEG2 copyright ident present 1 bslbf
compression _on 1 bslbf

}

Semantics: The semantics of the fields MPEG2_extension_stream_present, MPEG2_center,

MPEG2_surround and MPEG2_lIfeonisasdefined in the mc_header field in ISO/IEC 13818-3[3].

If MPEG2_copyright_ident_presentis set to "0" the copyright identificationin the MPEG-2
mc_headerisnot filled in. If MPEG2_copyright_ident_presentissetto "1" the copyright

identification in the MPEG-2mc_header is used.

Decoding: The decoder may ignore this field. It may be parsed be multiplexers and bitstream monitors to
simplify extraction of these parameters from a bitstream.
C.4.2.11.1 compression_on

Semantics: Ifthisfield is setto "1" the compression_value field indicates the heavy compression factor used
formonophonic downmix reproduction. If thisfieldisset to 0" the compression_valuefield shall
be "00000000".
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Decoding: Itis recommendedthat thedecoder parse this field.

C.4.2.12 compression_value

Semantics: This field consists of a value X in the four mostsignificantbitsand a value Y in the four less
significant bits. The actual value is 48,164 - 6,0206 X-0,4014 Y dB.

Decoding: These values shall be applied to the subband samples, before the reconstructionfilter whenthe
decoder hasto create a mix for monophoniclistening where overloading ofa subsequent analog

transmissionis highly undesirable.

C.4.2.13 coarse_grain_timecode

The detailed syntax is described on table C.16.

Table C.16: Coarse grain time code syntax

Syntax No. of Bits Mnemonic
coarse grain_timecode () {
coarse grain timecode on 2 bslbf
coarse grain timecode value 14 bslbf
}
Semantics: Ifcoarse_grain_timecode_onissetto "10"the five most significant bits of this value representsthe

time in hours, the nextsix bits represent time in minutes, and the final three bits represent the time
in eight second increments. If coarse_grain_timecode_on isnotsetto "10"allthe bits of
coarse_grain_timecode_valueshall be setto "0".

Decoding: The decoder may ignore this field.

C.4.2.14 fine_grain_timecode
The detailed syntaxis describedin table C.17.

Table C.17: Fine grain time code syntax

Syntax No. of Bits Mnemonic
fine grain _timecode () {
fine grain timecode on 2 bs|bf
fine_grain_timecode_value 14 bslbf
}
Semantics: If fine_grain_timecode_on isset to "10" the three most significant bits of this value represents the

time in seconds, the next five bits represent time in video frames, and the final six bits represent
thetime in fractions of 1/64 of a video frame. If fine_grain_timecode_onisnotsetto "10"all the

bits of fine_grain_timecode_value shallbe setto "0".

Decoding: The decoder may ignore this field.

C.4.2.15 scale_factor CRC

Semantics: The scale_factor CRC permits to verify the integrity of the MPEG Audio scale factors. The coding
is accordingto Recommendation ITU-T T.35[19].

Encoding: It recommended that scale_factor CRCbe included for mobile applications.

Decoding: Itis recommendedto parsethe data fromthe end. The length of the field depends on the bitrate
index of the MPEG-1header of the following frame. It isrecommended to always parse the full 32
possible bits.
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C.4.2.16 Void
C.4.2.17Void

C.4.2.18 Void

C.4.3 Announcement Switching Data

The transmission of announcementswitching data in the ancillary data field of MPEG audio frames is optional. The
syntax of the announcement switching data field is described in table C.18. Note that the description in table C.18isin
the reverse order of the transmission. The bit order in each byteis, however, suchthatthe msb comes first in the
transmission. The data field length gives the number of bytes following this byte within this data field.

Table C.18: Announcement switching data field

Syntax No. of Bits Mnemonic

announcement switching data() {
announcement switching data sync 8 bslbf
data field length 8 bslbf
announcement switching flag field 1 16 bslbf
announcement switching flag field 2 16 bslbf

}

Semantics: The announcement_switching_data_sync should be setto 0 x AD.

Theannouncement_switching_flag_fields are 16-bit flag fields specifyingwhich type of announcements are actually
running. The association betweenthe bits of the flag field and the announcementtypes shall be accordingto the
announcement_support_indicator as specifiedin table C.18a. Abit shalFl be setto "1™ if the announcement is running

and itshallbe setto "0" if the announcement is not running.

Table C.18a: Coding of the announcement support indicator

Bit flag Description
by (see note) |Emergency alarm
b, Road Traffic flash
b, Public Transportflash
by Warning message
b, News flash
by Weather flash
be Event announcement
b, Personal call
bgto b;s  |Reserved for future use
NOTE:  This bitis transmitted |ast.

The announcement_switching_flag_field 1 shallbe usedfor announcements withintheaudioelementary streamthatis
actuallydecoded.

The announcement_switching_flag_field_2 shallbe usedfor announcements within other audio elementary streams.
Corresponding links shall be provided by means of the announcement_support_descriptor as specified intable C.18a.

Encoding: The announcement_switching_data_field is allowed to be embeddedatthe end ofa MPEG audio
packet, between the end of the audio data and another data field that is part ofthe ancillary data

field or betweentwo other data fields that are part of the ancillary data field.

If data fieldsaccordingto DVD-Video, extended ancillary data orancillary data according to the
DAB specification [18] are used, then the announcement_switching_data_field isnot allowedto
be inserted at the end of an audio packet.
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Decoding: Itis recommendedto parsethe data fromthe end.

C.4.4 Scale Factor Error Check

The transmission of a scale factor error checkin the ancillary data field of MPEG audio frames is o ptional. The syntax
of the corresponding data field is described in table C.19. Note that thedescription in table C.19isin the reverse order
of the transmission. The bit order in each byteis, however, suchthat themsh comes first in the transmission. The

data_field_length gives the number of bytes following this bytewithin this data field.

Table C.19: Scale factor error check data field

Syntax No. of Bits Mnemonic
scale factor error check data( ){
scale factor error checkdata sync 8 bslbf
data field length 8 bslbf
scale factor CRC 32 bslbf
}
Semantics: Thescale_factor_error_checkdata_sync should besetto 0 x FE.

Thescale_factor CRC permits to verify the integrity ofthe MPEG Audio scale factors.

Encoding: Thescale_factor_error_checkisallowed to be embeddedat the end of a MPEG audio packet,
between the end of theaudio packet and another data field that is part oftheancillary data field or

between two other data fields thatare part of the ancillary data field.

If data fieldsaccordingto DVD-Video extended ancillary data (as describedin clause C.4.1) orancillary data according
to the DAB specification ETSI EN 300 401 [18] are used, thenthescale_factor_error_check_data_field isnotallowed
to be inserted at the end of an audio packet.

Decoding: Itis recommendedto parsethe data from the end.

C.4.5 RDS data via UECP protocol

The transmissionof RDS data via the UECP protocol [22] in the ancillary data field of MPEG audio frames is optional.
The syntax of the UECP data field is described in table C.20. Note that the description in table C.20is in the reverse
order of the transmission. Thebit order in eachbyte is, however, such that the msh comes first in the transmission. The

datafield length gives the number of bytes following this byte within this data field.

Table C.20: UECP datafield

Syntax No. of Bits Mnemonic
UECP data( ) {
UECP data sync 8 bslbf
data field length 8 bslbf
for (i=0; i<N; i++){
UECP data byte 8 uimsbf
}
}

Semantics: The UECP_data_sync should be set to OXFD.

The bytesin the UECP_data_bytefield shall be byte alignedwiththe UECPdata bytes. There is
no need to align the UECP_data_byte field with the UECP frames. Consequently, one or more
complete UECP frames and/or only parts of UECP frames may be contained in one
UECP_data_byte field.

The length of the UECP_data_byte field canvary between consecutive audio packets.

Encoding: The encoding complies fully to the UECP specification [22].
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The followingaddresses are assigned to DVB consumer receivers which are tunedto the indicated
programme. For dual mono, the Terminal Address allows to assign different RDS information to
the different audio channels.

NOTE: Withinthe DVB system the dualmono mode is generally deprecated. For legacy reasons, however, this
option has been keptfor RDS transmission.

Table C.21
Site Address Terminal Address DVB consumer receiver
0 0 All

0 Stereo
1 Dual Channel,ch. A

1008 2 Dual Channel,ch.B
3 Single Channel (Mono)

4 t0 63 Not yet assigned

Forprofessional decoding equipment at FM transmitters theaddresses are individually assigned.

Decoding: Itis recommendedto parsethe data from the end.

C.5 Detailed specification for MPEG4 AAC, HE AAC and
HE AAC v2 Audio

C.5.1 Transmission of MPEG4 Audio ancillary data

MPEG4 ancillarydata as defined in this annex shall be placed intoa single data_stream_element() asdefinedin
ISO/IEC 14496-3 [17],table 4.10.

The data_stream_element() <DSE> shallfollow any combination of related <SCE>, <CPE>, <LFE>,and
<FIL<EXT-SBR_DATA>>audio elements, to which the ancillarydata applies.

The element_instance_tag of this data_stream_element() shall have the samevalue astheelement_instance_tag of the
firstaudio element to which the ancillary data applies.

Examples of possible streams are:
fora 2-channel program:
<CPE><DSE><FIL><TERM><CPE><DSE><FIL><TERM>...
fora 2-channel program with SBR:
<CPE><SBR(CPE)><DSE><FIL><TERM><CPE><SBR(CPE)><DSE><FIL><TERM>...
fora 5.1-channel program:

<SCE><CPE><CPE><LFE><DSE><FIL><TERM><SCE><CPE><CPE><LFE><DSE><FIL>
<TERM>...

Forfurtherreferencesee clauses4.5.2.1.2and 4.5.2.9.2in ISO/IEC 14496-3 [17].
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C.5.2 MPEG4 Audio ancillary data syntax

C.5.2.0 Syntax

The syntaxof theancillary data field is described in table C.22. Data are transmitted in the orderasgiven in table C.22.

Table C.22: MPEG4 ancillary data syntax

Syntax No. of Bits | Mnemonic
MPEG4 ancillary_data() {
ancillary data sync 8 bslbf
bs_info 8 bslbf
ancillary data status 8 bslbf
If (downmixing levels MPEG4 status == 1)
downmixing_levels MPEG4 8 bslbf
If (audio coding mode and compression status ==1) {
audio _coding mode 8 bslbf
Compression value 8 bslbf
}
if(coarse grain timecode status==1)
coarse grain _timecode 16 bslbf
if(fine_grain _timecode status ==1)
fine grain timecode 16 bslbf
}
C.5.21 ancillary _data_sync
Encoding: Thisfield shallbe set to 0xBC.
Decoding: The decoder may use this field to verify the availability of the MPEG4 Audio ancillary data.
C.5.2.2 Dbs_info

C.5.2.2.0 Syntax
The detailed syntaxis describedin table C.23.

Table C.23: bs_info syntax

Syntax No. of Bits Mnemonic
bs info(){
mpeg audio type 2 bslbf
dolby surround mode 2 bslbf
drc presentation mode 2 bslbf
reserved, set to "00" 2 bslbf
}
C.5.2.2.1 mpeg_audio_type
Table C.24: MPEG audio type Table
mpeg audio type Description
"00" Reserved
"01" Reserved
"10" Reserved
"11" MPEG4 Audio data
Encoding: Thisfield shallbe setaccordingto table C.24.
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Decoding: The decoder may ignore this field.

C.5.2.2.2 dolby surround_mode

Table C.25: Dolby surround mode Table

dolby surround_mode Description
"00" Dolby surround mode notindicated
"01" 2-ch audio partis not Dolby surround encoded
"10" 2-ch audio partis Dolby surround encoded
"11" Reserved
Semantics: In case of 2-channelaudio streams it can be indicated, whether the audio signal isencoded in

Dolby surround mode.

Encoding: This field may be provided by encoders whentheaudio stream is in 2-channel (stereo) format. It
shall be setto "00" for other than 2-channel audio streams.

Decoding: Itis strongly recommended thatthe decoder parses this field and provides this informationto the
reproductionset-up.

C.5.2.2.3 drc_presentation_mode

Table C.26: DRC presentation mode Table

drc_presentation _mode Description
"00" DRC presentation mode notindicated
"01" DRC presentation mode 1
"10" DRC presentation mode 2
"11" Reserved

Semantics: This field indicates whether ISO/IEC 14496-3 [17] or clause C.5.2.5dynamic range control takes
priority on the outputs as defined in clause C.5.3.

To avoid disturbances in the audio output, it should notbe changed within an elementary stream.

Encoding: This field may be provided by encoders. It shall be setto "00" if the DRC presentationmodeis not
indicated.
Decoding: Itis strongly recommended thatthe decoder parses this field and makes use of this information.

C.5.2.3 ancillary_data_status

The detailed syntax is described on table C.27.

Table C.27: Ancillary_data_status syntax

Syntax No. of Bits Mnemonic

ancillary data status( ) {
Reserved, set to "0" 1 bs|bf
Reserved, set to "0" 1 bslbf
Reserved, set to "0" 1 bs|bf
downmixing levels MPEG4 status 1 bslbf
Reserved, set to "0" 1 bs|bf
audio coding mode and compression status 1 bs|bf
coarse grain_timecode status 1 bslbf
fine grain timecode status 1 bs|bf

}

Semantics: The bitsin this field indicatethe presence of the associated fields in the ancillary data.
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Encoding: Abitinthisfieldshall be setto 1" if the associatedfieldis present inthe bitstream.

Decoding: Itis strongly recommended thatthe decoder parse this field to allow parsing of the following fields
in the ancillary data section.

C.5.2.4 downmixing_levels MPEG4

C5.24.0 General

When multichannel audio streams are decoded by an IRD and only 2-channelaudio output is required, then matrix mix
down shall be applied.

Thispart of the MPEG-4ancillary data gives the possibility to transmit matrix mix down coefficients with higher
resolution than defined in ISO/IEC 14496-3 [17]. The detailed syntax is describedin table C.28.

Table C.28: Downmixing_levels_ MPEG4 syntax

Syntax No. of Bits Mnemonic
downmixing levels MPEG4 () {
center_mix_level on 1 bslbf
center_mix_level value 3 bslbf
surround mix level on 1 bslbf
surround _mix_level value 3 bslbf
}
Encoding: Itis strongly recommended thatthis matrix mix down information is supplied by the encoderand

both, center_mix_level onandsurround _mix_level _onaresetto "1"when multichannelaudio
is transmitted.

Decoding: Itis strongly recommended thatthe decoder parses this field and uses the informationin cases
where matrix mix down isneeded.

C.5.2.4.1 center_mix_level on

Semantics: Thisfield indicates, whetherthe center_mix_valuefield carries information for matrix mix down.

Encoding: If thisfieldissetto "1"the center_mix_value field shall indicate the matrix mix down level of the
centre channel with respect to theleftand right front channels. If thisfield issetto 0" the
center_mix_value fieldshall besetto "000".

Decoding: Itis strongly recommended thatthe decoder parses and makes use of this field.

C.5.2.4.2 surround_mix_level _on

Semantics: This field indicates, whether the surround_mix_value field carries information for matrix mix
down.
Encoding: If thisfieldissetto"1"the surround_mix_valueshall indicatethe matrixmix down level ofthe

surround channels with respectto the left and right frontchannels. If thisfieldis set to "0" the
surround_mix_value fieldshall beset to "000".

Decoding: Itis strongly recommendedthatthe decoder parses and makes use of this field.
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C.5.2.4.3 mix_level value

Table C.29: Mix level value Table

mix _level value Multiplication factor
"000" 1,000 (0,0 dB)
"001" 0,841 (-1,5 dB)
"010" 0,707 (-3,0 dB)
011" 0,596 (-4,5 dB)
"100" 0,500 (-6,0 dB)
101" 0,422 (-7,5 dB)
"110" 0,355 (-9,0 dB)
"111" 0,000 (-0 dB)
Encoding: When provided, the values of center_mix_level valueandsurround_mix_level valueshall be set

to indicatethe multiplicationfactors for 2-channel matrixmix down. The broadcaster shall ensure
that sufficient headroom and/or dynamic range control values are included in the transmission to

prevent any overload when downmixing. For further details refer to clause C.5.3.

Decoding: The multi-channel decoder may apply these values as gainfactors to the individual channels when
a down mix for 2-channel stereo listening has to be created. The derived stereosignalcanbe
generated within a matrix-mixdown decoder by use of the following equations:

Lo=L * center_mix_level® C¥* surround mix_level®* Ls

Ro=R ¥ center mix_level®* C¥* surround_mix_level®* Rs

where L, R, C, Lsand Rsare the transmitted source signalsand Lo and Ro are thederived
2-channelstereosignals.

When a down-mix for 1-channel monophonic listening has to be created, a matrix mixdown
decoder can make use of the following equation:

M=L* R* 2% center_mix_level®* C¥* surround mix_level®* (Ls* Rs)
whereL, R, C, Lsand Rsare the transmitted source signalsand M is the derived mono signal.

To prevent any highlyundesired overload, dynamic range control values shall be applied (see
clause C.5.3).

C.5.25 audio_coding_mode

C.5.25.0 Syntax
The detailed syntax is describedin table C.30.

Table C.30: Audio coding mode syntax

Syntax No. of Bits Mnemonic
audio _coding mode () {
reserved, set to "000 0000" 7 bs|bf
compression _on 1 bslbf
}
Decoding: Itis recommendedthat thedecoder parse this field.
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C.5.2.5.1 compression_on

Semantics:

Encoding:

Decoding:

Thisfield indicates, whetherthe compression_value field carries information.

If this field is set to "1" the compression_valuefield indicates the heavy compression factor. If
thisfield issetto "0" the compression_value field shall be "00000000".

Itis strongly recommended thatthe decoder parses and makes use of this field.

C.5.2.5.2 compression_value

Semantics:

Encoding:

Decoding:

This field consists of a value X in the four mostsignificantbitsand a value Y in the four less
significant bits. The actual compressionvalueis 48,164 - 6,0206 X-0,4014 Y dB.

The compression_valuefield indicates a heavy compression factor which may be applied instead
of ISO/IEC 14496-3[17] dynamic_range_info() on the decoder side when a strong dynamic range
compressionis desired.

The encoder may providethis information.

If provided, besides possibleartistic reduction of dynamic range, these values shall be suitable to
prevent clipping for monophonicand stereophonic downmix and multichannel playout according
toclause C.5.4.

If compression_onissetto "1",the IRD shall apply these values instead of the
ISO/IEC 14496-3 [ 17] dynamic_range_info() when creating a monophonic RF modulated output
orasrequired accordingto clauseC.5.4.

C.5.2.6 coarse_grain_timecode

Seeclause C.4.2.13.

C.5.2.7 fine_grain_timecode

Seeclause C.4.2.14.

C.5.2.8 Persistance of MPEG4 ancillary data
Though it may be appropriate to send the MPEG4 ancillary data periodically, it may not be required to send it with each

audio frame.

Each valueremains unchanged and in effect unless it is specifically overwrittenby new transmitted data structures.

Aftersynchronizingto a newstream,an IRD should assumethe following values as default:

Table C.31: Default values after synchronization

Data field Default value
dolby surround mode "00"
drc_presentation mode "00"
center_mix_level value "010"
surround_mix_level value "010"
compression _on "0"
compression value "0000 0000"
coarse grain _timecode |"00 00000000000000"
fine grain timecode "00 00000000000000"

NOTE: Itmaybe desireable that anyencodersends MPEG4 ancillary data at least at each Random Access Point
of the bitstream to start decoding with well-defined MPEG4 ancillary data.
(PES packets which contain the StreamMuxConfig() at thebeginning of an AudioSyncFrame() are

Random Access Points of MPEG-4 Audio formatted accordingto clause 6.4).
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C.5.3 Announcement Switching Data

The transmission of announcementswitching data in MPEG4 ancillary data is optional. The syntax ofthe
announcement switching data field is described in table C.32.

Table C.32: Announcement switching data field

Syntax No. of Bits Mnemonic

announcement switching data() {
announcement switching data sync 8 bslbf
data field length 8 bslbf
announcement switching flag field 1 16 bslbf
announcement switching flag field 2 16 bslbf

}

Semantics: The announcement_switching_data_sync should be set to OXAD.

The data_field_length gives the number of bytes following this byte within this data field.

The announcement_switching_flag_fields are 16-bit flag fields specifying which type of
announcements are actually running. The association betweenthe bits of the flag field and the
announcement types shallbe accordingto theannouncement_support_indicator as specifiedin
table C.18a. Abitshallbe setto "1" if theannouncementis runningand it shall be set to "0" if the
announcement is not running.

The announcement switching flag_field_1 shallbe usedfor announcements withintheaudio
elementary streamthatis actuallydecoded.

The announcement _switching_flag_field 2 shallbe usedfor announcements withinother audio
elementary streams. Corresponding links are provided by means of the

announcement_support_descriptor [i.32].

Decoding: Itis recommended that thedecoder parse this field.

C.5.4 DRC Presentation Mode

Dynamic Range Control may either be used to limit the dynamic range ofanaudio signal to improve intelligibility
under noisy listening environments or may be usedto prevent highly undesired overloads. The latter may occurwhen
audio is played back at a highertarget level thanits program reference level or when a reduction of the number of
output channels hasto beperformed (i.e. downmixing).

To avoid these overloads, special constraints while producing audio signals should be maintained or appropriate
dynamic range control values should be transmitted along with the audio as metadata. Besides the

ISO/IEC 14496-3 [17] dynamic_range_info() also thecompression_value ofthe presentdocument (see
clause C.5.2.5.2) canbe used forthis purpose.

Noteson ISO/IEC 14496-3 [17] dynamic_range_info():

These values carry the "light compression™ gains. Accordingto 1ISO/IEC 14496-3 [17], these values may be scaled by
factors between0 and1 priorto appliance to match individual circumstances. In ISO/IEC 14496-3 [17],scalingis
differentiated for negative and positive gains. While scaling of positive gains (less increase of loudness) isalways
possible, scaling of negative gains (less attenuation) is prohibited under special circumstances in order to accomplish

overload prevention.

Notes on compression_value:
Thisvalue carries the "heavy compression™ gain. It is used when appliance of light compressionaccordingto
ISO/IEC 14496-3 [17] dynamic_range_info() is not sufficient. No scalingis allowed forthis value.
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The broadcaster will mix programmes for DRC presentation mode 1 or DRC presentation mode 2
receivers. The use of these modes should be signalled by theencoder via the
drc_presentation_modefield (see clause C.5.2.2.3). If the DRC presentationmodeis not
indicated, the drc_presentation_mode field shall be set to "00".

DRC Presentation Mode 1:

If 'DRC presentation mode 1'is signalled in the drc_presentation_mode field, the following
applies:

Both dynamicrangecontrol dataaccordingto ISO/IEC 14496-3 [17] andto C.5.2.5shall be
transmitted.

To avoid anyhighly undesired overload for levelling and/or downmixing towards a target level of
-23 dB (correspondinga value 0f92), the broadcaster shall ensu re that sufficient headroom
and/or dynamic range control data according toclause C.5.2.5are includedin the transmission.
To avoid anyhighly undesired overload for levelling and/or downmixing towards a target level of
-31dB (corresponding a value 0f124), the broadcaster shall ensurethat sufficient headroom
and/or dynamic range control data according to ISO/IEC 14496-3[17] are included in the
transmission.

DRC Presentation Mode 2:

If 'DRC presentation mode 2'is signalled in the drc_presentation_mode field, the following
applies:

To avoid anyhighly undesired overload when levellingand/or providing a stereophonic downmix
towards a target level of -23 dB (corresponding a value of 92), the broadcaster shall ensurethat
sufficient headroomand/or dynamic range control data accordingto ISO/IEC 14496-3[17] are
includedin thetransmission.

To avoid any highly undesired overload when levellingand providinga monophonic downmix
(e.g. RF modulated output) towards a target level of -23 dB (correspondinga value 0f92), the
broadcaster should ensure that sufficientheadroom and/or dynamic range control data according to
clause C.5.2.5 are included in the transmission.

Accordingto clause 6.4.3, it is strongly recommended that the IRD operates at one of two different
target levels.

If the IRD supports the DRC presentation mode, the following rules shall apply:

Operation attargetlevel -31 dB:

If the IRD operates at a targetlevel of -31 dB, dynamic range control dataaccordingto
ISO/IEC 14496-3 [ 17] shall be appliedif present.

If adownmixof multichannel audiois performed, scaling of negative gainwords (ctrll as of
chapter 4.5.2.7.2of ISO/IEC 14496-3 [ 17]) is not permitted. Otherwise, scalingof DRC gain
wordsisallowed.

Operation attargetlevel -23 dB:

If the IRD operatesat a targetlevel of -23 dB and DRC presentationmode 1 issignalled, dynamic
range control data according to clause C.5.2.5shall be appliedif present. Scaling of DRC gain
wordsisnotallowedin this case.

If the IRD operatesat a targetlevel of -23 dB and DRC presentation mode 2 is signalled, dynamic
range control data according to ISO/IEC 14496-3[17] shall be applied if present onstereophonic
and multi-channel outputs. Scaling of negative gain words (ctrl1as of chapter 4.5.2.7.2 of
ISO/IEC 14496-3 [17]) isnot permitted (regardless of whether a downmix of multichannel audio
isperformed or not).

When presentation mode 2 is signalled, dynamic range control data accordingto clauseC.5.2.5
shall not beappliedto stereophonic and multi-channel outputs.

When downmixing for monophonic outputs, dynamic range control data according to

clause C.5.2.5 shall be applied if present, otherwise dynamic range control data according to
ISO/IEC 14496-3 [ 17] shall be appliedif present. Scaling of DRC gainwordsisnotallowedin
this case.
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Table C.33 illustrates thesetwo different DRC presentation modes.

Table C.33: Required Dynamic Range Control schemes for playback
to prevent overload when DRC Presentation Modes is signalled

Playback corresponding to a Playback corresponding to a
target level of -31 dB target level of -23 dB
Channels of 5.1 2.0 5.1 2.0 1.0
playback system
2-channel Stereo Not specified ISO DRC Not specified Compression [Compression
Audio content (scaling _value _value
allowed)
c or
2 Compression
< 8 2 _value
a § g Multichannel Audio [ISO DRC ISO DRC Compression |[Compression [Compression
o content (scaling (scaling _value _value _value
o allowed) restricted)
or or
Compression [Compression
value value
c 2-channel Stereo Not specified ISO DRC Not specified ISO DRC Compression
2 « [Audio content (scaling (scaling _value
O ‘E 2 allowed) restricted)
o9 g Multichannel Audio [ISO DRC ISO DRC ISO DRC ISO DRC Compression
ol content (scaling (scaling (scaling (scaling _value
= allowed) restricted) restricted) restricted)
NOTE 1: ISO DRC (scaling allowed):
Dynamic range control dataaccording to ISO/IEC 14496-3 [17] is applied.
Scaling of both positive and negative gain words (ctrl1 and ctrl2as ofclause 4.5.2.7.2 of
ISO/IEC 14496-3 [17]) is allowed.
NOTE 2: 1SO DRC (scaling restricted):
Dynamic range control dataaccording to ISO/IEC 14496-3 [17] is applied.
Scaling of negative gain words (ctrll as of clause 4.5.2.7.2 of ISO/IEC 14496-3 [17]) is not permitted
(i.e. ctrll has to be equal to 1). Scaling of positive gainwordsis still possible.
NOTE 3: Compression_value:

If dynamic range controldataaccordingto clause C.5.2.5 are present, these values are applied withoutany
scaling.

Appliance of dynamic range control dataaccording to ISO/IEC 14496-3 [17] is only permitted if dynamic
range control dataaccording to clause C.5.2.5 are notpresent.
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Annex D (normative):
Coding of Data Fields in the Private Data Bytes of the
Adaptation Field

D.1 Introduction

A compliantbitstream may contain data fields in the private data bytes of the adaptation field [1] foruse in certain
applications. Whensuch private databytes are used in the manner describedin clause D.2 of thisannex or they are
used in combination with PVR-assisting coding as described in clause D.3 (below) thebitstreamshall conformto the
provisions of thisannex. Thisannex does not apply to SVC bitstreams. In the case of an MVC transmission, this annex

currently appliesonly to thebase layer.

Thisannexcontains the guidelines required to include and to decode data fields in the private data bytes of the
adaptationfield [1] for PVR and other applications.

D.2  Private data bytes detailed specification

D.2.0 General

Transport stream (TS) packets coded accordingto Recommendation I TU-T H.222.0/ ISO/IEC 13818-1 [1] may include
an adaptationfield. The presence ofanadaptation field is indicated by means of theadaptation_field_control, i.e.a 2-bit
field in the header of the TS packet. The adaptation field itself may contain private_data_bytes. The presence of private
databytes is signalled by means of the transport_private_data_flag codedatthe beginning of the adaptation field. If
private data bytes exist thetotal number of privatedata bytes is specified by means of the
transport_private_data_length, an 8-bit field that is directly followed by the private data bytes. The private data bytes

may be composed of one or moredata fieldsas shown in figure D.1. Gaps are notallowed between two data fields.

rivate data bytes of the adaptation field
< D vt ) >

data field 1 data field 2 data field 3 data field n

Figure D.1: Coding scheme for private data bytes within the adaptation field

Encoding: The following semantics apply toalldata fields specifiedin thisannex.

data_field tag: The datafield tagisan 8-bit field which identifies the type of eachdata field. The
values of data_field_tagare definedin table D.1.

data_field length: Thedata field length isan 8-bit field specifying thetotal number of bytes of
the data portion ofthe data field following the byte defining the value of this field.

Table D.1: Allocation of data_field_tags

data field tag Description
0x00 Reserved
0x01 Announcement switching datafield
0x02 AU information datafield
0x03 PVR assist information datafield
0x04 Void

0x05 to Ox9F Reserved for future use
0xAOQ to OxFF User defined
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Decoding: The IRD design should be made under the assumption thatany structure or combination of
structures as permitted by this annex may occur in the broadcast stream. The IRD is not required to

makeuse of this data.

D.2.0a DVB Compliance

The presenceand encoding of data fields in the private_data_bytes in the adaptation field data according to the present
documentissignalled in DVB-SI Program Map Table by the adaptation field data descriptor (see ETSI
EN 300468 [i.32], clause 6.2.1).

D.2.1 Announcement Switching Data

The announcement switching data field is used to indicate whether spokenannouncements areactually runningor not.
In comparisonwith that, the general support of announcements is indicated by means of the
announcement_support_descriptor [i.32].

The transmission of the announcementswitching data field is optional butit shall be continuously provided in those
audio streams thatmay carryannouncements at some point in time. The announcementswitchingdata field shallbe
present at least every 100 ms. The syntax of the announcement switching data field is described in table D.2.

Table D.2: Announcement switching data field

Syntax No. of Bits Mnemonic
announcement_switching_data() {
data field tag 8 uimsbf
data field length 8 uimsbf
announcement_switching flag field 16 bslbf
}
Semantics: Announcement_switching_flag_field: This 16-bit flag field specifies which type of

announcements are actually running. The association betweenthe bits of the flag field and the
announcement types shall be accordingto theannouncement_support_indicator as specified in
table C.18a. Abitshallbe setto "1" if theannouncementis runningandit shall be set to “0"if the

announcement isnot running.

D.2.2 AU_information

The AU_informationdata field is used to signalthe presence of thestart of an access unit in the payload of the transport
packet containing the data field, andto convey information aboutthataccess unit that is of use to PVR applications. Al
the information provided in this adaptation data field should be considered "helper” information rather than definitive
information. Thus, if there areany conflicts betweenthe information signalled in this adaptationdatafield and the
actualstream, thenthe information in the stream shall take precedence over theinformation inthis adaptation data
field. However, such a conflict should be considered anerror condition andas such should notoccur. It is recommended
thatthe AU_information data field is presentat the start of eachaccess unit ofanH.264/AVC[16] videostreams. It is
not recommended to use this structure with HEVC streams.

NOTE 1: ThePVR_assist informationdefinedin clause D.3 should normally be usedin preferenceto the
AU_information.

Where multiple access unitsoccur in a transport packet, thenmultiple AU_information data fields may be used. Each
adaptationdata field shallapplyto the corresponding access unit in the transport packet. l.e. the first data field shall
applyto the firstaccess unit starting in the transport packet, the second datafield shall apply to the second access unit
startingin thetransport packet, etc.

The AU_information datafield(s), when present, shall be thefirst datafield(s) in the adaptationfield.

There shall not be more adaptation datafields withthesame data fieldtag valuethan thereare access unitsstartingin
the packet.
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Table D.3: AU_information datafield

Syntax No. of Bits [Mnemonic
AU information () {
data field tag 8 uimsbf
data field length 8 uimshbf
AU _coding_format 4 uimsbf
AU coding type information 4 bslbf
AU _ref pic_idc 2 uimsbf
AU pic struct 2 bslbf
AU PTS present flag 1 bslbf
AU profile info present flag 1 bslbf
AU_stream_info_present _flag 1 bslbf
AU trick mode info present flag 1 bslbf
if (AU PTS present flag == "1") {
AU PTS 32 32 uimsbf
}
if (AU _stream info_present flag =="1") {
Reserved 4 "0000"
AU frame rate code 4 uismbf
}
if (AU _profile info present flag =="1") {
AU profile 8 uismbf
AU constraint set0 flag 1 bslbf
AU constraint setl flag 1 bslbf
AU constraint set2 flag 1 bslbf
AU AVC compatible flags 5 bslbf
AU level 8 uismbf
}
if (AU_trick_mode_info_present flag =="1") {
AU max | picture size 12 uismbf
AU nominal | period 8 uismbf
AU max | period 8 uismbf
Reserved 4 "0000"
}
if (data_parsed < data field length){
AU Pulldown info present flag 1 bslbf
AU reserved zero 6 ‘000000
AU flags extension 1 1 bslbf
if (AU Pulldown info present flag =='1") {
AU reserved zero 4 ‘0000’
AU Pulldown info 4 bslbf
}
if (AU flags extension 1=="1") {
AU_reserved 8 bslbf
}
}
for(i=0;i<n; i++) {
AU reserved byte 8 bslbf
}
}

Semantics:
data_field tag: Thisshall havethe value 0x02.

data_field length: Thisindicates the length of the adaptation data field. The values 0 and 1 may be usedto signal
short versions of the adaptation datafield. The value 0 means that no fields afterthe data_field_length are sent,andis
used asa dummy adaptation datafield. The value 1 meansthat only thefields AU_coding_formatand
AU_coding_type_informationare present.

AU_coding_format: Thisshallsignal the codingformat used by theelementary stream carried on this packet. The
valuesareasshown intable D.4.
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Table D.4: AU_coding_format values

Value Stream Type
0 Undefined
1 Recommendation ITU-T H.262 [2] / ISO/IEC 13818-2 [2] Video or
ISO/IEC 11172-1 [8] constrained parameter video stream
2 H.264/AVC video stream as defined in Recommendation ITU-T H.264 /
ISO/IEC 14496-10 [16] Video
3 VC-1 video stream as defined in SMPTE ST 421 [20]
4 HEVC video stream as defined in ISO/IEC 23008-2 [35] Video
5-0xF Reserved

AU_coding_type_information: Indicates the coded picture/slice types presentin the immediately followingaccess
unit. For Recommendation ITU-TH.264 / ISO/IEC 14496-10 [ 16] video, thisfieldshallbe interpreted as a fourbit field
with the syntax shownin table D.5.

Table D.5: AU_coding_type_information for
Recommendation ITU-T H.264 / ISO/IEC 14496-10 video

Syntax No. of Bits Mnemonic
AU IDR slice present flag 1 bslbf
AU | slice present flag 1 bslbf
AU P slice present flag 1 bslbf
AU B slice present flag 1 bslbf

For Recommendation ITU-TH.262 / ISO/IEC 13818-2 [2] Video, this field shall be interpreted according totable D.6.
These values areidentical to (but one bit longer than) thevaluesin table 6-12 of ISO/IEC 13818-2 [2].

ForVC-1 (SMPTE ST 421 [20]), thisfieldshallbe interpreted as per table D.6.

Table D.6: AU_coding_type_information for
Recommendation ITU-T H.262 / ISO/IEC 13818-2 video

Value AU coding type information
0 Undefined
1 |
2 P
3 B
4 to OxF Reserved

For HEVC video, thisfield shall be interpreted as per table D.6a.

Table D.6a: AU_coding_type_information for HEVC video

Syntax No. of Bits Mnemonic
Reserved 0 1 bslbf
AU | slice present flag 1 bslbf
AU_P slice present flag 1 bslbf
AU B slice present flag 1 bslbf

NOTE 2: Theslice present canbe calculated fromthe slice_type field ofthe NAL units that comprise the AU.

AU_ref_pic_idc: Thisfield indicates if any of the access unit is required in the reconstruction of otheraccess units. The
value "00" meansthat it is not used by otheraccess units. In the case of Recommendation ITU-TH.264 /

ISO/IEC 14496-10[ 16], the valueshall be the nal_ref idc fieldin the NAL header usedfor anyslicethat makesup the
access unit.

ForVC-1 (SMPTE ST421)[20], thisshall take thevalue "00" for all pictures (andrelated headers) thatare not used
asreference, and shall not take thevalue "00" for all pictures that are used as reference.
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For Recommendation ITU-TH.262 / ISO/IEC 13818-2 [ 2], this field shall take thevalue 00" for pictures (and related
headers) thatare notusedas reference (i.e. B pictures), and shall nottakethe value "00" for all other pictures (and
related headers).

For HEVC, thisfieldshall take the value 00" only for pictures (and related headers) thatare not used as reference. All
other pictures (andrelated headers) shall not take thevalue"00". A picture shall be treated as notused for reference

only whenencoded using non-reference NAL unit types.

AU_pic_struct: Thisfieldshallbe setto "01"if the access unitisatop fieldpicture,"10"if it isa bottomfield.
Otherwise, it shallbe setto "00™. 11" valueis reserved.

AU_PTS_present_flag: Thisfield shallbe setto "1" whenthe AU_PTS_32value is present in thedescriptor, otherwise
itshall takethe value "0".

AU_profile_info_present_flag: Thisfieldshall be setto "1"whenthe AU_profile_idcandAU_level idcvaluesare
present in the descriptor, otherwise it shall take thevalue "0".

AU_stream_info_present_flag: Thisfield shallbe setto "1" whenthe AU_frame_rate code valueispresentin the
descriptor, otherwiseit shall take thevalue™0".

AU_trick_mode_info_present flag: Thisfieldshallbe setto 1" when the AU_max_|_picture_size and
AU_max_1_periodare presentin the descriptor.

AU_PTS_ 32: The 32most significant bits of the 33-bit PTS encoded in the PES header immediately following this
adaptationfield, or of the value that applies to the access unit to which this descriptor applies, if no PES header is
present.

AU_frame rate_code: Thisfield indicates the video framerate in the stream carried onthe currentPID. In the case of
video, thisis encodedasin clause6.3.30f ISO/IEC 13818-2 [2],as shown in table 6-4 of the same. The values in this
table are informatively replicated on table D.7.

Table D.7: Informative Frame Rate values taken from table 6-4 of ISO/IEC 13818-2

AU _frame_rate_code Corresponding Frame Rate (Hz)
Forbidden
23,976
24
25
29,97
30
50
59,94
60
9to OxF Reserved

(ool N1 [e2R [62] F-N) [FV] | \OR ol @]

AU_profile: Thisfield conveys the profile used to which theaccess unit conforms.

For Recommendation I TU-T H.264 / ISO/IEC14496-10[16] videothis contains the profile_idcvalueas defined
ISO/IEC 14496-10[16], annex A.

For Recommendation I TU-T H.262 / ISO/IEC 13818-2 [2] videothe least significant 3 bits of this field carry the profile
asdefinedin clause8 of Recommendation ITU-T H.262/ 1SO/IEC 13818-2 [2].

ForVC-1 (SMPTE ST 421)[20] video the least significant bits of this field carry the profile asdefined in SMPTE
ST 421 [20].

For HEVC video this contains the general_profile_idc value asdefined ISO/IEC23008-2 [35], annex A.

Constraint_set0_flag, constraint_setl flag, constraints_set2_flag, AVC_compatible_flags: These fields carry the
same semantics as the fields of the same name in the AVC_video_descriptor in clause 2.6.64 of Recommendation
ITU-TH.222.0/ ISO/1EC 13818-1[1], which in turn have semantics defined in 1ISO/IEC 14496-10 [16], clause 7.4.2.1.
Note thatwith High profile, the first bit in AVC_compatible_flags contains constraint_set3_flag.

For Recommendation ITU-TH.262 / ISO/IEC 13818-2 [2] videoand VC-1(SMPTE ST 421) [ 20] video thesefields
shall takethe value "0".
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For HEVC video these fields shall take the value of the fields general_profile_flag[i] for the valuesof i fromQto 7.
AU_level: Thisfield conveysthe level usedto which the access unit conforms.

For Recommendation I TU-T H.264 / ISO/IEC 14496-10[16] videothis carries the level_idc value asdefinedin
ISO/IEC 14496-10[16],annex A.

For Recommendation ITU-T H.262 / ISO/IEC13818-2 [2] videothe least significant 4 bits of this field carry thelevel
asdefinedin clause8 of Recommendation ITU-T H.262/1SO/IEC 13818-2 [2].

ForVC-1 (SMPTE ST421)video, the leastsignificantbits of thisfield shall carrythe level asdefined in
SMPTE ST421 [20].

ForHEVC video this carriesthe level idcvaluepresentinthe HEVC video_descriptorasdefinedin clause 4.1.8.19
of the presentdocument.

AU_max_I_picture_size: Thisvalueindicates thebuffersize, in units of 16 x1 024 bits, thatis implemented by the
encoder rate control, andthus the maximum intra picturesize that canbe found in the currentbitstream. Thisvalue,
according to profile and level, shall complywith ISO/IEC 14496-10[16], HEVC [35] and ISO/IEC 13818-2 [ 2] limits.
Thevalue Qs forbidden.

AU_nominal_|_period: This value indicates the nominal distance between two consecutive I/IDR pictures, on a frame
picture count basis,and for HEVCthedistance betweentwo consecutive HEVC DVB_RAP pictures. The value 0 is
forbidden.

AU_max_I_period: This value indicates the maximum distance that can be found in the stream between two
consecutive I/IDR pictures, on a frame picture count basis. The value 0 is forbidden.

AU_Pulldown_info_present_flag: Thisfield shall be setto '1" if the AU_Pulldown_info fieldis present.

AU_flags_extension_1: Thisfieldshall be setto '1'if the AU_reserved bytesisusedfor additional flags.

NOTE 3: Thisflagprovides forfuture extensions. Whilst for the present document, thevalue of this flag should be
'0', the value of'1'should be correctly processed.

AU_Pulldown_info: Thisfield carriesthe four bits carried in the H.264/AVC structure signalling the AU's display
characteristics, specifically the pic_structfield of the picture timing SEI message. The default valuefor this fieldshall
be the same as AU_pic_struct. Table D.8 shows the default values to be used for Pulldown_infoif the field isnot
transmitted.

Table D.8: AU_Pulldown_info default values

AU pic_struct default AU Pulldown info value
00 0
01 1
10 2

For HEVC, when presentthis field shall carrythe values of the pic_struct field of thepicture timing SEI message.

NOTE 4: The combinationof "AU_pic_struct"and "AU_Pulldown_info™ may only be correctwhen
"AU_pic_struct"issetto "00"and"AU_Pulldown_info" is present and set equalto the "pic_struct" field
of the picture timing SEI message for H.264/AVC. For VC-1 (SMPTE ST 421) and MPEG-2
ISO/IEC 13818-2 / Recommendation I TU-T H.262[2], it is recommended thatthese syntax elementsare
settoO.
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D.3 PVR assistance

D.3.1 Introduction (informative)

The "PVR_assist_information" data field is used to signalinformation with the aim of helping PVR applications
performtrick-play operations butdoes not mandate any specific PVR device behaviour. The information in this clause

is specific to H.264/AVC,and HEVC and could be extended for use with other video codecs.

The "PVR_assist_information” data field may be usedin additionto the "AU_information™ data field, butit is
recommendedthat it be used independently. It is recommended that the PVR assist information is present at the start of
each videoaccess unit.

PVR assist information is conveyedin 3 levels. The first levelimposes minor encoding constraints in additionto what is
specified, forH.264/AVC, in clauses 5.5,5.6 and 5.7 of the present document, and for HEVCin clause 5.14 of the
present document. See clause D.3.2 for these additional constraints. An application conveying just the first level of
informationsetsthe"data_field_length” valueto "0"in the PVR assist information data andthis may be conveyed at
each picture orata RAP. The second level of information includes thefirst level (encoding constraints) and adds
signalling of picture interdependencies using the syntax element"PVR _assist_tier_pic_num". Coding of this syntax
element is specifiedin clause D.3.3. An application conveying just thefirst and second levels of PVR assist information
setsthe syntaxelement "data_field_length" value to "0x01", includes a correctvaluefor "PVR_assist_tier_pic_num"
(tier number), conveysthe "PVR_assist_tier_pic_num" syntax elementforeach picture andsetsall the following syntax
elementsto"0™

e pvr_assist_block trick_mode present_flag.

e  pvr_assist_pic_struct_present_flag.

e  pvr_assist_tier_next_pic_in_tier_present_flag.
e  pvr_assist_substream_info_present_flag.

e  pvr_assist_extension present_flag.

Based onthe "PVR_assist_tier_pic_num" syntaxelement, the third level provides additional informationaimed at
assisting PVR applications with the ability to perform trick-play operations. The additional informationincludes the
followingtwo methods as specified in clauses D.3.3and D.3.4:

1) Information relatedto a Tier framework which describes signalling for extractable and decodable
sub-sequences based on pictures interdependencies. This allows the PVR applicationto efficiently select
pictures when performinga given trick-mode.

2) Information relatedto a sub-streamframework which explicitly signals the achievable trick-play speedsand
theirassociated subset of pictures.

Dependingon the application, it is possible to use none, one ora combination of the two frameworks. Whenthe PVR
assist information includes signalling for both the frameworks, receivers are only expectedto use either one ofthe

signalled information.

Inaddition, the PVR assist information provides segmentation informationand signalling to selectively block respective
trick modes.

D.3.2 Encoding of PVR assist information (normative)

This clause describes and specifies a set of encoding guidelines thatshall be used when PVR assist informationis
conveyed inthe MPEG-2transport stream.

In the following textRAP isused to mean "for H.264/AVC streams, RAP, and for HEVC streams, HEVC DVB_RAP".
The equivalent negative termnon-RAP isalso used.
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ForH.264/AVC, in addition tothe constraint of one video access unit (AU) start per PES packet, each PES packet
shall containexactly one AU. The first payload byte after the PES header shall be the start ofthe AU. The
"data_alignment_indicator" in the PES header shallbe set to a value of "1".

NOTE: ForHEVC,thisconstraintisalready presentinclause5.

If there are any conflicts between theinformation signalled inthis PVR assist information and the actual stream, then
the information inthe stream shall take precedence over the informationin this PVR assistinformation. However, such
a conflict should be considered an error conditionandas such should not occur.

When PVR assist information is present, it shall be located inthe adaptation header's private datafield of MPEG-2
transport stream packets containing the PES header of video access units. These MPEG-2 transport packets shall have
their "payload_unit_start_indicator” (PUSI)flag set to a value of " 1" and the adaptation control field set to a value of
"1l

The PVR assist informationuses a tag, length, value structure, consistent with the usage shownin clause D.2, with a
"data_field_tag"value of "0x03". Note thatwhenthe"AU_information* with a "data_field_tag" value of "0x02"is
present in the same adaptationfield, it shall precede the PVR assistinformation. In this instance, there should be no
conflicts betweentheinformation provided in both data fields. Any conflictshall be considered anerror conditionand
the PVR assist information shall take priority.

ForH.264/AVCor HEVC, the maximumtime interval betweensuccessive RAP pictures shall be lessthanorequalto
1,28 seconds. This valueaccommodates variations either due to non-integer frame rates or GOP lengths thatare a
power of 2 up to 32 frames for interlaced video, and up to 64 frames for progressive video. While the 1,28 seconds
value is derived fora GOP of 32 frames for 25 Hz, the corresponding valueis 1,068 seconds for frame rates of
30000/1001 Hz. Itisstrongly recommended that the maximum time interval be less thanorequal to 1,068 seconds for

frameratesof 30Hz,30000/1001Hz,60 Hzand 60 000/1 001Hz.
Non-paired fields shallnot beusedin H.264/AVCBitstreams or HEVC Bitstreams.

D.3.3 Tier framework

D.3.3.0 Introduction

The methodis based on a tier system framework that conceptually parallels the data dependency hierarchy system
described in clause D.2.11 of Recommendation I TU-T H.264/ 1SO/IEC 14496-10[16] to achieve independently
decodable sub-sequences that can be extracted and used by PVR applications to fulfil trick modes.

The premise for thetier framework is to signal picture interdependencies to assist PVR applications in fulfilling trick
modes. Themethodis flexible and adapts to the potentially elaborate picture interdependencies that may bepresent in
an H.264/AVC stream oran HEVC stream. The tier framework extends its flexibility and adaptability without imposing

encodingconstraints.

D.3.3.1 Background (informative)

A hierarchy of data dependency tiers containsatmost 7 tiers. For H.264/AVC, the tiers are ordered hierarchically from
"1" to"7",and for HEVCthe tiersare ordered hierarchically from 0" to the highest Temporalld value + 1, based on
their "decodability" so thatany picture with a particular tier number does not depend directly or indirectly onany
picture with a highertiernumber.

D.3.3.2 Specificationfor H.264/AVC (normative)

Each picturein the video stream may belong to one of the 7 tiers. For anyvalueofk = 1,...5, any picture in thek " tier
shall not depend directly or indirectlyon the processing or decoding of any picturein the (k+1) ' tier or above.

Thisimpliesthe following:

e  Apicture that depends on a reference picture cannothave a tier number smaller thanthe tier number of the
reference picture.
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e  Apicturethatdependson a picture issuingan MMCO thataffects its picture referencing cannot have a tier
number smaller than thetier number of the picture issuing the MMCO.

Two field pictures belonging tothe same frame shall have the same tier number. Startingat a RAP, the two field
pictures belongingto the same frame may be found by checkingthe valueof "PVR_assist_pic_struct”, if present, in
consecutive pictures.

Tier 1 consists of the first level of picture extractability, and each subsequent tier corresponds to the nextlevel of
picture extractability in the video stream. All RAP pictures shallbelongto Tier 1 andall Tier 1 pictures shall be RAP
pictures. Tier 5 is the largest tier number thatmay be assigned to reference pictures that are intended to be extracted for
trick modes. Tiers 6 and 7 correspond to the last level of picture extractability such as discardable pictures and pictures
thatare notusedas reference for trick-modes. Tiers 6 and 7 pictures are intended to be discardable for trick-mode
purposesand donotdepend onother Tier6 and 7 pictures. For H.264/AVC video, all pictures belongingto Tier 7 shall
have "nal_ref_idc"equal to "0". It should be noted, that some pictures with “nal_ref_idc"equalto "0" may either be
signalled as Tier 6 or Tier 7 and some discardable pictures with "nal_ref idc" not equalto "0" maybe signalled as

Tier 6.

Startingfroma RAP picture andincluding the RAP picture, Tier 2 pictures can be decoded progressively and output
independently of pictures in Tier 3 through Tier 7. More generally, forany value of k=1, ... 7 a Tierk picture is
decodable if allimmediately-preceding Tier 1 through Tier k pictures, inclusive, in the video stream have been decoded.
Thisrequiresthat fortiervaluesk=2,3,4 or5ifa pictureissignalled as Tier k, thenthereshall be atleastoneTier
(k-1) picture signalled between this RAP and thenextRAP in decode order. Theexceptionis for pictures with tiers 6
and 7 thatdo notdependon othertier 6 and 7 pictures.

Dependingon the GOP structures, all tier numbers between 1 and 7 may not be allocated to pictures and there may be a
gap betweenthehighest tier number used for reference pictures (1,2, 3,4 or5) and tiernumber 6 or 7. A single gap is

permitted between the highesttier number used for reference pictures and tiernumber6 or 7.

Tiernumber "0"isreserved for futureuse. "PVR_assist_tier_pic_num" field shall always be presentfor each picture
when either tier framework and sub-stream framework or a combination isused. This also requires "data_field_length"
to besettoa valuegreaterthan"0".

In the tier framework, if thetier number of a picture hasa value of "6" or " 7", then the pictureshall be considered a
discardable picture and may not belong to a decodable sub-sequence.

Inaddition, in the tier framework other parameters such as "PVR_assist_tier m_cumulative_frames"and
"PVR_assist_tier_m"are includedto signalthe minimum number for pictures intended to be extractedand decoded per
each 1 secondinterval fora particulartrick mode speedand higher. The following describes the use and setting of these

syntax elements:

The number of pictures signalled from Tiers 1 through n where 1<n<6 should be approximately half the number of
pictures perevery consecutive 1,0 second interval of the video stream, and the pictures should be evenly spread, to
provide a smooth 2x trick mode. The complementary fields "PVR_assist_tier_m_cumulative_frames"and
"PVR_assist_tier_m" may besignalled forthis purpose.

The premise behind thesetwo syntax elements is that if a sufficientnumber of pictures are provided to fulfilsmooth 2x
playback, thenthere will be a sufficient number of pictures to also render smooth playback of speeds higher than 2x.
Forexample, if 30 of every 60 pictures per second are signalled with Tiers 1 to n with these complementary fields, then
it is possible to provide a 2x playback of 60 pictures per second from the 30 signalled picturesin every 1,0 second
interval, orequivalently 60 signalled pictures can be decoded from every 2,0 second interval. Likewise, smooth 4x
playback can be fulfilled with 15 of the signalled pictures in every 1,0secondinterval.

D.3.3.2a Specification for HEVC (normative)

HEVC supportsa mechanism thatcan be made compatible with the tier framework through theability to signala video
bitstream as comprising of a number of temporal sublayers, where each temporal sublayer has a Temporalld carried as
the nuh_temporal_id_plusl field in the NAL_unit_header. The tier number may be usedto signalthe sublayers of
HEVC consistently in accordance with their Temporalld values. Within the context of thisannex, temporal sublayers
referonly to temporal sublayers carried within a single PID. The tier number for each picture is derived fromiits
Temporalldvalue. The tier value of an HEVC DVB_RAP pictureshall be 0. All pictures that are not HEVC DVB_RAP

picturesshall have tier valueequalto Temporalld +1.
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Additional constraints may beimposed on the tier framework if required, e.g. as defined in Recommendation I TU-T
H.265/1SO/IEC 23008-2 [35], clause 10 for subbitstream extraction. Utilizing the tier framework provides easy access
to the sublayer information withoutrequiring eitheraccess to, or parsingand decrypting of, the HEVC bitstream.

ForHEVC Video, Tier0 (i.e. Temporalld 0) consists of pictures which canall be extracted, and each subsequent tier
corresponds toanother level of pictures which can be additionally extracted to assist trick play operations. For HEVC,

all HEVC DVB_RAP picturesshallbelong to Tier 0 and all Tier O pictures shallbe HEVC DVB_RAP pictures.

D.3.3.3 Examples of tier number assignment for H.264/AVC and HEVC
(informative)

When a PVR application starts extractinga subsequencebeginningat a RAP, its decodability entrypoint (DEP) is
defined tobe the RAP fromwhichall pictures ofthis extracted subsequence canbe fully reconstructed. Note that DEP
is the RAP if it containsan IDR picture for H.264/AVC, oran IDR or CRA for HEVC; otherwise, the DEP could be the
previous RAP.

Forall valuesof kfrom1to 6,a Tierk picture aftera RAP is decodable and can be fully reconstructed if the respective
tier numberissignalled foreach and every picturebelongingto Tiers 1 through k thatare located betweenthe Tier k

picture's DEP and the Tierk picture.

The GOP depictedin figure D.2 illustrates that every other picture may be signalled with Tiers 1 through 4. In
figure D.2, the first and second rows depict picture outputorder and decode order, respectively; thethird row shows the
respective tiernumber of each picture in decode order.

A wide range of playback speeds are possible from Tier 1 pictures only (i.e. very fast) to higher tiernumbers. A PVR
application may provide alternate speeds with the picturesin Tiers 1 to (k-1) and a portion of the pictures in tierk. In
some casesthedisplay of some pictures may be repeated to avoid imposing the decoder to run beyond its capabilities;
in other cases to maintain speedaccuracy. Usingthe signalled tier numbers, a PVR application may select the
appropriate set of pictures fora particular trick mode without causinga decoder to process pictures faster than 1x.
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Pictures in Output Order

Bs | be | Bs bis ‘ P17 l2s

bs ‘ B1s ‘ b2o ‘ Ba1 ‘ b2z ‘ B2s ‘ b2a

‘h‘bz‘Bz‘bA bs‘Ps‘bm‘Bn‘bn‘Bm‘bu‘Bu

Tier Number for AVC (in Output Order)
(af7]af7[a]7]af7]2]7[af7]a]7[a]7[2]7]a]7[3][7]af7]1]

Tier Number for HEVC (in Output Order
\0\4\3\4\2\4\3\4\1\4\3\4\2\4\3\4\1\4\3\4\2\4\3\4\0\

Temporal_ID for HEVC (in Output Order)
(of3fz2[sfa]s]2[3]ofs]23[1]3[2]3]o0f3[2][3]2][3]2][3]0]

(a) Output Order

Pictures in Decode Order
Ps | Bs b2 | ba

bs | bs | P17 | Bis | Bix | bio | b1z | Bis | bia | bis | l2s | Bar | Bio | bis | bao | B2z | b22 | baa

l1

Tier Number for AVC (in Decode Order)
\1\2\3\4\7\7\4\7\7\2\3\4\7\7\4\7\7\1\3\4\7\7\4\7\7\

Tier Number for HEVC (in Decode Order)
\0\1\2\3\4\4\3\4\4\1\2\3\4\4\3\4\4\0\2\3\4\4\3\4\4

Temporal_ID for HEVC (in Decode Order)
lofofaf2]3[a]2[3]3fofs]2[a]3[2]3[3]0f1][2]3[3]2][3]3]

(b) Decode Order

Figure D.2

In figure D.3, 2x trick mode may be rendered by decoding every other picture. In somecases, a PVR may rendera 2x
playbackspeed by decodingthe picturesin tiers 1 to 3 and repeating the output of each picture once.

The tierframework can also be usedto signal discardable pictures, or different categories of discardable pictures. For
instance, with an MPEG-2 like GOP with three B pictures betweenreference pictures, the middle B picture of everytrio
can besignalled asa Tier "6" picture and the other two as Tier 7" pictures. This facilitates retention of the temporal
sampling of the video when pictures needto be discarded.
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l1 b2 Bs ba Bs bs Bz bs Pg bio Bi1 b1 mBls bie P17 bis B9 b2o B21 b22 B2z b2s l2s

N N N N N NS

Tier Number

1l7lal 7|3l 7]al702] 7]a |73 |7]a 702l 7]al7]3|7]al7]2

2X speed: independent decodable sub-sequence of pictures in Tiers 1 through 4

X X X X X X X X X X X X X

4X speed: independent decodable sub-sequence of pictures in Tiers 1 through 3

X X X X X X X

8X speed: independent decodable sub-sequence of pictures in Tiers 1 through 2
X X X X

12X speed: independent decodable sub-sequence of pictures in Tiers 1

Lo Lt ltosl ot [hao [ ed baltodl 1 | | 1 [ T T T T T TT T T T ]

24X speed: independent decodable sub-sequence of pictures in Tiers 1

||1||2_5||49|ﬂ|96|@| |_| | | | | | | | | I_I I_I I_I | |

Figure D.3

D.3.4 Sub-stream framework

D.3.4.1 Background (informative)

Thismethodis basedon a sub-stream framework, which relieves the PVVR device from the burden of determining the
subset of pictures neededto fulfila trick play speed. To achievea pre-defined trick-mode speed, the PVR device is
hypothetically supposedto decode a signalled sub-stream, select the pictures to display and choose their display
duration. Eachdefined sub-stream is signalled on a picture basis, and may be guaranteedto be decodable by a compliant
decoder. Note thatthis requires the "data_field_length™to be settoa value greaterthan 0" and the

"PVR_assist_tier_pic_num" field be present for each picture.
This framework may also facilitate switching between different playback speeds on a real-time basis.

Playback speed information assists in signalling one or more sub-streams corresponding to respective pre-defined
playbackspeeds. Up to four speeds may be signalled per picture to signal that this picture belongs to a corresponding

extractable sub-stream, and each extractable sub-stream is associated with one of 15 playback speeds.

Furthermore, picture interdependencies as described in clause D.3.3, might be used by the PVR device to achieve
intermediate playback speeds.

Note thatplayback speed information does notdefine the features, trick mode strategies or the effective trick mode
speed achieved by the PVR device.

D.3.4.2 Tier Signalling (normative)

"PVR_assist_tier_pic_num"shall be present for each picture. Notethatthis requiresthe "data_field_length"to be setto
a value greaterthan"0". Codingof "PVR _assist_tier_pic_num"isdefinedin clause D.3.3. If the stream contains
signallingfor boththe tier and substream frameworks, there shall be no conflictin thevalue signalled insyntaxelement
"PVR_assist_tier_m_cumulative_frames" and a speed associated with 2x. If a conflict occurs, it is recommended that
"PVR_assist_tier_m_cumulative_frames_present flag"be setto "0" when "PVR_assist_substream_info_present_flag"
issetto"1".
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D.3.4.3 Playback speed information (normative)

Playback speed information should be usedto signal one or more sub-streams deemed best by the encoder to fulfil
respective playback speeds.

If "PVR_assist_substream_1x_decodable _flag"is set to a value of 1", sub-streams do not require any additional
resources and throughputcapabilities of a 1x decoder (as defined in clause D.3.4.4) when played at their pre-defined

trick-mode speeds.

D.3.4.4 Sub-stream associated with a Playback speed (normative)
The following defines a sub-stream that is signalled with playback speed informationas it is constructed by the encoder.

e  Asub-streamisa fully decodable subsetof pictures thatcan be extracted from the original stream.

e Asub-streamwhere the"PVR_assist_substream_1x_decodable_flag"issetto "1" obeys the following
constraints:

- Max bitrate constraint: The sum of sizes of "Number of pictures per second" consecutively decoded
pictures in the sub-stream does not exceed the"VCL maxsize" indicated in table D.9.

- itterconstraint: Let "S" be the intended playback speed of the sub-stream relativeto the original stream
from which the sub-streamis extracted. The maximumnumber of pictures in theoriginal stream between
two consecutive signalled pictures in the sub-stream, in output order, shall notexceed the following
values:

] 2 ifS<2

= 2xCeil(S-1) if2<S<4

= 3xCeil(S) if4<S<19

= 4xCeil(S) if $>19

Where: "Ceil" is the upward rounding function.

Table D.9: VCL maximum size values

IRD Frame rate (Hz) Number of pictures H.264/AV(_3 HEVC \_/CL

per second VCL max size max size
24 0or24 000/ 1001 24 10 Mbits Not applicable
25 Hz or 30 Hz H.264/AVC SDTV 25 25 10 Mbits Not applicable
30 0r30000 /1001 30 10 Mbits Not applicable
24 or24 000 /1001 24 25 Mbits Not applicable
25 25 25 Mbits Not applicable
25 Hz or30 Hz HDTV 30 or30000 /1001 30 25 Mbits Not applicable
50 50 25 Mbits Not applicable
60 or 60 000 / 1 001 60 25 Mbits Not applicable

24 or24 000 /1001 24 62,5 Mbits 20 Mbits

25 25 62,5 Mbits 20 Mbits

50 Hz or 60 Hz HDTV 30 or30000 /1001 30 62,5 Mbits 20 Mbits

50 50 62,5 Mbits 20 Mbits

60 or 60 000 / 1 001 60 62,5 Mbits 20 Mbits

24 0or24 000 /1001 24 Not applicable 40 Mbits

25 25 Not applicable 40 Mbits

UHDTV 30 or30 000 /1001 30 Not applicable 40 Mbits

50 50 Not applicable 40 Mbits

60 or 60 000 / 1 001 60 Not applicable 40 Mbits

DVB BlueBook A001r18 (November 2021)



241

D.3.4.5 Examples of sub-streams (informative)

Sub-streams are constructed on the encoding side to help the PVR devices perform pre-defined trick-play speeds. The
GOP structures chosen by the encoder are constrained such thattrick-mode operation is possible consideringthe PVR
device's capabilities. However, the present documentdoes notimpose specific GOP structures, and the encoder still has
to derive themin order to maximize the coding efficiency and to obey other constraints.

The PVR device may choosedifferentstrategies to achieve thedesired trick-mode speed. The mostcommonareas
follows:

e  Display evenlydistributed pictures. Thesub-streamdepicted in figure D.4 shows an example achievinga
2x trick-mode display speed using this strategy.

e Display RAPand the middle ofthe GOP pictures. The sub-stream depicted in figure D.5 illustrates an example
toachieve a 4xtrick-modedisplay speed.

o Display only RAP pictures.

While constructing Sub-streams, the encoder infers implicitly sucha trick-mode strategy, and when
"PVR_assist_substream_1x_decodable flag"issetto"1", it ensuresthateven a 1x capable decoder may performit.

|:| Pictures not part of the sub-stream
|:| Signaled, decoded and displayed pictures

Example of 2x playback dropping evenly distributed discardable frames
(10 frames decoded out of 20)

FigureD.4

|:| Pictures not part of the sub-stream
|:| Signaled, decoded and displayed pictures

l Signaled, decoded but not displayed pictures

Example of 4x playback displaying the middle-GOP frame
(5 frames decoded out of 20)

Figure D.5

D.3.5 Segmentation signalling

Segmentation information provided in the PVR assistinformation enhances the implementation of PVR applications
with the following:

1) Segment (chapter) identification.

2) Program identification.
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3) Startof a segment.
4) Endofasegment.
5) Startofaprogram.
6) Endofa program.
7) Location ofscene change.

The rules fortransmission of segmentation informationand associated receiver behaviour are outside the scope of the
present document.

NOTE: Otherstandardsalso supply methods to signal segmentation. It is possible multiple methods may be
employedwith a single service. In such case, the service operator should take careto ensure matching
informationis supplied via each method used. If a conflict exists, the method documented in thisannex
should be used.

D.3.6 PVR Assistance Signalling Syntax

Table D.10: PVR_assist_information data field

Syntax No. bits Mnemonic
PVR assist information(){
data field tag 8 uimshbf
data field length 8 uimsbf
if (data field length>0) {

PVR assist tier pic num 3 uimshbf
PVR assist block trick mode present flag 1 bslbf
PVR assist pic_struct present flag 1 bslbf
PVR assist tier next pic in tier present flag 1 bslbf
PVR assist substream info present flag 1 bslbf
PVR assist_extension_present flag 1 bslbf
if (PVR assist block trick mode present flag=="1") {

PVR assist pause disable flag 1 bslbf
PVR assist fwd slow motion disable flag 1 bslbf
PVR assist fast fwd disable flag 1 bslbf
PVR assist rewind disable flag 1 bslbf
PVR_assist reserved 0 4 "0000"
}
if (PVR assist pic struct present flag =="1") {
PVR assist pic_struct 4 uimshbf
PVR assist reserved 0 4 "0000"
)
if (PVR assist tier next pic in tier present flag=="1") {
PVR assist tier next pic in tier 7 uimshbf
PVR assist reserved 0 1 "0"
}
if(PVR assist substream info present flag=="1") {
for(i=0;i<4;i++) {
PVR assist substream flag i 1 bslbf
}
PVR_assist substream speed info_present flag 1 bslbf
PVR assist substream 1x decodable flag 1 bslbf
PVR _assist reserved 0 2 "00"
if (PVR assist substream speed info present flag=="1") {
for(i=0;i<4;i++) {
PVR assist substream speed idx i 4 uimsbf
}
}
}
if (PVR assist extension present flag =="1") {
PVR assist segmentation info present flag 1 bslbf
PVR assist tier m cumulative frames present flag 1 bslbf
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Syntax No. bits Mnemonic
PVR_assist _tier_n_mmco_present flag 1 bslbf
PVR assist temporal id info present flag 1 bslbf
PVR assist reserved 0 4 "0000"
if (PVR assist segmentation info present flag =="1") {
PVR assist seg id 8 uimshbf
PVR assist prg id 16 uimsbf
PVR assist seg start flag 1 bslbf
PVR_assist seg_end_flag 1 bslbf
PVR assist prg start flag 1 bslbf
PVR assist prg stop flag 1 bslbf
PVR assist scene change flag 1 bslbf
PVR_assist reserved 0 3 "000"
}
if (PVR assist tier m cumulative frames present flag == "1") {
PVR assist tier m 3 uimsbf
PVR_assist tier m_cumulative frames 5 uimsbf
}
if (PVR assist tier n mmco present flag =="1") {
PVR_assist tier_ n_mmco 3 uimsbf
PVR assist reserved 0 5 "00000"
}
if (PVR assist temporal id info present flag=="1") {
PVR assist max temporal id 3 uimsbf
PVR assist reserved 0 5 "00000"
}
)
for (i=0; i<n; i++) {
PVR assist reserved byte 8 uimshbf
}
}
1
Semantics:

data_field tag: Thisshall havethe value "0x03".

data_field_length: Thisindicates the length of this descriptorexcluding the "data_field_tag"and "data_field_length"
fields. A value of "0" for this field indicates that the encoding constraints as specified in clause D.3.2 shall be met.

PVR_assist_tier_pic_num: For H.264/AVC streams, the tier number of the picture associated with this PVR assistive
informationequals this value. For H.264/AVC streams, the lowest tier number is equalto "1"andthehighest tier

numberisequalto "7". For H.264/AVC streams, a valueof "0" isreserved for future use.
For HEVC streams, this value shall be set as describedin clause D.3.3.2aabove.

PVR_assist_block_trick_mode present flag: Thisflagcanbesetto "1"atanon-RAP pictureonly if itsvalue at the
prior RAP picture wassetto "1". It shall be setto "1" whenthe following flags are present:

1) PVR_assist_pause disable_flag.

2) PVR_assist_fwd_slow_motion_disable_flag.
3) PVR_assist_fast_fwd_disable_flag.

4) PVR_assist_rewind_disable_flag.

PVR_assist_pic_struct_present_flag: Thisfield shall be setto 1" onlyif the video streamisan AVC or HEVC stream
andthe "PVR_assist_pict_struct” fieldis present. Otherwise it shallbe setto "0".

NOTE 1: If "PVR_assist_pict struct present_flag"issetto "0"and the AU_informationdata field is included, then
"pic_struct"information may be available in the AU_informationdata field.

PVR_assist_tier_next_pic_in tier_present flag: Thisfieldshallbe setto "1"when the
"PVR_assist tier_next_pic _in_tier"ispresent; otherwise it shall take thevalue "0".
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PVR_assist_substream_info_present_flag: Thisfield shallbe setto 1" whenvalues are presentfor thefour flags
correspondingto "PVR_assist_substream_flag_i" =0to 3,and for "PVR_assist_substream_speed_info_present flag".

PVR_assist_extension_present flag: this field shall be setto "1" if any of thefollowing flags is setto 1"
1) PVR_assist_segmentation_info_present flag.
2) PVR_assist_tier_m_cumulative_frames_present_flag.
3) PVR_assist_tier_n_mmco_present_flag.
4) PVR_assist_temporal_id_info_present flag.

Otherwise it shall be setto "0". Insome cases, theseextension flags may be provided only with pictures corresponding
to RAPs.

PVR_assist_pause_disable_flag: The value of this flagshall be implied to be "0" unless provided explicitly in this
field. Thisflagissetto "1"to signal disabling pause until the next RAP picture. The valueof thisflag ata non-RAP
picture shall be equal to its value at the prior RAP picture.

PVR _assist_fwd_slow_motion_disable_flag: The value of thisflag shall be implied tobe 0" unless provided
explicitly in thisfield. Thisflagis setto "1™ to signal disabling forward slow motion, including frame stepping, until the

next RAP picture. The value of this flag at a non-RAP pictureshall be equal to its value atthe prior RAP picture.

PVR_assist_fast fwd_disable_flag: The value of this flag shall be implied tobe "0" unless provided explicitly in this
field. Thisflagissetto 1" to signal disabling fastforward until the next RAP picture. The valueofthisflagata
non-RAP pictureshall be equal to its value at the prior RAP picture.

PVR_assist_rewind_disable_flag: The value of this flagshall be impliedto be *0™ unless provided explicitly in this
field. Thisflag issetto "1"to signaldisabling rewind, including reverse slowmotion and frame stepping, until the next

RAP picture. The value of thisflagat a non-RAP picture shallbe equalto its valueat the prior RAP picture.

PVR_assist_pic_struct: Thisshall reflect the "pic_struct" value of the AU in the AVC elementarystream (ES). If the
ES carriesthe "Picture Timing SEI Message" with the "pic_struct” field, this shall be equal tothat value. If "pic_struct"
is not carried within the ES, thenfor AVC this value shouldreflectthatof table D-1 of Recommendation I TU-T H.264/
ISO/IEC 14496-10[16],andfor HEVCthis valueshould reflect that of table D-2 of HEVC [35].

PVR _assist_tier_next_pic_in_tier: The valueof this field indicates therelative location in decoding order of the next
picture in the video streamwith the tier number equalto "PVR_assist_tier_pic_num". Avalue of"0" indicates the next
picture in decoding order. Avalue of "127" indicates that the relative location of the next picturesharing the same tier is
not known.

NOTE2: The"PVR_assist_tier_next pic_in_tier" field may be associated with any picture, butit is recommended
thatthis field isnot used in real-time applications where lowencoding delay is desired.

PVR_assist_substream_flag_i: Thisfield shall be set to 1" to signal that theassociated picture is to be extracted to
construct the sub-streamwhose playback speedisindicated by "PVR_assist substream_speed idx_i". This flagshall be
setto "0" if "PVR_assist _substream_speed idx_i"isequalto "0000".

PVR_assist_substream_speed_info_present_flag: Thisfieldshallbe setto 1" when
"PVR_assist _substream_speed_idx_i"isnotequal to"0000" for i in the range 0" through to "3" inclusive.

PVR_assist_substream_1x_decodable _flag: Thisfield shall be set to "1" whenall sub-streams followthe constraints
inclause D.3.4.4.

PVR_assist_substream_speed_idx_i: Whenset to a non-zerovalue, this field provides thespeed for the extractable
sub-stream containing the pictures identified by "PVR_assist_substream flag_i""="1", while a zero valueis used to
avoid defininga sub-stream. The valueof "PVR _assist_substream_speed_idx" is used to look-upthecorresponding
trick mode speed value intable D.11. Anon-zero value of "PVR_assist_substream_speed_idx" indicates a sub-streamin
accordanceto clause D.3.4.4. The value of "PVR_assist substream_speed_idx_i"at a non-RAP picture shallbe equal to
itsvalue attheprior RAP picture.

NOTE 3: "PVR_assist_substream_speed_idx_i" may be associated with any picture but it is recommended tobe
provided only with RAP pictures. If possible, it is also recommended to avoid changes to
"PVR_assist_substream_speed_idx_i".
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Table D.11: Trick mode index to speed values

Index Trick Mode Speed
0 No defined sub-stream
1 1,25
2 1,5
3 2,0
4 2,5
5 3,0
6 4,0
7 5,0
8 6,0
9 8,0
10 10,0
11 12,0
12 16,0
13 20,0
14 24,0
15 30,0

PVR_assist_segmentation_info_present_flag: Thisfieldshall besetto "1"if the "PVR_assist_segmentation_info"
field is present. Otherwiseit shall be setto "0".

NOTE4: The"PVR_assist_segmentation_info" field may beassociated with any picture butit is recommended that
"PVR_assist_segmentation_info" is only associated with the first and lastpictures of each segmentand

when scene changesare indicated.

PVR_assist_tier_m_cumulative_frames_present_flag: Thisfield shallbe setto "1"if the"PVR_assist_tier_m" field
and "PVR_assist_tier_ m_cumulative_frames™ arepresent. Otherwise it shall besetto "0". ForHEVC, it is
recommendedthat thisflagis setto "0".

NOTES: The"PVR_assist_tier_m_cumulative_frames_present_flag" may be associated with any picture but it is
recommendedto be set only on RAP pictures.

PVR_assist_tier_n_mmco_present_flag: Thisfieldshallbe setto "1"if the "PVR_assist_tier_n_mmco" field is
present. Otherwise it shall be set to "0".

NOTE6: The"PVR_assist_tier n_mmco_present_flag" may be associated with any picture but it is recommended
to be setonly on RAP pictures.

For HEVC bitstreams, the"PVR_assist_tier n_mmco_present_flag" shallbe setto "0".

PVR_assist_temporal_id _info_present flag: Thisfield shall be setto 1" if "PVR_assist max_temporal_id" is
present. In some cases, this flag may be provided only with pictures corresponding to RAPs. This fieldshallbe set to
"0" for AVC streams.

PVR assist_seg_id: Thisfieldconveysthe"id" of the segment to whichthepicture belongs. "PVR_assist _seg_id"shall
be sent in ascending order resumingat programstartandbeginningat 0. Avalue of "255"is used to indicate an

undefinedsegment id.

PVR_assist_prg_id: Thisfield conveysthe"id" of the program to whichthe picturebelongs. The information provided
in this field can be usedto obtain the title or otherattributes of the program from program guide information. The "id"
of a programfora particular program guide information service hasto be available to the encoder to provide this field.
Avalue of "65535"is used to indicatean undefined programid.

PVR_assist_seg_start_flag: Thisfieldshall be setto"1" on thefirst picture in presentation timeorder of a segment.
Otherwise it shall be setto "0". Thissegment is identified by the"PVR_assist_seg_id" field.

PVR _assist_seg_end_flag: Thisfield shallbe setto 1" onthe last picture inpresentationtime order ofa segment.
Otherwise it shall be setto "0". This segment is identified by the"PVR_assist_seg_id" field.

PVR_assist_prg_start_flag: Thisfieldshall be setto "1"on thefirst picturein presentation timeorder of a program.
Otherwise it shall be setto "0". This program is identified by the "PVR_assist_prg_id" field.
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PVR _assist_prg_stop_flag: Thisfield shall be setto "1" onthe last picturein presentation time order of a program.
Otherwise it shall be setto "0". This program is identified by the "PVR_assist_prg_id" field.

PVR_assist_scene_change_flag: Thisfield shall be setto "1" atthe firstdisplay-order picture of a newscenethat
carriesthisflag. Note that the presentdocument does not define "scenechange™.

PVR_assist_tier_m: This field isthe tier numberassociated with "PVR_assist_tier m_cumulative_frames". The value
of this field should be chosento signala sufficient number of frames via "PVR _assist_tier m_cumulative_frames™
which would provideforsmooth playback speeds of 2x andabove. The value of this field should be chosen to provide

less than orequalto half ofthe number of frames per second of the original frame rate.
NOTE7: ForHEVC thisfield is recommendednotto be present.

PVR_assist_tier_m_cumulative_frames: This field conveys the value of the intended minimum number of extractable
frames persecond fromtier 1 through "PVR _assist_tier m".

NOTE8: ForHEVC thisfield is recommendednotto be present.

PVR_assist_tier_n_mmoco: This field represents the smallest tier number below which MMCOs canbe ignored by
decoders duringtrick-play modes. Ifthisfield is set to 7", then this signals that MMCOs could be present onany tier
signallingreference pictures. Ifthis field isset to "1™, then this signals that the video stream does not contain MMCOs.

NOTE9: ForHEVC,thisfield is not present.

PVR_assist_max_temporal_id: The value of this field represents the maximum Temporalld of associated HEVVC
video stream. Thisvalueshall be set to the same value as the fieldsps_max_sub_layers minusl of the sequence
parameter set corresponding to the frame to which thisfieldapplies. The value of"PVR_assist_max_temporal_id" shall
beinthe rangeof 0to 6, inclusive. The value of this field may be used to provide theinformation abouttrick mode
speeds those are supported from the stream and corresponding ranges of Temporalld values.

NOTE 10:For AVC, thisfield is not present.

PVR_assist_reserved byte: This field allows for future PVR assist information to be conveyed in the stream.
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Annex E (normative):
Supplementary Audio Services

E.1l Overview

Supplementary audio (SA) services provide an additional audio soundtrack that provides an additional feature or
function overandabovethatprovided by the main audio stream. The SA stream may be provided using one of two
schemes:

e  "Broadcastmix": pre-mixed by the broadcasterand offeredas analternativeaudio stream.

o  "Receivermixed": mixedin the receiver underthe control of signalling provided by the broadcaster plus some
limited control of the user.

Thisannexonly deals with receiver-mixed SA services. Further informationon the DVB-SI signalling for receiver-
mixed SAservices canbe found in clause J.2 of ETSIEN 300 468 [i.32].

Examples of SA servicesincludeaudio descriptionfor the visually impaired, audio forthe hearingimpaired (“Clean
Audio") and adirector'scommentary. The language used in thisannexis mainly in terms of an audio description service

although itisequally applicable to all SAapplications.

Audio description (AD) delivers a description ofthe scene. It is intended to aid understanding and enjoyment
particularly, but not exclusively, for viewers who have visual impairments.

Clean Audio refers to audio providing improved intelligibility. It is targeted for viewers with hearing impairments, but
can aswellserve asimprovementfor listeningin noisy environments like airplanes.

Loud sound effects or music could make the added supplementary audio hard to discern so animportant requirementis
to adjust, on a passage-by-passage basis, the relative level of programme soundin the mix whichthe SAuserhears. The
programme maker is best able to determine the level under controlled conditions whenauthoringthe SAinformationto
modulate the level of programme sound in the SA-capable receiver so suitable SA information is thus transmitted
within the SA stream.

Individual SA users will have different auralacuity, describers (of AD) will have different styles of delivery (voice
pitch andtimbre), several voices may beused to describe one programme andthere are, in practice, differences in audio
signallevel fordifferenthome receivers. An essential requirement is for the user to be able to adjust the volume of the

SA signalto suit his/her condition.

The ability to optionally mix one or moresupplementary additional audio channels with the main programme sound can
have otherapplications, including multi-language commentaries, use for interactivity, and educational purposes.

E.2 Syntax and semantics

SA controlinformation iscodedin PES_private_data within the PES encapsulation ofthe coded SA componentin
accordancewith Recommendation ITU-T H.222.0/ ISO/IEC 13818-1[1].
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Table E.1: AD_descriptor

Syntax value No. of Bits Identifier
AD descriptor {
Reserved 1111 4 bslbf
AD descriptor length 4 bslbf
AD text tag 0x4454474144 40 bslbf
version_text tag 8 bslbf
AD fade byte OxXX 8 bslbf
AD _pan_byte oxYY 8 bslbf
if (version text tag == 0x31) {
Reserved OxFFFFFF 24 bslbf
}
if (version text tag == 0x32) {
AD gain byte center OxUuU 8 bslbf
AD gain byte front 0xVV 8 bslbf
AD gain byte surround OxWW 8 bslbf
}
Reserved OxXFFFFFFFF 32 bslbf
}

AD_descriptor_length: The number of significantbytes followingthe lengthfield (i.e.8 or 11).

AD_text_tag: Astringof 5 bytes forminga simple and unambiguous means of distinguishing this from any other
PES_private_data. Areceiver which failsto recognizethis tagshould notinterpret thisaudio stream asaudio
description.

version_text tag: The AD_text tagisextendedby a single ASCII character versiondesignator (here "1" indicates
revision 1). Descriptors with thesame AD_text_tag but a higher version number shall be backwards compatible with
the presentdocument - the syntaxand semantics of the fade and pan fields will be identical but some of the reserved
bytes may be used foradditional signalling.

AD_fade_byte: Takesvalues between 0x00 (representing no fade ofthe main programme sound) and OxFF
(representinga full fade). Overthe range 0x00 to OXFE one Isb represents a step in attenuation of the programme sound
of 0,3 dB givinga range of 76,2dB. The fadevalue of OxXFF represents no programme sound at all (i.e. mute). The rate

of signallingand the expected behaviour of a decoder to changes in fade byteare described below.

AD_pan_byte: Takes values between 0x00 representinga central forward presentation of theaudio descriptionand
0xFF, each increment representing a 369/, degree step clockwise looking down on the listener (i.e. just over
1,4 degrees, see figure E.2). The rate of signallingandthe expected behaviour of a decoder are described below.

AD_gain_byte center: Representsa signed value in dB. Takesvalues between 0x7F (representing +76,2 dB boost of
the main programme centre) and 0x80 (representinga full fade). Over the range 0x00to 0x7F one Isb represents a step
in boost of the programme centreof 0,6 dB givinga maximum boostof +76,2 dB. Overthe range 0x81to 0x00onelsh
represents a step in attenuation of the programme centre 0f 0,6 dB givinga maximum attenuation of -76,2dB. The gain
value of 0x80 represents nomaincentre levelat all (i.e. mute). The rate of signalling and the expected behaviour ofa
decoderto changesin gain byte aredescribed below.

AD_gain_byte front: AsAD_gain_byte_center, applied toleft andright front channel.
AD_gain_byte surround: AsAD_gain_byte_center,applied toallsurround channels.

The maximum rate of signalling of fade, pan and gainvalues is determined by the number of audio PES packets per
second forthat SA stream. For efficiency severalaccess units (AUs) of audio are typically encapsulated within one PES
packetandthefade and panvalues in each AD_descriptor are deemedto apply to each AU encapsulated within, and
which commences in, that PES packet. In typical efficient encapsulation fade and panvalues are transmitted every

120 msto 200ms. Thisallows the control over the attackand decay of a fade where a particular gap in the narrative
permits.

An AD decoder maintains the relative timing between the decoded AD signalandthedecoded programme sound signal
and betweentheappropriate fade, panandgain values and the decoded descriptionsignal.
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During programmes forwhich there isno description thereis little reason to transmit an SA stream of continualssilence;
in these cases the bitrate accorded to SA may be reassigned for other purposes. Decoders should thereforebe able to
respond promptly to the restoration of the SAcomponentat the startof a described programme.

In the case of AD, the streams for programme sound and for AD are distinguished in the PSI by theuse of the
I1SO_639_language descriptor. The audio_type field within the descriptor associated with programme sound is typ ically
assigned the value 0x00 ("undefined™) whilst the equivalent descriptor associated with AD hasitsaudio_typefield
assigned the value 0x03 ("visualimpaired commentary"). If a servicehas AD in several languages the PMT referenceto
each streamwill have the appropriate ISO_639_language_code and the AD-capable decoder should discriminate

between them on the basis of the preferred language chosen in the user settings.

In the case of Clean Audio, thestreams for programme soundand for Clean Audio are distinguished in the PSI by the
use of the ISO_639_language descriptor. The audio_type field within the ISO_639_language descriptor associated with
main programme sound is typically assigned the value 0x00 ("undefined™) whilst the equivalent descriptor associated
with Clean Audio hasitsaudio_typefield assigned the value0x02 ("hearingimpaired").

E.3  Coding for Audio Description SA services

AD content is voice-only andis conveyed asa mono signal coded in accordance with ISO/IEC 11172-3 [9] or
ISO/IEC 14496-3 [17]orETSI TS102 366[12] orETSI TS103 190-1 [43]. The coding scheme used for the main
audio service determines thecoding scheme used for the descriptionservice (i.e. they shall usethe same coding
standard) and the sampling rateshall be the same for both services.

The principles of processingin a SAdecoder in the case of AD when main audio is stereo are shown diagrammatically
in figure E.1.
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Figure E.1: Functionality of AD decoder processing
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The level by which the main programme sound should be attenuated duringa description passageis signalled in
PES_private_datawithin the PES encapsulation of the coded SA component (as specified in Recommendation
ITU-TH.222.0/ I1SO/IEC 13818-1[1].

Encoding: Support forthe encoding of AD is optional.

Decoding: Support forthe decoding of AD is optional.

The signalled fadevalue isan unsignedbyte value, 0x00 representing 0 dB, each increment representinga nominal
0,3 dB, OXFE representing approximately -76,2 dB whilst the fade value OXFF represents completely mute programme
sound.

The signalled gain values for centre, front (L/R) and surround of the main programme represent a signed byte value,
with 0x00 representing 0 dB, Ox 7F representing +76,2 dB boost, 0x81 representing -76,2 dBand 0x80 complete mute.
Thisallows a gain of -76,2 to +76,2 in steps of nominal 0,6 dB.
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To obtainthe attenuation/boost for left and right channel, the frontgain value and the fade value are converted to factors
and multiplied. This factor is then applied to left and right main channel. The attenuation/boost for a centre channel, if
present, is obtained from centre gain value and fade value. The surround gain value is applied similarly to all present

surround channels.

A pan controlvalue isalso included within thetransmitted data structure, enablingthe decoded SA signal (when
delivered asa separate mono stream) to be pannedaround the sound stage of the main programme soundandthus
allowingthe programme maker to place the "describer” atany preferred position within the sound field. As with fade,
transmitted pan is a byte value, 0x00 representing centre front where each increment represents about1.4° clockwise
lookingdown on thelistener (see Figure E.2). For stereo the pan value will be restricted to +30° of the centre front

(i.e. to the range OXEB..0xFF and 0x00..0x15) but the syntax of the signallingallows forany future use in which an AD

component might be provided with a surround-sound main programme audio.

The valuesoffade, panandgain are signalled in a PES packetapplyto eachaccess unit of AD sound contained within
that same PES packet. Thisallows fade, panandgain to be relatively gradual orto be abruptas the programme material
allows.
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NOTE: Seen from above the listener; includes mapping onto multi-channel sound presentation.

Figure E.2: Interpretation of audio description pan value

E.4  Codingfor Clean Audio SA services

In casean AD_descriptor is present in conjunction with a service signalled asaudio_type 0x00 (“undefined"), the AD
descriptor is utilized to providea clean audioservice. The level by which the main audio service should be attenuated
forClean Audiooutputissignalled in PES_private_data within the PES encapsulation of the main programmeaudio
component (as specified in Recommendation ITU-T H.222.0/ ISO/IEC 13818-1[1]. In this case, only

AD_gain_byte center, AD_gain_byte frontand AD_gain_byte surround areevaluated. Thisallows fora dynamic
level modificationof channel groupsin a surround sound setup.

Encoding: Support forthe encoding of Clean Audio is optional.
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Decoding: Support forthe decoding of Clean Audio is optional.

The principles of processingin a SAdecoder in the case of Clean Audioare shown diagrammatically in figure E.3.
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Figure E.3: Functionality of Clean Audio decoder processing

The audioprocessor should accentuate the level of the centre channel (containing the dialogue) and attenuatethe other
channels, accordingto the values signalled in the AD_descriptor. The level of the centre channeladded should
additionally be under user control to allow individual tailoring of the sound for audibility.

E.5 Decoder behaviour

If there isa valid AD descriptor in the encoded description signal for the selected service, the SA decoder should
present the appropriate mix of programme sound and associate signal to the user, attenuating the programme sound by
0,3 dB perfadevalueincrementand 0,6 dB pergain value step. If the SA decoder cannotsupport suchsmall steps then
the implemented attenuation should match the intended attenuation as closely as possible. Forexample if only -1 dB
stepsare possible thenfade values of 0x00 and 0x01 shouldmapto 0 dB, 0x02, 0x03and 0x04 should map to -1 dB,
0x05, 0x06, 0x07 and 0x08to -2 dB, etc.

When fade and gainvalues are 0x00 (orin the absence ofan SA stream for AD) the programme sound level should be
unattenuated. Care should be takento ensure that the default levels of programme sound and supplementary signalare
consistentwhen fed with streams coding standard level signals. It is also importantthatthe mono supplementary audio
is matrixedto thestereo outputso asto achievea constant perceived volume asthe supplementary audio is panned from
stereo left through stereo centreto stereoright.

NOTE 1: E.g.usinga modelbasedon constant power as the description is panned across the stereo sound stage.

NOTE 2: The perceivedloudness level of themain programmeaudio may well vary between different broadcast
services. If the mainprogrammeaudio is derived from a system using gain control metadata, for example
AC-3,then the perceived loudness of the programmedialogue should be constant but it is likely to be
differentto that of a service forwhich theprogramme soundis delivered as MPEG-1 Layer 1. For
any receiver which can decode main audio sources otherthan MPEG-1 Layer |1, the manufacturer may
need to consider implementing different default gain levels for the audio descriptionsignalto providea
reasonable match of loudnesstothatof the programme dialogue. The ability ofthe user to adjust the
relative level of description should nevertheless be retained.

In a stereo environmentthe SA decoder should interpret any pan values outside the ranges OXEB..OxFF and 0x00..0x15
in the following manner. Pan values from 0x16 to 0x7F inclusive should be mappedto thevalue 0x15 (i.e. stereo hard
right). Pan values from 0x80 to OXEA should be mapped to the value OXEB (i.e. stereo hard left).
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When the userselects a newservice or if the SAdecoder detectsanerrorin, orabsence of, the AD descriptor in the
encoded SAsignal, the SAdecoder should havea strategy which leads to muting the decoded descriptionsignal,
restoringthe programme sound to its default unfaded amplitude and setting the effective fade, pan and gainvalues to
0x00. This restoration should not be abrupt - it is recommended thatunder such conditions the value of fade and of pan
are rampedto thedefault values (0x00) over a period of atleast 1 second. Equally, if the SA stream componentis
suddenly regained the implemented value of fade, pan and gain should be ramped to the signalled values from the

default values (0x00) over a similar period.

E.6 Decoder user indicators

Description, in the caseof AD, is typically confinedto gaps in the programmenarrative; these opportunities are
therefore dependent onthe programme. Some programmes are more suited to description thanothers; onemay be
effectively self-describingwhilst another (e.g. news or a studio interview) might offer no opportunity for descriptive
interpolation. Receiverimplementations of SA should thereforeallow the user to confirmthat, in whatmay be extended
gaps between description passages, descriptionsilence does not necessarily imply failure in delivery of the service orin
the receivingequipment.

Many potential users of AD will be visually impaired. The user interface should not, therefore, rely solely on visual
clues (lights oron-screen display logos) to indicatestatus (e.g. presence or absence of description). Audible indications
are desirable and designers should consider howto distinguish different states using, for example, contrasting tones.

Conversely, many potential users of Clean Audio will be hearingimpaired. The userinterface, in this case, shouldrely
more on visual feedback thanaudible indications.

E.7 AdvancedClean Audio Services

E.7.0 Introduction

The Clean Audio service asdescribed in clause E.4 isonly applicable to a multichannel audio service with the
additional restriction that the dialogueis exclusively mixed into thecenter channel.

The Advanced Clean Audio supplemental audio servicespecified in this clause enables Dialogue Enhancement for
stereo and multichannelaudio services. Ingeneral, it is applicable to allchannel layouts. For multichannel audio it can
be used fordialogue that ismixed intoall frontchannels or for center-only dialogue. It allows enhancing only the
dialogue signal part ofa channel's signal instead of the complete channel signal.

Dialogue Enhancement is based on MPEG SAOC (ISO/IEC23003-2 [39]). MPEG SAQC isa very powerful
technology that allows manipulation of audio objects during rendering forany number of audio objects. It doesnotonly
allowgain changes, butalsore-panning of objects in the audio scene. Themain principle isthatallaudio objects are
mixed to oneaudio signalfor transmission. Additional parametric side information enables the manipulation of the
mixed audio signalin the decoder, based on user interaction.

A subset of the MPEG SAOC functionality isused for Dialogue Enhancement. This subset is specified in the MPEG
SAOC Dialogue Enhancement Profile (SAOC-DE) in ISO/IEC 23003-2 [39].

E.7.1 Basic Principle

The SAOC-DE encoder receives the sources, analyses those sources in relationto the mixedaudio signaland produces
a stream of side information data from the signal analysis. The dialogue and background inputsignals canbe mixed
internally or (asshownin the Figure E.4) an external mix is used together with a cleandialogue or backgroundsignal.
The mixed signal isencoded with anaudio codec such as MPEG-4 AAC or HE AAC. The stream of SAOC-DE side
information isembedded into the encoded audio bit stream.

DVB BlueBook A001r18 (November 2021)



253

Default Mix
Default Mix * Audio Audio Bitstream Audio -
Encoder SAOC-DE Parameters Decoder Dialogue
Background

Default Mix * &5 4&

v User Controlled Mix
SAOC.DE SAOC-DE A
Encoder —>  Decoder/ == T 2
Dialogue == Renderer 2l
Background
User InteractiorT

* Producer controlled default mix; ) & ‘é
Mono, Stereo or 5.1 I Dialogue +
Dialogue —

Figure E.4: Example Signal Flow Diagram

On the receivingside, after theaudio bit stream is decoded, the SAOC -DE decoder takes the decoded mix signaland
uses the descriptive data from the SAOC-DE side information stream to enable access to the audio sources. The useris
then able to adjustthe volume of thedialogue relative to thebackground, e.g. to improvethe intelligibility of the
dialogue.

There are two modes of operation forthe SAOC-DE encoder: the “"basic mode" with a parametric description of the
audio sources as described above andthe "enhanced mode" with additional residual information. The residual
information can be used in the decoder and renderer to further increasethe range wherethe volume of dialogue can be
changed. Theresidual informationis also part of the side information stream. Preset control data thateasily configures
one ormore targetsoundscenes canalso betransmitted in the side information.

The technology is fully compatible with existing transmissionand playback equipment. Legacy devices thatare not
capable of decoding the parametric side information will play back thedefault mix signalandignore theside

information. The audio quality of themix signal is not compromised.

All channel configurations defined in clause 6 are supported, including mono, stereo and multichannel 5.1. The humber
of rendered outputchannels for theuser controlled mix is always equal to the number of channels of the default mix at
the audio decoder output.

E.7.2 Control Information

Advanced Clean Audio "Dialogue Enhancement” (DE) control information, when present, shall be coded as
DE_control_dataaccording to table E.2. This informationshallbe carriedas PES_private_data withinthe PES packet
header of the audio component thatcarries the coded SAOC-DE parametric data. The usage ofthe PES_private_data
field is in accordance with Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1].

Note thatthe PES private_data field hasa fixed length of 16 Bytes, so that the DE_control_data structure needs to be
paddedatthe endwith fill_byte up to this length.
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Table E.2: DE_control_data

Syntax Value No. of Bits Identifier
DE control data{
Reserved 1111 4 bslbf
DE control data length 4 uimsbf
DE text tag 0x4143414445 40 bs|bf
DE_version_text tag 8 bslbf
if (DE version text tag == 0x31) {
DE SAOC-DE in band 1 bslbf
DE mode 4 uimsbf
DE loudness compensation info 1 bslbf
Reserved 11 2 bslbf
DE max_attenuation dialogue 8 uimsbf
DE max attenuation background 8 uimsbf
if (DE loudness compensation info ==1) {
DE _loudness_diff _dialogue 8 uimsbf
DE loudness diff background 8 uimsbf
}
}
for (i=0; i<N; i++) {
fill_byte OxFF 8 bslbf
)
}

DE_control_data_length: The number of significant bytes (excludinganyfill bytes) following the length field
(i.e. 90r1l).

DE_text _tag: Astringof 5 bytes forminga simple and unambiguous means of distinguishing this from any other
PES private_data. Areceiver, which failsto recognizethistag (" ACADE") should notinterpret this audio elementary

streamas carrying dialogue enhancement data (SAOC-DE).

NOTE: TheDE_text tagvalue correspondsto thestring"ACADE" ="Advanced Clean Audio - Dialogue
Enhancement”.

DE_version_text_tag: The DE_text_tagisextendedby asingle ASCII character version designator (here the ASCI |
character"1",i.e. DE_version_text_tag==0x31, indicatesrevision1). ADE_control_data component withthe same
DE_text_tag but a higher version number shall be backwards compatible withthe presentdocument.

DE_SAOC-DE_in_band: Thisflagissetto DE_SAOC-DE _in_band ==1 if the SAOC-DE side informationis
embedded into the main audio bitstream. It issetto DE_ SAOC-DE _in_band ==0 if the SAOC-DE side information is

delivered as a separate bitstream.

DE_mode: Informationwhich channels of themainaudio service carry dialogue signal. In case of multichannel audio
the channels which do not carry dialogue signals will not be processed by the SAOC -DE decoder but by-passed as
described below.

Table E.3: DE_mode

Syntax Value
Stereo service with dialogue on leftand rightchannel 0
Multichannel service with dialogue on center channel 1
Multichannel service with dialogue on the left, center 2
and rightchannels
Mono service 3
Reserved 4-15

DE_loudness_compensation_info: This field signals if loudness compensation information is present.
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Table E.4: DE_loudness_compensation_info

Syntax Value
No loudness compensation info present. 0
Loudness compensationinfois present. Reference for loudness 1
compensationinfo arethe dialogue-only and background-only signals.

DE_max_attenuation_dialogue: Represents the maximum dialogue attenuation usingan unsigned value in steps of
0,25dB asmax_dialogue_att=DE_max_attenuation_dialogue x 0,25 dB. The maximum attenuationthatcan be
signalled is 63,75 dB. Avalue of DE_max_attenuation_dialogue ==0 signals thatno user-defined attenuation of the
dialogueisallowed. If DE_control_dataisnot present, themaximum attenuation shall havethe defaultvalue of
max_dialogue_att=63,75. The MRC values (Modification Range Control, see [39]) carried inside the SAOC-DE
bitstream shall be set accordingly.

DE_max_attenuation_background: Represents the maximum background attenuation usinganunsignedvalue in
stepsof 0,25 dBasmax_background_att=DE_max_attenuation_background x 0,25 dB. The maximum attenuation
thatcanbessignalledis63,75dB. Avalueof DE_max_attenuation_background ==0 signals thatno user-defined
attenuation of the background isallowed. If DE_control_data is notpresent, the maximum attenuation shall have the
default value of max_background_att=63,75.The MRC values (Modification Range Control, see [39]) carried inside
the SAOC-DE bitstream shall be set accordingly.

DE_loudness_diff_dialogue: Represents the loudness difference of the dialogue-only signal compared to the default
audio mixsignalusingan unsigned value in stepsof 0,1dB as K.~ -(DE_loudness_diff_dialogue x0,1)dB. The

largest differencevaluethatcan be signalled is -25,5 dB.

DE_loudness_diff_background: Represents the loudness difference of the background-only signal comparedto the
default audio mix signalusinganunsigned value in steps 0f 0,1 dB as K.~ -(DE_loudness_diff_background x

0,1)dB. The largest difference value that can signalled is-25,5 dB.

The maximum rate of signalling DE_control_data is determined by the number of audio PES packets per second for
the audio stream that carries the DE data. For efficiency severalaccess units (AUs) of audio are typically encapsulated
within one PES packet and the DE_max_attenuation_dialogue/background and
DE_loudness_diff_dialogue/background valuesin each DE_control_data appliesto each AU thatstarts in thatPES
packet.

E.7.3 Coding for Dialogue Enhancement SA services

E.7.3.0 General

If the SAOC-DE side information is embedded in the main audio stream (as describedin clause E.7.1), the
DE_control_data maybe present in the PES_private_data of themain audio stream. In casethe SAOC-DE side
informationis delivered in a separate supplementary audio stream, the DE_control_dataisembedded in
PES_private_data of this supplementary audio stream.

Encoding: Support forthe encoding of SAOC-DE Dialogue Enhancement is optional. If present, the
SAOC-DE side information shall complywiththe SAOC Dialogue Enhancement Profile, Level 1
or2[39].

Decoding: Support for the decoding of SAOC-DE Dialogue Enhancement is optional. If the IRD supports

SAOC-DE, the IRD shall be capable of decoding SAOC Dialogue Enhancement Profile Level 2
bitstreams [ 39].

The audioprocessor should accentuate the level of the dialogue signal in those channels that are signalled to contain
dialogue (e.g. the left, centreand right channels) and attenuate the background signal parts in those channels. It should
furtherattenuateaccordingly the complete other channels containing no dialoguesignal. The dialogue signal shallbe
equally accentuated or attenuated inall channels that are signalled to contain dialogue. The background signal shall
be equally accentuated or attenuated in all channels. The decoding and rendering process shall be performed as further
described in clause E.7.4.
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The level change shallbe under user controlto allowindividual tailoring of the sound for audibility. Thevalues
DE_max_attenuation_dialogueand DE_max_attenuation background signalled in the DE_control_data represent
the maximum boundaries the device may offer forattenuation of dialogue or background.

E.7.3.1 Supplementary SAOC-DE stream

As an alternative to embedding the SAOC-DE side information into themain audio stream, it may be deliveredasa
separate supplementary audio stream.

The SAOC data streamshallbe encapsulated asan LATM/LOAS streamas described in ISO/IEC 14496-3[17]. The
SAOC data isembeddedin Access Units, the Audio Specific Configurationsignals only the SAOC-DE AOT
(AOT=45)and consists only of the SaocDe SpecificConfiguration.

Note thatin this case no encoded AAC audio data is presented in the LATM/LOAS stream.

Further note thatthe SAOC-DE supplementary audio stream is not a self-dependentaudio stream. It is used by the
SAOC decodertogether with the PCM samples of the main audio as it is described for the case that the SAOC -DE data
is embedded into the main audio stream. This is differentto the case of e.g. receiver-mix AD as described in clause E.3
that canbe decodedto PCM data and mixed with the main audio onPCM level.

To avoid confusionwith MPEG-4 AAC data encapsulatedin LATM/LOAS, the stream_typeOx11 (as defined in
table 2-34 of Recommendation ITU-T H.222.0/ 1SO/IEC 13818-1 [1] for ISO/IEC 14496-3 [17] Audio with the LATM
transport syntax) should not be used for the supplementary audio SAOC-DE stream. Instead, the stream_type 0x06

(PES packets with private data) should be used.

E.7.4 Decoder and Renderer behaviour

E.7.4.0 Scope

This clause describes the decodingand rendering process if the SAOC-DE data is utilized.

E.7.4.1 Mono/Stereo service with Dialogue Enhancement

In case of amonoorstereoservice theaudio decoder first decodes the encoded audio data. The decoded audio data of
the channels is then forwarded to the SAOC-DE decoder. Additionally, the SAOC-DE side information data that is
eitherembedded in the mainaudio stream or in a separate supplemental audio streamis also forwardedto the
SAQOC-DE decoderasillustrated in figure E.5.

Based onuser interactivity the gain level of the dialogue or the background may be changed in the SAOC-DE decoder.
Theuserinputdialoguegain . (in decibels) is limited to the maximum modification boundaries defined by

max_dialogue_attand max_background_att. The limitationis done with:

i max ( & pur —max_dialogue_att) ifg, . EO

gINPUT

3

1
1
=1
]IZ In(gINPUT,maxibackgroundiatt) , otherwise

Note thatwhenthe SAOC presetparameter (predefined rendering information) is present and when it is selected by the
user,thedialoguegain o issettothe presetvalue.
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Figure E.5: Stereo service with Dialogue Enhancement

The Dialogue Gain input m to the SAOC-DE decoder isan unsigned float value in linear gain domain, and canbe
LIM
1

determined from the limited user inputgain g}éPUT as:

input __ 1 (10-05gipur
mg" =10 _

Avalue of m»t —1 isequivalentto nogain change to dialogueorbackground. If m« 1, the background is
attenuated to enhancethe dialogue part ofthesignal,and if m» <1 ,the dialogue part isattenuated.

Table E.5: Examples for mapping of dB values
to input values for m» to SAOC-DE Decoder

men 0,25 0,5 1 2 4
Background attenuation in dB - - 0 6dB [12 dB
Dialogue attenuation in dB 12 dB |6dB 0 - -
NOTE: dB values are rounded to integer values for those examples.

Note thatthe SAOC-DE decoder only attenuates either the background or the dialogue part of the signal. Thus, there
may be aloss in perceived loudness of themodified mix signal that is the output signal of the SAOC -DE decoder
comparedto the default downmix withoutany SAOC-DE processing.

The renderer shall compensatethe loss in loudness by a moderate enhancement of this modified mix if
DE_loudness_compensation_info issetto "1"in DE_control data. This process utilizes the values
DE_loudness_diff_dialogue and DE_loudness_diff_background from DE_control_data andis described in

clause E.7.4.3.

E.7.4.2 Multichannel service with Dialogue Enhancement

In case of amultichannel service the audio decoder first decodes theencoded audio data. In contrastto a mono/stereo
service the SAOC-DE decoder does not process all decoded audio channels, but only those that carry dialogue signals.

The number of processed channels depends onthe value of DE_modein DE_control_data:

o IfDE_mode==1,only the centerchannelis processed by the SAOC-DE decoder. The left, right, surround
channels,andthe LFE channel are by-passed.

o |f DE_mode==2,the left, centerandright channelsare processed by the SAOC-DE decoder. The surround
channelsandthe LFE channelare by-passed.
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The by-passed channels thatdo notcarry dialogue need to be time-aligned to the SAOC-DE outputchannels, and the
background modificationgain m,., fromthe SAOC-DE processed channels hasto be applied onthem. To compensate

forthe delay of the SAOC-DE decoder processing, the by-passed channels are delayed by d samples. The delay d
depends on the operation mode of the SAOC-DE decoder and may also be implementation dependent. Finally, all

channels (the processed and the by-passed) are combined again to a complete multichannel output signal.

Figure E.6 illustratesthe processtakingplacein the followingsteps:

o  "Delay"block: The by-pass channels Y, . are delayed by 4 samplesto temporally align them with the

SAOC-DE decoder output. In case of no additional implementation dependent delay, thedelay value is
d = 1281 samples in the case of High Quality mode, and d = 1601 samples in the case of Low Power mode,
seeclause 5.4.2.1 of ISO/IEC23003-2[39].

e  "Gain mapping"block: Receivethe limited gain value m, from the SAOC-DE decoder (as defined in
clause 12.8"Madification range control for SAOC-DE" [39]), and determine theapplied FGO/BGO gains:

-1

Mego =Mg, and My =1, ifmg <1
Mego =L and mggo =mg- , ifmg >1

e  "Gainadjust"block: The gain e, applied on thebackground inside the SAOC-DE decoder isapplied on the
delay-adjusted "By-pass channels".

e  "Channelcombiner"block: Combine the "SAOC-DE output channels" from the SAOC-DE decoderandthe
"By-pass channels” into oneoutputsignal Y, of thecorrectdimensionality and channel order. The
channelsofthissignalshall be inthe same order astheaudio decoder outputsignal " Audio channels”
provided for the "Channel splitter" implementing the selection of the channels to be processed with the SAOC-
DE decoder andtheby-pass channels.

The renderer shall compensatethe loss in loudness by a moderate enhancement of the output signal Y, if

DE_loudness_compensation_info issetto "1"in DE_control_data. This process utilizes the values
DE_loudness_diff dialogue and DE_loudness_diff background from DE_control_data andis describedin
clauseE.7.4.3.
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DIALOGUE GAIN
ginputT

v

max_dialogue_att, max_background_att USER INPUT
"] LIMITER
j—rT
v
i 0
SAOC-DE SIDE INFORMATION o me | z2
TRANSPORT | TRANSPORT | Aypio EEEE °og
BITSTREAM | STREAM | girgTREAM - Maco
—_——» AND | AUDIY SAOC-DE | DECODER
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SPLITTER BY-PASS T CHANNEL |SIGNALS Yeyil
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BY-PASS CHANNEL SIGNALING Yoveass GAIN
» »  DELAY s >

Figure E.6: Multichannel service with Dialogue Enhancement

In case of DE_control_datais not present, the informationabout the processed and by-passed channels may be
implicitly derived from the SAOCDE SpecificConfig during decoding the SAOC-DE data (see [39]). If one processed
channel issignalledin SAOCDESpecificConfig, the processed channel shall be assumedto be the center channel and
the left, right, surround channels and the LFE channel are by-passed. If three processed channels are signalledin
SAOCDE SpecificConfig, the processed channels shall be assumed to be theleft, center, and rightchannels, and the
surroundchannels andthe LFE channel are by-passed.
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E.7.4.3 Loudnesscompensation

This clause describes howtherenderer compensates for the possible loss in loudness due to the signal modification with
SAOC-DE using the values Koo and Ko decoded from DE_loudness_diff_dialogue and

DE_loudness_diff background in DE_control_data. The loudness compensationis achieved by applyinga gain

value {§, ontheSAOC-DE output channels and the by-passed channels (in the case of amultichannel signal).

Thisis done as follows:

e  The(limited)dialogue modification gain value m, obtained from the SAOC-DE decoder is used to determine

the effectivegains forthe foreground object (FGO, e.g. dialogue) and forthebackground object (BGO, e.g.
ambiance). This is done by the "Gain mapping" blockwhich produces thegain values m,, and m,

GO

e  The"Output loudness estimator" block uses the loudness information K., and K, and theeffective gain
values m,, and m,, 10 estimate this possible change in the loudness comparedto the default downmix case.

The change isthen mapped intothe "Loudness compensation factor" which isapplied on the output for
producingthe final "*Outputsignals".

The loudness compensation processing takes place in the following steps:

e Obtain the meta-object loudnessinformation x and g .

e  Calculatethe change in the output loudness compared to the default downmix with:

2 10KFG% 2 10KBGO 10
+
DL =10 IOglo MeGo Mpso

KFGO KBGO
10 70410 Vb

e  Calculatethe loudness compensationgain g, =10™%".

e Applythescalingvalue ; ontheaudiochannels v .

Figure E.7 illustrates the complete process in case of a multichannel service from audio decodingto SAOC-DE
decoding, delay compensation, gain adjustment and loudness compensation. Similar steps without the by -pass channel

processing canbe implemented fora mono/stereo service.
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Figure E.7: Loudness compensation in the case of multichannel service with Dialogue Enhancement
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Annex F (informative):
Encoding Guidelines to Enable Trick Play Support of
H.264/AVC Streams

F.1 Introduction

F.1.1 Overview

Thisannexdiscusses informative guidelines on the encoding of H.264/AVC Bitstreams to enable support of trick play
modes. MPEG-2 personal video recording devices and services are increasingly beingused in the marketplace and it is
reasonable to expectthis trendto continue. As industry migrates tothe H.264/AVC standard, it is therefore also
reasonable to believe thatconsumers will expectthe functionality of their H.264/AVC PVR servicesto be at least as
good as (andmostlikely better than) their MPEG-2 counterparts. It isimportant to recognize that the unofficial
widely-adopted methods of MPEG-2 encoding directly enabled many of thetechniques currently usedto achievetrick
mode functionality. The sameis true of VC-1 encodings. Note that MPEG-2 video can be encoded in a manner that
makes PVR very difficult butsince most encoders encoded bitstreams in a "PVR -friendly" manner, thiswasnot an
issue with MPEG-2 Bitstreams. Again, the sameis true of VC-1 encodings. Currently, thelack of syntax and semantics
constraints on H.264/AVC Bitstreams combined with the rich set of video codingtools in H.264/AVC allows for a wide
variety of potential bitstreams with some being very problematic forany type of sophisticated bitstream manipulation
such asthe trick modes in H.264/AVC PVR implementations. For these reasons, the guidelines in this appendix were
constructed to assist encoders to create H.264/AVC Bitstreams that are "PVR-friendly” while not imposing significant
constraints thatwould impact coding efficiency. Notethatthis annexis informativesince it is understood thatenabling
trick play supportis an optional feature thatmay or may notbe appropriate depending on its intended use. In the case of
an MVC transmission, thisannex currently applies only to the base layer.

F.1.2 Technical Requirements

One class of trick play modes consists of the desire to play back the videoat a speedthat isa multiple of real-time
playback. Leta Nx trick play mode (where N is a positive number greater than 1) represent video playback ata speed of
N timesreal-time playback. Forexample, a 3xtrick play mode may bedesired whichwould allowa userto fast forward
through a program threetimes as fastas normal playback, i.e. in one-third thetime. It is often desired for thesetrick
modesto be relatively "smooth", i.e.an Nx trick mode (where Nisa positive integer) requires (atleastapproximately)
every Nth picture in the bitstreamto be displayed. For example, repeating every thirtieth picture tentimes would not
constitute a "'smooth" 3x trick mode usingthis definition. This "smooth" requirementmay not be required for very fast
trick modes like 15x or 30x fastforward since the human visual system cannot process such rapid motion. However,
thisrequirement is desirable for trick modes such as 2x and 3x fast forward to obtain the satisfactory visual appearance
of movingobjects duringthe trick play.

In general, without any encoding constraints, the minimum requirement to implementtrick modes is for the decoding to
be done atthe same speedasthedesiredtrick modeto ensure that every prediction region is available foruse in the
motion compensation process, e.g. a decoder thatruns at three times the normal speed of decoding is needed to
guarantee 3x fast forward functionality. Note that this is a significant increase from the minimum requirement needed
fornormal playback. Thisapproachhas beendone before for trick play with MPEG-2 standard definition content but is
not practical or cost effective for many current and future applications. Forexample, decoding HD H.264/AVC video at
three times the normal decoding speed is currently not possible in a cost-efficientfashionandevenif this increased
capability were made available in the future, it maynotbe desirable because of theincreased cost relativeto the
minimum requirementfornormal playback. This leads to a key technicalassumption for the cost-effective
implementation oftrick play modes:

e  Encodingintended fortrick-play willbe done in such a waythat it does notburdendecoders to decode
picturesat a ratefaster thannormal playback to implementa trick play mode.
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F.2 Discardable Pictures

F.2.0 Introduction

ManyPVR implementations drop pictures in the bitstream (i.e. skip overand donot present these pictures to the
decoder) to circumvent theneed to decode bitstreams atspeeds thatare a multiple of real-time decoding. The visual
effect of decodingata multiple of real-time decoding can thenbe achieved using a normal decoder. Thisisonly
possible if a dropped pictureis not needed for display and also not needed as a reference frame for another picture that
is needed fordisplay. These pictures are termed "discardable™ pictures. The following clauseswill discuss howthe
"discardable"” pictures concept wasexploited in MPEG-2 trick play implementations and then how this same concept
can be usedto implement H.264/AVC trick play.

F.2.1 MPEG-2 Discardable Pictures

Inthe MPEG-2 video standard, B-pictures are notallowedto be used as reference pictures for motion compensation.
This hasa significant benefit fortrick play modes sinceany B-pictures ina MPEG-2 Bitstreamcan be dropped without
affectingthe decodability of other pictures. The "discardability" property of B-pictures iscommonly used by many
MPEG-2 trick modeimplementations.

Figure F.1 illustratesthe unofficial but widely-adopted MPEG-2 GOP structure, the IBBP GOP structure, which has
two B-pictures placed between every pair of anchor I -and/or P-pictures. By dropping the B-pictures in thistype of
streamand passing the remaining pictures to thedecoder, the visual effect of 3x fastforward trick play canbe
implemented with a decoder runningatnormal playback speed.

[ ] Non-discardable pictures [ Discardable pictures (B-Pictures in MPEG-2)

Normal playback of these 15 frames in a 30 fps sequence would span 1/2 second
10 of the 15 Pictures are discardable

Dropping discardable pictures leaves 5 pictures
Normal playback of these 5 frames would create the visual effect of 3x trick play (1/2 second of content displayed over 1/6 second)

Figure F.1: Example of achieving a 3x trickplay mode
from acommon MPEG-2 GOP structure (IBBP)

Figure F.2 illustratesa MPEG-2 GOP structure, the IPPP GOP structure, where no B pictures are placed betweenevery
pairof anchor I-and/or P- pictures. Note that this structure is compliant to MPEG-2 but thetechnique of dropping
B-pictures described abovewill not create a 3x trick play mode with this MPEG-2 coding structuresince thereare not
enough B-pictures to drop (there is only one discardable picture atthe end ofthe MPEG-2 GOP). In this case, a decoder
thatcanrunatNtimesnormal decoding speed is necessary to support N times fast forward trick play since every

picture isdependent onthe previous picture in the MPEG-2 GOP.

Note thatthe problematic effect on PVR of a bitstream with a coding structure as shownin figure F.1 hasoftenbeen
overlookedand not usually an issue because thistype of MPEG-2 GOP structure is rarely used in broadcast
applications.
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[ ] Non-discardable pictures [ Discardable pictures (B-Pictures in MPEG-2)

Normal playback of these 15 frames in a 30 fps sequence would span 1/2 second
1 of the 15 Pictures is discardable

VR VR VaEk VER VR Valk Valk VA VaEk Valk Valk Vel VR \
10 P1 P2 P3 P4 P5 P6 P7 P8 P9 | [P10| | P11 | | P12 | | P13

10 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13

Dropping discardable pictures leaves 14 pictures
Not possible to create the visual effect of 3x trick play (1/2 second of content displayed over 1/6 second) using normal playback

Figure F.2: Example of a compliant MPEG-2 GOP structure (IPPP)
that cannot achieve 3x trick play by discarding pictures

F.2.2 H.264/AVC Discardable Pictures

The H.264/AVC compression standard has some substantial differences compared to MPEG-2 thatsignificantly affect
the picture coding structure and complicatetrick modeimplementations. These include the fact that B-pictures can be
used as referencepictures for prediction, i.e. not all B-pictures are discardable as in MPEG-2. Notethatthe
discardability of pictures is specifically indicated in the H.264/AVC standard by the nal_ref idcflagin the NAL header
(nal_ref_idc=0 indicates a discardable picture). Therefore, for H.264/AVC Bitstreams, the important factor in trick
mode functionality is the location of discardable pictures, not the location of B-picturesasin MPEG-2. The presence of
discardable pictures determines the feasibility of dropping pictures that are not needed for display toachieve the visual
effect ofa trick play mode.

F.2.3 Discardable Pictures and Trick Play Speeds

The percentage of pictures in the bitstream that are discardable determines the maximum trick play speed that could be
achieved byjustdroppingdiscardable pictures while operating the decoder at normal processing speeds. The formula
belowcan be usedto associatethe percentage of discardable pictures with the maximum trick play speedthat could be
achieved by dropping discardable pictures:

Trick Play Speed =100/(100 - X) where X is the percentage of discardable pictures.

Examples usingcommonratios of discardable pictures are listed in table F.1.

Table F.1: Discardable Picture Percentages and Maximum Achievable Trick
Play Speeds by discard process

NOTE:

Trick play speeds slower than the maximum achievable by dropping pictures canalways be created by

Percentage of Maximum Trick Play Speed
Discardable Pictures Achievable by Dropping Pictures
16 % (1/6 of the pictures) 1,2x
20 % (1/5 of the pictures) 1,25x
25 % (1/4 of the pictures) 1,33x
33 % (1/3 of the pictures) 1,5x
50 % (1/2 of the pictures) 2X
66 % (2/3 of the pictures) 3x
75 % (3/4 of the pictures) 4x

choosingto display some ofthe discardable pictures.
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F.2.4 Smooth Trick Play and Compression Efficiency

Constraininga certain percentage of pictures in the bitstream to be discardable is necessary to enable the technique of
droppingdiscardable picturesto achieve a trick play mode. However, it is important to recognize thatdetermining the
interval period between pictures wherethis percentage is constrained has a tradeoff between whethera smoothtrick
play isachieved and the coding structure which canimpact coding efficiency. Forexample, figures F.3 and F.4 both
illustrate coding structures with 66 % of its pictures as discardable pictures (in both cases 10 of the 15 total pictures are

discarded).

Figure F.3 hasa moreregular discardable picture structure and represents the further requirement of 2 out ofevery 3
picturesto be discardable. Dropping the discardable pictures in figure F.3 will result in smooth 3x playback since every
third picture in the original stream remains. However, note that the tradeoff for the ability to create a smooth 3x trick
play isthat thediscardable picture structure places a tight constraint onthe encoding which could reduce compression

efficiency.

Ten out of the 15total pictures in figure F.4 are discardable as in figure F.3, but its discardable picture structure is not
asregular. Droppingthe discardable pictures in figure F.4 will not result in a smooth trick play experience as in

figure F.3. However, notethatdropping discardable pictures can still be used to achieve the visual effect of playing
through thecontentatthree times thespeed (since 5 frames remain) butwithout the serious constraint on the encoding.

NOTE: Although structure may not always guarantee smooth playback, there are methods that could createan
appearance of smoother playback by means outside of this appendix.

To enable trick play support andstill facilitate maximum compression efficiency, the percentage of discardable pictures
will be calculated overthe length of a H.264/AVC GOP (which, at the maximum 5 second time interval between the
DTS of successive RAPs, may be up to 300 pictures). Encoding for the smoothest trick -play will distribute discardable
picturesevenly in time throughoutthe H.264/AVC GOP.

[ ] Non-discardable pictures [] Discardable pictures

Normal playback of these 15 frames in a 30 fps sequence would span 1/2 second
10 of the 15 Pictures are discardable

10 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14

10 P3 P6 P9 P12

Dropping discardable pictures leaves 5 pictures
Normal playback of these 5 frames would create the visual effect of 3x trick play (1/2 second of content displayed over 1/6 second)

Figure F.3: Coding Structure with 2 Out of Every 3 Pictures as Discardable Pictures
(the Discardable Pictures are inserted consistently)

DVB BlueBook A001r18 (November 2021)



264

[ ] Non-discardable pictures [] Discardable pictures

Normal playback of these 15 frames in a 30 fps sequence would span 1/2 second
10 of the 15 pictures are discardable

10 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14

10 P6 P8 P10 P13

Dropping discardable pictures leaves 5 pictures
Normal playback of these 5 frames would create the visual effect of 3x trick play (1/2 second of content displayed over 1/6 second)

Figure F.4: Coding Structure with 10 out of Every 15 Pictures as Discardable Pictures
(The Discardable Pictures are not inserted consistently)

F.2.5 Impact of Adaptive Encoding on Guidelines

Itis well known that greater compression efficiency can beachieved by encoders that areable to dynamically adaptto
content. This adaptation may occur in the middle of encodinga H.264/AVC GOP, especially with real-timeencoders.
Forthis reason, it is often difficult foranencoder to forecasta resulting property of the H.264/AVC GOP such asthe
number of discardable picturesin a H.264/AVC GOP before it actually encodes the H.264/AVC GOP since itmay
decide to change its methodology while encoding the H.264/AVC GOP. On the other hand, there is typically a general
encoding methodology that will be used if the content beingencoded is not drastically different from what theencoder

is expecting.
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Annex G (informative):
Random Access Point Considerations for SVC

G.1 Scope

Thisannexcontains encoder and decoder implementation guidelines to cover the cases where SVC Base layer RAPs are
transmitted more frequently than SVC Enhancement layer RAPs. Note that decoder implementations that follow the
guidelines in this annex may require additional complexity beyond typical SVC decoding.

G.2 Overview

The specification for SVC RAPs in clause 5.8.1.6 enables SVC Base layer RAPs to be transmitted more frequently than
SVC Enhancement layer RAPs. Increasing the time interval between SVC Enhancement layer RAPs can significantly
improve coding efficiency for enhancement layers, since more SVC Enhancement layer representations (SVC
dependency representation with dependency_id greater than0) canbe inter-predicted using previously decoded pictures
asreferences. However, increasing the timeinterval between SVC Enhancement layer RAPs also increases the average
time before IRDs can start decodingthe SVC Enhancement layer representations.

Thisannexspecifies optional encoder and decoder implementation guidelines that enable SVC IRDs to reduce the time
foran IRDto outputdecoded pictures of the complete SVC Bitstream by initially decoding the SVC Bitstream at the
first SVC RAP thatisreceived, irrespective of whether this SVC RAP representsanSVC Base layerRAP oran SVC
Enhancementlayer RAP. If the initial SVC RAP represents an SVC Baselayer RAP only, the SVC IRD starts decoding
and displaying the base layerand switches toenhancement layer decoding when the first SVC Enhancement layer RAP

is received.

This method canbe beneficially used in a number of transmission scenarios, which include all types of broadcast
transmission systems, e.g. satellite, terrestrial, cable or P channels. The benefits may include increasederror resilience
aswell asreducedbitrateand channel change time.

Clause G.3 provides theencoder implementation guidelines while clause G.4 provides thosefor the decoder.

G.3 Encoder Implementation Guidelines

The following encoderimplementation guidelines should befollowed by an SVC encoder in orderto enable SVC IRDs
to implementthe techniques in clause G.4 to efficiently start decodingatany received RAP:

1)  Accessunitswith PTSless thanthe PTS(rap) donot followany access unit (in decoding order) with PTS
greaterthanthe PTS(rap), where PTS(rap) is the Presentation Time Stamp of anaccess unit that represents an
SVC Enhancement layer RAP.

2) Thedependency representations with a particular value of dependency _id greater than 0 in access units with
PTS greaterthan PTS(rap) do not referenceany picturewith PTS lessthan PTS(rap) through inter-prediction,
where PTS(rap) is the Presentation Time Stamp of anaccess unit that represents an SVC Enhancementlayer

RAP forthat particular value of dependency_id.

3) Thedifferencebetweenthe Presentation Time Stamp of an SVC Enhancement layer RAP with PTS(rap) and
the Presentation Time Stamp ofany access unit that follows the SVC Enhancement layer RAP in decoding
orderbut precedes it in outputorder should notbe greaterthan 150 milliseconds.

4)  Thenumberofrequired framestoresin the decoded picture buffer (specified by max_dec_frame_buffering, if
present) fordecodinga particular layerassociated with a particular value of dependency_id does not exceed
the value of MaxDpbFramesforany layer with dependency_id greater thantheparticular value of

dependency _id.
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Each of these constraints is designed to simplify the decoder implementation as specified in clause G.4. An SVC
encoder may choose to omit any of these guidelines butshould carefully consider the potential effecton decoder
implementations thatmay depend on these constraints for robust implementation.

G.4 DecoderImplementation Guidelines

G.4.0 General

The following decoderimplementation guidelines could be followed by an SVC IRD in order to start decodingat any
received RAP.

Itis suggested thatan SVC IRD starts decodingan SVC Bitstream atthe first SVC RAP that it receives, independent of
whetherthis SVC RAP representsan SVC Base layer RAP oran SVC Enhancement layer RAP. If the initial SVC RAP
representsan SVC Enhancementlayer RAP, decoding can continue as normal.

If the initial SVC RAP represents an SVC Base layer RAP only, the SVC IRD can start decodingand displaying the
base layerand switchto enhancementlayer decodingwhen the first SVC Enhancement layer RAP is received. The
switching from base layer decodingto enhancementlayer decodingatanon IDR picture isnot directly specified in
annex G of Recommendation ITU-T H.264 / 1ISO/IEC 14496-10[16] and could vary betweendifferent SVC IRD
implementations resulting in differentvisual results for this transition.

Forexample,an SVC IRD capable of performing dual decoding (simultaneous parallel decoding of the base and
enhancement layers) could decode the base layer starting with the SVC Base layer RAP and additionally decode the
enhancement layer startingat the next SVC Enhancement layer RAP. Forallaccess units that precede the SVC
Enhancementlayer RAP in output order, the SVC IRD can outputthe decoded SVC Base layer representations (SVC
dependency representation with dependency_id equal to 0). Forthe SVC Enhancement layer RAP and allaccess units
that followthe SVC Enhancement layer RAP in output order, the SVC IRD can output the decoded SVC Enhancement
layer representations. This dual decoding system may not require theencoder impleme ntation guidelines specified in
clause G.3to be followedbutthe use of dualdecoding fora single stream may be computationally and/or cost
prohibitive. The encoderimplementation guidelines specified in clause G.3 are intended to simplify the switching
between base and enhancement layer decoding and permit implementations with a single decoding process.

Inclauses G.4.1 and G.4.2, two example decoding processes enabling the switching from baseto enhancementlayer
decodingafter random access are given. The guidelines in these clauses outline the main steps required for
implementing the switching between base and enhancement layer decoding. Note thatthe clauses do not coverallthe

details required in animplementation and there may be different decoding processes to achieve similar results.
Clause G.4.1 outlines a decoding approach where pictures around the transition point may be skipped.

Clause G.4.2 outlines a decodingapproachwhere there is a seamless transition between SVC Base layer pictures (SVC
layer picture with dependency_id equal to 0) and SVC Enhancementlayer pictures (SVC layer picture with

dependency _id greaterthan0) around the transition point.

Clause G.4.3 outlines approaches for reducing the visibility of the transition between displaying SVC Base layer
picturesand SVC Enhancement layer pictures afteraccessinga bitstream at an SVC Base layer RAP.

Forthe following guidelines in thisannex, MaxDIdRAP represents the maximum value of dependency _id thatis
associated with an SVC RAP in the SVC Bitstream and MaxDId represents the maximum value of dependency _id
presentin an SVC RAP in the SVC Bitstream. For a particular SVC RAP referred to asrapX, MaxDIdRAP and

MaxDIld may be specified by the functional relationships MaxDIdRAP(rapX) and MaxDId(rapX), respectively.

G.4.1 Decoding process with output picture skipping

Ifan SVC IRD startsdecodingan SVC Bitstream atan SVC RAP with MaxDIdRAP less than MaxDId, which is
referred to asrapAin the followingtext, the SVC IRD may use a decoding process similar to the following steps:

1) TheSVCIRDdecodestheSVC layer picture with dependency _id equalto MaxDIdRAP(rapA) forthe SVC
RAPrapA.
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Where rapB represents the next SVC RAP in the SVC Bitstream that follows rapAin decoding orderand has
MaxDIdRAP(rapB) greater than MaxDIdRAP(rapA), the SVC IRD continues decodingall SVC layer pictures
with dependency _id equalto MaxDId(rapA) of the access unitsthat precede rapB in decoding order.

IfrapB representsan I DR picture for dependency _id equal to MaxDIdRAP(rapB), the SVC layer picture with
dependency _id equalto MaxDIdRAP(rapB) for rapB is decoded.

IfrapB does not represent an IDR picturefordependency _id equalto MaxDIdRAP(rapB), SVC layer pictures
with dependency_id equalto MaxDIdRAP(rapB) are decoded for rapB andallaccess units that followrapBin
decodingorderbut precede it in output order.

Foreach access unit with a Presentation Time Stamp greater than orequal to the Presentation Time Stamp of
rapAand lessthan the Presentation Time Stamp of rapB, the SVC IRD outputs the decoded SVC layer
pictures fordependency _id equalto MaxDIdRAP(rapA). If rapB does notrepresentan IDR picture for
dependency _id equalto MaxDIdRAP(rapB), no pictures are outputfortheaccess units that follow the rapBin
decodingorderbut precede it in output order.

Forall access units forwhich SVC layer pictures with dependency _id less than MaxDId(rapA) are output, the
decoded SVC layer pictures should be re-sampled, before displaying, in orderto matchthe resolutionofthe
dependency representation with dependency_id equalto MaxDId(rapA). The re-sampling operation is
specified fora smooth transition at SVC RAPs by which thedependency _id of thedecoded SVC layer pictures
is increased. Notethatthe enhancement layer resolution is determined priorto the outputof thefirst picturein
the base layer forthe SVC IRD to perform proper re-sampling.

If MaxDIdRAP(rapB) is less than MaxDId(rapB), the SVC IRD continues decoding with step 2, where the
SVC RAP rapAisreplaced with the SVC RAP rapB andthe SVC RAPrapB is determined as specifiedin

step 2. Note that this stepis only applicable to systems with more thantwo dependency representations.

If MaxDIdRAP(rapB) is equal to MaxDld(rapB), the SVC IRD continues decoding as specified in
Recommendation I TU-T H.264/1SO/IEC 14496-10 [16].

Infigure G.1, the decoding process isillustrated asanexample foraccessingan SVC Bitstreamat an SVC Baselayer
RAP. The decoding process starts with decodingthe SVC Base layer representation forthe SVC Base layer RAP andall
access unitsthatfollowthe SVC Baselayer RAP and precede the SVC Enhancement layer RAP in decoding order:

Enh ¢ 3
Lgy:rncemen [ lo Ji|B2| [B1] |Bs] [Pa]| B2 ] [ Ba| | Bs il le ]| Bs | [ Bs || B7] |Paz| |Buo | Bo] [Bua] |P1s
Base
Layer Iy 38'2 B4|IBs|IP4|IB2|]|Bs B33 g 386 Bs | [B7||[P12|[B1ol | Bg||B11] |Pis

Forthe SVC Enhancementlayer RAP andallaccess units that follow the SVC Enhancement layer RAP in
decodingorder, the SVC enhancement layer representations are decoded.

Forthe SVC Base layer RAP andallaccess units thatfollowthe SVC Base layer RAP in output orderand
precede the SVC Enhancement layer RAP in decoding order, the SVC Base layer representations are output.

Forthe SVC Enhancementlayer RAP andallaccess units thatfollowthe SVC Enhancement layer RAP in
output order, the SVC Enhancement layer representations are output.

No picture is output for the access units thatfollow the SVC Enhancement layer RAP in decoding order but
precede it in output order.

Base and Enhancement
layer RAP (non-IDR)

,,,,,,,,,,,,,,,,,,

NOTE: The access units are displayed indecoding order (fromleftto right). The subscriptnumbers indicate the

outputorder. Therepresentations thatare decoded are marked with blue frames; the representationsthat
are output are marked grey.

Figure G.1: lllustration of the decoding process with output picture skipping
when accessing a two-layer SVC Bitstream at an SVC Base layer RAP

DVB BlueBook A001r18 (November 2021)



268

G.4.2 Decoding process with seamless output

Ifan SVC IRD startsdecodingan SVC Bitstreamatan SVC RAP with MaxDIdRAP less than MaxDId, which is
referred to asrapAin the following, the SVC IRD may use a decoding process similarto the following steps:

1) The SVCIRDdecodestheSVC layer picture with dependency_id equalto MaxDIdRAP(rapA) forthe SVC
RAPrapA.

2)  WhererapB represents the next SVC RAP in the SVC Bitstream that follows rapA in decodingorderand has
MaxDIdRAP(rapB) greater than MaxDIdRAP(rapA), the SVC IRD continues decodingall SVC layer pictures

with dependency_id equal to MaxDlId(rapA) of the access units that precederapB in decoding order.

3) IfrapBrepresentsan IDRpicture fordependency_id equalto MaxDIdRAP(rapB), the SVC layer picture with
dependency_id equalto MaxDIdRAP(rapB) for rapB is decoded.

4) IfrapBdoesnotrepresentan IDR picturefordependency_id equalto MaxDIdRAP(rapB), the following steps
apply:

a) ForrapB,boththe SVC layer picture with dependency_id equalto MaxDIdRAP(rapA) and the SVC
layer picture with dependency _id equalto MaxDIdRAP(rapB) are decoded. The SVC layer picture with
dependency_id equalto MaxDIdRAP(rapA) is inserted in the decoded picture buffer, while the SVC
layer picture with dependency_id equalto MaxDIdRAP(rapB) is temporarily stored separately fromthe
decoded picture bufferas decoding SVC layer pictures with dependency_id equalto MaxDIdRAP(rapA)
continues.

b) The SVC IRD continuesdecodingall SVC layer pictures with dependency_id equal
to MaxDIdRAP(rapA) of the SVC access units that followrapB in decoding orderand have a
Presentation Time Stamp less thanthe Presentation Time Stamp ofrapB.

¢) All picturesin the decoded picture bufferare markedas "unused for reference™ andthetemporarily
stored layer picture with dependency _id equalto MaxDIdRAP(rapB) for rapBiis inserted in the decoded
picture buffer in preparation for decoding SVC layer pictures with dependency _idequal
to MaxDIdRAP(rapB).

5) Foreach access unit with a Presentation Time Stamp greater thanorequalto the Presentation Time Stamp of
rapAandlessthan the Presentation Time Stamp ofrapB, the SVC IRD outputs the decoded SVC layer

pictures for dependency_id equalto MaxDIdRAP(rapA).

6) Forallaccessunitsforwhich SVC layer pictures with dependency _id less than MaxDld(rapA) are output, the
decoded SVC layer pictures should be re-sampled, before displaying, in order to matchthe resolution of the
dependency representation with dependency_id equalto MaxDId(rapA). The re-sampling operation is
specified fora smooth transitionat SVC RAPs by which thedependency_id of thedecoded SVC layer pictures
is increased. Notethatthe enhancement layer resolutionis determined prior to the outputof thefirst picturein
the base layerforthe SVC IRD to perform proper re-sampling.

7)  If MaxDIdRAP(rapB) is less than MaxDld(rapB), the SVC IRD continues decoding with step 2, where the
SVC RAP rapAisreplaced with the SVC RAP rapB andthe SVC RAP rapB is determined as specified in
step 2. Note that this stepis only applicable to systems with more thantwo dependency representations.

8) If MaxDIdRAP(rapB) isequalto MaxDld(rapB), the SVC IRD continues decoding as specified in
Recommendation ITU-T H.264/1SO/IEC 14496-10 [16].

In figure G.2 the decoding process is illustrated foranexample ofaccessingan SVC Bitstreamatan SVC Base layer
RAP. The decoding process starts with decoding the S\VC Base layer representation forthe SVC Base layer RAP andall

access unitsthatfollowthe SVC Baselayer RAP and precede the SVC Enhancement layer RAP in decoding order:

e  Forthe SVC Enhancementlayer RAP, boththe SVC Base layer representation and SVC Enhancement layer
representationare decoded. The decoded SVC Base layer representationisnormally inserted in the decoded
picture buffer while the decoded SVC Enhancement layer representation is stored in a temporary frame store.
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e  Fortheaccessunitsthatfollowthe SVC Enhancement layer RAP in decoding order but precede it in output
order, the IRD continues decoding the SVC Base layer representations. Before the first access unit that follows
the SVC Enhancement layer RAP in both decodingand output order is decoded, all SVC Base layer
representations in the decoded picture bufferare markedas "unused for reference" andthetemporary stored
SVC Enhancement layer representation (for the SVC Enhancementlayer RAP) is inserted in the decoded
picture buffer. The decoding process then continues with decoding the SVC Enhancement layer

representations for all followingaccess units.

e  Forthe SVC Base layerRAPandallaccess unitsthatfollowthe SVC Baselayer RAP and precede the SVC
Enhancementlayer RAP in output order, the SVC Base layer representations are output. For the SVC
Enhancementlayer RAP and allaccess units that follow the SVC Enhancement layer RAP in output order, the
SVC Enhancement layer representations are output.

Base and Enhancement
layer RAP (non-IDR)

Enh t| :

Lar:y:lrncemen Lo B||B1]|Bs||Pa]|B2][B1]|Bs 3 lg 3 Bs || Bs| | B7 | [Paz] [Buof [ Bs [ [Busf |Pis
Base N iB B.||B.|lP.||B,||B,]||B | | B«||B:||B,||P.,| B0l [Bs||B:| P
Layer i 0 3 -2 -1 -3 4 2 1 3 i 8 3 6 5 7 12 10 9 11 16

,,,,,,,,,,,,,,,,,,

NOTE: The access units are displayed indecoding order (fromleftto right). The subscript numbers indicate the
outputorder. Therepresentations thatare decoded are marked with blue frames; the representationsthat
are output are marked grey.

Figure G.2: lllustration of the decoding process with seamless output
when accessing atwo-layer SVC Bitstream at an SVC Base layer RAP

G.4.3 Display Process at a Transition from Base to Enhancement
Layer Decoding

This clause provides guidelines for reducing thevisibility of the transition between displaying SVC Base layer pictures
and SVC Enhancement layer pictures when accessing SVC Bitstream atan SVC Base layer RAP. An SVC IRD is not
required to follows these guidelines.

Forall pictures forwhich the SVC Base layer representations are output by the decoding process (see clauses G.4.1 and
G.4.2),the decoded SVC Base layer representations should be re-sampled to theenhancement layer frame size before

displaying.

If SVC Base layer pictures and SVC Enhancement layer pictures represent the same area of the source pictures, the
transition betweendisplaying re-sampled SVC Base layer pictures and SVC Enhancementpictures mightbe visible asa
quality change in the displayed video signal. If the SVC Base layer pictures represent a subset of the source picture area
that is represented by the SVC Enhancement layer pictures, the transition between displaying re-sampled SVC Base
layer pictures and SVC Enhancement pictures might bemore pronouncedand appear to be a cut between different
scenes. In the following text, two approaches are outlined which can be applied for reducing the visibility of a transition
between displaying re-sampled SVC Base layer pictures and SVC Enhancement layer pictures:

e  When SVC Base layer pictures and SVC Enhancement layer pictures representthe samearea of thesource
pictures, the visibility of the transition between base and enhancementlayer decodingcanbe reduced by
applyinga time-varying low-pass filter (beforedisplay) to the initial pictures that are displayed from the S\VC
Enhancementlayer representation. Forthe first picture for which the SVC Enhancement layer representation is
output, the cut-off frequency canbe selected accordingto theratio betweenthe SVC Baselayer picture and
SVC Enhancement layer picture sizes. The cut-off frequency ofthe low-pass filter canthenbe continuously
increased in outputorder untilthe SVC Enhancement layer pictures are displayed withoutthe additional
low-pass filtering. For example, this transition interval could be about 1 second.
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When the SVC Baselayer picture representa subsetof the source picture area thatis represented by the SVC
Enhancementlayer pictures, thevisibility of the transition between base and enhancement layer decodingcan
be reduced by continuously increasing the croppingwindow for the initial pictures that are displayed from the
SVC Enhancement layer representation. For the first SVC Enhancement layer representation thatis output,
only the portionof the picture that corresponds to the base layer cropping window can be displayed (after
re-sampling it to the enhancement layer frame size). For the following SVC Enhancement layer
representations, this cropping window can be continuously increased until it matches the enhancementlayer
croppingwindow specified in the bitstream. Forexample, this transition interval could be about 1 second. This
approachof continuously increasing the cropping window could also be combined with theapproach of
applyinga time-varying low-pass filter described above.
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Annex H (normative):
Frame Compatible Plano-Stereoscopic 3DTV

H.1  Scope

Thisannex contains encoder and decoder implementation guidelines for frame compatible plano-stereoscopic 3DTV
systems. Suchsystems are built uponthe existing H.264/AVC High Definition system and include theadditional
requirement and guidelinesto deliver frame compatible plano-stereoscopic 3DTV services. Depending on the output
resolution, interlace or progressive frame format, frame rate and 3DTV formatting arrangement, a frame compatible
plano-stereoscopic 3DTV system supports the combinations described in the table H.1. All the other combinations that
are not definedin the table H.1remain optionalandare left tothe responsibility of the broadcaster or the service
provider to ensure that systems for the proper delivery of servicesbased on them are available. The term HDTV is used
to referto non-frame compatible plano-stereoscopic 3DTV services (i.e.: 2D services). For frame compatible
plano-stereoscopic 3DTV implementation guidelines referto ETSI TS101 547-2 [33].

Table H.1: Frame compatible mandated 3DTV formats/structures

IRD Class Output Frame rate Frame compatible
resolution/Format arrangement type
25 Hz 720p 50 Hz Top-and-Bottom,
Side-by-Side
25 Hz 1 080i 25 Hz Side-by-Side
30 Hz 720p 59,94/60 Hz Top-and-Bottom,
Side-by-Side
30 Hz 1 080i 29,97/30 Hz Side-by-Side
30 Hz 1 080p 23,98/24 Hz Top-and-Bottom,
Side-by-Side

H.2 Frame compatible plano-stereoscopic3DTV
definition

25 Hz frame compatible plano-stereoscopic 3DTV IRD: IRD thatis capable of decoding and displaying pictures
based ona nominal video frame rate of 25 Hz or50 Hz from H.264/AVC High Profile at Level 4 bitstreams as specified
in the presentdocument, in additionto providing the functionality of interpreting the specific plano-stereoscopic 3DTV
signallingas specified in thisannex.

25 Hz frame compatible plano-stereoscopic 3DTV Bitstream: bitstreamwhich contains only H.264/AVCHigh
Profileat Level4 video at25 Hz or50 Hzframe rates as specified in the present documentwith the specific

plano-stereoscopic 3DTV signalling as specifiedin thisannex.

30 Hz frame compatible plano-stereoscopic 3DTV IRD: IRD thatis capable of decodingand displaying pictures
based onnominal video framerates of 24 000/1001 (approximately 23,98), 24,30 000/1 001 (approximately 29,97),
30,60000/1001 (approximately 59,94) or 60 Hz from H.264/AVC High Profile atLevel 4 bitstreams as specified in
the present document, in addition to providing the functionality of interpreting the specific plano-stereoscopic 3DTV
signallingas specified in thisannex.

30 Hz frame compatible plano-stereoscopic 3D TV Bitstream: bitstreamwhich contains only H.264/AVCHigh
Profileat Level4 video at24 000/1 001, 24,30 000/1001, 30,60 000/1001 or 60 Hz framerates as specified in the

present document with the specific plano-stereoscopic 3DTV signallingas specifiedin thisannex.
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H.3  Systemlayer specifications common to all plano-
stereoscopic 3DTV IRDs and Bitstreams

H.3.0 Scope

The specification in this clause applies to the following IRDs and Bitstreams:

e 25 Hzframe compatible plano-stereoscopic 3DTV IRD and Bitstream;

e 30 Hzframe compatible plano-stereoscopic 3DTV IRD and Bitstream.

H.3.1 General

Frame compatible plano-stereoscopic 3DTV IRDs and Bitstreams shall complywith the system layer specifications
related toall H.264/AVC HDTV IRDs and bitstreams as defined inclause 4 with the extensions as specified in this

annex.

H.3.2 Frame compatible plano-stereoscopic 3DTV Specific
Program Elementary Stream descriptor

H.3.2.1 AVC_video_descriptor

Forframe compatible plano-stereoscopic 3DTV:

Encoding: The AVC_video_descriptor, asspecified in Recommendation ITU-TH.222.0/
ISO/IEC 13818-1 [1], shall be used when appropriate. The syntax element
Frame_Packing_SEI_not_present_flagshallbe setto 0 inthe AVC_video_descriptor to signal
presence of frame packing arrangement SEI message withinthe codedvideo sequence (see
clause H.4.2).

Decoding: The frame compatible plano-stereoscopic 3DTV IRD shalluse this descriptor in order to identify
the presence of theframe packing arrangement SEI message inthe bitstream.

H.4  Video specifications Common to all frame compatible
plano-stereoscopic 3DTV IRDs and Bitstreams

H.4.0 Scope

The specification in this clause applies to the following IRDs and Bitstreams:

e 25 Hzframe compatible plano-stereoscopic 3DTV IRD and Bitstream;

e 30 Hzframe compatible plano-stereoscopic 3DTV IRD and Bitstream.

H.4.1 General

Frame compatible plano-stereoscopic 3DTV IRDs and Bitstreams shall complywith the common specifications to all
H.264/AVC IRDs and bitstreams as defined in clause 5.5 with extensions as specified in this annex.

25 Hz frame compatible plano-stereoscopic 3DTV IRD and bitstreams shall comply withthe specifications of 25 Hz
H.264/AVCHDTV asdefinedin clause 5.7 withextensions as specified in thisannex.
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30 Hz frame compatible plano-stereoscopic 3DTV IRD and bitstreams shall comply with the specifications of 30 Hz
H.264/AVCHDTV asdefinedin clause 5.7 with extensions as specified in this annex.

H.4.2 Supplemental Enhancement Information

H.4.2.0 General

Frame compatible plano-stereoscopic 3DTV IRDs shall support the use of frame packingarrangement SEI messagein
the conditions depictedin this clause.

Frame compatible plano-stereoscopic 3DTV bitstreams shall not use the Stereo Video information SEI message.

Frame compatible plano-stereoscopic3DTV IRDs shall ignoreany Stereo Video information SEl message.

H.4.2.1 Frame Packing Arrangement SEI Message

Encoding:

The constraints defined below apply to frame compatible plano-stereoscopic 3DTV bitstreams and
are made in orderto supportthe formats listed in table H.1:

Whenthe AVC _video_descriptor hasitsframe_packing_SEI_not_present_flag syntax element
equal to 0, the frame packing arrangement SEI shall be transmitted with each access unit. The
syntax element frame_packing_arrangement_repetition_period shall be setto'0' (1bin
Exp-Golombcode).

The syntax element frame_packing_arrangement_id shallbe setto ‘0" (1bin Exp-Golombcode).

The syntaxelement frame_packing_arrangement_type defines the arrangement of the leftand
right views inside an HDTV frame. In order to fulfil the frame compatible plano-stereoscopic
3DTV formats/structures listed in the table H.1, when present,
frame_packing_arrangement_type should have one ofthe defined values: '3'for Side-by-Side,
'4' for Top-and-Bottom, depending on the following conditions:

o fora 25 Hzframe compatible plano-stereoscopic 3DTV bitstream:

- if the framerateis 25 Hz interlaced and if the decoded video resolution is 1 080i, then
the frame_packing_arrangement_type shouldbe '3";

- if the framerateis 50 Hz progressive and if the decoded video resolutionis 720p, then
the frame_packing_arrangement_type should be either'3'or'4",

o fora 30 Hz frame compatible plano-stereoscopic 3DTV bitstream:

- if the framerateis 23,98 Hz or 24 Hz progressiveand if the decoded video resolutionis
1080p, thenthe frame_packing_arrangement typeshould be either'3'or'4";

- if the framerateis59,94 Hz or 60 Hz interlaced and if the decoded video resolution is
1080i, then the frame_packing_arrangement_type should be '3';

- if the framerateis 60 Hz progressive and if the decoded video resolutionis 720p, then
the frame_packing_arrangement_type shouldbe either'3'or'4'.

NOTE 1: Theuse of anyothercombinationof frameformat and frame packingarrangementtype, notspecified
above isnot requiredto be supported by frame compatible plano-stereoscopic 3DTV IRDs.

Changesto frame packing arrangement SEI, includingthe frame_packing_arrangement_type
shall only occur ata RAP with an IDR picture.

NOTE2: An IDR picture cancelsall prior SEI messages. An IDR without a frame packing arrangement SEI
indicates a switch in the video sequence from a frame compatible plano-stereoscopic 3DTVto an HDTV

event.
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NOTE 3: Inthe case ofa switch from a frame compatible plano-stereoscopic 3DTV eventto anHDTV event,
transmission of a frame packingarrangement SEI with frame_packing_arrangement_cancel_flag =1
startingat thefirst RAP withan IDR picture of the HDTV format content, may provide explicit
confirmation at the video layer that such a formatchange has occurred. In the case of a switchfroman
HDTV event to a frame compatible plano-stereoscopic 3DTV event, transmission of a frame packing
arrangement SEl with frame_packing_arrangement_cancel_flag = 1 starting ata RAP with an IDR
picture ofthe HDTV format content, may providean early indication ofsucha formatchangeat the event
boundary. Clause 6.5 of ETSI TS 101 547-2 [ 33] makes provisions concerning such format transitions.

" In orderto be consistent with the minimum capabilities in HDM1 1.4a [i.14] for plano-stereoscopic
3DTV:

- Thesyntaxelement quincunx_sampling_flagshallbe setto'0".
- The syntaxelement content_interpretation_type shallbe setto'1".
- The syntaxelements spatial_flipping_flag andframeQ_flipped_flag shallbe setto'0'.

NOTE4: The HDMI 1.4a specificationdoes notprovide all the information on the sub-sampling method, filters
and howtheviewsare ordered inside anHDTYV frame. Therefore care should be taken on theuse of any
othervalue than the ones specified above.

The syntaxelements frameO_grid_position_x, frame0_grid_position_y, framel_grid_position_x
and framel_grid_position_yshould besetto '0000'.

When frame_packing_arrangement_typeisequal to'3'or'4’, the following syntaxelements shall
beequalto'0":

- field_views_flag;
- current_frame_is_frame0_flag;
- frame_packing_arrangement_extension_flag.

NOTES: As specified in Recommendation ITU-T H.264/ 1SO/IEC 14496-10 [16], any other value of the above
listed syntax elements combined with a frame_packing_arrangement_typeequalto '3'or'4" is reserved

forfuture use.
The syntaxelements frame0_self_contained_flagand framel_self _contained_flag should be set
to'0".
Decoding: Frame compatible plano-stereoscopic 3DTV IRDs shall support the frame_packing_arrangement
SEImessage.

Frame compatible plano-stereoscopic3DTV IRDs shall ignore frame packing arrangement SEI
messages witha value of frame_packing_arrangement_id notequalto'0".

25 Hz frame compatible plano-stereoscopic 3DTV IRDs shall supportthe following values of
frame_packing_arrangement_type:

- frame_packing_arrangement_type value '3' (Side-by-Side) shall be supported for 25 Hz,
1080 lines vertical resolution interlaced video.

- frame_packing_arrangement_type values'3' (Side-by-Side)and'4' (Top-and-Bottom) shall
be supportedfor50 Hz, 720 lines vertical resolution progressive video.

- 30 Hz frame compatible plano-stereoscopic 3DTV IRDs shall support the following values of
frame_packing_arrangement_type:

- frame_packing_arrangement_type value '3' (Side-by-Side) and'4' (Top-and-Bottom) shall
be supportedfor23,98Hz or24 Hz, 1 080 lines vertical resolution progressive video.

- frame_packing_arrangement_type value '3' (Side-by-Side) shall be supportedfor59,94 Hz
or 60 Hz,1 080 lines vertical resolution interlace video.
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frame_packing_arrangement_type value '3' (Side-by-Side) and'4' (Top-and-Bottom) shall
be supportedfor60 Hz, 720 lines vertical resolution progressive video.

Frame compatible plano-stereoscopic3DTV IRDs shall ignorethe following syntax elements
field_views_flag, current_frame_is_frameQ_flag, frame0_self contained flag,
framel_self contained flag, frame_packing_arrangement_extension_flag.
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Annex | (normative):
Considerations for Encoding and Random Access for MVC
Stereo Video

1.0 Introduction

The following clauses give guidelines for allowing easy random access within MVC Stereo bitstreams. These
guidelinesare based on the Blu-ray Disc White Paper[i.16].

.1 Video Sequence Structure

.L1.0 General

Figure 1.1 shows the typical coded video sequence structure and frameand view dependencies of MVC Stereo video, as
stored on a Blu-ray Disc. Broadcast video may, or may not, havea similar structure, though it is recommended. This is
shown here for illustrative purposes.

'a N
Display order >
WV Y
Base View lo B B, Ps B4 Bs Ps
A A A A A A A
(111 V Y

Dependent View | Py || By B,

Figurel.1l: Typical coded video sequence structure of MVC Stereo video

In orderto enable quick random access, the following constraints apply:
e  Thefirstaccessunitina codedvideo sequence in decodingorderisan MVC Stereo RAP.

e Incasethe Dependent view component isa B picture component, then the corresponding view component of
Base viewvideo shallalso be B picture component.
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e Incasethe Dependent view component isa non-reference B picture component, the corresponding view
component of Base view videoshallalso be a non-reference B picture component.

e  Thecoded videosequencestructure for Baseview video stream and Dependent view video stream shall be the
same, including:

- whetheritis open orclosed coded video sequence structure;
- the number of view components;

- the values of nal_ref idc of a NAL unit with slice data for Base view componentandnal_ref idcofa
NAL unit with slice data forthe corresponding Dependent view component shall be the same;

- thedisplay orderof the pictures, i.e. Picture Order Count, POC;

- the decodingdelay, definedasthe PTS of the first displayed picture in a coded video sequence minus its
DTS.

1.1.1 Closed Coded Video Sequence

In the case ofa closed coded video sequence (see figure 1.2) the first Dependent view component in decoding order
shallbe an MVC Stereoanchor view componentassociated with a Base view componentcontainingan DR picture. An
anchorview componentassociated with an DR base view component prohibits view component referencing over
coded video sequence boundary, hence, it shall be possible to decode correctly all view components in a closed coded
video sequence, even when random access to this coded video sequence is executed.

-
I >< Not allowed
1 ><N°’ -y Display Order
’ I
I MVC Steret anchor view
component associated with
I an IDR base view
component
—Previous Video Sequence—» | <«——Current Video Sequence——»
- 2

Figure 1.2: Example of Closed coded video sequence for MVC Dependent view bitstream
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1.1.2  Open Coded Video Sequence

In case of an opencoded video sequence structure, (see figure 1.3), thefirst Dependent view component in decoding
ordershallbe an MVC Stereo anchor view component associated with a Base view component containingan (non -IDR)
I picture. Since an anchor view componentassociated with a | picture does not prohibit view component referencing
overcodedvideosequence boundary, it may be the casethatview components prior to the I picture in display order
cannotbe correctly decoded whenrandom access to this coded video sequence is executed.

Ifit is desireable to encode MVC sub-bitstream to correctly decode view components subsequentto the first Dependent
anchorview componentassociated with a Base view componentcontainingan | picture in display order, the following

conditions shall be satisfied:

e  Picturespriorto the first Dependent anchor view component associated with a Base view component
containingan | picture in display order may use reference to past, future and Corresponding view components.
Itis assumedthatthese view componentsarenot displayed in case of random accessto an opencoded video

sequence.

e  Picturessubsequent to thefirst Dependent anchor view component associated with a Base view component
containingan | picture in display order may use references to past, future, and Corresponding view
components, but these view components shall not use pastreference to view components prior to the first
anchorview componentsin display order.

>< Not allowed

Allowed

Display Order

MVC Stereo anchor view
component associated with
a non-IDR base view
component

—Previous Video Sequence—» <«+—Current Video Sequence——»

Figure 1.3: Example of Open coded video sequence for MVC Dependent view bitstream
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.2 Guidelines for TS Packet Multiplexing

Re-multiplexing during transmission mightalter the relative reception order of Base and Dependenttransport stream
packets (TS packets), when comparedto the original transmission order. In the presentdocument, thisis called
‘inter-PID reordering'. Figure 1.4 represents a sample setup of a live broadcast system where re-multiplexing of

TS packets might cause inter-PID reordering.

-
Live Broadcast of MVVC Stereo video
Venue f Studio »| Distribution *| Emission 1 [——
TS1 TS2 TS3 TS4
»| Emission 2 [——
| TS5
TS1: contribution link (out of scope) [decoded to baseband]
TS2: distribution link, might be re-multiplexed
TS3: distribution link, might be re-multiplexed
TS4 & TS5: emission link, might be decoded. E.g., terrestrial and
cable, local and national, etc
. i

Figure |.4: Example of Live Broadcast where re-multiplexing might occur

Since the TS packet order affects randomaccess, a transmission system should try to limit inter-PI1D re-orderingas
much as possible. One possibility would be to satisfy the following conditions:

o  Thefirsttransportpacketof the PES packetheader belongingto the MVC Stereo Base view component of the
first Access Unitin a coded video sequenceshould precede thefirst transport packet of the PES packetheader
from the corresponding MVC Stereo Dependentview component.

e  Thelasttransport packetforthelast Dependent Unit in the coded video sequence should precede thefirst
transport packetof the PES packet header belongingto the MVC Stereo Base view component of the first
Access Unit of the following coded video sequence.
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Annex J (normative):
Service Frame Compatible Plano-Stereoscopic 3D TV with
HEVC coding

J.1l Scope

Thisannexcontains encoder and decoder implementation guidelines for HEVC service frame compatible
plano-stereoscopic 3DTV systems. Such systems are built uponthe existing HEVC High Definition system andinclude
the additional requirement and guidelines to deliver frame compatible plano-stereoscopic 3DTV services. Depending on
the frame rate and 3DTV formatting arrangement, a service frame compatible plano-stereoscopic 3DTV system
supportsthe combinations described in the table J.1. All the other combinations thatare not defined in the table J.1
remain optionalandareleft to the responsibility of the broadcaster or the service provider to ensure that systems for the
properdelivery of services basedon themareavailable. Theterm HDTV is used to referto non-frame compatible
plano-stereoscopic 3DTV services (i.e. 2D services). For service frame compatible plano-stereoscopic 3DTV
implementation guidelines referto ETSI TS 101 547-4 [44].

Table J.1: Service frame compatible mandated 3DTV formats/structures

IRD Class Output Frame rate Frame compatible
resolution/Format arrangement type
50 Hz 1 080p 50 Hz Top-and-Bottom
60 Hz 1 080p 59,94/60 Hz Top-and-Bottom

J.2  Service frame compatible plano-stereoscopic 3DTV
definition

50 Hz HEVC service framecompatible plano-stereoscopic 3DTV IRD: IRD that is capable of decodingand
displaying pictures based on a nominal video frame rate of 50 Hz from up to HEVC Main 10 Profile at
Level4.1 bitstreams as specified in clause 5.14.2 of the presentdocument, in addition to providing the functionality of

interpreting the specific plano-stereoscopic 3DTV signallingas specified in the presentannex.

50 Hz HEVC service framecompatible plano-stereoscopic 3DTV Bitstream: HEVC video streamwhich contains
HEVC Main or Main 10Profile encoded videoatLevel 4.1 at 50 Hz framerates as specified in clause 5.14.2 of the
present document with the specific plano-stereoscopic 3DTV signallingas specified in the present annex.

60 Hz HEVC service frame compatible plano-stereoscopic 3DTV IRD: IRD that is capable of decodingand
displaying pictures based on nominal video framerates of 60000/1 001 (approximately 59,94) Hz or 60 Hz from upto
HEVC Main 10Profile at Level 4.1 bitstreams as specified in clause’5.14.2 of the present document, in additionto
providing the functionality of interpreting the specific plano-stereoscopic 3DTV signallingas specified in the present
annex.

60 Hz HEVC service frame compatible plano-stereoscopic 3DTV Bitstream: HEVCvideo streamwhich contains
HEVC Main or Main 10Profile encoded videoatLevel 4.1 at60000/1001 or 60 Hz frame rates as specified in
clause 5.14.2 of the present documentwith the specific plano-stereoscopic 3DTV signalling as specified in the present
annex.

HEVC service framecompatible plano-stereoscopic 3DTV IRD: collective term referring to eithera 50Hz HEVC
service frame compatible plano-stereoscopic 3DTV IRD ora 60 Hz HEVC service frame compatible plano-stereoscopic
3DTVIRD.

HEVC service framecompatible plano-stereoscopic 3D TV Bitstream: collective term referring to eithera 50Hz
HEVC service frame compatible plano-stereoscopic 3DTV Bitstream ora 60 Hz HEVC service frame compatible

plano-stereoscopic 3DTV Bitstream.
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J.3  Systemlayer specifications common to all HEVC
service frame compatible plano-stereoscopic 3DTV
IRDs and Bitstreams

J.3.1 Scope

The specification in this clause applies to the following IRDs and Bitstreams:

e  50HzHEVC service frame compatible plano-stereoscopic 3DTV IRD and Bitstream;

e  60HzHEVC service framecompatible plano-stereoscopic 3DTV IRD and Bitstream.

J.3.2 General

HEVC service frame compatible plano-stereoscopic 3DTV IRDs and Bitstreams shall complywiththe system layer
specifications relatedto all HEVCHDTV IRDs and bitstreams as defined in clause 4 with theextensions as specified in
the presentannex.

J.3.3 Service frame compatible plano-stereoscopic 3DTV Specific
Program Elementary Stream descriptor

J.3.3.1 HEVC video_descriptor

Forservice framecompatible plano-stereoscopic 3DTV:

Encoding: The HEVC_video_descriptor, as specified in Recommendation ITU-TH.222.0/
ISO/IEC 13818-1 [1],shall be presentin the PMT. The syntax element
non_packed_constraint_flag shall be setto 0 inthe HEVC_video_descriptor to signal the
presence ofthe frame packing arrangement SEI message within the coded video sequence (see
clause J.4.2).

Decoding: The HEVC service frame compatible plano-stereoscopic 3DTV IRD shall use this descriptor in
order to identifythe presence of the frame packing arrangement SEI message in the bitstream.

J.4  Video specifications common to all HEVC service
frame compatible plano-stereoscopic 3DTV IRDs and
Bitstreams

J.4.1 Scope

The specification in this clause applies to the following IRDs and Bitstreams:

e  50HzHEVC service framecompatible plano-stereoscopic 3DTV IRD and Bitstream;

e  60HzHEVC service framecompatible plano-stereoscopic 3DTV IRD and Bitstream.
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J.4.2 General

HEVC service frame compatible plano-stereoscopic 3DTV IRDs and Bitstreams shall complywiththecommon
specificationsto all HEVC IRDs and Bitstreams as defined in clause 5.14 of the presentdocument with extensions as

specified inthe present annex.

50 Hz HEVC service frame compatible plano-stereoscopic 3DTV IRDs shall comply with the specificationsof 50 Hz
HEVC HDTV10-bitIRDs asdefinedin clause5.14.2 ofthe present document with extensions as specifiedin the present
annex.

60 Hz HEVC service frame compatible plano-stereoscopic 3DTV IRDs shall comply with the specificationsof 60 Hz
HEVC HDTV10-bitIRDsasdefinedin clause5.14.2 ofthe present document with extensions as specifiedin the present
annex.

HEVC service frame compatible plano-stereoscopic 3DTV Bitstreams shall comply with the specifications of HEVC
HDTV Bitstreams as defined inclause5.14.2 of the present document with extensions as specified in the present annex.

J.4.3 Supplemental Enhancement Information

J.4.3.1 General

HEVC service frame compatible plano-stereoscopic 3DTV IRDs shall support the use of frame packing arrangement
SEImessage in the conditions depicted inthis clause.

NOTE: Otherframe packingarrangementtypes might be added in future versions of the present document.

J.4.3.2 Frame Packing Arrangement SEI Message

Encoding: The constraints defined below apply to service frame compatible plano-stereoscopic 3DTV
bitstreams and are made in order to support theformats listed in table J.1:

When the HEVC_video_descriptor has its non-packed-constraint_flag syntaxelementequalto 0,
the frame packing arrangement SEI shall be transmitted with each access unit.

The syntax element frame_packing_arrangement_id shallbe setto ‘0" (Lbin Exp-Golombcode).

The syntaxelement frame_packing_arrangement_type defines the arrangement of the leftand
right views inside an HDTV frame. In order tofulfilthe service frame compatible
plano-stereoscopic 3DTV formats/structures listed in thetable J.1, whenpresent,
frame_packing_arrangement_type shall have thevalue '4' (Top-and-Bottom).

NOTE 1: Theuse of anyotherframe packingarrangementtype, notspecifiedabove, isnot required to be supported
by service framecompatible plano-stereoscopic 3DTV IRDs.

Changesto frame packing arrangementSEI, including the frame_packing_arrangement_type
shall only occur ata HEVC DVB_RAP.

NOTE2: An IDR picture cancelsall prior SEI messages. An IDR without a frame packing arrangement SEI
indicates a switch in the video sequence from a frame compatible plano-stereoscopic 3DTVtoan HDTV
event.

NOTE 3: Inthe case ofa switch from a frame compatible plano-stereoscopic 3DTV eventtoanHDTV event,
transmission of a frame packingarrangement SEI with frame_packing_arrangement_cancel flag=1
startingat the first RAP with an IDR picture of the HDTV format content, may provide explicit
confirmation at thevideo layerthatsucha formatchange has occurred. In thecase of a switch froman
HDTV event to a frame compatible plano-stereoscopic 3DTV event, transmission of a frame packing
arrangement SEIl with frame_packing_arrangement_cancel_flag =1 startingata HEVC DVB_RAP of
the HDTV format content, may provide an early indication ofsucha format change atthe event
boundary. Clause 6.50f ETSI TS 101 547-4 [44] makes provisions concerning such format transitions.
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In orderto be consistent with the minimum capabilities in HDMI [i.14] for plano-stereoscopic
3DTV:

- thesyntaxelement quincunx_sampling_flagshallbe setto'0’;
- thesyntaxelement content_interpretation_type shallbe setto'1";

- thesyntaxelements spatial_flipping_flag and frameO_flipped_flagshallbe setto ‘0"

NOTE 4: The HDMI specificationdoes notprovideall the information onthe sub-sampling method, filters and
howthe viewsare ordered inside anHDTV frame. Therefore careshould be taken on the use ofany other
value than theones specified above.

The syntaxelements frame0_grid_position_x, frameO_grid_position_y,
framel grid_position_xandframel grid position_yshouldbe set to '0000'.

When frame_packing_arrangement_typeisequal to '4’, the following syntaxelements shall be
equalto'0":

- field_views_flag;
- current_frame_is_frame0_flag.

NOTES: As specified in Recommendation ITU-T H.265/ 1SO/I1EC 23008-2 [35], any other value ofthe above
listed syntax elements combined with a frame_packing_arrangement_typeequalto '4'is reserved for

future use.

The syntaxelements frameQ_self _contained_flagandframel self contained flag should be set
to'0".

Decoding: HEVC service frame compatible plano-stereoscopic 3DTV IRDs shall support the
frame_packing_arrangement SEI message.

HEVC service frame compatible plano-stereoscopic 3DTV IRDs shall ignore frame packing
arrangement SEl messages with a value of frame_packing_arrangement_idnotequal to '0".

50 Hz HEVC service frame compatible plano-stereoscopic 3DTV IRDs shall support the following
value of frame_packing_arrangement_type:

- frame_packing_arrangement_type value '4' (Top-and-Bottom).

60 Hz HEVC service frame compatible plano-stereoscopic 3DTV IRDs shall support the following
value of frame_packing_arrangement_type:

- frame_packing_arrangement_type value '4' (Top-and-Bottom).

Frame compatible plano-stereoscopic3DTV IRDs shall ignorethe following syntax elements
field_views flag, current_frame_is_frameQ flag,frame0_self contained flag,
framel_self contained flag.

J.4.4 VUI - Default Display Window and service compatibility of
frame compatible services

The Default Display Window may be usedto allow HEVC IRDs to extractone of the views for 2D display froma
framecompatible formatsignalled by the Frame Packing Arrangement SEI message.

As an example, the values indicated in table J.2 might be used.
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for service (2D) compatibility of Frame Compatible Formats

Fram_e Default display Default display Default display Default display
compatible . . - . .
window top window right window bottom window left
plano-
. offset (luma offset (luma offset (luma offset (luma
stereoscopic les) samples) samples) samples)
3DTV video samp P P P
format
1920 x 1 080p
Top-and-Bottom 0 0 540 0

When the default display window is used to signalthe 2D viewto be extracted from the decoded picture (like in the
example above), IRDs incognizant of frame compatible plano-stereoscopic 3DTV formats may apply thedefault display
windowas carried in the coded bitstream to crop the decoded picture. The cropped picture may be upscaledto thesize
of the conformancewindow. IRDs cognizant of the stereoscopicformats shall output the content of the conformance
croppingwindow if presentin the coded bitstream (conformance_window_flagin the SPSisequalto 1). If the
conformancecropping window is notpresent (conformance_window_flag in the SPSisequal to0), the decoder shall
output thewholedecoded picture.
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Annex K (informative):
Next-Generation Audio Overview

K.1  NGA Concepts

K.1.1 Introduction

Next Generation Audio (NGA) Systems provide Broadcasters, Operators and Content Providers with more flexibility to
create anddelivertheir content. These NGA Systems introducea number of new concepts and techniques, including:

e  Thecapability to provide Immersive Audio with the additionofheight elements.
e  Thecapability to provide personalization options to broadcasters and consumers.

e  Theintroduction of Audio Objects to facilitate immersive and personalized audio.

K.1.2 Immersive audio

Immersive Audio canbe experienced with additional speakers adding the heightelements (addingeither directspeakers
or simulating real speakers through various techniques suchas sound frames or "up -firing" speakers). Using appropriate

virtualization technigques, immersiveaudio can also be experienced through headphones.

The height elements may be carried either by additional audio channels, soundfield representation, audio objectsora
combination of these.

Audio objects canbe conceptualized as either mono or stereo audio tracks with metadata that describes their properties
e.g. type of content, positionaland/or time metadata. These are delivered separately and are combined in the receiver,
and are then matched to the final speaker layout of the user's reproduction equipment. Audio objects canbe usedto
carry allof the Audio Programme Components of the Audio Programme, or their use canbe restricted to asubsete.g. to

speech elements.

K.1.3 Preselections and Personalized audio

As Audio Programme Components are combined atthereceiver it isnow possible to allow user interaction with the
finalmixing process. This canthen allowthe userto vary elements of the mix e.g. some constrained controlover the

relative level of dialogue with respect to the ambientmusic and effects.

In the hybrid configuration where Audio Programme Components canalso be delivered in conjunctionwith the ambient
sound, the receiver then combines the ambientsound and objects. This leads to a very efficient system wheresaythe
ambience is carried in an audio formatthatis optimized forambient audio sources and the dialogueand speechrelated
elementsare transmitted as objects.

Audio Preselections are wherealternativeaudio mixes are made available to the user for 'User Personalization’. These
mixes could include existing service types such as alternative language versions or Audio Description services, but
could also include newservicessuchasa biased crowd and commentary mixat a sports eventora team channel. As
some of theelements of the production may be shared between different Preselections, as these are combined at the
receiver, thiscan alsoleadto a very efficient method of delivering these additional alternative services.

The signalling of preselections uses the audio preselectiondescriptor in DVB-SI, which is defined in clause6.4.1 of
ETSI EN 300468 [i.32]. Furtherrulesforits use are given inannex M of ETSI EN 300 468[i.32].
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K.2 Examples

K.2.1 Audio Programme Examples

A number of AudioProgramme Components in the Audio Programme can be selected in different waysto create
variousaudio experiences. Table K.1 provides two examples of suchaudio experiences (Audio Preselections) that could
be specified by different broadcasters. The Audio Preselection information is essentially additional metadata which
requires signalingat systems leveland links to the Audio Programme Components to be played out together to form a
predefined audio experience.

Table K.1: Example Broadcast Audio Preselections inan Audio Programme

. . Components
Prozli:rlr?me Input Elements Pre?elljedcl?ions Referenceq by
Preselection
English M&E + D1
English + AD M&E + D1 + AD
. German M&E + D2
AP 1 5.1 M&E + D1 (EN) + D2 (DE) + AD (EN) + TeamRadio M&E + Team Radio IM&E +
TeamRadio
M&E Only M&E
English M&E + D1
English + AD M&E + D1 + AD
AP 2 7.1.4 M&E + D1 (EN) + D2 (DE) + AD (EN) German M&E + D2
M&E Only M&E
English M&E + D1
English + AD M&E + D1 + AD
AP 3 0O(15).1 M&E + D1 (EN) + D2 (DE) + AD (EN) German M&E + D2
M&E Only M&E
English M&E + D1
English + AD M&E + D1 + AD
AP 4 HOA(6) M&E + D1 (EN) + D2 (DE) + AD (EN) German M&E + D2
M&E Only M&E
NOTE: Audio Programme examples 2, 3 and 4 are used only to illustrate the differentimmersive formats
supported by NGA systems.

K.2.2 Audio Preselection Examples

Figure K.Llillustrates the example of clause K.2.1 in more detail, assumingall Audio Programme Components and the
Audio Preselection information are contained in the same stream (single-stream delivery case). Compared with legacy
systems, thisapproach offersa bitrate efficient delivery, forexample, of a multi-language program by using the same

components in different Preselections (e.g. the M&E component) instead of several completeaudio mixes ("complete

mains").
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Available Audio Audio Programme Components
Preselections
(Signaling Info.) [ M&E ] [Dialogue EN] [Dialogue DE] ADEN ] [Team Radio]
Demu:;:;:::'f“"m | M&E Dialogue EN | | Dialogue DE ADEN Team Radio |
\ J O J L J J J
P — Re——— S — e ————
German Preselection | M&E Dialogue EN | | Dialogue DE AD EN Team Radio
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —_—
! ;”7W””W””W””W””:\”"f ™\ 7{' 7777777777777777777777777777 '\ ' ™\ r N\
lish Audi iption | . . .
Enels .,‘;‘;;.‘;Z?jﬁ"'”"”" i M&E Dialogue EN | | Dialogue DE AD EN Team Radio
E LJL J k 777777777777777777777777777 / \ J L)
— N N ~
English Team Radio : . . .
e | M&E Dialogue EN | | Dialogue DE AD EN Team Radio

Figure K.1: Example Broadcast Audio Preselections in an Audio Programme (AP 1)

Forautomatic selection the Preselection information contains language, accessibility and role attributes. Similarly “text
labels" can be used for displaying the Preselections availability on the TV screenand allow manual selection.

K.3  Carriage of NGA

The simplest method for carrying the Audio Programme Components is to carry allcomponents in a single elementary
stream (linked to asingle PID, i.e. single-stream delivery case). In this case allcomponents are carriedin the transport
stream together with the signaling information of theavailable Audio Prese lections. This example emphasizes one of
the main differences of the NGA systems comparedto the legacy systems, onePID cancontain muchmore thanone
complete audio main. In legacy systems the multi-language functionality can be achieved using supplementary streams
("broadcast-mix" or “receiver-mix"). For NGA systems thisis achieved in a much more bitrate efficient way usingonly
one stream (linkedto one PID) containing the independentcomponents instead of complete mains.

In some applications the broadcaster might decide to embed some ofthe Audio Programme Components in individual
elementary streams (separate elementary streams with separate PIDs, i.e. multi-stream delivery case). This method is
used with non NGA codecs in the case of Audio Description, anda secondary language. In these use cases, the
additional language or the Audio Descriptionare placed on separate PIDs andall streams are multiplexedinto the same
transport stream for distribution.
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Annex L (normative):
Video codec profiles for DVB DASH

L.1 Introduction

Thisannexspecifies DVB bitstream and decoder requirements for video content delivered using MPEG DASH.

DASH content is offered in the form of a DASH media presentation description (MPD) that can target a range of device
capabilities, with MPEG DASH players able to selectthose parts of the presentation that they can presentand ignoring
those thatthey cannot.

Thismodelfor interoperability calls fora differentstructure to the specification of content conformance points and
player capabilities thanis used for broadcast.

Clause L.2 defines the decoder requirements in terms of "player conformance points" that other specifications may
reference. The player conformance points are specified by referencing the broadcast IRDs but with constraints,
relaxations and extensions to account for the differing requirements of MPEG DASH delivery comparedto usein a
broadcast MPEG-2 Transport Stream.

Clause L.3 definesthe content requirements, describing how content can be offered that is intero perable with one or
more player conformance points and covering constraints on the use of each supported video codec.

ThisannexfocussesonH.264/AVCand HEVC bitstream requirements that are the foundation of interoperability
between encoders and decoders. It does not cover how bitstreams should be used within an MPEG DASH media
presentation, nor does it cover requirementsrelating to bitstream switching, | SO BMFF system layer constraints or
playback of MPEG DASH media presentations themselves. Those aspects, asthey relateto DVB DASH, are coveredin
the DVB DASH specificationETSI TS 103285[i.34]. For these reasons, the decoder requirements specified in this
annexarenecessary butnotsufficient fora decoder to be suitable for playback of DVB DASH contentaccordingto
ETSI TS 103 285 [i.34] and referenceshallalso be madeto thatspecification.

L.2 H.264/AVC and HEVC player conformance points

L.2.1 Summary of player conformance points

Table L.1 specifies the principal requirements of codec profile, colorimetry, resolution and framerates that MPEG
DASH players shall support foreach of thedefined player conformance points.
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Table L.1: Player conformance points

Name Codec Frame Colorimetry Resolutions Frame rates
formats (notes 1 and 2) | (notes 1 and 3)
avc_hd_50_level40 H.264/AVC Main Interlaced and |Recommendation |Up to 50 Hz family
and High Profileup [progressive ITU-R 1920 x 1080
to level 4.0 BT.709 [13]
avc_hd_60_level40 H.264/AVC Main Interlaced and |Recommendation |Up to 60 Hz family
and High Profileup |progressive ITU-R 1920 x 1 080
to level 4.0 BT.709 [13]
avc_hd_50 H.264/AVC Main Interlaced and |Recommendation |Up to 50 Hz family
and High Profileup |progressive ITU-R 1920 x 1 080
to level 4.2 BT.709 [13]
avc_hd_60 H.264/AVC Main Interlaced and |Recommendation |Up to 60 Hz family
and High Profileup [progressive ITU-R 1920 x 1 080
to level 4.2 BT.709 [13]
hevc_hd_50_8 HEVC Main Profile |Progressive Recommendation |Up to 50 Hz family
up to level 4.1 ITU-R 1920 x 1080
BT.709 [13]
hevc_hd_60_8 HEVC Main Profile |Progressive Recommendation |Up to 60 Hz family
up to level 4.1 ITU-R 1920 x 1 080
BT.709 [13]
hevc_hd_50_10 HEVC Main and Progressive Recommendation |Up to 50 Hz family
Main 10 Profile up ITU-R 1920 x 1 080
to level 4.1 BT.709 [13]
hevc_hd_60_10 HEVC Main and Progressive Recommendation |Up to 60 Hz family
Main 10 Profile up ITU-R 1920 x 1 080
to level 4.1 BT.709 [13]
hevc_uhd HEVC Main and Progressive Recommendations |Up to 50 Hz and
Main 10 Profile up ITU-R 3840 x 2 160 60 Hz families
to level 5.1 BT.709 [13] and
BT.2020 [36]
hevc_uhd_hlg10 HEVC Main 10 Progressive Recommendation |Up to 50 Hz and
Profile up to ITU-R 3840 x 2 160 60 Hz families
level 5.1 BT.2100 [45] HLG
(note 4)
hevc_uhd_pql0 HEVC Main 10 Progressive Recommendation |Up to 50 Hz and
Profile up to ITU-R 3840 x 2 160 60 Hz families
level 5.1 BT.2100 [45] PQ
(note 4)
hevc_uhd_hfr_hlgl0 |HEVC Main 10 Progressive Recommendation |Up to 50 Hz and
Profile up to ITU-R 3840 x 2 160 60 Hz families,
level 5.2 BT.2100 [45] HLG and 100 Hz,
(note 5) 120/1 001 Hz,
120 Hz
hevc_uhd_hfr_pql0 HEVC Main 10 Progressive Recommendation |Up to 50 Hz and
Profile up to ITU-R 3840 x 2 160 60 Hz families,
level 5.2 BT.2100 [45] PQ and 100 Hz,
(note5) 120/1 001 Hz,
120 Hz
hevc_uhd2_hdr HEVC Main 10 Progressive Recommendation |Up to 50 Hz and
Profile up to ITU-R 7680 x 4 320 60 Hz families
level 6.1 BT.2100 [45]

(note 5)

NOTE 1:

Only resolution and frame rate combinations which fall within the capabilities of the specified level are

required. The highest frame rates may notbe possiblein combination with the highestresolutions.

NOTE 2:
NOTE 3:

Specific resolutions for interoperability testing are defined in ETSITS 103 285 [i.34], clause 10.3.
"50 Hz family" refers to 6,25 Hz, 12,5 Hz, 25 Hz and 50 Hz; "60 Hz family" refers to 6 000/1 001 Hz, 6 Hz,

7 500/1 001 Hz, 7,5 Hz, 12 000/1 001 Hz, 12 Hz, 15 000/1 001 Hz, 15 Hz, 24 000/1 001 Hz, 24 Hz,

30 000/1 001 Hz, 30 Hz, 60 000/1 001 Hz and 60 Hz.
These HDR player conformance points also support BT.709 and BT.2020 SDR transfer characteristics atthe

NOTE 4:

same resolutions and frame rates as for HDR.

NOTE 5:

resolutions and frame rates as for HDR.

These HDR player conformance points also support BT.2020 SDR transfer characteristics atthe same

Requirements for the player conformance points andthe relationships with relevantbroadcast IRDs in clause 5 are
specified inclausesL.2.2to L2.17.
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Some player conformance points require support for others. Table L.2 summarizes these dependencies.

Table L.2: Conformance point dependencies

Player conformance point Additional player conformance points required
avc _hd 50 level40
avc_hd 60 _level40
avc hd 50 avc _hd 50 level40(notel)
avc_hd 60 avc_hd 60 level40 (note 1)
hevc hd 50 8
hevc_hd_60_8
hevc_hd_50 10 hevc_hd_50 _8(note 1)
hevc hd 60 10 hevc hd 60 8(notel)
hevc_uhd hevc_hd_50_8,hevc_hd_60_8,hevc_hd_50_10and
hevc hd 60 10(notel)
hevc uhd hlgl0 hevc uhd (note 2)
hevc uhd pqgl0 hevc uhd (note 2)
hevc uhd hfr _hlgl0 hevc uhd hlgl0(notel)
hevc uhd hfr pgl0 hevc uhd pgl0(notel)
hevc uhd2 hdr hevc uhd hlgl0,hevc uhd pgl0(notel)
NOTE 1: In this case, the additional player conformance pointis astrictsubset and is inherentlyincluded inthe
capabilities defined for the broader conformance point.
NOTE 2: In this case, the additional player conformance pointrequires BT.709 and 8-bit supportwhichmeans itis
nota strictsubset of the player conformance pointin the left column.

L.2.2 Relationship with broadcast IRDs (informative)

Each DASH player conformance point defined in the present annex is relatedto a broadcast IRD definedin clause5.

The requirementsare notidenticaland a decoder conformingto one of the broadcast |RDs will not necessarily meet the

requirements fortherelated DASH player conformance point.

Table L.3 lists the related broadcast IRD for each DASH player conformance point. This information may be helpfulin
selectingappropriate DASH player conformance points fora devicethatsupports one or more broadcast IRDs, and vice

Versa.
Table L.3: Related IRDs for DASH player conformance points
DASH player conformance point Related broadcast IRD
avc_hd 50 level40 25 Hz H.264/AVC HDTV IRD
avc_hd 60 level40 30 Hz H.264/AVC HDTV IRD
avc _hd 50 50 Hz H.264/AVC HDTV IRD
avc_hd_60 60 Hz H.264/AVC HDTV IRD
hevc hd 50 8 50 Hz HEVC HDTYV 8-bit IRD
hevc hd 60 8 60 Hz HEVC HDTV 8-bit IRD
hevc hd 50 10 50 Hz HEVC HDTV 10-bit IRD
hevc hd 60 10 60 Hz HEVC HDTV 10-hit IRD
hevc uhd HEVC UHDTV IRD
hevc uhd hlgl0 HEVC HDR UHDTV IRD using HLG10
hevc uhd pql0 HEVC HDR UHDTV IRD using PQ10
hevc uhd hfr hlgl0 HEVC HDR HFR UHDTV IRD using HLG10
hevc uhd hfr pgl0 HEVC HDR HFR UHDTV IRD using PQ10
hevc uhd2 hdr HEVC HDR UHDTVZ2 IRD

L.2.3 Constraints, relaxations and extensions common to all
H.264/AVC player conformance points

Common decoder requirements forallH.264/AVC DASH player conformance pointsare thosespecified in the
'Decoding' paragraphs within clauses 5.5 and5.7.1 subject to the following constraints, re laxations and extensions:

Clause 5.5.5does notapply to MPEG DASH players.
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e Inclause5.7.1.2,the values of aspect_ratio_idc that aremandatory to supportshall be replaced with the
following: aspect_ratio_idc equalto 1 shallbe supported, along with the resolution-specific aspect_ratio_idc

values listed intable L.4.

Table L.4: Resolution specific aspect_ratio_idc values

Coded picture luminance resolution aspect ratio_idc
720 x 576, 704 x 576, 352 x 288 2,4
544 x 576 4,12

e  Pictureaspect ratiosof4:3and 16:9shall be supported (measured after conformance croppingis applied).

e Inclause5.7.1.3, contentthatdoes notcontain colour parameter information should be considered as having
BT.709 colorimetry.

NOTE: Thisis to give the widest interoperability with the existing content referred to in clause L.3.2.5.

o Inclause5.7.1.4,thereference totable 11doesnot apply to MPEG DASH players. Resolutions for use with
DVB DASH canbefoundin clause 10.3 of ETSI TS103285[i.34].

L.2.4 avc_hd 50 level40

The decoder requirements for this DASH player conformance pointcorrespond to the requirements forthe 25 Hz
H.264/AVC HDTV IRD specified in the 'Decoding' paragraphs includedin and referenced from clause 5.7.2 with the
following constraints, relaxations and extensions together with those in clause L.2.3:

e Inclause5.7.2.1,decoding of Main Profile shallalso be supported. The final sentence "If the... IRD
encounters an extension..."” does notapply to MPEG DASH players. I f thedecoder encounters anextension

that it cannotparse, it shall discard thefollowing data until the end ofthe NAL unit.

e Inclause5.7.2.2, frame rates of onehalf and one quarter of the specified values shalladditionally be
supported.

L.2.5 avc_hd 60 level40

The decoder requirements for this DASH player conformance pointcorrespond to the requirements forthe 30 Hz
H.264/AVC HDTV IRD specified in the 'Decoding' paragraphs included in andreferenced from clause 5.7.3 with the
following constraints, relaxations and extensions together with those in clause L.2.3:

e Inclause5.7.3.1,decoding of Main Profile shallalso be supported. The final sentence "If the ... IRD
encounters an extension...” does notapply to MPEG DASH players. I f thedecoder encounters anextension

that it cannotparse, it shall discard thefollowing data until the end of the NAL unit.

e Inclause5.7.3.2, frame rates of onehalf and one quarter of the specified values shall additionally be
supported.

L.2.6 avc_hd 50

The decoder requirements for this DASH player conformance pointcorrespond to the requirements forthe 50 Hz
H.264/AVC HDTV IRD specified in the 'Decoding’ paragraphs included in and referenced from clause 5.7.4 with the
following constraints, relaxations and extensions together with those in clause L.2.3:

e Inclause5.7.4.1,decoding of Main Profile shallalso be supported. The final sentence "If the ... IRD
encounters an extension...” does notapply to MPEG DASH players. I f thedecoder encounters anextension

that it cannotparse, it shall discard thefollowing data until the end ofthe NAL unit.

e Inclause5.7.4.2, frame rates of onehalf and one quarter of the specified values shall additionally be
supported.
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e  Thebackwards compatibility requirements of clause5.7.4.3 donotapply. Decoders supporting this player
conformancepointimplicitly supporttheavc_hd 50 level40conformancepointasitisa strict subset.

L.2.7 avc_hd 60

The decoder requirements for this DASH player conformance pointcorrespond to the requirements forthe 60 Hz
H.264/AVC HDTV IRD specified in the 'Decoding’ paragraphs included in andreferenced from clause 5.7.5with the

following constraints, relaxations and extensions together with those in clause L.2.3:

o Inclause5.7.5.1,decoding of Main Profile shallalso be supported. The final sentence "If the ... IRD
encounters an extension...” does notapply to MPEG DASH players. I f thedecoder encounters anextension
thatit cannotparse, it shalldiscard the following data until the end ofthe NAL unit.

e Inclause5.7.5.2, frame rates of one half and one quarter of the specified values shalladditionally be
supported.

e  Thebackwards compatibility requirements of clause5.7.5.3 donotapply. Decoders supporting this player
conformance pointimplicitly support the avc_hd_60_level40conformance pointasitisa strict subset.

L.2.8 Constraints, relaxations and extensions common to all
HEVC player conformance points

Common decoder requirements forall HEVVC DASH player conformance points are those specified in the 'Decoding’
paragraphs within clause’5.14.1 subjectto the following constraints, relaxations and extensions:

e Inclause5.14.1.3,the paragraph"Whenthevalue of pic_height in_luma_samples is changed..." doesnot
apply to MPEG DASH players.

e Inclause5.14.1.5.1, content with aspect_ratio_idc equalto 1 shallbe supported. Othervalues maybe
supported.

e  Pictureaspectratios of4:3and 16:9shallbe supported (measured after conformance croppingis applied).

e Inclause5.14.1.5.3, content that does not contain colour parameter information should be considered as
havingBT.709 colorimetry.

NOTE: Thisis to give the widest interoperability with the existing content referred to in clause L.3.3.6.
. Inclause 5.14.1.6.0, support for the Recovery Point SEI Message is not required.
e Inclause5.14.1.6.1, support for pic_structvalues otherthan 0 is not required.

e Inclause5.14.1.7,frame rates of onehalf and one quarter of the specified values shall additionally be
supported. Supportforinterlaced contentis not required. The sentencebeginning " The highest TemporallD..."
does not apply to MPEG DASH players; carriage of this variable for MPEG DASH is outside the scope of the

present document.

e Clause5.14.1.9.1doesnotapply to MPEG DASH players.
e Inclause5.14.1.9.2, note 2 does notapply to MPEG DASH players.
e  MPEGDASH playersshalldecode HEVC bitstreams with sps_max_sub_layers_minusl greaterthan0.

e  Whensps_max_sub_layers_minuslisgreaterthan"0",andwhere a value of HighestTid has been provided
by an out of band mechanism (e.g.a DASH MPD), MPEG DASH players mayignore general_level_idc and
shallmake use ofthe sub_layer_level_idc[i] syntax element, where 'i'is equalto the value of HighestTid to
determine whether a bitstream canbe decoded.

e Clause5.14.1.10doesnotapply to MPEG DASH players.

e Sequence parameter set extensions signalled by sps_extension_present_flagsetto "1" may be ignored.
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e  MPEGDASH playersshall support HEVC bitstreams that meet the constraints and limits associated with the
Main Tier.

L.2.9 hevc _hd 50 8

The decoder requirements for this DASH player conformance pointconsist of the common requirements specified in
the 'Decoding' paragraphs within clause 5.14.1with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVCHDTYV IRD specified in the 'Decoding’ paragraphs within clause 5.14.2 with
the following constraints, relaxations and extensions:

e Clause5.14.2.1 doesnot apply to MPEG DASH players. Players supporting the hevc_hd_50 8 player
conformance pointshall support bitstreams that conform to the requirements of clause L.3.3 within the
constraints definedforhevc_hd 50 8intable L.1.

e Inclause5.14.2.2,the reference to table 20 does not apply to MPEG DASH players. Resolutions for use with
DVB DASH can be foundin clause 10.3 of ETSI TS103285[i.34].

L.2.10 hevc _hd 60 8

The decoder requirements for this DASH player conformance pointconsist of the common requirements specifiedin
the 'Decoding' paragraphs within clause 5.14.1with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVCHDTYV IRD specified in the 'Decoding’ paragraphs within clause 5.14.2 with
the following constraints, relaxations and extensions:

e Clause5.14.2.1 doesnot apply to MPEG DASH players. Players supporting the hevc_hd_60_8 player
conformance pointshall support bitstreams that conform to the requirements of clause L.3.3 within the

constraints definedforhevc_hd 60 8intable L.1.

e Inclause5.14.2.2,the reference to table 20 does not apply to MPEG DASH players. Resolutions for use with
DVB DASH can be foundin clause 10.3 of ETSI TS103285[i.34].

L.2.11 hevc_hd 50 10

The decoder requirements for this DASH player conformance pointconsist of the common requirements specifiedin
the 'Decoding' paragraphs within clause 5.14.1with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVC HDTV IRD specified in the 'Decoding' paragraphs within clause 5.14.2 with
the following constraints, relaxations and extensions:

e Clause5.14.2.1 doesnot apply to MPEG DASH players. Players supportingthe hevc_hd_50_10player
conformance pointshall support bitstreams that conform to the requirements of clause L.3.3 within the
constraints defined forhevc _hd 50 10 intable L.1.

e Inclause5.14.2.2,the reference to table 20 does not apply to MPEG DASH players. Resolutions for use with
DVB DASH canbe foundin clause 10.3 of ETSI TS103285[i.34].

e  Decoderssupportingthehevc_hd_50_10player conformance point implicitly support the hevc_hd_50_8
conformancepointasitisa strict subset.

L.2.12 hevc hd 60 10

The decoder requirements for this DASH player conformance pointconsist of the common requirements specifiedin
the 'Decoding' paragraphs within clause 5.14.1with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVCHDTYV IRD specified in the 'Decoding’ paragraphs within clause 5.14.2 with
the following constraints, relaxations and extensions:

e Clause5.14.2.1 doesnot apply to MPEG DASH players. Players supporting the hevc_hd_60_10player
conformance pointshall support bitstreams that conform to the requirements of clause L.3.3within the
constraints defined forhevc_hd 60 10 intable L.1.
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e Inclause5.14.2.2,the reference to table 20 does not apply to MPEG DASH players. Resolutions for use with
DVB DASH canbe foundin clause 10.3 of ETSI TS103285[i.34].

e  Decoderssupportinghevc_hd 60 10 player conformance pointimplicitly support thehevc_hd_60 8
conformancepointasitisa strict subset.

L.2.13 hevc_uhd

The decoder requirements for this DASH player conformance pointconsist of the common requirements specified in
the 'Decoding' paragraphs within clause 5.14.1with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVCUHDTYV IRD specified in the 'Decoding' paragraphs within clause 5.14.3
with the following constraints, relaxations and extensions:

e Clause5.14.3.1 doesnot apply to MPEG DASH players. Players supporting the hevc_uhd player conformance
point shall support bitstreams that conform to the requirements of clause L.3.3within the constraints defined

forhevc_uhdintable L.1.

e Inclause5.14.3.2,the reference to table 21 does not apply to MPEG DASH players. Resolutions for use with
DVB DASH can be foundin clause 10.3 of ETSI TS103285[i.34].

o  Decoderssupportingthehevc_uhd player conformance point implicitly support thehevc_hd 50 8,
hevc_hd_60_8,hevc_hd 50 _10andhevc_hd_60_10conformancepointsastheyare strict subsets.

L.2.14 hevc_uhd_hig10

The decoder requirements for this DASH player conformance pointconsist of the common requirements specifiedin
the 'Decoding' paragraphs within clause 5.14.1 with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVCHDR UHDTV IRD using HLG10 specified in the 'Decoding’ paragraphs
within clause 5.14.4 with the following constraints, relaxations and extensions:

e Clause5.14.4.2 doesnot apply to MPEG DASH players. Players supporting the hevc_uhd_hlg10player
conformancepointshall support bitstreams that conform to the requirements of clause L.3.3within the

constraints defined forhevc uhd hlgl0intable L.1.

e Inclause5.14.4.3,the reference to table 21a does notapply to MPEG DASH players Resolutions for use with
DVB DASH canbe foundin clause 10.3 of ETSI TS103285[i.34].

e Clause5.14.4.4.2.2 doesnot apply to MPEG DASH players.

NOTE: Transitions between SDR and HDR transfer characteristics may occur only ata Period boundary in DVB
DASH content and so there are no SDR/HDR splicing considerations to consider atthe bitstreamlevel.

e Inclause5.14.4.5, frame rates of onehalf and one quarter of the specified values shall additionally be
supported.

e Thebackwards compatibility requirements of clause5.14.4.6 do not apply. MPEG DASH players supporting
the hevc_uhd_hlg10 player conformance pointshalladditionally support all of the requirements for the
hevc_uhd player conformance pointspecified in clause L.2.13.

L.2.15 hevc_uhd pql0

The decoder requirements for this DASH player conformance pointconsist of the common requirements specifiedin
the 'Decoding' paragraphs within clause 5.14.1with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVCHDR UHDTV IRD using PQ10 specified in the 'Decoding' paragraphs
within clause 5.14.4 with the following constraints, relaxations and extensions:

e Clause5.14.4.2 doesnot apply to MPEG DASH players. Players supporting the hevc_uhd_pqgl0player
conformance pointshall support bitstreams that conform to the requirements of clause L.3.3within the

constraints defined forhevc_uhd pqgl0 intable L.1.
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e Inclause5.14.4.3, the reference to table 21a does notapply to MPEG DASH players. Resolutions for use with
DVB DASH canbefoundin clause 10.3 of ETSI TS103285[i.34].

e Clause5.14.4.4.3.4 doesnot apply to MPEG DASH players.

NOTE: Transitions between SDR and HDR transfer characteristics may occur only ata Period boundary in DVB
DASH content and so there are no SDR/HDR splicing considerations to consider atthe bitstreamlevel.

e Inclause5.14.4.5, frame rates of onehalf and one quarter of the specified values shall additionally be
supported.

e  Thebackwards compatibility requirements of clause5.14.4.6 do not apply. MPEG DASH players supporting
the hevc_uhd_pg10player conformance point shalladditionally support all of the requirements for the

hevc_uhd player conformance pointspecified in clause L.2.13.

L.2.16 hevc_uhd_hfr_hlgl0

The decoder requirements for this DASH player conformance pointconsist of the common requirements specified in
the 'Decoding' paragraphs within clause 5.14.1with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVCHDR HFRUHDTYV IRD using HLG10 specified in the 'Decoding'

paragraphs within clause5.14.5 with the following constraints, relaxations and extensions:

e  Requirements relatingto "HFR bitstreams using dual PID and temporal sca lability™ do not apply to MPEG
DASH playersand clauses5.14.5.6,5.14.5.7and 5.14.5.8do not apply.

NOTE: Theuse of temporal sub-layers within HFR bitstreams for MPEG DASH is described in ETSI
TS 103285[i.34].

e Clause5.14.5.2 doesnot apply to MPEG DASH players. Players supporting the hevc_uhd_hfr_hlg10player
conformance pointshall support bitstreams that conform to the requirements of clause L.3.3within the
constraints defined forhevc_uhd_hfr_higl0 intable L.1.

o Inclause5.14.4.3, referenced from 5.14.5.3, thereference to table 21a does notapply to MPEG DASH
players. Resolutions for use with DVB DASH canbe found in clause 10.3 of ETSI TS 103 285[i.34].

o Clause5.14.4.4.2.2, referenced from5.14.5.4, does not apply to MPEG DASH players.

e Inclause5.14.5.5.1, framerates of one halfand one quarter of thespecified values shall additionally be
supported.

e Clause5.14.5.5.2doesnotapply to MPEG DASH players.

e  Thebackwards compatibility requirements of clause’5.14.5.9 do not apply. MPEG DASH players supporting
the hevc_uhd_hfr_hlg10 player conformance pointshalladditionally supportall of the requirements for the
hevc_uhd_hlg10player conformance point specifiedin clauseL.2.14.

L.2.17 hevc_uhd_hfr_pql0

The decoder requirements for this DASH player conformance pointconsist of the common requirements specified in
the 'Decoding' paragraphs within clause 5.14.1 with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVCHDR HFRUHDTYV IRD using PQ10 specified in the 'Decoding' paragraphs
within clause 5.14.5 with the following constraints, relaxations and extensions:

e  Requirements relatingto "HFR bitstreams using dual P1D and temporal sca lability™ do not apply to MPEG
DASH playersand clauses5.14.5.6,5.14.5.7and 5.14.5.8do not apply.

NOTE: Theuse of temporal sub-layers within HFR bitstreams for MPEG DASH is described in ETSI
TS 103 285[i.34].

o Clause5.14.5.2 does not apply to MPEG DASH players. Players supporting the hevc_uhd_hfr_pgl10 player
conformance pointshall support bitstreams that conform to the requirements of clause L.3.3within the

constraints defined forhevc _uhd hfr_pglOintable L.1.
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e Inclause5.14.4.3, referenced from5.14.5.3, thereference to table 21a does notapply to MPEG DASH
players. Resolutions for use with DVB DASH canbe found in clause 10.3 of ETSI TS103 285[i.34].

o Clause5.14.4.4.3.4, referenced from5.14.5.4, does not apply to MPEG DASH players.

e Inclause5.14.5.5.1, framerates of one halfand one quarter of thespecified values shalladditionally be
supported.

e Clause5.14.5.5.2doesnotapply to MPEG DASH players.

e  Thebackwards compatibility requirements of clause5.14.5.9 do not apply. MPEG DASH players supporting
the hevc_uhd_hfr_pgl10player conformance point shalladditionally support all of the requirements for the
hevc_uhd_pgl0player conformance point specified in clause L.2.15.

L.2.18 hevc_uhd2_hdr

The decoder requirements for this DASH player conformance pointconsist of the common requirements specified in
the 'Decoding' paragraphs within clause 5.14.1 with the constraints, relaxationsand extensions listed in clause L.2.8,
alongwith the requirements forthe HEVC HDR UHDTV2 IRD specified in the 'Decoding’ paragraphs within clause
5.14.6 with the following constraints, relaxations and extensions:

e Clause5.14.6.2 doesnot apply to MPEG DASH players. Players supporting the hevc_uhd2_hdr player
conformance pointshall support bitstreams that conform to the requirements of clause L.3.3within the

constraints defined forhevc_uhd2_hdrintable L.1.

e Inclause5.14.6.3,the reference to table 21cdoes notapply to MPEG DASH players. Resolutions for use with
DVB DASH can be foundin clause 10.3 of ETSI TS103285[i.34].

o Clause5.14.4.4.2.2 referencedin clause 5.14.6.4 doesnot apply to MPEG DASH players.

NOTE: Transitions between SDR and HDR transfer characteristics may occur only ata Period boundary in DVB
DASH content and so there are no SDR/HDR splicing considerations to consider atthe bitstreamlevel.

e  Thebackwards compatibility requirements of clause5.14.6.6 do not apply. MPEG DASH players supporting
the hevc_uhd2_hdrplayer conformance point shalladditionally support all of the requirements for the
hevc_uhd_hlg10player conformance point specifiedin clauseL.2.14,and forthe hevc_uhd_pql0 player

conformancepointspecifiedin clause L.2.15.

e  16:9 picture aspect ratio shall be supported (measured after conformance croppingis applied). Support for4:3
picture aspectratio isnot required for this DASH player conformancepoint.

L.3 Contentrequirements

L.3.1 Content interoperability requirements

MPEG DASH presentations include a number of Representationsalongwith explicit signalling of codec used, profile
and levelinformation, frame rate and resolution, plus colorimetry information where necessary.

Content canbe created thatis interoperable at the codec level with any of thedefined player conformance points
defined in clause L.2. Thisisachieved by includingwithin the DASH presentation oneor more Representations that
satisfy the general codecbitstream constraints in clause L.3.2 or L.3.3 and fall within the mandatory requirements of a
playerthatsupports the specific player conformance point from clause L.2 and summarizedin table L.1.

Content providers may choose which player conformance points they wish to target.
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L.3.2 H.264/AVC bitstream requirements

L.3.2.1 General

The video encoding shall conform to Recommendation ITU-TH.264 / ISO/IEC 14496-10[16]. Some of the parameters
and fieldsarenot used in the DVB System andtheserestrictions are described below.

L.3.2.2 Sequence Parameter Set

Inaddition tothe provisions set forth in Recommendation ITU-T H.264/1SO/IEC 14496-10[16], thefollowing
restrictions shallapply forthefields in the sequence parameter set:

gaps_in_frame_num_value_allowed_flag =0 (gapsnotallowed)

If the number of samples per row of the luminance component of thesource picture is not an integer multiple of 16 and
additional samples are padded to make the number of samples per row of the luminance componentan integer multiple
of 16, itis recommended that these samples are padded at the right side of the picture.

If the number of samples per column of the luminance component of the source picture is not an integer multiple of 16
and additional samples are padded to make the number of samples per column of the luminance componentan integer
multiple of 16, it is recommended thatthese samples are padded atthe bottom of thepicture.

L.3.2.3 Video Usability Information

H.264/AVC Bitstreams shall set vui_parameters_present_flag to 1 in the active Sequence Parameter Set,
i.e. H.264/AVC Bitstreams shall contain a Video Usability Information syntax structure.

L.3.2.4 Aspectratio

The present documentdoes notrestrict the pictureaspect ratios that may be used by content. Contentintended to be
compatible with TV devices should use a4:30r 16:9 picture aspectratio. Requirements for targeting other types of
devices may differ.

NOTE 1: Inorderto be compatible with the mandatory requirements in the player conformance points defined in
clause L.2, content needs to use either4:3or 16:9aspect ratio.

The sample aspectratio information shall be signalled in the bitstreamusingthe aspect_ratio_idc value in the Video
Usability Information.

NOTE 2: Inorderto be compatible with the mandatory requirements in the player conformance points defined in
clause L.2, content needs to use one ofthe aspect_ratio_idcvaluesdescribed in clause L.2.3.

L.3.2.5 Colour parameterinformation

Except as stated in the presentclause, the chromaticity co-ordinates of the ideal display, opto-electronic transfer
characteristic of the source picture and matrix coefficients used in deriving luminanceand chrominancesignals from the
red, green and blue primaries shall be explicitly signalled in the encoded bitstream by setting the appropriate values for
each of the following 3 parameters in the VUI: colour_primaries, transfer_characteristics, and matrix_coefficients.

Itis recognized that a significant amountof Videoon Demand contentexisted prior to the publication of the present
documentthatwas producedand encoded with BT.709 colorimetry without colour parameter information being
included. Such contentshall be considered to comply with the present documentbutrisks being presented with
incorrect colorimetry by some MPEG DASH players. It is recommended thatsteps be taken to add colorimetry
informationto such content where it is commercially reasonable to do so.

Itis recommended that Recommendation I TU-R BT.709 [13] colorimetry is used. Recommendation I TU-RBT.709 [13]
colorimetry usage is signalled by setting colour_primariesto the value 1, transfer_characteristics to the value 1 and

matrix_coefficients to thevalue 1.
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L.3.2.6 Chrominance information

Itis recommendedto use chromasample locationtype equalto O for both fields.

Where the chromasample location type is not 0, the chrominance locations should be specified by setting
chroma_loc_info_present_flagto 1 andusingthe syntax elements chroma_sample_loc_type_top_field and
chroma_sample_loc_type_bottom_field in the VUI.

L.3.2.7 Picturetiming SEI message

If the H.264/AVC Bitstreamcontains picture structure information, then the pic_struct_present_flagshallbe setto "1"
in the VUI and a picture timing SEI message shall be associated with every access unit. Otherwise the

pic_struct_present_flag shallbe setto "0".

NOTE 1: Settingpic_struct present flagto "1" indicates the presence of pic_struct that assists decoders in
determiningif the picture should be displayedas a frameorone or morefields. Possible values for
pic_structare defined in table D 1 of Recommendation ITU-T H.264/1SO/IEC14496-10[16].
Progressive coded video sequences (with frame_mbs_only equalto 1) should only use pic_structvalue
of 0. Interlace coded video sequences (with frame_mbs_only_flagequalto 0) shouldonly use pic_struct
valuesof1,2,3,4,5,6.

Itis recommendedthat ct_type be explicitly transmitted to convey the original picture scan.

NOTE 2: Possible valuesforct_type are defined in table D 2 of Recommendation ITU-T H.264/
ISO/IEC 14496-10[16]. Settingct_type to2 may be usedto indicate an unknown original picture scan.
The ct_type field may change between progressiveand interlaced within a sequence. Progressive
ct_typesvalues may bepresent within a coded video sequencewith interlaced pic_structvaluesbut it is
recommended not to transmit interlaced ct_type values within a coded video sequence with progressive
pic_structvalues.

NOTE 3: The originalpicture scan canbe quite useful forassisting operations suchas deinterlacingand trick
modes. Explicit transmissionofthe ct_type field is indicatedwhenthe clock_timestamp_flag[i] is set to

1.

If a timecode is to be carried, it is recommended that the full_timestamp_flagissetto "1"and
hours_value, minutes_value, seconds_value andn_frames areusedto transport the timecode values.
Time_offsetmay be ignoredand normally carrythe value "0", if present.

NOTE 4: Thedefault value of time_offset lengthis 24 unless specified otherwise by the VUI message HRD
parameters, which in turn requires the presence of additional fields in the picture timing SEI message
(cpb_removal_delayand dpb_output_delay).

Note thatif present, the picture structure information shall convey the picture output order in the sameorderasthe
Picture Order Count (POC) information in the H.264/AVC Bitstream (per clause D.2.2 of Recommendation ITU-T
H.264 / 1SO/IEC 14496-10 [16]). This ensures consistency between the SEI message and the HRD model of
Recommendation I TU-T H.264/ 1SO/IEC 14496-10 [16].

L.3.2.8 Framerate

Frame rate may beindicated in the VUI by setting time_scale and num_units_in_tick so asto correctly define the
picture rate of the video.

The source videoformat shall be interlaced or progressive whenthe frame rate is 25 Hz,30 Hz or 30 000/ 1 001 Hz.
Forall other framerates, thesourcevideo format shall be progressive.

L.3.3 HEVC bitstream requirements

L.3.3.1 General

The video encoding shall conform to Recommendation I TU-TH.265/ 1SO/IEC 23008-2 [35]. Someof the parameters
and fieldsarenot used in the DVB System andtheserestrictions are described below.
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L.3.3.2 Sequence Parameter Set

Video shallbe encoded as progressive frames. The general_progressive_source_flag shallbe setto 1. The
general_interlaced_source flag shallbe setto 0. The general_frame_only _constraint_flagshallbe setto 1.

As specified in annex A of Recommendation I TU-T H.265 / 1ISO/IEC 23008-2[35], when general_profile_idc isequal
to 1 or general_profile_compatibility flag [1]isequalto 1,i.e. when the bitstream indicates conformance with the
Main Profile, the value of bit_depth_luma_minus8andbit_depth_chroma_minus8shallbe equalto 0. HDR shall
not be used with Main Profile.

When general_profile_idc isequalto 2 orgeneral_profile_compatibility flag[2] isequalto 1,i.e. when the bitstream
indicates conformance with the Main 10 Profile, the value of bit_depth_luma_minus8shallbe setto 0 or2 and
bit_depth_chroma_minus8shallbe equal to the valueof bit_depth_luma_minus8. HDR contentusing Main 10

Profile shallhave bit_depth_luma_minus8 and bit_depth_chroma_minus8 setto 2.

If padding is required to align the number of samples per row, it is recommended that these samples are padded at the
right side of the picture.

If padding is required to align the number of samples per column, it is recommended that these samples are padded at
the bottom of the picture.

When video isencoded usingtemporal layers anda bitstream does notcontainall of the temporal layers (forexample if
it contains only those layers that carry the standard framerate part of high frame rate source material) then:

e  Thevariable HighestTid, as defined in Recommendation I TU-TH.265/1SO/IEC 23008-2 [35], shall be
provided byanoutof band mechanism, e.g. the DASH MPD in the case of MPEG DASH delivery. Carriage
of thisvariable is outside the scope of the present document.

o Iftheleveltowhich the bitstream conforms is different to thatcarried by general_level idcthen
sub_layer_level idc[i] shallbe present and shall be set correctly fori=HighestTid.

L.3.3.3 Video Usability Information

HEVC Bitstreams shall set vui_parameters_present_flag to 1 in the active Sequence Parameter Set, i.e. HEVC
Bitstreams shall contain a Video Usability Information syntax structure.

field_seq_flag shall be set to 0.

L.3.3.4 Aspectratio

The present documentdoes notrestrict the pictureaspect ratios that may be used by content. Contentintended to be
compatible with TV devices should use a4:30r 16:9 picture aspectratio. Requirements for targeting other types of

devices may differ.

NOTE 1: Inorderto be compatible with the mandatory requirements in the player conformance points definedin
clause L.2, content needs to use either4:3or 16:9aspect ratio.

The sample aspectratio information shall be signalled in the bitstream usingthe aspect_ratio_idc value in the Video
Usability Information.

NOTE 2: Inorderto be compatible with the mandatory requirements in the player conformance points defined in
clause L.2, content needs to use an aspect_ratio_idcvalueof 1.

L.3.3.5 Videorange

Thevideo_full_range_flag shallequal "0".

L.3.3.6 Colour parameter information

Exceptasstated in the presentclause, the syntax elementcolour_description_present_flagshallbe setto "1", so that
colour_primaries, transfer_characteristics, matrix_coeffs are presentin the VUI.
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Itis recognized that a significant amountof Videoon Demand contentexisted prior to the publication of the present
documentthatwas producedand encoded with BT.709 colorimetry without colour parameter information being
included. Such contentshall be considered to comply with the present documentbutrisks being presented with
incorrect colorimetry by some MPEG DASH players. It is recommended thatsteps be taken to add colorimetry
informationto such content where it iscommercially reasonable to do so.

Recommendation ITU-R BT.709 [13] colorimetry usage is signalled by setting colour_primaries to thevalue 1,
transfer_characteristics to thevalue 1 and matrix_coeffsto thevalue 1.

Recommendation I TU-R BT.2020 [36] non-constant luminance colorimetry usage is signalled by setting
colour_primaries to the value 9, transfer_characteristics tothe value 14 and matrix_coeffs to the value9.

Recommendation I TU-R BT.2100[45] high dynamic range contentwith non-constantluminance is signalled by setting
colour_primaries to the value 9 and matrix_coeffsto the value 9.

HEVC HDR bitstreams using HLG10 shall set VUI transfer_characteristics to thevalue 14 to signal the opto-
electronic transfer functionas Recommendation I TU-R BT.2020[36] 10-bits. Such streams shall also contain the
alternative_transfer_characteristics SEI message. The preferred transfer_characteristics shall be set equalto 18,

indicating Recommendation ITU-R BT.2100[45]HLG system.

HEVC HDR bitstreams using PQ10 shall set VUI transfer_characteristics to thevalue 16to signalthe electro-optical
transfer functionas Recommendation I TU-RBT.2100 [45] PQ system.

L.3.3.7 Chrominance information

Itis recommendedto use chromasample locationtype equalto 0 for progressive video conforming to Recommendation
ITU-RBT.709[13] or 2 forprogressive video conformingto Recommendation I TU-R BT.2020[36].

Where the chromasample locationtype is not 0, the chrominance locations shall be specified by setting
chroma_loc_info_present_flagto 1 andusingthe syntax elements chroma_sample_loc_type top_field and
chroma_sample_loc type bottom_fieldinthe VVUI.

L.3.3.8 Supplemental Enhancement Information

All prefix SEI NAL units within an access unit shallbe placedafterall NAL units of type VPS_NUT, SPS_NUT and
PPS_NUT and priorto the first VCL NAL unit of theaccess unit. Allsuffix SEls shallnot occur before thelast VCL
NAL unit of the accessunit.

NOTE: HEVCallows SEI messages (both prefix and suffix SEI)to occur between the first andthe lastVCL NAL
units of an access unit. The constraint in the present clause forbids SEI messages from occurring between

the firstand thelast VCL NAL units of an access unit.

L.3.3.9 Picturetiming SEI message

HEVC Bitstreams may contain a picture timing SEI message for every access unit of a coded video sequence and
frame_field info_present flagmay be setto 1 inthe VUI.

Thevalue of pic_structshallbe equal to O.

Before anencoding process, in order to achievea higher framerate than the framerate of theoriginal programme,
additional pictures may be created e.g. by repeating or motioninterpolating original programme pictures. It is
recommendedto use the duplicate flag forthis use case in a manner differentto the usage documented in
Recommendation I TU-T H.265/ ISO/IEC 23008-2[35].

e Ifthecurrentpicture is not an original programme picture, it is recommended to set the value of
duplicate_flagto 1.

e Inthecase of motion compensated Video Standard Conversionas a pre-process before encoding, e.g. from
50Hzt060000/1001Hz orfrom 100 Hz to 120 000/1 001 Hz, there might not be any original programme
pictures preservedatall, hence it is recommended that all pictures get duplicate_flag value 0 to avoid
accidentaldeletionafter decoding.
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L.3.3.10 Optional SEI messages for HEVC HDR bitstreams using PQ10

L.3.3.10.1 General

The present clause specifies restrictions applying to Supplemental Enhancement Information messages thatare
specified in Recommendation I TU-T H.265/ ISO/IEC 23008-2 [35] or Supplemental Enhancement I nformation
messages carrying DM as specifiedin ETSI TS103572[50]orETSI TS103433-2 [51]or CTA861-H [52], andthat
may be optionally present in HEVC HDR bitstreams using PQ10.

These Supplemental Enhancement Information messages provide production or playout side controlled post processing
in the MPEG DASH playerand donot preclude alternative postprocessing on the player side.

L.3.3.10.2  Mastering display colour volume

HEVC HDR bitstreams using PQ10 may contain a masteringdisplay colour volume SEI message as specified in
Recommendation ITU-T H.265/ 1SO/IEC 23008-2[35], annexD.

Itis recommendedthat HEVC HDR bitstreams set a valid numberto display_primaries_x[c], display_primaries_y]c],
white_point_x, white_point_y, max_display_mastering_luminance, min_display_mastering_luminance fields.

If the proper value forallthese fields is unknown, it is recommended thatno mastering display colour volume SEI
messageis present in the HEVC HDR bitstream; or if the proper value forany one of the following fields are unknown,
display_primaries_x[c], display_primaries_y[c], white_point_x, white_point_y or
max_display_mastering_luminance, it is recommended thatthe unknown field isset to 0.

The lowest value for min_display_mastering_luminance that is valid without ambiguity is 0,0001, whenviewinga
Reference Monitor calibrated while viewing a test pattern (such as PLUGE forexample). Henceit is recommended that:

e anunknown value for min_display_mastering_luminance should be signalled with value 0;
e aknown value formin_display_mastering_luminance should be signalled with a value larger thanorequal
t0 0,0001.
L.3.3.10.3  Content light level information

HEVC HDR bitstreams using PQ10 may contain a content light level SEI message as specified in Recommendation
ITU-TH.265/1SO/IEC 23008-2 [35], annex D.

NOTE: Insome cases,such aslive andlinearbroadcast, it may not be possible to calculatethe values of
max_content_light_level andmax_pic_average_light_levelfields.

If the value for these fields is known, it is recommended that HEVC HDR bitstreams include valid settings for the
max_content_light_level andmax_pic_average_light_levelfields.

If the value forallthese fields isunknown, it is recommended that no contentlight level information SEI message is
present in the HEVC HDR bitstream; or if the value forany one of these fields is unknown, it is recommended that the

unknown field issetto 0.
L.3.3.10.4 DMI

L.3.3.10.4.1 General

The Supplemental Enhancement Information messages carrying DMI defined in the present clause can guide dynamic
mapping, as produced in a reference viewingenvironment or otherwise. Adisplay that is cognizant of the DMI can use
thisinformationto adaptthe rendering of the video content to its own display capabilities and/or to the viewing
environment, including the possibility to replicateas closely as possible theintended appearance of thatcontentas
produced in the reference viewing environment.

HEVC HDR Bitstreams using PQ10 may contain Supplemental Enhancement Information messages carrying DMI
accordingto the rules defined foreach DMI formatin the present clause.
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HEVC HDR Bitstreams using PQ10 may simultaneously include Supplemental Enhancement Information messages
carrying DMI from multiple DMI formats defined in the presentclause.

If DMl isincluded, it is recommended that the HEVC HDR Bitstream using PQ10 provides video quality at the level
that canbe expected froman MPEG DASH player using PQ10 thatdoes notsupport DMI, and that the DMI enables
furtherenhancementof the video.

L.3.3.10.4.2 SMPTE ST 2094-10 SEIl message

SMPTE ST 2094-10[i.38] DMI provides and describes dynamic information about the video signal. The information
conveyedin the SEI message carrying SMPTE ST 2094-10[i.38] DMI isadequate for purposes corresponding to the
use of Society of Motion Picture and Television Engineers SMPTE ST 2094-1 [i.37]and SMPTE ST 2094-10[i.38].

HEVC HDR Bitstreams using PQ10 may contain SEI messages carrying SMPTE ST 2094 -10 [i.38] DMI.

The SMPTE ST 2094-10[i.38] DM is carried in the video elementary stream as Supplemental Enhancement
Information in HEVC's "User data registered by Recommendation I TU-T T.35 SEI message” syntactic element as

defined in clause B.7.2.

If the "User dataregistered by a Recommendation ITU-T T.35 [19] SEl message" carrying SMPTE ST 2094-10 [i.38]
DMl ispresentinan HEVC HDR Bitstream using PQ10, the constraints defined below shall apply.

o Itshallbeaprefix SEI message (i.e. nal_unit_type shallbe equalto PREFIX_SEI_NUT) sent for every access
unit of the HEVC HDR Bitstream using PQ10.

e  TheHEVC HDR Bitstreamusing PQ10 shall contain a Mastering Display Colour Volume SEI message as
specified inclausel.3.3.10.2.

The following constraints shall applyto thesyntactic element as defined in clause B.7.2 ofthe "User dataregistered by
aRecommendation ITU-T T.35 [19] SEI message” carrying SMPTE ST 2094-10[i.38] DMI:

o user_identifier shallbe setequal to "GA94" indicating a DVB1_data() structure as defined in clause B.2 of
the presentdocument.

e user_data_type code referenced by the DVB1 data() structureshall be set equal to"0x09" indicatinga
ST2094-10_data() structure asdefinedin clause 4 of ETSI TS 103 572 [50].

The following constraints shallapplyto the ST2094-10 data() structure ofthe "User data registered by a
Recommendation ITU-T T.35 [19] SEl message™ carrying SMPTEST 2094-10 [i.38] DMI:

e app_identifier shall be setequal to"1".
e app_versionshall be set equal to "0".
e  Thenumber of extension blocks with ext_block level set equalto 1" shallbe constrained to be equalto "1".

e  Thenumber of extensionblocks with ext block levelset equalto 2" shallbe constrained to be lessthanor
equalto"16".

e  Thenumber of extensionblocks with ext_block level set equalto "5" shallbe constrainedto be less thanor
equalto"1".
L.3.3.10.4.3 SL-HDR2 SEI message

Dynamic mappingaccordingto SL-HDR2 is specified in ETSI TS 103 433-2 [51] and provides a broadcaster with an
HDR-to-HDR/SDR reference display mapping methodto verify the intended result of the display mapping process. The
defined referencedisplay mapping method does not imply thatthe video signal will be mapped with thereference
display mapping method nor does it enforce implementation onthe IRD.

HEVC HDR Bitstreams using PQ10 may contain SEI messages carrying SL-HDR2 DMI.
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The SL-HDR2 DM is carried in the video elementary stream as Supplemental Enhancement Informationin HEVC's
"User dataregistered by Recommendation I TU-T T.35SEI message" syntactic element. The syntax and semantics of
SL-HDR2 DM are specified in annex Aof ETSI TS103 433-2[51].

NOTE1: Annex Aof ETSI TS103433-2 [51] refersto ETSI TS 103 433-1[i.40]in which the syntax and
semantics commonto SL-HDR1 and SL-HDR2 is specified. It also provides additional constraints to

SL-HDR2 DMI.

If the "User dataregistered by a Recommendation ITU-T T.35 [19] SEl message” carrying SL-HDR2 DMl is presentin
an HEVC HDR Bitstream using PQ10, the following constraints shallapply.

o Itshallbeaprefix SEI message (i.e. nal_unit_type shallbe equalto PREFIX_SEI_NUT).
e  Allconstraintsspecifiedin annex Aof ETSI TS 103 433-2 [ 51] shall apply.

e ltshallbetransmittedat least withevery HEVC IRAP as defined in Recommendation ITU-T H.265/
ISO/IEC 23008-2 [ 35] of the HEVC HDR Bitstreamusing PQ10.

NOTE 2: The persistenceof the SL-HDR2 DM I is controlled by two flags thatare included in the SEI message.
The DMI may apply tothe currentpicture only, until the next SL-HDR Information SEI message (or the

end of the bitstream), orit may be cancelled.

e Ifsrc_mdcv_info _present flagissetequalto"1"and the HEVC HDR Bitstream using PQ10 contains a
Mastering Display Colour Volume SEI message, the values for the corresponding syntax elements should be

identical.

L.3.3.10.4.4 SMPTE ST 2094-40 SEI message

SMPTE ST 2094-40[i.39] DMI provides and describes dynamic information about the video signal. The information
conveyedin the SEI message carrying SMPTE ST 2094-40[i.39] DM I is adequate for purposes corresponding to the
use of Society of Motion Picture and Television Engineers SMPTE ST 2094-1 [i.37]and SMPTE ST 2094-40[i.39].

HEVC HDR Bitstreams using PQ10 may contain SEI messages carrying SMPTE ST 2094 -40 [i.39] DMI.

The SMPTE ST 2094-40[i.39] DM is carried in the video elementary stream as Supplemental Enhancement
Information in HEVC's "User data registered by Recommendation I TU-T T.35 SEI message™ syntactic element. The
syntax of the SEI message carryingthe DMI basedon SMPTE ST 2094-40 [i.39] is specified in CTA861-H [52]
Clause S.2. The semantics of the SEI message carryingthe DMI basedon SMPTE ST 2094-40 [i.39] are specified in
CTAB861-H [52] Clause S.3. The additional constraints of Clause S.4 shallapply.

If the "User dataregistered by a Recommendation ITU-T T.35 [19] SEl message" carrying SMPTE ST 2094-40 [i.39]
DMl ispresentin an HEVC HDR Bitstream using PQ10, the following constraints shall apply.

o Itshallbeaprefix SEI message (i.e. nal_unit_type shallbe equalto PREFIX_SEI_NUT) sent once for every
access unitof the HEVC HDR Bitstream using PQ10.

e  The HEVC HDR Bitstreamusing PQ10 shall contain a Mastering Display Colour Volume SEI message as
specified inclausel.3.3.10.2.

L.3.3.11 Framerate

The frame rate may be indicated in the VUI by setting vui_time_scale, vui_num_units_in_tick syntaxelementsand, if
HEVC Temporal sub-layersare present, by setting elemental_duration_in_tc_minusl[temporal_id_max]in the

hrd_parameters().
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Annex N (informative):

Change History

Date Version Information about changes
cro [P DR SRRkt
- z aseline
January 1996 E(-jri?olnsi - MPEG-2 video coding
- MPEG-1 Layer Il audio coding
ETSI . P
Added 25 Hz SDTV IRD with a digital interface
October 1996 Egi’?iolnsg - intended for connection to a bitstream storage device (e.g. digital VCR)
September ETSI Extended yideo to 30 Hz frame rates and HDTV resolution (1 080i and 720p)
1997 ET_R_ 154 - Def!ned 15 Hz and 30 Hz IRDs
edition 3 - Defined SDTV and HDTV IRDs
Added optionof AC-3 audio and other enhancements
ETSI - Active Format Description (Annex B)
July 2000 TR 101 154 - Added AC-3 audio coding (Annex C)
v1i4.1 - Ancillary Data for MPEG audio (Annex D)
- Coding ofdatain private data bytes of the adaptation field (Annex E)
Added optionof DTS audio and receiver-mixed audio
May 2004 151 - Added DTS audio coding (Annex F)
- Receiver-mixed audio description (Annex G)
Added option of H.264/AVC video and HE-AAC audio coding
Janvier 2005 16.1 - Added H.264/AVC video codingin clause 5
- MPEG-4 HE AAC audio coding (Annex H)
Extended HE AAC to include HE AAC v2
June 2005 L.rl - MPEG-4 HE AAC and HE AAC v2 audio coding (Annex H)
Added optionof VC-1 video coding and other enhancements, re-organized document
- Added VC-1video coding in clause 5
- All audio coding movedto clause 6 ofthe main document (AC-3, DTS and
MPEG-4 HE AAC were previously in Annexes C, F and H respectively)
July 2007 181 - Annex B generalized to auxiliary datain video elementary streams
e - Annex C became ancillary datafor MPEG audio (previously inannex D)
- Annex D became coding of datain private data bytes of the adaptation field
(previously inannex E)
- Annex E became receiver-mixed audio description (previouslyin annex G)
- __Added annex Fon encoding to enabletrick mode play supportof H.264/AVC
Added option ofscalable video, supportfor full-HD resolution and other enhancements
- Added SVC video codingin clause 5
September 191 - Extended H.264/AVC video codingto Level 4.2
2009 " - Added MPEG Surround audio codingin clause 6
- Annex E generalized to supplementary audio services, including clean audio
- Added annex G on randomaccess pointconsiderations for SVC
June 2011 1101 Added optional support forframe-compat_ible 3Dvideo and othe_r enhancements
T - Added annex H on Frame Compatible Plano-Stereoscopic 3DTV
Added optional supportfor service-compatible 3D video and other enhancements
November 1111 - Added MVC stereoscopic video codingin clause 5
2012 T - Added DTS-HD coding inclause 6
- Added annex | on consideration for encoding MVC stereoscopic video
Added option of HEVC video coding and supportfor UltraHD video resolution
March 2015 211 - Added HEVC video codingin clause 5
- Defined HEVC HDTV and HEVC UHDTV IRDs
Added optionof channel-based AC-4 audio coding and HEVC coding of 3D video
June 2015 291 - Added channel-based AC-4 audio coding in clause 6 _ _
- Added annex J on service frame compatible plano-stereoscopic 3D with HEVC
coding
Added optional supportfor High Dynamic Range (HDR) and High Frame Rate (HFR)
video, and two options for coding Next Generation Audio
- Added HEVC HDR coding using HLG10and using PQ10in clause 5
February 2017 231 - Added HEVC HFR coding using single PID and using dual PID and temporal

scalability in clause 5
- Defined HDR UHDTV IRDs and HDR HFR UHDTV IRDs
- Added MPEG H audio codingin clause 6
- Added immersive and personalized AC-4 audio coding inclause 6
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Date

Version

Information about changes

February 2018

24.1

Added H.264/AVC and HEVC video conformance points for DVB-DASH:
- AnnexL contains H.264/AVC and HEVC video conformance pointsto be
referenced by ETSI TS 103 285 (DVB-DASH)
- Editorial modifications to remove the circular normative references between the
presentdocumentand ETSI EN 300 468

January 2019

251

Added DTS-UHD as additional audio coding standard for Next Generation Audio in
clause 6.9, added some clarifications for the HEVC related text, and added clarification
that the code pointsin Annex Bare owned by ATSC.

September
2019

26.1

Added the following modifications:
- HDR Dynamic Mapping supportfor broadcastand DVB-DASH (Annex L)
- Harmonization ofterms for HEVC HDR bitstreams in Annex L
- Constrainton position of HEVC SEI NAL units
- Clarifications for DTS-UHD

November
2021

27.1

Added the following modifications:
- Changeofreference from CTA 861-G to CTA 861-H for HDR Dynamic Mapping
- Editorial clarificationon HEVC HDR HDTYV Bitstreams
- Addition of HEVC HDR UHDTV2 IRDs and Bitstreams conformance points
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