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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunicdions, information and communication techngiles (ICTs).The ITU Telecommunication
Standardization Sector (I'FU) is a permanent organ of ITU. ITU is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunicatins on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU study groups which, in turn, produce Recommendations on these topics.

The approval of ITUT Recommendations is covered by the procedure laid down in WTSA Resdlution

In some areas of information technology which fall within ¥T\$ purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendiin, the expression "Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other
obligatory language such as "must" and the negative equisalenused to express requirements. The use of
such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practicemgriementation of this Recommendation may involve

the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or
applicability of claimed Intellectual Property Rights, whether asserted by ITU members oroutisénte of

the Recommendation development process.

As of the date of approval of this Recommendation, ITU had received notice of intellectual property, protected
by patents/software copyrights, which may be required to implement this Recommendation. tHoweve
implementers are cautioned that this may not represent the latest information and are therefore strongly urged
to consult the appropriate I'FU databases available via the FllUvebsite atttp://www.itu.int/ITU-T/ipr/.

a ITU 2021

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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Foreword

The International Telecommunication Union (ITU) is the United Nations specialized agency ifieltheof
telecommunications. The ITU Telecommunication Standardization SectofT)i T&Ja permanent organ of ITU. ITU

is responsible for studying technical, operating and tariff questions and issuing Recommendations on them with a view
to standardizingelecommunications on a worlgide basis. The World Telecommunication Standardization Assembly
(WTSA), which meets every four years, establishes the topics for study by the ditldy groups that, in turn, produce
Recommendations on these topics. The aygdrof ITU-T Recommendations is covered by the procedure laid down in
WTSA Resolution 1. In some areas of information technology that fall withirT'Eurview, the necessary standards

are prepared on a collaborative basis with ISO and IEC.

ISO (the Inérnational Organization for Standardization) and IEC (the International Electrotechnical Commission) form
the specialized system for wonldde standardization. National Bodies that are members of ISO and IEC participate in
the development of Internation8tandards through technical committees established by the respective organization to
deal with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest.
Other international organizations, governtaand norgovernmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC
Draft International Standards adopted by the joint techmioaimittee are circulated to national bodies for voting.
Publication as an International Standard requires approval by at least 75% of the national bodies casting a vote.

This RecommendatiofinternationalStandard was prepared jointly by HTUSG16 Quegion 6/16, also known as

VCEG (Video Coding Experts Group), and twe working groups ofSO/IEC JTC1/SC29 known as MPEG (Moving

Picture Experts Group). VCEG was formed in 1997 to maintain priorTMitleo coding standards and develop new

video coding &ndard(s) appropriate for a wide range of conversational andamersational services. MPEG was

formed in 1988 to establish standards for coding of moving pictures and associated audio for various applications such as
digital storage media, distributipand communication.

In this RecommendatigrinternationalStandard AnnexeA throughl contain normative requirements and are an integral
part of this RecommendatiginternationalStandard.
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Recommendation ITUT H.265

High efficiency video coding

0 Introduction

0.1 General

This clause and its subclauses do not form an integral part of this Recdiation| InternationalStandard.

0.2 Prologue

As the costs for both processing power and memory have reduced, network support for coded video data has diversified,
and advances in video coding technology have progressed, the need has arisen for antartiiestdyfer compressed

video representation with substantially increased coding efficiency and enhanced robustness to network environments.
Toward these ends the I1TU Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group
(MPEG) famed a Joint Collaborative Team on Video Coding (/) in 2010and a Joint Collaborative Team on 3D

Video Coding Extension Development (J3V) in 2012 for development of a new
RecommendatiohinternationalStandard. This RecommendatidnternationalStandard was developed in the JCT

and the JCT3V until 2020, when the responsibility for further maintenance and enhancement of the standard was
transferred to another joint collaborative team of the same organizations called the Joint Video Expe(dyEéa

0.3 Purpose

This RecommendatiofinternationalStandard was developed in response to the growing need for higher compression of
moving pictures for various applications such as videoconferencing, digital storage media, television broadcaséhg, inter
streaming, and communications. It is also designed to enable the use of the coded video representation in a flexible manner
for a wide variety of network environments as well as to enable the use ofcoraltparallel encoding and decoding
devices. Tk use of this Recommendation | International Standard allows motion video to be manipulated as a form of
computer data and to be stored on various storage media, transmitted and received over existing and future networks and
distributed on existing and fute broadcasting channels. Supports fighér bit depths and enhanced chroma formats,
including the use of fultesolution chroma are provide8Support for scalability enables video transmis@ometworks

with varying transmission conditions and otheersarios involving multiple bit rate services. Support for multiview
enables representation of video content with multiple camera views and optional auxiliary inforSwpiport for3D

enables jointepresentationf video contenaind depthnformation wth multiple camera views

0.4 Applications

This RecommendatiofinternationalStandard is designed to cover a broad range of applications for video content
including but not limited to the following:

Broadcast (cable TV on optical networks / coppatellite, terrestrial, etc.)
Camcorders

Content production and distribution

Digital cinema

Home cinema

Internet streaming, download and play

Medical imaging

Mobile streaming, broadcast and communications

Realtime conversational servicégdeoconferencing, videophone, telepresence, etc.)
Remote video surveillance

Storage media (optical disks, digital video tape recorder, etc.)

= -4 -4 -4 -2 a2 _a _a2 _a -2 -2 -2

Wireless display
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0.5 Publication and versions of this Specification

This Specification has been jointly developedBy-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving
Picture Experts Group (MPEG). It is published as techniadifjned twin text in both ITUr and ISO/IEC. As the basis
text has been drafted to become both an-TTBecommendation and an ISO@Hnternational Standard, the term
"Specification" (with capitalization to indicate that it refers to the whole of the text) is used herein when the text refers
itself.

Rec ITU-T H.265 | ISO/IEC 23008 version 1 refers to the first approved versiothesf Recommendation | International
StandardThe first edition published bffU-T as Rec. ITUT H.265 (04/2013) and BB O/IEC as ISO/IEC 230608:2013
corresponded to the first version.

Rec ITU-T H.265 | ISO/IEC 23002 version 2 refers to the integrdtéext additionally containing format range
extensions, scalability extensions, multiview extensions, additional supplement enhancement information, and corrections
to various minor defects in the prior content of Specification.The second edition pubhed bylITU-T as Rec. H.265
(10/2014) and bySO/IEC as ISO/IEC 23008:2015 corresponded to the second version.

Rec. ITUT H.265 | ISO/IEC 23002 version 3 refers to the integrated texiditionally containing 3D extensions,
additional supplement enhamroent information, and corrections to various minor defects in the prior content of the
Specification.The third edition published by ITU as Rec. H.265 (04/2015) corresponded to the third version.

Rec. ITUT H.265 | ISO/IEC 23008 version 4 refers to ¢hintegrated texadditionallycontaining screen content coding
extensionsprofiles scalable range extensions profiles, additional high throughput proéitiditional supplement
enhancement informatioadditional colour representation identifiemsd corrections to various minor defects in the prior
content of theSpecification.The fourth edition published by ITU as Rec. H.265 (12/201&hd by ISO/IEC as ISO/IEC
230082:2017corresponded to the folrtersion.

Rec. ITUT H.265 | ISO/IEC 230082 version 5 refers to the integrated text additionally contagmidifional SEI messag
that includeomnidirectional video SEI messagasvionochrome 10 profile, a Main 10 Still Picture profded corrections
to various minor defects in the prior content of the Specificafitw.fifth edition published by ITUI as Rec. H.265
(02/2018) corresponded to tHdth version.

Rec. ITUT H.265 | ISO/IEC 230082 versiorb refers to the integrated text additionally taining additional SEI messages
for SEI manifest and SEI prefix, along with some corrections to the existing specificatiorhtesikth edition published
by ITU-T as Rec. H.265 @2019) corresponded to thsxth version.

Rec. ITUT H.265 | ISO/IEC 232 version7 refers to the integrated text additionally containihg fisheyevideo
informationSEI message and thanotated regionSEl messagealong with some corrections to the existing specification
text Theseventhedition published by ITUl as Rec. H.2651(/2019) corresponded to theeventhversion.

Rec.ITU-T H.265 | ISO/IEC 23008 version8 (the current versiomefers to the integrated text additionally containing
theshutter interval information SEI messag®ng with some corrections to the existing specification text

0.6 Profiles, tiers and levels

This RecommendatiofinternationalStandard is designed to be generic in the sense that it serves a wide range of
applications, bit rates, resolutiorggjalities and services. Applications should cover, among other things, digital storage
media, television broadcasting and fiiade communications. In the course of creating this Specification, various
requirements from typical applications have been deaned, necessary algorithmic elements have been developed, and
these have been integrated into a single syntax. Hence, this Specification will facilitate video data interchange among
different applications.

Considering the practicality of implementing faé syntax of this Specification, however, a limited humber of subsets of

the syntax are also stipulated by means of "profiles”, "tiers" and "levels". These and other related terms are forewlly defin
in clauses.

A "profile" is a subset of the entire bitstream syntax that is specified in this RecommehtdgamationalStandard.

Within the bounds imposed by the syntax of a given prdtfils still possible to require a very large variation in the
performance of encoders and decoders depending upon the values taken by syntax elements in the bitstream such as th
specified size of the decoded pictures. In many applications, it is cymeitther practical nor econonaido implement

a decoder capable of dealing with all hypothetical uses of the syntax within a particular profile.

In order to deal with this problem, "tiers" and "levels" are specified within each profile. A level ofsadtispecified set

of constraints imposed on values of the syntax elements in the bitstream. These constraints may be simple limits on values.
Alternatively they may take the form of constraints on arithmetic combinations of values (e.g., picture igtiednioy

picture height multiplied by number of pictures decoded per second). A level specified for a lower tier is more constrained
than a level specified for a higher tier.
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Coded video content conforming to this RecommendafioternationalStandarduses a common syntax. In order to
achieve a subset of the complete syntax, flags, parameters and other syntax elements are included in the hitstream tha
signal the presence or absence of syntactic elements that occur later in the bitstream.

0.7 Overview of the design characteristics

The coded representation specified in the syntax is designed to enable a high compression capability for a desired image
or video quality. The algorithm is typically not lossless, as the exact source sample values are typipatiyenoed

through the encoding and decoding processes. A number of techniques may be used to achieve highly efficient
compression. Encoding algorithms (not specified in this RecommendaitenmationalStandard) may select between

inter and intra codig for blockshaped regions of each picture. Inter coding uses motion vectors forhialeef inter
prediction to exploit temporal statistical dependencies between different pictures. Intra coding uses various spatial
prediction modes to exploit spatiabsistical dependencies in the source signal for a single picture. Motion vectors and
intra prediction modes may be specified for a variety of block sizes in the picture. The prediction residual may then be
further compressed using a transform to removéiadpeorrelation inside the transform block before it is quantized,
producing a possibly irreversible process that typically discards less important visual information while forming a close
approximation to the source samples. Finally, the motion veatanza prediction modesmay also be further compressed

using a variety of prediction mechanisms, and, after predici@ncombined with the quantized transform coefficient
information and encoded using arithmetic coding.

0.8 How to read this Specification

It is suggested that the reader starts with claSeop and moves orotclaused (Definitions). Clauses should be read

for the geometrical relationship of the source, input artgud of the decoder. Claugé€Syntax and semanticspecifies

the orderto parse syntax elements from the bitstream. See cl@au$&s3 for syntactical order and see clausé for

semantics; e.g., the scope, restrictions and conditions that are imposed on the syntax elements. The actual parsing for mos
syntax elements is specified in cla@@arsing proce3sClausel0 (Subbitstream extraction processpecifies the sub

bitstream extraction process. Finally, claBs@ecoding procedsspecifies how the syntax elements are mapped into
decoded samples. Throughout reading this Specification, the reader should refer ta2qlbosesmtive referencgs4
(Abbreviation3, and5 (Conventionyas needed. Annexésthrough | also form an integral part of this Recommendation

| International Standard.

AnnexA specifies profiles each being tailored to certain application domains, and defines#leddiers and levels of

the profiles. AnnexB specifes syntax and semantics of a byte stream format for delivery of coded video as an ordered
stream of bytes. AnneR specifies the hypothetical refeiee decoder, bitstream conformance, decoder conformance and
the use of the hypothetical reference decoder to check bitstream and decoder conformand2 spaoifies syntax and
semantics for supplemental enhancement information message payloadsEApeeiies syntax and semantics of the
video usability information parameters of the sequence parameter set. Aspegifies general multayer support for
bitstreams and decoders. Ann@xcontains support for nitiview coding. AnnexH contains support for scalability.
Annex| contans support for 3D coding.

Throughout this Specification, statements appearing with the preamble "NGiF& informative and are not an integral
part of this Recommendation | International Standard.

1 Scope

This RecommendatiofinternationalStandard spefies high efficiency video coding.

2 Normative references

2.1 General

The following Recommendations and International Standards contain provisions which, through reference in this text,
constitute provisions of this RecommendatitmternationalStandard. At th time of publication, the editions indicated

were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
RecommendatiohinternationalStandard are encouraged to investigate the possibility of apphgngdst recent edition

of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently valid
International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently valid
ITU-T Recommendations.
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2.2 Identical Recommendationg International Standards

T None

2.3 Paired Recommendationg International Standards equivalent in technical content
T None

2.4 Additional references

I Recommendation ITOI T.35 (in force),Procedure for the allocation of ITU defined codes for
non-standard facilities

T ISO/IEC 10646: in forcdnformation technology Universal Coded Character Set (UCS)

T ISO/IEC 11578: in forcdnformation technologi Open Systems InterconnectioRemote Procedure Call
(RPC)

T 1SO 116641: in force,Colorimetryi Part 1: CIE standard colorimetric observers

T 1SO 12232: in forcePhotographyi Digital still camerasi Determination of exposure index, ISO speed
ratings, standard output sensitivity, and recommended exposure index

T IETF RFC 1321 (in force)flhe MD5 MessagBigest Algorithm
I IETF RFC 5646 (in force)lags for Identifying Languages.

T ISO/IEC 2300111 (in force),Information Technology MPEG Systemtechnologies Part 11: Energy
efficient media consumption (green metadata).

3 Definitions
For the purposes of this RecommendatibrternationalStandard, the following definitions apply:

3.1 access unit A set ofNAL unitsthat are associated with each other according to a specified classification rule,
are consecutive idecoding orderand contain exactly orended picturavith nuh_layer_id equal to 0.

NOTE17 In addition to contaiing thevideo coding layer\(CL) NAL units of the coded picture with nuh_layer_id
equal to 0, an access unit may also contain\i@h NAL units. The decoding of an access unit with the decoding
process specified in clauBalways results in a decoded picture with nuh_layer_id equal to 0.

NOTE 27 An access unit is defined differently in Ann€and does not need to contain a coded picture with
nuh_layer_id equal to 0.

3.2 AC transform coefficient: Any transform coefficientor which thefrequency indein at least one of the two
dimensions is noazero.

3.3 associated IRAP picture The previousRAP picturein decoding ordefwhen present).

3.4 associated nofVCL NAL unit : A nonVCL NAL unit(when present) for ¥#CL NAL unitwhere the/CL NAL
unitis theassociated VCL NAL unif thenonVCL NAL unit

35 associated VCL NAL unit The preceding/CL NAL unitin decoding orderfor a nonVCL NAL unitwith
nal_unit_type equal to EOS_NUT, EOB_NUT, FD_NUT or SUFFIX_SEI_NUT, or in the ranges of
RSV_NVCL45..RY_NVCL47 or UNSPEC56..UNSPECG63; or otherwise the n&L NAL unitin decoding
order.

3.6 azimuth circle: A circle on a sphere connecting all points with the same azimuth value
NOTET An azimuth circle is always great circlelike a longitude line on the earth

3.7 base layer A layerin which allNAL unitshave nuhlayer_id equal to 0
3.8 bin: One bit of ain string
3.9 binarization: A set ofbin stringsfor all possible values of syntax element

3.10 binarization process A unique mappig process of all possible values ofymtax elemernto a set obin
strings

3.11 bin string: An intermediate binary representation of valuesyotax elemenfsom thebinarizationof thesyntax
element

3.12 bi-predictive (B) slice A slicethatis decoded usingtra predictionor usinginter predictionwith at most two
motion vectorandreference indiceto predictthe sample values of eablock
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3.13

3.14
3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22
3.23

3.24

3.25

3.26
3.27

3.28
3.29

3.30

bitstream: A sequence of bits, in the form ofNBAL unit streanor abyte streamthat forms the repsentation
of codedpicturesand associated data forming one or naéed video sequencéSVSs.

block: An MxN (M-column by Nrow) array of samples, or an MxN arraytEnsform coefficients

broken link: A location in abitstreamat which it is indicatd that some subsequgmtturesin decoding order
may contain serious visual artefacts due to unspecified operations performed in the generatiotstbtoa

broken link access (BLA) access uritAn access uniin which thecoded picturavith nuh_layer_id equal t0
is aBLA picture

broken link access (BLA) picture An IRAP picturefor which eachvCL NAL unithas nal_unit_type equal to

BLA W_LP, BLA_W_RADL, or BLA_N_LP.
NOTET A BLA picture doesnot refer to any pictures other than ifder inter prediction in its decoding processd
may be the first picture in the bitstream in decoding order, or may appear later in the bitstream. Each BLA picture
begins a new CVS, and has the same effect on the decoding procesststameous deding refreshIDR) picture.
However, a BLA picture contains syntax elements that specify ®mmty RPS. When a BLA picture for which each
VCL NAL unit has nal_unit_type equal to BLA_W_LP, it may have assocratetbm access skipped leadiRASL)
pictures, which are not output by the decoder and may not be decodable, as they may contain references to pictures that
are not present in the bitstream. When a BLA picture for which each VCL NAL unit has nal_unit_type equal to
BLA_W_LP, it may also have assated RADL pictures, which are specified to be decoded. When a BLA picture for
which each VCL NAL unit has nal_unit_type equal to BLA_W_RADL, it does not have associated RASL pictures but
may have associatedndom access decodalading RADL) pictures.When a BLA picture for which each VCL
NAL unit has nal_unit_type equal to BLA_N_LP, it does not have any associated leading pictures.

buffering period: The set ohccess unitstarting with araccess unithat contains a buffering perisdplemental
enhamcement information§EIl) message and containing all subseqaexntss unitéh decoding ordeup to but
not including the nexaccess unifwhen present) that contains a buffering period SEI message.

byte: A sequence of 8 bits, within which, when written or read as a sequence of bit tadukeftmost and
right-most bits represent the most and least significant bits, respectively

byte-aligned: A position in abitstreamis byte-alignedwhen the positiois an integer multiple of 8 bits from
the position of the first bit in thieitstream and a bit obyteor syntax elemeris said to be bytaligned when
the position at which it appears ifbistreamis bytealigned.

byte stream An encapsulation of BAL unit streancontainingstart code prefixeandNAL unitsas specified
in AnnexB.

can: A term used to refer to behaviour that is allowed, btihecessarily required

chroma: An adjective, represented by the symbols Cb and Cr, specifying that a sample array or single sample is
representing one of the two colour difference signals related to the primary colours.

NOTET The term chroma is used rattthan the term chrominance in order to avoid the implication of the use of linear
light transfer characteristics that is often associated with the term chrominance.

cleanrandom accessCRA) access unit An access uniin which thecoded picturavith nuh_layer_id equal to
0 is aCRA picture

cleanrandom accessCRA) picture: An IRAP picturefor which eachVCL NAL unithas nal_unit_type equal

to CRA_NUT.
NOTET A CRA picturedoesnot refer to any pictures other than itself for inter predictidtsidecoding procesand
may be the first picture in the bitstream in decoding order, or may appear later in the bitstream. A CRA picture may
have associated RADL or RASL picturéss with a BLA picture, a CRA picture may contain syntax elements that
speify a nonempty RPSWhen a CRA picture has NoRaslOutputFlag equal to 1, the associated RASL pictures are
not output by the decoder, because they may not be decodable, as they may contain references to pictures that are not
present in the bitstream.

codedpicture: A coded representatioof apicture containing allCTUs of thepicture

coded picture buffer (CPB} A first-in first-out buffer containinglecoding unité$n decoding ordespecified in
thehypothetical reference decoderAnnexC.

coded representation A data element as represented in its coded form.

coded slice segmenNAL unit: A NAL unitthat has nal_unit_type in the range of TRAIL_N to RASL_R,
inclusive, or in the range LA _W_LP to RSV_IRAP_VCL23, inclusive, which indicates that thaL unit
contains a codeslice segment

coded layerwise video sequence (CLVSA sequencef picturesand theassociated notVCL NAL unitsof
thebase layeof acoded video sequen¢@Vvs.
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3.31

3.32

3.33

3.34

3.35

3.36

3.37

3.38

3.39

3.40

3.41
3.42

3.43

3.44

3.45

3.46

3.47

3.48

3.49

3.50

coded video sequence (CVSA sequence ofccess unitshat consists, ilecoding orderof anIRAP access

unit with NoRaslOutputFlag equal to 1, followbg zero or moreccesaunits that are notRAP access units

with NoRaslOutputFlag equal to 1, including all subseqaeoéss unitsip to but not including any subsequent

access unithat is anRAP access univith NoRaslOutputFlag equal to 1.
NOTET An IRAP access unit may be an IDR access unit, a BLA access unit, or a CRA access unit. The value of
NoRaslOutputFlag is equal to 1 for each IDR access unit, each BLA access unit, and each CRA access Uit that is t
first access unit in the bitstream in decoding order, is the first access unit that follows an end of sequence NAL unit in
decoding order, or has HandleCraAsBlaFlag equal to 1.

coded video sequence group (CVSGPDne or more consecutiveVSsin decodingorder that collectively
consist of anlRAP access unihat activateavideo parameter s€¢/PS) RBSP firstVpsRbsp that was not already
active followed by all subsequeatcess unitan decoding orderfor which firstVpsRbsp is the active VRP&v
byte sguence payloadRBSP up to the end of thieitstreamor up to but excluding th&ccess unithat activates

a different VPS RBSP than firstVpsRbsp, whichever is earlideaoding order

coding block An NxN blockof samples for some value of N such tlinat division of &CTBinto coding blocks
is apartitioning.

coding tree block(CTB): An NxN blockof samples for some value of N such that the divisionaaimaponent
into CTBsis apatrtitioning.

coding tree unit(CTU): A CTBof lumasamples, two correspondi@l Bs of chromasamples of picturethat
has three sample arrays, o€&B of samples of a monochronpécture or apicturethat is coded using three
separate colour planes asyhtax structuressed to code the samples.

coding wnit: A coding blockof lumasamples, two correspondiigding blockf chromasamples of gicture
that has three sample arrays, aroaling blockof samples of a monochronpécture or apicture that is coded
using three separate colour planes syrtax structuressed to code the samples.

component An array or single sample from one of the three arrlysagand twochromg that compose a
picturein 4:2:0, 4:2:2, or 4:4:4 colour format or thgay or a single sample of the array that compgsetare
in monochrome format

constituent picture: A part of a spatiallframe-packed stereoscopjicturethat corresponds to one view, or a
pictureitself whenframepacking is not in use or the tempbinterleavingramepacking arrangement is in use

context variable: A variable specified for thadaptive binary arithmetic decodingrocessof a bin by an
equation containing recenttiecodedins

cropped decoded picture The result of cropping@ecoded picturbased on the conformance cropping window
specified in thesequence parameter §8PJ that is referred to by the correspondewgled picture

decoded picture A decoded picturés derived by decoding@oded picture

decoded picture buffer(DPB): A buffer holdingdecoded picturefor reference, output reordering, or output
delay specified for thhypothetical reference decodarAnnexC.

decoder An embodiment of decoding process

decoder under test (DUT) A decoderthat is tested for conformance to this Specification by operating the
hypothetical stream schedul@rdeliver a conformingitstreamto thedecoderand to theénypotheical reference
decoderand comparing the values and timing or order of the output of thddeaxlers

decoding order. The order in whiclsyntax element@re processed by thikecoding process

decoding processThe process specified in this Specification that redistaeamand deriveslecodedictures
from it.

decoding unit An access uniif SubPicHrdFlag is equal to O or a subset ohatess unibtherwise, consisting
of one or mor&/CL NAL unitdn anaccess uniaind theassociated notvCL NAL units

dependent slice segmentA slice segmenfior which the values of somsy/ntax elementsf the slice segment
headerare inferred from the values for the precedmdgpendent slice segmentdecoding order

display process A process not specified in this Specification having, as its inputrtiped decoded pictures
that are the output of theecoding process.

elementary stream A sequence of one or mdbéstreams

NOTET An elementary stream that consiefdwo or more bitstreams would typically have been formed by splicing
together two or more bitstreams (or parts thereof).
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3.51 elevation circle A circle on a sphere connecting all points with the same elevation value
NOTET An elevation circle isimilar to a lattitude line on the earth. Except when the elevation value is mero, a
elevation circle is not great circlelike a longitude circle on the earth

3.52 emulation prevention byte A byteequal to 0x03 that is present withilNAL unitwhen thesyntax elementef
thebitstreamform certain patterns diytevalues in a manner that ensures that no sequence of consbgtaive
alignedbytesin theNAL unitcan contain atart code prefix

3.53 encoder An embodiment of aencoding process

3.54 encoding processA process not specified in this Specification that produdsissaeamconforming to this
Specification.

3.55 field: An assembly of alternative rows of samples e
3.56 filler data NAL units : NAL unitswith nal_unit_type equal to FD_NUT.
3.57 flag: A variable or singlébit syntax elemerthat can take one of the two possible values: 0 and 1.

3.58 frame: The composition of a tofield and a bottonfield, where sample rows 0, 2, 4, ... originate from the top
field and sample rows 1, 3, 5, ... originatenfrthe bottondield.

3.59 frequency index A onedimensional or twalimensional index associated wittiransform coefficienprior to
the application o&transformin thedecoding process.

3.60 global coordinate axes Thecoordinate axes associated watmnidirectonal videothat are associated with an
externally referenceable position and orientation

NOTET The global coordinate axes may correspondht position and orientation of a device or rig used for
omnidirectional audio/video acquisition as well as the position of an observer's head in tioéntlerestonal space of
theomnidirectional videeenderingenvironment.

3.61 great circle: Theintersectiorof a sphere and a plane that passes through the centre point of the sphere
NOTET A great circle is also known as an orthodrome or Riemannian.circle

3.62 hypothetical reference decoder (HRD) A hypotheticaldecodermodel that specifies constraints on the
variability of conformingNAL unit streamsr conformingbyte streamghat an encoding process may produce.

3.63 hypothetical stream scheduler (HSS)A hypothetical delivery mechanism used for checking the conformance
of a bitstreamor a decoderwith regards to th timing and data flow of the input of latstreaminto the
hypothetical reference decoder

3.64 independent slice segmentA slice segmenfor which the values of theyntax elementsf the slice segment
headerare not inferred from the values for a precedilice segment

3.65 informative : A term used to refer to content provided in this Specification that does not establish any mandatory
requirements for conformance to this Specification and thus is not consideréctegral part of this
Specification.

3.66 instantaneous decoding refresh(IDR) access unit An access unitin which the coded picturewith

nuh_layer_id equal to O is 4DR picture

3.67 instantaneous decoding refresh (IDR) picture An IRAP picture for which eab VCL NAL unit has
nal_unit_type equal to IDR_W_RADL or IDR_N_LP.

NOTET An IDR picturedoesnot refer to any pictures other than itself for inter prediction in its decoding pracess
may be the first picture in the bitstream in decoding order, or pgaa later in the bitstream. Each IDR picture is the
first picture of a CVS in decoding order. When an IDR picture for which each VCL NAL unit has nal_unit_type equal
to IDR_W_RADL, it may have associated RADL pictures. When an IDR picture for whichv&IctNAL unit has
nal_unit_type equal to IDR_N_LP, it does not have any associated leading pictures. An IDR picture does not have
associated RASL pictures.

3.68 inter coding: Coding of acodingblock slice, or picturethat usesnter prediction

3.69 inter prediction: A predictionderived in a manner that is dependent on data elements (e.g., sample values or
motion vectors) obne or moreeferencepictures

NOTET A prediction from a reference picture that is the current picture itself is alsgiatiction.
3.70 intra coding: Coding of acodingblock, slice or picturethat usesntra prediction

3.71 intra prediction : A predictionderived from only data elements (e.g., sample values) of the same dsloeled
without referring to aeference picture
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3.72

3.73

3.74
3.75

3.76

3.77

3.78

3.79
3.80

3.81

3.82

3.83

3.84
3.85

3.86

3.87

3.88

3.89

3.90

intra random access point (IRAP) access unifAn access uniin which thecoded picturewith nuh_layer_id
equal to 0 is afRAP picture

intra random access point (IRAP) picture A codedpicturefor which eachVCL NAL unithas nal_unit_type

in the range oBLA_W_LPto RSV_IRAP_VCL23, inclusive.
NOTET An IRAP picturedoesnot refer to any pictures other than itself for inter prediction in its decoding process
and may be a BLA picture, a CRA picture or an IDR picture. Tisegicture in the bitstream in decoding order must
be an IRAP picture. Provided the necessary parameter sets are available when they need to be activated, the IRAP
picture and all subsequent RBASL pictures in decoding order can be correctly decodddowt performing the
decoding process of any pictures that precede the IRAP picture in decoding order. There may be pictures in a bitstream
thatdo not refer to any pictures other than itself for inter prediction in its decoding ptbe¢sse not IRAP iptures.

intra (1) slice: A slicethat is decoded usirigtra predictiononly.

layer: A set ofVCL NAL unitghat all have a particular value of nuh_layer_id anchisaciated noivCL NAL

units, or one of a set of syntactical structures havihgeearchical relationship.
NOTET Depending on the context, either the first layer concept or the second layer concept applies. The first layer
concept is also referred to as a scalable layer, wherein a layer may be a spatial scalable layer, a ghkditgysrala
view, etc. A temporal true subset of a scalable layer is not referred to as a layer but referred téegea@URMpOral
sublayer. The second layer concept is also referred to as a coding layer, wherein higher layers contain teyver laye
and the coding layers are the C\t&ture slice,slice segmenandCTU layers

layer identifier list: A list of nuh_layer_id values that is associated witayar setor anoperation pointand
can be used as an input to Hulbitstream extractioprocess

layer set A set oflayersrepresented within bitstreamcreated from anothdritstreamby operation of theub
bitstream extraction procesgth the anothebitstream the target highest Temporalld equal to 6, and the target
layer identifier Istequal to thdayer identifier listassociated with the layer set as inputs.

leading picture: A picturethat precedes thessociatedRAP picturein output order
leaf: A terminating node of a tree that is a root node of a tree of depth O.

level: A defined set of constraints on the values that may be taken lsyiax elementand variables of this
Specification, or the value oftensform coefficienprior toscaling

NOTET The same set of levels is defined for all profiles, with most aspette afefinition of each level being in
common across different profiles. Individual implementations may, within the specified constraints, support a different
level for each supported profile.

list O (list 1) motion vector. A motion vectorassociated with eeference indepointing intoreference picture
list O (list 1).

list O (list 1) prediction: Inter predictionof the content of aliceusing areference indepointing intoreference
picture list O(list 1).

local coordinate axes The coordinate axes hang a specified rotation relationship relative to tiebal
coordinate axes

long-term reference picture A picturethat is marked as "used for lotgrm reference”.

long-term reference picture set The tworeference picture seRP9 lists that may contain lontgrm reference
pictures.

luma: An adjective, represented by the symbol or subscript Y or L, specifying that a sample array or single
sample is representing the monochrome signal related to the primary colours.

NOTET The term ima is used rather than the term luminance in order to avoid the implication of the use of linear
light transfer characteristics that is often associated with the term luminance. The symbol L is sometimes used instead
of the symbol Y to avoid confusion Withe symbol y as used for vertical location.

may: A term that is used to refer to behaviour that is allowed, but not necessarily required
NOTET In some places where the optional nature of the described behaviour is intended to be emphasized, the phrase
"may or may not" is used to provide emphasis.

motion vector. A two-dimensional vector used forter predictionthat provides an offset from the coordinates
in thedecoded picturéo the coordinates inr&ference picture

must: A term that is used in exggsing an observation about a requirement or an implication of a requirement
that is specified elsewhere in this Specification (used exclusivelyimf@mativecontext).

network abstraction layer (NAL) unit: A syntax structureontaining an indicationfdhe type of data to follow
andbytescontaining that data in the form af RBSPnterspersed as necessary vathulation prevention bytes

Rec. ITU-T H.265 v8 (08/2021)



3.91
3.92
3.93

3.94
3.95
3.96

3.97

3.98

3.99

3.100

3.101

3.102
3.103

3.104

3.105

3.106

3.107
3.108
3.109

3.110

3.111

3.112

3.113
3.114

network abstraction layer (NAL) unit stream: A sequence dlAL units
non-scalablenested SEI messagéAn SEImessage that is not contained in a scalable nesting SEI message.

non-reference picture A picturethat is marked as "unused for reference".

NOTET A nonreference picture contains samples that cannot be used for inter prediction in the demdisg of
subsequent pictures in decoding order. In other words, once a picture is marked as "unused for reference”, it can never
be marked back as "used for reference".

non-VCL NAL unit : A NAL unitthat is not &/ CL NAL unit
note: A term that is used tprefix informativeremarks (used exclusively in aformativecontext).

omnidirectional video: A video content in a format that enables rendering accotdirtbe user's viewing
orientation, e.g., if viewed using a heambunted device, or according taiser's desirediewport reflecting a
potentially rotated viewing position

operation point: A bitstreamcreated from anothdsitstreamby operation of thesubbitstream extraction
processwith the anothebitstream a target highest Temporalld, and a tatgger identifier listas inputs.

NOTET If the target highest Temporalld of an operation point is equal to the greatest value of Temporalld in the layer
set associated with the target layer identification I, dperation point is identical to the layer set. Otherwise it is a
subset of the layer set.

output order: The order in which theéecodedpicturesare output from thelecoded picture buffeffor the
decoded picturethat are to be output from tldecoded fzture buffe).

output time: A time when alecodedictureis to be output as specified by thgpothetical reference decoder
(HRD) according to the output timindecoded picture buffdDPB) operation.

packed region A region in aregionwise packed picte that is mapped to projected regioraccording to a
regionwise packing

parameter: A syntax elementf avideo parameter s¢VYP9, sequence parameter $8P3J or picture parameter
set(PP9, or the second word of the defined teqoantization parameter

partitioning : The division of a set into subsets such that each element of the set is in exactly one of the subsets.

picture: An array oflumasamples in monochrome format or an arrajuofasamples and two corresponding
arrays ofchromasamples in 4:2:0, 4:2:2, and 4:4:4 colour format.

NOTET A picture may be either a frame or a field. However, in one CVS, either all pictures are frames or all pictures
are fields.

picture parameter set (PPS)A syntax structureontainingsyntax elementhat apply to zero or more entire
coded picturess determined by syntax elemerfbund in eactslice segment header.

picture order count (POC): A variable that is associated with egiibture, uniquely identifies the associated
pictureamong allpicturesin theCVS and, when the associateidtureis to be output from theéecoded picture
buffer, indicates the position of the associgbedurein output orderrelative to theoutput ordempostions of the
otherpicturesin the same&CVSthat are to be output from tldecoded picture buffer

picture unit: A set ofNAL unitsthat contain alVCL NAL unitf acoded pictureand theirassociated noivVCL
NAL units

prediction: An embodiment of thprediction process
prediction block: A rectangular MxNolock of samples on which the sampeedictionis applied.

prediction process The use of gredictorto provide an estimate of the data element (e.g., sample value or
motion vector) currently being deded.

prediction unit: A prediction blockof lumasamples, two correspondipgediction blockof chromasamples
of apicturethat has three sample arrays, @rediction blockof samples of a monochrompécture or apicture
that is coded using three separate colour planesyamalx structuregsed to predict therediction blocksamples.

predictive (P) slice A slicethatis decoded usingntra predictionor usinginter predictionwith at most one
motion vectoandreferene indexto predictthe sample values of eablock

predictor: A combination of specified values or previously decoded data elements (e.g., sample value or motion
vector) used in thdecoding processf subsequent data elements.

prefix SEI messageAn SEImessage¢hat is contained in prefix SEI NAL unit
prefix SEI NAL unit : An SEI NAL unithat has nal_unit_type equal to PREFIX_SEI_NUT.
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profile: A specified subset of the syntax of this Specification.
projected picture: A picture thatuses grojectionformatfor omnidirectional video

projected region: A region in aprojected picturaghat is mapped to packed regioraccording to aegionwise
packing

projection: A specifiedcorrespondence between the colour samplespbjcted pictureand azimuth and
elevation positions on a sphere

pulse code modulation (PCM) Coding of the samples ofldock by directly representing the sample values
without predictionor application ofa transform

quadtree: A treein which a parent node can be split into four child nodes, each of which may become parent
node for another split into four child nodes.

guantization parameter: A variable used by thdecoding proces®r scalingof transform coefficient levels

random access The act of starting the decoding process fbitstreamat a point other than the beginning of
the stream.

random access decodable leading (RADL) access unin access uniin which thecoded picturewith
nuh_layer_id equal to O isRADL picture

random access decodable leading (RADL) pictureA coded picturefor which eachVCL NAL unithas
nal_unit_type equal to RADL_R or RADL_N.
NOTET All RADL pictures are leading pictures. RADL pictures are not used as reference pictures for the decoding
proces of trailing pictures of the same associated IRAP picture. When present, all RADL pictures precede, in decoding
order, all trailing pictures of the same associated IRAP picture.

random access skipped leading (RASL) access unifn access unitin which the coded picturewith
nuh_layer_id equal to 0 isRASL picture.

random access skipped leading (RASL) pictureA coded picturefor which eachVCL NAL unithas
nal_unit_type equal to RASL_R or RASL_N.
NOTET All RASL pictures are leading pictures of an asated BLA or CRA picture. When the associated IRAP
picture has NoRaslOutputFlag equal to 1, the RASL picture is not output and may not be correctly decodable, as the
RASL picture may contain references to pictures that are not present in the bitstreanpiBA®Ris are not used as
reference pictures for the decoding process ofRABL pictures. When present, all RASL pictures precede, in
decoding order, all trailing pictures of the same associated IRAP picture.

raster scan A mapping of a rectangular tadimensional pattern to a ommensional pattern such that the first
entries in the ondimensional pattern are from the first top row of the-thrensional pattern scanned from
left to right, followed similarly by the second, third, etc., rows of theepatfgoing down) each scanned from
left to right.

raw byte sequence payload (RBSP)A syntax structurecontaining an integer number bfytesthat is
encapsulated in BAL unitand that is either empty or has the form aftring of data bitscontainingsyntax
elementdollowed by anRBSP stop biand zero or more subsequent bits equal to 0.

raw byte sequence payload (RBSP) stop bifA bit equal to 1 present within raw byte squence payload
(RBSP)@fter astring of data bitsfor which the location of the end within RBSPcan be identified by searching
from the end of th&BSPfor theRBSP stop hitwhich is the last nemero bit in theRBSP.

recovery point A point in thebitstreamat which the recovery of an exact or an approximate representation of
thedecoded picturegepresented by thgtstreamis achieved after mndom accessr broken link

reference index An index into aeference picture list

reference picture A picturethatis ashortterm reference picturer along-term reference picture

NOTET A reference picture contains samples that may be used for inter prediction in the decoding process of
subsequent pictures in decoding order.

reference picture list A list of reference picturethat is used fointer predictionof aP or B slice.

NOTET For the decoding process of a P slice, there is one reference pictiireefistence picture list.GFor the
decoding process of a B slice, there are tgference picture listsreference picture list 0 and reference picturellist

reference picture list Q Thereference picture lisised forinter predictionof aP or the firstreference picture
list used forinter predictionof aB slice

reference pidure list 1: The secondeference picture lisised forinter predictionof aB slice
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3.136

3.137

3.138

3.139

3.140
3.141

3.142
3.143
3.144

3.145

3.146
3.147
3.148

3.149

3.150

3.151

3.152

3.153
3.154
3.155

3.156

3.157

reference picture set (RPS)A set ofreference pictureassociated with picture, consisting of alfeference
picturesthat are prior to the associatpitturein decaling order, that may be used fanter predictionof the
associategicture or anypicturefollowing the associateplicturein decoding order

NOTET The RPS of a picture consists of five RPS lists, three of which are to contaiteshmogference pictures and
the other two are to contain loterm reference pictures.

region-wise packed picture: A decodedicture that contains one or mgracked regions
NOTET A regionwise packed picture mayontain aregionwisepacking of aprojected fcture.

region-wise packing A transformation, resizing, and relocation gecked region®f a regionwise packed
pictureto remap theacked regionso projected region of aprojected picture

reserved A term that may be used to specify that some values of a partguliax elemerdre for future use
by ITU-T | ISO/IEC and shall not be useditstreamsconforming to this version of this Specification, but may
be used in bitstreams conforming toufiet extensions of this Specification by ITU ISO/IEC.

residual: The decoded difference betweepradictionof a sample or data element and its decoded value.

sample aspect ratio The ratio between the intended horizontal distance between the colutntine amtended
vertical distance between the rows of thma sample array in gicture, which is specified for assisting the
display procesg¢not specified in this Specification) and expresseldgsvhereh is the horizontal width and

is the verticaheight, in arbitrary units of spatial distance.

scalablenested SEI messagéAn SEI message that is contained in a scalable nesting SEI message.
scaling The process ahultiplying transform coefficient levelsy a factorresulting intransform coefficiets.

sequence parameter set (SPS) syntax structureontainingsyntax elementhat apply to zero or more entire
CVSsas determined by the content a$ymtax elemerfound in thePPSreferred to by ayntax elemerfound
in eachslice segmertieader.

shall: A term used to express mandatory requirements for conformance to this Specification.

NOTET When used to express a mandatory constraint on the values of syntax elements or on the results obtained by
operation of the specified decoding pragesis the responsibility of the encoder to ensure that the constraint is fulfilled.
When used in reference to operations performed by the decoding process, any decoding process that produces identical
cropped decoded pictures to those output from tlvedieg process described in this Specificattonforms to the

decoding process requirements of this Specification.

short-term reference picture A picturethat is marked as "used for shtetm reference".
short-term reference picture set The three RPSdts that may contain shetgrm reference pictures.

should: A term used to refer to behaviour of an implementation that is encouraged to be followed under
anticipated ordinary circumstances, but is not a mandatory requirement for conformance to thiat8peci

slice An integer number dETUs contained in onandependent slice segmeantd all subsequedependent slice
segmentsif any) that precede the nertdependent slice segméiftany) within the samaccess unit

slice header Theslice segmentteaderof theindependent slice segmehat is a currenslice segmentr the
most recenindependent slice segmehat precedes a curretiépendent slice segmentdecoding order

slice segmentAn integer number o€ TUs ordered consecutively in thige scanand contained in a singAL
unit.

slice segment headerA part of a codedlice segmentontaining the data elements pertaining to the first or all
CTUsrepresented in thelice segment

source A term used to desibe the video material or some of its attributes before encoding.
sphere coordinatesTheazimuth and elevation angles identifying a location of a point on a sphere

sphere region A region on a sphere, specified either by fgrgat circlesor by twoazimuth circlesand two
elevation circlesor such a region on a rotated sphere after applying yaw, pitch, and roll rotations

start code prefix A unigue sequence of thregtesequal to 0x000001 embedded in tye streanas a prefix
to eachNAL unit

NOTET The location of atart code prefixan be used by a decoder to identify the beginning of aN#&wunit and
the end of a previousSAL unit. Emulation ofstart code prefixes prevented withifNAL units by the inclusio of
emulation prevention bytes

stepwise temporal sublayer access (STSA) access unin access uniin which thecoded picturewith
nuh_layer_id equal to 0 is &TSA picture
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stepwise temporal sublayer access (STSA) pictureA coded picturefor which eachVCL NAL unithas
nal_unit_type equal to STSA_R or STSA_N.
NOTET An STSA picture does not use pictures with the same Temporalld as the STSA picture for inter prediction
reference. Pictures following an STSA picture in decoding order with the sanpofi@ld as the STSA picture do not
use pictures prior to the STSA picture in decoding order with the same Temporalld as the STSA picture for inter
prediction reference. An STSA picture enableswiching, at the STSA picture, to the dager containinghe STSA
picture, from the immediately lower sidyer. STSA pictures must have Temporalld greater than 0.

string of data bits (SODB) A sequence of some number of bits represergymgax elementsresent within a
raw byte sequence paylopdor to theraw byte sequence payload stop witere the lefmost bit is considered
to be the first and most significant bit, and the rglust bit is considered to be the last and least significant bit.

sub-bitstream extraction process A specified process by whidAL unitsin a bitstreamthat do not belong to a
target set, determined by a target highest Temporalld and a taygetidentifier list are removed from the
bitstream with the output subitstream consisting of the NAL units in thigstreamthat belong to the target set.

sub-layer: A temporal scalable layer of a temporal scaldiitstream consisting ofVCL NAL unitswith a
particular value of the Temporalld variatdnd the associatednVVCL NAL units

sub-layer non-reference (SLNR) picture A picture that contains samples that cannot be usednfar
predictionin thedecoding processf subsequemnticturesof the sameublayerin decoding order
NOTET Sampleof an SLNR picture may be used for inter prediction in the decoding process of subsequent pictures
of higher subayers in decoding order.
sub-layer reference picture A picture that contains samples that may be usedirftar predictionin the
decoding pocessof subsequernicturesof the sameublayerin decoding order
NOTET Samples of a sulayer reference picture may also be used for inter prediction in the decoding process of
subsequent pictures of higher dalers in decoding order.

sub-layer representationt A subset of théitstreamconsisting ofNAL unitsof a particularsublayer and the
lower sublayers

suffix SEI messageAn SEI messagthat is contained in suffix SEI NAL unit
suffix SEI NAL unit : An SEI NAL unithat has nal_unit_type equal to SUFFIX_SEI_NUT.

supplemental enhancement information (SEI) NAL unit A NAL unit that has nal_unit_type equal to
PREFIX_SEI_NUT or SUFFIX_SEI_NUT.

syntax element An element of data represented in liitstream
syntax strucure: Zero or moresyntax elemengsresent together in thststreamin a specified order
temporal sub-layer: Same asublayer.

temporal sub-layer access (TSA) access unifin access unitn which thecoded picturewith nuh_layer_id
equal to (s aTSA jcture.

temporal sub-layer access (TSA) picture A coded picturdor which eachvCL NAL unithas nal_unit_type

equal to TSA_R or TSA_N.
NOTET A TSA picture and pictures following the TSA picture in decoding order do not use pictures prior to the TSA
picture in decoding order with Temporalld greater than or equal to that of the TSA picture for inter prediction reference.
A TSA picture enables upwitching, at the TSA picture, to the slalyer containing the TSA picture or any higher-sub
layer, from the immeiately lower subdayer. TSA pictures must have Temporalld greater than 0.

tier: A specified category dévelconstraints imposed on values of #ymtax elemenis thebitstream where
thelevelconstraints are nested withitier and adecodeiconforming to a certaitier andlevelwould be capable
of decoding albitstreamshat conform to the santeer or the lowettier of thatlevelor anylevelbelow it.

tile: A rectangular region d€TUs within a particulatile columnand a particulatile row in apicture

tile column: A rectangular region a2 TUshaving a height equal to the height of fiietureand a width specified
by syntax elements thepicture parameter set

tile row: A rectangudr region ofCTUs having a height specified tsyntax elements the picture parameter
setand a width equal to the width of theture

tile scan A specific sequential ordering dETUs partitioning a picture in which the CTUs are ordered
consecutively irCTU raster scann atile, whereadiles in apicture are ordered consecutively irraster scan
of thetiles of thepicture
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3.178 tilt angle: Theangle indicating the amount of tilt ofsphere regionmeasured as the amount ofaton of a
sphere regioralong the axis originating from the sphere origin passing through the centre poinsphéne
region, where the angle value increases clockwise when looking from the origin towards the positive end of the
axis

3.179 trailing picture: A nonIRAP picturethat follows theassociated IRAP pictuli@ output order.

NOTET Trailing pictures associated with an IRAP picture also follow the IRAP picture in decoding order. Pictures
that follow the associated IRAP picture in output omted precede the associated IRAP picture in decoding order are
not allowed.

3.180 transform: A part of thedecoding processy which ablockof transform coefficients converted to alockof
spatiatdomain values.

3.181 transform block: A rectangular MxNbolock of sanplesresulting from g@ransformin thedecoding process

3.182 transform coefficient: A scalar quantity, considered to be in a frequency domain, that is associated with a
particular onedimensional or twalimensionafrequency indein atransformin thedecoding process

3.183 transform coefficient levet An integer quantity representing the value associated with a particular
two-dimensional frequency index in thidecoding procesgrior to scaling for computation of aransform
coefficientvalue.

3.184 transform unit: A transformblock of lumasamples of size 8x8, 16x16, or 32x32 or foransform block®of
luma samplesof size 4x4, two correspondirigansformblocksof chromasamples of aicturein 4:2:0 colour
format; or atransform bloclkof lumasamples of size 8x8, 16x16, or 32x32, and four correspomndingform
blocksof chromasamples, or foutransform blocksof luma samples of size 4x4, and four corresponding
transform blockof chromasamples of gicturein 4:2:2 colour format; or &ransform blockof lumasamples
of size 4x4, 8x8, 16x16, or 32x32, and two correspontigngsform block®f chromasamples of picturein
4:4:4 colour format that is not coded using three separate colour plangmsandstructuressed to transform
thetransform bloclsamplesor atransformblockof lumasamples of size 8x8, 16x16, or 32x32 or foansform
blocksof lumasamplef size 4x4 of a monochronmmcture or apicturein 4:4:4 colour format that is coded
using three separate colour planes; dmassociatedyntax structuresised to transform thieansformblock
samples.

3.185 tree: Atree is a finite set of nodes with a unique root node.

3.186 universal unique identifier (UUID): An identifier that is unique with respect to the space afrallersal unique
identifiers.

3.187 unspecified A term that may be used to specify some values of a part&yiéax elemertb indicate that the
values have no specified meaning in this Specification and will not have a specified meaning in the future as an
integral part of future versions of this Specification.

3.188 video coding layer (VCL) NAL unit: A collective term forcoded slice segment NAL unétsd the subset of
NAL unitsthat havereservedralues of nal_unit_type that are classified as VCL NAL units & $iiecification.

3.189 video parameter set (VPS)A syntax structureontainingsyntax elementthat apply to zero or more entire
CVSsas determined by the content afyatax elemerfound in theSPSreferred to by ayntax elemerfbund in
the PPSreferred tdoy asyntax elemerfound in eactslice segment header.

3.190 viewport: A region ofomnidirectional vide@ontent suitable for display and viewing by the user

3.191 z-scan order. A specified sequential ordering blockspartitioning a picture, where the order is id¢ical to
CTBraster scanof the picture when theblocksare of the same size &IBs, and, when thélocksare of a
smaller size thal€TBs, i.e.,CTBs are further partitioned into smalleoding blocksthe order traverses from
CTBto CTBin CTBraster scanof the picture, and inside eaclTB, which may be divided intquadtrees
hierarchically to lower levels, the order traverses fopradtreeto quadtreeof a particular level imuadtreeof-
the-particularlevel raster scarof thequadtreeof theimmediately higher level.

4 Abbreviations and acronyms

For the purposes of this Recommendatitrternational Standard, the following abbreviatiand acronymspply:
ATSC Advanced Television Systems Committee

B Bi-predictive

BLA Broken Link Access
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BPB Bitstream Partition Buffer
CABAC Contextbased Adaptive Binary Arithmetic Coding

CB Coding Block
CBR Constant Bit Rate
CIE International Commission on llluminatig@ommission Internationale d&¢lairagg

CLVvS Coded Layemwise Video Sequence

CPB Coded Reture Buffer

CRA Clean Random Access

CRC Cyclic Redundancy Check
CTB Coding Tree Block

CTU Coding Tree Unit

Cu Coding Unit

CVSs Coded Video Sequence
CVSG Coded Video Sequence Group
DCT Discrete Cosine Transform
DPB Decoded Picture Buffer

DRAP Dependent Random Access Point

DUT Decoder Under Test

EG ExponentiaiGolomb

EGk k-th order ExponentiaGolomb

FCC Federal Communications Commission (of the United States)
FIFO FirstIn, FirstOut

FIR Finite Impulse Response

FL Fixed-Length

GBR Green, Blue and Red

GDR Gradual Decoding Refresh

HRD Hypothetical Reference Decoder

HSS Hypothetical Stream Scheduler

I Intra

IDCT InverseDiscrete Cosine Transformation
IDR Instantaneous Decoding Refresh

INBLD Independent NoiBase Layer Decoding

IRAP Intra Random Access Point
LPS Least Probable Symbol
LSB Least Significant Bit

MCTS Motion-Constrained Tile Set

MAC Multiplexed Analogue Components
MPS Most Probable Symbol

MSB Most Significant Bit

MVP Motion Vector Prediction
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NAL
NTSC
OLS

PAL
PB
PCM
POC
PPS
PU
QP
RADL
RASL
RBSP
RGB
RPS
SAO
SAR
SECAM
SEI
SLNR
SMPTE
SODB
SPS
STSA
B
TR
TSA
TU
UCs
UTF
uuIbD
VBR
VCL
VPS
VUI

Network Abstraction Layer

National Television System Committee (of the United States)

Output Layer Set

Predictive

Phase Alternating Line

Prediction Block

Pulse Code Modulation

Picture Order Count

Picture Parameter Set

Prediction Wit

Quantization Parameter

Random Access Decodable Leading (Picture)
Random Access Skipped Leading (Picture)
Raw Byte Sequence Payload

Same as GBR

Reference Picture Set

Sample Adaptive Offset

Sample Aspect Ratio

Sequential colour with memory (Séquentiel Couleur avec Mémoire)

Supplemental Enhancement Information
Sub-Layer NonReference (Picture)
Society of Motion Picture and Television Engineers
String Of Data Bits

Sequence Parameter Set

Stepwise Temporal Sulayer Access
Transform Block

Truncated Rice

Temporal Subayer Access

Transform Unit

Universal Coded Character Set

UCS Transmission Format

Universal Unique Identifier

Variable Bit Rate

Video Coding Layer

Video Parameter Set

Video Usability Information
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5 Conventions

5.1 General

NOTET The mathematical operators used in this Specification are similar to those used in the C programming language. However,
the resultof integer division and arithmetic shift operations are defined more precisely, and additional operations are defined, such
as exponentiation and reahlued division. Numbering and counting conventions generally begin from 0, e.g., "the first" is
equivalent to the 6th, "the second" is equivalent to thehl etc.

5.2 Arithmetic operators

The following arithmetic operators are defined as follows:
+ Addition

1 Subtraction (as a twargument operator) or negation (as a unary prefix operator)

* Multiplication, including matrix multiplication

xY Exponentiation. Specifiesto the power of. In other contexts, such notation is used for
superscripting not intended for interpretation as exponentiation.

/ Integer division with truncation ofthexed t t owar d zer o. For exam
tol and 177 / 4 and 7 [/ 174 are truncated to

Used to denote division in mathematical equations where no truncation or rounding is intendec

Used to denote division imathematical equations where no truncation or rounding is intended.

o '

/E  The summation of(i ) with i taking all integer values fromup to and including.
E o
X%y Modulus. Remainder of divided byy, defined only for integers x and y with>= 0 andy > 0.

5.3 Logical operators

The following logical operators are defined as follows:
x && y Boolean logical "and" ot andy
x ||y Boolean logical "or" ok andy
! Boolean logical "not"
x?y:z Ifxis TRUE or not equal to 0, evaluates to the value of y; otherwise, evaluates to the value of z.

5.4 Relational operators
The following relational operators are defined as follows:
> Greater than
>= Greater than or equal to
< Less than
<= Less than or eqlito
== Equal to
1= Not equal to

When a relational operator is applied to a syntax element or variable that has been assigned the value "na" (not applicable),
the value "na" is treated as a distinct value for the syntax element or variable. The vaisiednaitlered not to be equal
to any other value.

5.5 Bit-wise operators

The following bitwise operators are defined as follows:

& Bit-wise "and". When operating on integer arguments, operates on a two's complement representation of
the integer value. Wherperating on a binary argument that contains fewer bits than another argument,
the shorter argument is extended by adding more significant bits equal to 0.
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Bit-wise "or". When operating on integer arguments, operates on a two's complement represéntation o
the integer value. When operating on a binary argument that contains fewer bits than another argument,
the shorter argument is extended by adding more significant bits equal to 0.

n Bit-wise "exclusive or". When operating on integer argumeopg&rates on a two's complement
representation of the integer value. When operating on a binary argument that contains fewer bits than
another argument, the shorter argument is extended by adding more significant bits equal to 0.

x >> y Arithmetic right $ift of a two's complement integer representation of x by y binary digits. This function
is defined only for nomegative integer values of y. Bits shifted into thest significant bitsNISBs) as
a result of the right shift have a value equal to the MSBmior to the shift operation.

X <<y Arithmetic left shift of a two's complement integer representation of x by y binary digits. This function
is defined only for nomegative integer values of y. Bits shifted into ligest significant bitsLSBS) as
a result of the left shift have a value equal to O.

5.6 Assignment operators

The following arithmetic operators are defined as follows:
= Assignment operator

++ Increment, i.e x++ is equivalent tox = x + 1; when used in an array index, evaluates twéthae of the
variable prior to the increment operation.

(] Decrement,iexiT i s eqguixwallentwhttew used in an array ind
variable prior to the decrement operation.

+= Increment by amount specified, e, xx+ 3 i s equivalent to x = x +
tox=x+(T1T 3) .

T = Decrement by amount specified, i .e., X T = 3 i

tox=x1 (T 3) .

5.7 Range notation
The following notation is used to sp&y a range of values:
X =y..z X takes on integer values starting from y to z, inclusive, with x, y, and z being integer numbers
and z being greater than equal toy.

5.8 Mathematical functions

The following mathematical functions are defined:

X ;X > = 0
Abs(x)= " % < 0 (5-1)
Asin( x ) the trigonometric inverse sine function, operating on an argument x that is
in the range of 1T1.0 to 1.0, i ncl usi ve, wi t
1T 062 to ~ 02, i nclusive, in units of radi ans
(5-2)
Atan( x ) the trigonometric inverse tangent function, operating on an argument x, with
an output value in the range of 1T 82580 02
y :
p At am , x > 0
X
(Y y
rpAt an , x < 0 && y >= 0
Aan2y,x)= At al A 0 X < 0 && oy <0 (5-4)
X
v _ .
l"l; 2 ’ X = = O & & y > = 0
N - ; ot her wi se
v 2
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Ceil(x) the smallest integer greater than or equal to (5-5)

Cliply(x) = Clip3( 0, (1 << BitDepth) 1x) 1,

(5-6)
Cliple(x) =Clip3(0, (1 << BitDeptc) 1x) 1,
(5-7)
X zZ<X
Clip3(x,y,z)=Y ; z>y (5-8)
z ; otherwise
Cos(x) thetrigonometric cosine function operating on an argumentunits of radians. (5-9)

Floor(x )the largest integer less than or equat.to
(5-10

c d ; b a > = d |/ 2
GetCurrMsb@ b,c,d)= ¢ d ; a b > d / 2 (5-11)
c : ot her wi se

Ln(x) thenatural logarithm of x (the baselogarithm, where e thenatural logarithm base constant

2.718281828...). (5-12
Log2(x )the base logarithm ofx. (5-13
Log10(x ) the base€l0 logarithm oi. (5-14)
_ X, x <=y
Min(x,y) = y . x>U (5-15)
_ ;oX>
Max(x,y) = y . ox <y (5-16)
Round( x ) = Sign( x ) * Floor( Abs(x) +0.5) (5-17)
1 x > 0
Sign(x)= 0 ; X = = 0 (5-18)
1 ; x < 0

Sin( x ) the trigonometric sine function operating on an argument X in units of radians  (5-19)
Sqrt(x ) the square root of x (5-20)
Swap(x, y) = (Y, x) (5-21)

Tan( x ) the trigonometric tangent function optng on an argument x in units of radians  (5-22)

5.9 Order of operation precedence

When order of precedence in an expression is not indicated explicitly by use of parentheses, the following rules apply:
i Operations of a higher precedence are evaluated before any operation of a lower precedence.
T Operations of the same precedence are evaluated sequentially from left to right.

Table5-1 specifies the precedence of operations from highest to lowest; a higher position in the table indicates a higher
precedence.

NOTET For those operators that are also used in the C programming language, the order efipeacset! in this Specification is
the same as used in the C programming language.
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Table 5-11 Operation precedence from highest (at top of table) to lowest (at bottom of table)

operations (with operands x, yand z)

"X ++"T," "X

"Ix", "1Tx" (as a unary pr|
xY

"XRYT XY XY 5 "X %y"

y
"X +y", "X T y" (as a tweargument operator),§ f(i)"
i=x

"y << y", "X >> y..

"X <Y", X <= Y XY X > Y

X ==y""X =y

Y & y"
IIX | yll

"X && y"
"X 1y"
"X?y:z"

"X..y"

XEYL "X A=Y XT =Y

5.10 Variables, syntax elements and tables

Syntax elements in the bitstream are representeadlditype. Each syntax element is described by its name (all lower case
letters with underscore characters), and one descriptor for its method of coded representation. The decoding process
behaves according to the value of the syntax element and to the ebjwesiously decoded syntax elements. When a

value of a syntax element is used in the syntax tables or the text, it appears in regular (i.e., not bold) type.

In some cases the syntax tables may use the values of other variables derived from syntaxelermenbuch variables

appear in the syntax tables, or text, named by a mixture of lower case and upper casadettgéhout any underscore
characters. Variables starting with an upper case letter are derived for the decoding of the currentusyntaxastd all
depending syntax structures. Variables starting with an upper case letter may be used in the decoding process for later
syntax structures without mentioning the originating syntax structure of the variable. Variables starting with adewer c
letter are only used within the clause in which they are derived.

In some cases, "mnemonic" names for syntax element values or variable values are used interchangeably with their
numerical values. Sometimes "mnemonic” names are used without any tassooi@erical values. The association of

values and names is specified in the text. The names are constructed from one or more groups of letters separated by ar
underscore character. Each group starts with an upper case letter and may contain morseuigiersa

NOTET The syntax is described in a manner that closely follows tlm@uage syntactic constructs.

Functions that specify properties of the current position in the bitstream are referred to as syntax functions. These functio
are specifiedn clauser.2and assume the existence of a bitstream pointer with an indication of the position of the next bit
to be read by the decoding processif the bitstream. Syntax functions are described by their names, which are constructed
as syntax element names and end with left and right round parentheses inckrmingr 2znore variable names

(for definition) or values (for usage), separated by com(ihasore than one variable).

Functions that are not syntax functions (including mathematical functions specified inscBwese described by the

names, which start with an upper case letter, contain a mixture of lower and upper case letters without any underscore
character, and end with left and right parentheses including zero or more variable (fuanagginition) or values

(for usage) sepatad by commas (if more than one variable).

A onedimensional array is referred to as a list. A thimensional array is referred to as a matrix. Arrays can either be
syntax elements or variables. Subscripts or square parentheses are used for the ihaleziysy b reference to a visual
depiction of a matrix, the first subscript is used as a row (vertical) index and the second subscript is used as a column
(horizontal) index. The indexing order is reversed when using square parentheses rather thipts dobsndexing.
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Thus,an element of a matrix s at horizontal position x and vertical position y may be denoted eitdf 9 sf as ..
A single column of a matrix may be referred to as a list and denoted by omission of the row index. Hulsnihef a
matrix s at horizontal position x may be referred to as the lis}.s[

A specification of values of the entries in rows and columns of an array may be denoted by {{...} {...} }, where each inner
pair of brackets specifies the values of tlments within a row in increasing column order and the rows are ordered in
increasing row order. Thus, setting a matrix s equalto {{1 6 } { ¥ §pecifiesthat ) ][ 0] is set equal td, s[1][ O]

is set equal to 6, §[][ 1] is set equal td, and sfL][ 1] is set equal to 9.

Binary notation is indicated by enclosing the string of bit values by single quote marks. For example, ‘01000001’ represents
an eightbit string having only its second and its last bits (counted from the most &aiesignificant bit) equal to 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of binary notation
when the number of bits is an integer multiple of 4. For example, 0x41 represents -dnit stging having only its second
and its last bits (counted from the most to the least significant bit) equal to 1.

Numerical values not enclosed in single quotes and not prefixed by "0x" are decimal values.

A value equal to O represents a FALSE condition in a tesnsgatt. The value TRUE is represented by any value different
from zero.

5.11 Text description of logical operations

In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition 0)
statement O

else if( condition 1)
statement 1

else /* informative remark on remaining condition */
statement n

may be described in the following manner:
... as follows / ... the following applies:
T If condition O, statement O
T Otherwise, if condition 1, statement 1
)
I Otherwise (informative remark on remaining condition), statement n

Each "If ... Otherwise, if ... Otherwise, ..." statement in the text is introduced with "... as follows" or "... the fpllowin
applies” immeditely followed by "If ... ". The last condition of the "If ... Otherwise, if ... Otherwise, ..." is always an
"Otherwise, ...". Interleaved "If ... Otherwise, if ... Otherwise, ..." statements can be identified by matching ‘owa’ foll
or "... the folbwing applies" with the ending "Otherwise, ...".

In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition Oa && condition Ob)
statement O

else if( condition 1a || condition 1b)
staement 1

else
statement n

may be described in the following manner:

... as follows / ... the following applies:
1 If all of the following conditions are true, statement O:
T condition Oa
i condition Ob
I Otherwise, if one or more of the following catiohs are true, statement 1:
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i condition la
i condition 1b
)
T Otherwise, statement n

In the text, a statement of logical operations as would be described mathematically in the following form:

if( condition 0 )
statement O

if( condition 1)
statenent 1

may be described in the following manner:
When condition 0, statement O
When condition 1, statement 1

5.12 Processes

Processes are used to describe the decoding of syntax elements. A process has a separate specification and invoking. A
syntaxelements and upper case variables that pertain to the current syntax structure and depending syntax structures are
available in the process specification and invoking. A process specification may also have a lower case variable explicitly
specified as inpLiEach process specification has explicitly specified an output. The output is a variable that can either be
an upper case variable or a lower case variable.

When invoking a process, the assignment of variables is specified as follows:

T If the variablesat the invoking and the process specification do not have the same name, the variables are explicitly
assigned to lower case input or output variables of the process specification.

T Otherwise (the variables at the invoking and the process specificatiertitgasame name), assignment is implied.

In the specification of a process, a specific coding block may be referred to by the variable name having a value equal to
the address of the specific coding block.

6 Bitstream and picture formats, partitionings, scaining processes and neighbouring
relationships

6.1 Bitstream formats

This clause specifies the relationship betweem#taork abstraction layeN@AL ) unit stream and byte stream, either of
which are referred to as the bitstream.

The bitstream can be in onétwo formats: the NAL unit stream format or the byte stream format. The NAL unit stream
format is conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL units. This sequence
is ordered in decoding order. There arastmints imposed on the decoding order (and contents) of the NAL units in the
NAL unit stream.

The byte stream format can be constructed from the NAL unit stream format by ordering the NAL units in decoding order
and prefixing each NAL unit with a starbae prefix and zero or more zervalued bytes to form a stream of bytes. The

NAL unit stream format can be extracted from the byte stream format by searching for the location of the unique start code
prefix pattern within this stream of bytes. Methodsrafrfing the NAL units in a manner other than use of the byte stream
format are outside the scope of this Specification. The byte stream format is specified irBBAnnex

6.2 Source, decoded and output picture formats
This clause specifies the relationship between source and decoded pictures that is given via the bitstream.
The video source that is represented by the bitstream is a sequeiatares in decoding order.

The source and decoded pictures are each comprised of one or more sample arrays:
T Luma (Y) only (monochrome).
T Luma and two chroma (YCbCr or YCgCo)
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i Greenplue, andred (GBR, also known as RGB)

i Arrays representing othenspecified monochrome or-stimulus colour samplings (for example, YZX, also known
as XY2).

For convenience of notation and terminology in this Specification, the variables and terms associated with these arrays are
referred to as luma (or L or Y) antiroma, where the two chroma arrays are referred to as Cb and Cr; regardless of the
actual colour representation method in use. The actual colour representation method in use can be indicated in syntax that
is specified in Annexk.

The variables SubWidthC and SubHeightC are specifigédlite6-1, depending on the chroma format sampling structure,
which is specified through chroma_format_idc and separate_colour_plane_flag. Other values of chroma_format _idc,
SubWidthC and SubHeightC may be specified in the future byTTWBO/IEC.

Table 6-11 SubWidthC and SubHeightC values derived from
chroma_format_idc and separate_colour_plane_flag

chroma_format_idc | separate_colour_plane_flag| Chroma format | SubWidthC | SubHeightC
0 0 Monochrome 1 1
1 0 4:2:0 2 2
2 0 4:2:2 2 1
3 0 4:4:4 1 1
3 1 4:4:4 1 1

In monochrome sampling there is only one sample array, which is nominally considered the luma array.
In 4:2:0 sampling, each of the two chroma arrays has half the height and half the widtlioftlaeray.
In 4:2:2 sampling, each of the two chroma arrays has the same height and half the width of the luma array.

In 4:4:4 sampling, depending on the value of separate_colour_plane_flag, the following applies:

[ If separate_colour_plane_flag is equal to 0, each of the two chroma arrays has the same height and width as the luma
array.

i Otherwise (separate_colour_plane_flag is equal to 1), the three colour planes are separately processed as monochrom
sampled pictures

The number of bits necessary for the representation of each of the samples in the luma and chroma arrays in a video
sequence is in the range of 8 to 16, inclusive, and the number of bits used in the luma array may differ from the number of
bits used inhe chroma arrays.

When the value of chroma_format_idc is equal to 1, the nominal vertical and horizontal relative locations of luma and
chroma samples in pictures are showrrigure6-1. Alternative chroma sample relative locations may be indicated in
video usability information (see Ann&.

e XOX XOX XOX
X X X X X X
XOX XOX XOX
X X X X X X
XOX XOX XOX
.X X X X X X

X Location of luma sample
O Location of chroma sample  H.265v2(14)_F6-1

Figure 6-17 Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a picture

When the value of chroma_format_idc is equal to 2, the chroma samplessitexlasith thecorresponding luma samples
and the nominal locations in a picture are as shown in Fg@re
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e BB OB OB OR
X X X X X X
B 8 B 8 8 ®
X X X X X X
B 8 B 8 ®8 ®
.X X X X X X

X Location of luma sample
O Location of chroma sample  H.265v2(14)_F6-2
Figure 6-27 Nominal vertical and horizontal locations of 4:2:2 luma and chroma samples in a picture

When the value of chroma_format_idc is equal to 3, all array samples-sitecfor all cases of pictures and the nominal
locations in a picture are as shown in FigbH®

i

@ B @ B ®
B 8 @3 B B @
B 8 8 B B8 ®
B 8 @ B B8 @
8@ B8 8 B 8 ®
@ 8 @ B B8 @

X Location of luma sample
O Location of chroma sample  H.265v2(14)_F6-3

Figure 6-37 Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a picture

6.3 Partitioning of pictures, slices, slice segments, tile€,TUs andCTBs

6.3.1 Partitioning of pictures into slices, slice segments and tiles

This clause specifies how a pice is partitioned into slices, slice segments and tiles. Pictures are divided into slices and
tiles. A slice is a sequence of one or more slice segments starting with an independent slice segment and containing all
subsequent dependent slice segmentanfj) that precede the next independent slice segment (if any) within the same
picture. A slice segment is a sequenc€obs. Likewise, a tile is a sequence@rUs.

For example, a picture may be divided into two slices as showigime6-4. In this example, the first slice is composed

of an independent slice segment containil@i4s, a dependent slice segment containinGBYs and another dependent

slice segment containing Z4TUs; and the second slice consists of a single independent slice segment containing the
remaining 39CTUs of the picture.

As another example, a picture may be divided into two tiles separated by a vertical tile boundary as Blywre6H.

The left side of the figurlustrates a case in which the picture only contains one slice, starting with an independent slice
segment and followed by four dependent slice segments. The right side of the figure illustrates an alternative case in which
the picture contains two slicasthe first tile and one slice in the second tile.

Unlike slices, tiles are always rectangular. A tile always contains an integer nun@BUsfand may consist @TUs
contained in more than one slice. Similarly, a slice may consBToE containedri more than one tile.

One or both of the following conditions shall be fulfilled for each slice and tile:
T All CTUsin a slice belong to the same tile.
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i All CTUsin atile belong to the same slice.
NOTE 171 Within the same picture, there may be both slices that contain multiple tiles and tiles that contain multiple slices.

One or both of the following conditions shall be fulfilled for each slice segment and tile:
i All CTUsin a slice segment belong to the same tile.
I All CTUs in atile belong to the same slice segment.

When a picture is coded using three separate colour pkemeréte_colour_plane_flag is equal to 1), a slice contains only
CTBs of one colour component being identified by the corresponding value of colour_plane_id, and each colour component
array of a picture consists of slices having the same colour_planduiel @aoded slices with different values of
colour_plane_id within a picture may be interleaved with each other under the constraint that for each value of
colour_plane_id, the coded slice segment NAL units with that value of colour_plane_id shall beriteths increasing
CTB address in tile scan order for the fieSIB of each coded slice segment NAL unit.
NOTE 27 When separate_colour_plane_flag is equal to 0, €3EB of a picture is contained in exactly onecsl When
separate_colour_plane_flag is equal to 1, &aEB of a colour component is contained in exactly one slice (i.e., information for
eachCTB of a picture is present in exactly three slices and these three slices have different values of caoid).plan

Tndependent__’
slice segment Slice segment

/ boundary
Dependent " P

slice segment / Slice boundary

\

\

H.265v2(14)_F6-4

Figure 6-47 A picture with 11 by 9 luma CTBs that is partitioned into two slices, the first of which is partitioned
into three slice segments (informative)

Tile __—
boundary

H.265v2(14)_F6-5

Figure 6-57 A picture with 11 by 9 luma CTBs that is partitioned into two tiles and one slice (left) or is
partitioned into two tiles and three slices (right) (informative)

6.3.2 Block and quadtree structures

The samples are processed iitainof CTBs. The array size for each lur@a B in both width and height is CtbSizeY in
units of samples. The width and height of the array for each chtdiBaare CtbWidthC and CtbHeightC, respectively,
in units of samples.

EachCTBiis assigned a partitiasignalling to identify the block sizes for intra or inter prediction and for transform coding.
The partitioning is a recursive quadtree partitioning. The root of the quadtree is associated @itB. thee quadtree is

split until a leaf is reached, whidgh referred to as the coding block. When the component width is not an integer number
of theCTB size, theCTBs at the right component boundary are incomplete. When the component height is not an integer
multiple of theCTB size, theCTBs at the bottom coponent boundary are incomplete.
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The coding block is the root node of two trees, the prediction tree and the transform tree. The prediction tree specifies the
position and size of prediction blocks. The transform tree specifies the position and sizefofrtréatocks. The splitting
information for luma and chroma is identical for the prediction tree and may or may not be identical for the transform tree.

The blocks and associated syntax structures are grouped into "unit" structures as follows:

One predition block (monochrome picture or separate_colour_plane_flag is equal to 1) or three prediction blocks
(luma and chromaomponents of a picture in 4:2:0 or 4:4:4 colour fojroafive prediction blocks (luma and chroma
components of a picture in 4:2:2 oaf format)and the associated prediction syntax structures units are associated with
a prediction unit.

One transform block (monochrome picture or separate_colour_plane_flag is equal to 1) or three transform blocks (luma
and chromacomponents of a picture in 4:2:0 or 4:4:4 colour fojnmatfive transform blocks (luma and chroma
components of a picture in 4:2:2 colour fornat}l the associated transform syntax structures units are associated with

a transform unit.

One coding blok (monochrome picture or separate_colour_plane_flag is equal to 1) or three coding blocks (luma and
chroma), the associated coding syntax structures and the associated prediction and transform units are associated with
a coding unit.

OneCTB (monochromepicture or separate_colour_plane_flag is equal to 1) or @fd&s (luma and chroma), the
associated coding tree syntax structures and the associated coding units are associafE&dwith a

6.3.3 Spatial or componentwise partitionings

The following divisions oprocessing elements of this Specification form spatial or compavisatpartitioning:

The division of each picture into components
The division of each component inBd Bs

The division of each picture into tile columns
The division of each picte into tile rows

The division of each tile column into tiles
The division of each tile row into tiles

The division of each tile int€TUs

The division of each picture into slices

The division of each slice into slice segments
The division of ach slice segment intdTUs
The division of eacl€TU into CTBs

The division of eaclCTB into coding blocks, except that tiiIBs are incomplete at the right component boundary
when the component width is not an integer multiple ofGA® size and theCTBs are incomplete at the bottom
component boundary when the component height is not an integer multipleG¥Breze

The division of eaclCTU into coding units, except that tiETUs are incomplete at the right picture boundary when
the picture width in luma samples is not an integer multiple of the Cifgasize and th&€TUs are incomplete at the
bottom picture boundary when the picture height in luma samples is not an integelenotiiihe lumaCTB size

The division of each coding unit into prediction units

The division of each coding unit into transform units

The division of each coding unit into coding blocks

The division of each coding block into prediction blocks
Thedivision of each coding block into transform blocks
The division of each prediction unit into prediction blocks

The division of each transform unit into transform blocks.

Rec. ITU-T H.265 \8 (08/2021) 25



6.4 Availability processes

6.4.1 Derivation process for zscan order blockavailability
Inputs to this process are:

T The luma location XCurr,yCurr) of the topleft sample of the current block relative to the-teft luma sample of
the current picture

T Thelumalocation XNbY, yNbY ) covered by a neighbouring block relativette topleft luma sample of the current
picture.

Output of this process is the availability of the neighbouring block covering the locadiimY( yNbY ), denoted as
availableN.

The minimum luma block address irszan order minBlockAddrCurr of the cunteéblock is derived as follows:

minBlockAddrCurr = MinTbAddrZskCurr >> MinTbLog2SizeY][ yCurr >> MinTbLog2SizeY]
(6-1)

The minimum luma block address irsean order minBlockAddrN of the neighbowiblock covering the location
(XNbY, yNbY ) is derived as follows:
i I'f one or more of the following conditions are true,
T xNbYislessthan O
T yNbY islessthan O
i xNbY is greater than or equal pic_width_in_luma_samples
T yNbY is greater than or equal pic_height_in_luma_samples

T Otherwise (xNbY and yNbY are inside the picture boundaries),

minBlockAddrN = MinTbAddrZsxNbY >> MinTbLog2SizeY][ yNbY >> MinTbLog2SizeY]
(6-2)
The neighbouring block availability availableN is derived as follows:
T If one or more of the following conditions are true, availableN is set equal to FALSE:
T minBlockAddrN is lesshan 0,
T minBlockAddrN is greater than minBlockAddrCurr,

i the variable SliceAddrRs associated with the slice segment containing the neighbouring block with the minimum
luma block addresminBlockAddrN differs in value from the variable SliceAddrRs asatedl with the slice
segment containing the current block with the minimum luma block address minBlo€kddr

T the neighbouring block with the minimum luma block address minBlockAddrN is contained in a different tile than
the current block with the minioam luma block address minBlockAddrCurr.

T Otherwise, availableN is set equal to TRUE.

6.4.2 Derivation process for prediction block availability
Inputs to this process are:

T the luma location XCb,yCb) of the topleft sample of the current luma coding bloclkatize to the todeft luma
sample of the current picture,

I avariable nCbsS specifying the size of the current luma coding block,

i the luma location xPb,yPb) of the topleft sample of the current luma prediction block relative to thédfipuma
sampleof the current picture,

T two variables nPbW and nPbH specifying the width and the height of the current luma prediction block,
I avariable partldx specifying the partition index of the current prediction unit within the current coding unit,

T the luma locatio (xNbY, yNbY ) covered by a neighbouring prediction block relative to thddfipuma sample of
the current picture.
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Output of this process is the availability of the neighbouring prediction block covering the locatibiY,(yNbY ),
denoted as avaltdeN is derived as follows:

The variable sameCidentifieswhether the current luma prediction block and the neighbouring luma prediction block
cover the same luma coding blgekd is derived as follows:

T If all of the following conditions are true, sa@ie is set equal to TRUE:
T XCb is less than or equal than xNbY,
i yCbis less than or equal than yNbY,
i (xCb + nCbS is greater than xNbY,
T (yCb + nCbS is greater than yNbY.
i Otherwise, sameCb is set equal to FALSE.
The neighbouringrediction block availability availableN is derived as follows:

T If sameCb is equal to FALSE, the derivation process-fran order block availability as specified in claGgklis
invoked with (xCurr,yCurr) set equal to XPb,yPb) and the luma locationxNbY, yNbY ) as inputs, and the output
is assigned to availableN.

T Otherwise, if all of the following conditions are true, availableN is set equal tGEAL
T (nPbW << 1)is equal to nCbhS,
i (nPbH << 1)is equal to nCbsS,
T partldxis equal to 1,
T (yCb +nPbH) is less than or equal to yNbY,
T (xCb +nPbW) is greater than xNbY.
i Otherwise, availableN is set equal to TRUE.

When availableNs equal to TRUEand CuPredModexNbY ][ yNbY ] is equal to MODE_INTRA, availableN set equal
to FALSE

6.5 Scanning processes

6.5.1 CTB raster and tile scanning conversion process

The list colWidthli ] for i ranging from O tonum_tile_columns_minus1, inclusive, specifying the width of ttietile
column in units of CTBs, is derived as follows:

if( uniform_spacing_flag )
for(i=0; 1 <= num_tile_columns_minusl; i++)
colWidth[i]=( (i + 1) * PicWidthInCtbsY) / (num_tile_columns_minust 1) 1
(i * PicWidthInCtbsY) / (num_tile_columns_minust 1)
else {
colWidth[ num_tile_columns_minusjl= PicWidthinCtbsY (6-3)
for(i=0; i< num_tile_columns_minusH+ ) {
colWidth[i ] = column_width_minusi{] + 1
colwidth[ num_tile_columns_minusjL T = ido!l Wi dt h]
}
}

The list rowHeight] ] for j ranging from O to num_tile_rows_minus1, inclusive, specifying the height oftthtl¢ row
in units of CTBsis derived as follows:

if( uniform_spacing_flag )
for(j=0;] <= num_tile_rows_minusl; j++)
rowHeight[j ] = ( (j + 1) * PicHeightInCtbsY ) / ( num_tile_rows_minusl ) 1
(j * PicHeightInCtbsY ) / ( num_tile_rows_minusil )
else {
rowHeight[num_tile_rows_minusl= PicHeightInCtbsY (6-4)
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for(j=0;j<num_tile_rows_minusl; j++) {
rowHeight[j ] = row_height_minusij] + 1
rowHeight[num_tile_rows_minusl T = MowHei ght |
}
}

The list colBd][i ] for i ranging from 0 to num_tile_columns_minus1, inclusive, specifyinghe location of the-ih tile
column boundary in units &TBs, is derived as follows:

for(colBd[0] =0,i=0;i <= num_tile_columns_minusl; i++)
colBd[i + 1] = colBd[i ] + colWidth[i ]
(6-5)

The list rowBd]j ] for j ranging from 0 to num_tile_rows_minus1l, inclusive, specifying the location of ththjtile row
boundary in units o€TBs, is derived as follows:

for(rowBd[0] =0, j=0;]j <= num_tile_rows_minus1; j++)
rowBd[j + 1] =rowBd[] ] + rowHeight[j ]
(6-6)

The list CtbAddrRsToTsftbAddrRs] for ctbAddrRs ranging from 0 to PicSizeInCtbs\, inclusive, specifying the
conversion from a CTB address in CTB raster scan oftargito a CTB address in tile scan, is derived as follows:

for( ctbAddrRs = 0; ctbAddrRs < PicSizelnCtbsY; ctbAddrRs++ ) {
tbX = ctbAddrRs% PicWidthInCtbsY
tbY = ctbAddrRg PicWidthinCtbsY
for(i=0;i <= num_tile_columns_minusl; i++)
if(tbX >= colBd[i])

tileX =i
for(j=0;] <= num_tile_rows_minusl; j++)
(6-7)
if(tbY >= rowBd[j])
tileY =

CtbAddrRsToTsktbAddrRs] = 0
for(i=0;i<tileX; i++)
CtbAddrRsToTsktbAddrRs] += rowHeight[tileY ] * colWidth[i ]
for(j=0;j <tileY; j++)
CtbAddrRsToTsktbAddrRs] += PicWidthinCtbsY * rowHeight] ]
CtbAddrRsToTsEtbAddrRs] += (tbYT rowBd[tileY ]
) * colWidth[tileX ] +tbX 1 colBd[tileX ]

}

The ist CtbAddrTsToRsEtbAddrTs] for ctbAddrTs ranging from 0 to PicSizeInCtbgYl, inclusive, specifying the
conversion from a CTB address in tile scan to a CTB address in CTB raster scan of a picture, is derived as follows:

for( ctbAddrRs = 0; ctbAddrRs RicSizelnCtbsY; ctbAddrRs++ ) (6-8)
CtbAddrTsToRs[CtbAddrRsToTsktbAddrRs] | = ctbAddrRs

The list Tileld[ctbAddrTs] for ctbAddrTs ranging from O to PicSizelnCtbsYl, inclusive, specifying the consston
from a CTB address in tile scan to a tile ID, is derived as follows:

for(j =0, tileldx = 0; ] <= num_tile_rows_minusl; j++)
for(i=0;i <= num_tile_columns_minus1; i++, tileldx++)
for(y =rowBd[j ]; y <rowBd[j + 1]; y++) (6-9)
for( x = colBd[i ]; x < colBd[i + 1]; x++)
Tileld[ CtbAddrRsToTsly * PicWidthinCtbsY+x ] ] = tileldx

The values of ColumnWidthinLumaSamplé$[ specifying the width of theth tile coumn in units of luma samples, are
set equal to colWidth[] << CtbLog2SizeY for i ranging from 0 to num_tile_columns_minus1, inclusive.
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The values of RowHeightinLumaSampl¢$[ specifying the height of theth tile row in units of luma samples, at s
equal to rowHeight]] << CtbLog2SizeY for j ranging from 0 to num_tile_rows_minus1, inclusive.

6.5.2 Z-scan order array initialization process

The array MinTbAddrZs with elements MinTbAddiss][y] for x ranging from 0 to
( PicWidthInCtbsY << ( CtbLog2SizeYT MinTbLog2SizeY) )1 1, inclusive, and y ranging from O to
( PicHeightInCtbsY << ( CtbLog2SizeYT MinTbLog2SizeY) )1 1, specifying the conversion from a locatiox, f/ ) in
units of minimum blocks to a minimum block address-gtan orderinclusive is derived as follows:

for(y = 0; y <( PicHeightInCtbsY<< ( CtbLog2SizeYi MinTbLog2SizeY)); y++)
for( x = 0; x <( PicWidthInCtbsY << ( CtbLog2SizeYi MinTbLog2SizeY)); x++) {

tbX = (X << MinTbLog2SizeY ) >> CtbLog2SizeY

tbY = (y << MinTbLog2SizeY ) >> CtbLog2SizeY

ctbAddrRs = PicWidthInCtbsY * tbY + tbX

MinTbAddrZs[x ][ y ] = CtbAddrRsToTsktbAddrRs] << (6-10)

((CtbLog2SizeYr MinTbLog2SizeY) * 2)

for(i =0, p = 0;i <(CtbLog2SizeYi MinTbLog2SizeY); i++) {
m=1 <<
p+=(M&x?nmMm:0)+(m&y?2*m*m 0

}
MinTbAddrZs[x][y] += p
}

6.5.3 Up-right diagonal scan order array initialization process
Input to thisprocess is a block size blkSize

Output of this process is the array diagSaRgs|[ sComp]. The array index sPos specify the scan position ranging from

0 to (blkSize* blkSize) 1 1. The array index sComp equal to 0 specifies the horizontal companmeithe array index

sComp equal to 1 specifies the vertical component. Depending on the value of blkSize, the array diagScan is derived as
follows:

i=0
x=0
y=0
stopLoop = FALSE
while( !stopLoop ) {
while(y >= 0){
if( x < blkSize && y < blkSze ) { (6-11)
diagScanj ][ 0] = x
diagScanj ][ 1]=vy
1++
} -
y i
X++

}
y
X
if(
}

6.5.4 Horizontal scan order array initialization pr ocess

=X
=0
i >= blkSize * blkSize)
stopLoop = TRUE

Input to this process is a block size blkSize

Output of this process is the array horScPds|[ sComp]. The array index sPos specifies the scan position ranging from

0 to (blkSize* blkSize) 1 1. The array index sComp equal tefiecifies the horizontal component and the array index
sComp equal to 1 specifies the vertical component. Depending on the value of blkSize, the array horScan is derived as
follows:
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i=0
for(y = 0; y < blkSize; y++)
for( x = 0; x < blkSize; x++) {

horScan[i ][ 0] = x (6-12)
horScanf ][ 1]=y
i++

}

6.5.5 Vertical scan order array initialization process
Input to this process is a block size blkSize

Output of this process is the array verSctgs ][ sComp]. The array index sPos specifies the scan position ranging from

0 to (blkSize* blkSize) 1 1. The array index sComp equal to 0 specifies the horizontal component and the array index
sComp equal to 1 specifies the vertical component. Depemndirige value of blkSize, the array verScan is derived as
follows:

i=0
for( x = 0; x < blkSize; x++)
for(y = 0; y < blkSize; y++) {

verScanf ][ 0] =x (6-13)
verScanf ][ 1] =y
i++

}

6.5.6 Traverse scan order array initialization process
Input to this process is a block size blkSize

Output of this process is the array travScps][ sComp]. The array index sPos specifies the scan position ranging from

0to (blkSize* blkSize) 1 1, inclusve. The array index sComp equal to 0 specifies the horizontal component and the array
index sComp equal to 1 specifies the vertical component. Depending on the value of blkSize, the array travScan is derived
as follows:

i=0
for(y = 0; y <blkSize; y++)
ifly %2 == 0)

for( x = 0; x < blkSize; x++) {
travScanfi ][ 0] = x
travScanf ][ 1] =y
1++
}
else (6-14)
for(x = blkSizel 1 ; X P=) 0. X
travScanfi ][ 0] = x
travScanf ][ 1]1=y

i++
}
7 Syntax and semantics
7.1 Method of specifying syntax in tabular form

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on the syntax may be
specified, eithedirectly or indirectly, in other clauses.

NOTET An actual decoder should implement some means for identifying entry points into the bitstream and some means to identify
and handle nocwonforming bitstreams. The methods for identifying and handling eararther such situations are not specified
in this Specification.

The following table lists examples of the syntax specification format. Vietax_elementappears, it specifies that a
syntax element is parsed from the bitstream and the bitstream psiatkranced to the next position beyond the syntax
element in the bitstream parsing process.
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Descriptor

/* A statement can be a syntax element with an associated descriptor or can be an expre
used to specify conditions for the existence, pe quantity of syntax elements, as in the
following two examples */

syntax_element ue(v)
conditioning statement

/* A group of statements enclosed in curly brackets is a compound statement and is trea
functionally as a singlstatement. */

{

statement
statement

/* A "while" structure specifies a test of whether a condition is true, and if true, specifies
evaluation of a statement (or compound statement) repeatedly until the condition is no lo
true */

while( condition )
statement

/* A"do ... while" structure specifies evaluation of a statement once, followed by a test of]
whether a condition is true, and if true, specifies repeated evaluation of the statement un
condition is no longer true */

do
statement
while( condition )

/* An "if ... else" structure specifies a test of whether a condition is true and, if the conditi
true, specifies evaluation of a primary statement, othergf@szifies evaluation of an

alternative statement. The "else" part of the structure and the associated alternative staté
omitted if no alternative statement evaluation is needed */

if( condition )

primary statement
else

alternative statement

/* A "for" structure specifies evaluation of an initial statement, followed by a test of a
condition, and if the condition is true, specifies repeated evaluation of a primary stateme
followed by a subsequent statementil the condition is no longer true. */

for( initial statement; condition; subsequent statement )
primary statement

7.2 Specification of syntax functions and descriptors

The functions presented here are used in the syntactical description. Thasedwaretexpressed in terms of the value of
a bitstream pointer that indicates the position of the next bit to be read by the decoding process from the bitstream.

byte aligned] is specified as follows:

T If the current position in the bitstream is obyde boundary, i.e., the next bit in the bitstream is the first bit in a
byte, the return value of byte_aligngd¢ equal to TRUE.

I Otherwise, the return value of byte_aligng® equal to FALSE.
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more_data_in_byte stream(which is used only in thibyte stream NAL unit syntax structure specified in AnBexs
specified as follows:

T If more data follow in the byte stream, the return value @fendata_in_byte streamis equal to TRUE.
i Otherwise, the return value of more_data_in_byte str@¢@&@mqual to FALSE.
more_data_in_payloadl(s specified as follows:

i If byte aligned( is equal to TRUE and the current position in the sei_payloayhtax structure is
8* payloadSize bits from the beginning of the sei paylpadyntax structure, the return value of
more_data_in_payload(s equal to FALSE.

T Otherwise, the return value of more_data_in_paylpéiéqual to TRUE.
more_rbsp_datg(is specified as follows:

T If there is no more data in thaw byte sequence payloa®BESP, the return value of more_rbsp_daté equal
to FALSE.

i Otherwise, the RBSP data are searched for the last (least significanmaoigitbit equal to that is present in
the RBSP. Given the position of this bit, which is the first bit (rbsp_stop_one_bit) of the rbsp_trailing_bits(
syntax structure, the following applies:

i If there is more data in an RBSP before the rbsp_trailing )odg(tax structre, the return value of
more_rbsp_datg(is equal to TRUE.

i Otherwise, the return value of more_rbsp_dataqual to FALSE.

The method for enabling determination of whether there is more data in the RBSP is specified by the application (or
in AnnexB for applications that use the byte stream format).

more_rbsp_trailing_data(is specified as follows:
T If there is more data in an RBSP, the retvalue of more_rbsp_trailing_dafgeis equal to TRUE.
i Otherwise, the return value of more_rbsp_trailing_daisequal to FALSE.

next_bits(n) provides the next bits in the bitstream for comparison purposes, without advancing the bitstreanitpointer.
provides a look at the nertbits in the bitstream with being its argument. When used within the byte stream format as
specified in AnneB and fewer tham bits remain within the byte stream, next_bitg(returns a value of 0.

payload_extension_presehi€ specified as follows:

T If the current position in the sei_paylogdfyntax structure is not the position of the last (least significaht
most) bit that is equal to 1 that is less thangyloadSize bits from the beginning of the syntax structure (i.e.,
the position of the payload_bit_equal_to_one syntax element), the return value of payload_extension) present(
is equal to TRUE.

T Otherwise, the return value of payload_extension_prepengqual to FALSE.
pic_layer_id(picX ) returns the value of the nuh_layer_id of the VCL NAL units in the picture picX.

read_bitsf) reads the next bits from the bitstream and advances the bitstream pointerblitypositions. Whem is
equal to 0, read_hits() is specified to return a value equal to 0 and to not advance the bitstream pointer.

The following descriptors specify the parsing procdssach syntax element:

T ae(v) contextadaptive arithmetic entropyoded syntax element. The parsing process for this descriptor is
specified in claus8.3.

i b(8): byte having any pattern of bit stringk(s). The parsing process for this descriptor is specified by the return
value of the function read_bit8().

T f(n): fixed-pattern bit strig using n bits written (from left to right) with the left bit first. The parsing process for
this descriptor is specified by the return value of the function readnbits(

T i(n): signed integer using n bits. When n is "v" in the syntax table, the mahbi¢s varies in a manner dependent
on the value of other syntax elements. The parsing process for this descriptor is specified by the return value of
the function read_bits{) interpreted as a two's complement integer representation with mostcsignifiit
written first.

T se(v): signed integer-th order ExpGolomb-coded syntax element with the left bit first. The parsing process for
this descriptor is specified in clause.
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T st(v): null-terminated string encoded asiversal coded character set (UCS) transmission fe8ngbfTF-8)
characters as specified in ISO/IEC 10646. The parsing process is specified as follows: st(v) begins at a byte
aligned position in the bitstream and reads and returns a series of bytes from the bitstream, beginning at the current
position and continuing up to but not including the next{ajigned byte that is equal to 0x00, and advances the
bitstream pointer by gtringLength+ 1) * 8 bit positions, where stringLength is equal to the number of bytes
returned.

NOTET The st(v) syntax descriptor is only used in this Specification when the current position in the bitstream is a
byte-aligned position.

T u(n): unsignednteger using n bits. When n is "v" in the syntax table, the number of bits varies in a manner
dependent on the value of other syntax elements. The parsing process for this descriptor is specified by the return
value of the function read_bits() interpréed as a binary representation of an unsigned integer with most
significant bit written first.

T ue(v): unsigned integerth order ExpGolomb-coded syntax element with the left bit first. The parsing process
for this descriptor is specified in claude

7.3 Syntax in tabular form
7.3.1 NAL unit syntax

7.3.1.1 General NAL unit syntax

nal_unit( NumBytesinNalUnit ) { Descriptor
nal_unit_header)
NumBytesinRbsp =0
for(i=2; i < NumBytesInNalUnit; i++)
if(i + 2 < NumBytesIinNalUnit && next_bitsp4) == 0x000003) {

rbsp_byte]l NumBytesInRbsp++ b(8)

rbsp_byte]l NumBytesIinRbsp++ b(8)

i += 2

emulation_prevention_three_byte/* equal to 0x03 */ f(8)
} else

rbsp_byte]l NumBytesIinRbsp++ b(8)

7.3.1.2 NAL unit header syntax

nal_unit_header) { Descriptor
forbidden_zero_bit f(1)
nal_unit_type u(6)
nuh_layer _id u(6)
nuh_temporal_id_plusl u(3)

}
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7.3.2 Raw byte sequence payloads, trailing bits and byte alignment syntax

7.3.2.1 Video parameter set RBSP syntax

34

video_parameter_set_rb9p{ Descriptor
vps_video_parameter_set_id u(4)
vps_base layer_internal_flag u(1)
vps_base layer_available flag u(1)
vps_max_layers_minusl u(6)
vps_max_sub_layers_minusl u(3)
vps_temporal_id_nesting_flag u(1)
vps_reserved_Oxffff_16bits u(1e)
profile_tier_level(1, vps_max_sub_layers_minuyl
vps_sub_layer ordering_info_present_flag u(l)
for(i= (vps_sub_layer ordering_info_present_flag ? 0 : vps_max_sub_layers_minus
i <= vps_max_sub_layers_minusl; i++) {
vps_max_dec_pic_buffering_minusfLi ] ue(v)
vps_max_num_reorder_pic§i ] ue(v)
vps_max_latency_increase_plu$i] ue(v)
}
vps_max_layer_id u(6)
vps_num_layer_sets_minusl ue(v)
for(i=1;i <= vps_num_layer_sets_minusl; i++)
for(j=0;] <= vps_max_layer_id; j++)
layer_id_included_flag i ][ j ] u(1)
vps_timing_info_present_flag u(1)
if( vps_timing_info_present_flag ) {
VpS_num_units_in_tick u(32)
vps_time_scale u(32)
vps_poc_proportional_to_timing_flag u(1)
if( vps_poc_proportional_to_timing_flag )
vps_num_ticks_poc_diff_one_minusl ue(v)
vps_num_hrd_parameters ue(v)
for(i=0;i<vps_num_hrd_parameters; i++ ) {
hrd_layer_set_idX i] ue(v)
if(i>0)
cprms_present_flag i ] u(1)
hrd_parametersfprms_present_flag][], vps_max_sub_layers_minu¥1
}
}
vps_extension_flag u(1)
if( vps_extension_flag )
while( more_rbsp_datg()
vps_extension_data_flag u(1)

rbsp_trailing_bits]
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7.3.2.2 Sequence parameter set RBSP syntax

7.3.2.2.1 General sequence parameter set RBSP syntax

seq_parameter_set rb9d( Descriptor

sps video_parameter_set _id u(4)
sps_max_sub_layers_minusl u(3)
sps_temporal_id_nesting_flag u(l)
profile_tier_level(1, sps_max_sub_layers_minysl
sps seq_parameter_set id ue(v)
chroma_format_idc ue(v)
if( chroma_format_idc = 3)

separate_colour_plane_flag u(1)
pic_width_in_luma_samples ue(v)
pic_height_in_luma_samples ue(v)
conformance_window_flag u(1)
if( conformance_window_flag ) {

conf_win_left_offset ue(v)

conf_win_right_offset ue(v)

conf_win_top_offset ue(v)

conf_win_bottom_offset ue(v)
}
bit_depth_luma_minus8 ue(v)
bit_depth_chroma_minus8 ue(v)
log2_max_pic_order_cnt_Isb_minus4 ue(v)
sps_sub_layer_ordering_info_present_flag u(1)

for(i= (sps_sub_layer _ordering_info_present_flag ? 0 : sps_max_sub_layers_minus]
i <= sps_max_sub_layers_minusl; i++) {

sps_max_dec_pic_buffering_minudili ] ue(v)

sps_max_num_reorder_picki ] ue(v)

sps_max_latency_increase_plugl] ue(v)
}
log2_min_luma_coding_block_size_minus3 ue(v)
log2_diff_ max_min_luma_coding_block_size ue(v)
log2_min_luma_transform_block_size_minus2 ue(v)
log2_diff_max_min_luma_transform_block_size ue(v)
max_transform_hierarchy_depth_inter ue(v)
max_transform_hierarchy depth_intra ue(v)
scaling_list_enabled_flag u(1)
if( scaling_list_enabled_flag ) {

sps_scaling_list_data_present_flag u(1)

if( sps_scaling_list_data_preserilag )

scaling_list data()

}
amp_enabled_flag u(1)
sample_adaptive_offset_enabled_flag u(1)
pcm_enabled_flag u(1)
if( pcm_enabled_flag ) {

pcm_sample_bit_depth_luma_minusl u(4)

pcm_sample_bit_depth_chroma_minusl u(4)
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log2_min_pcm_luma_coding_block_size_minus3 ue(v)

log2_diff_max_min_pcm_luma_coding_block_size ue(v)
pcm_loop_filter_disabled_flag u(l)
}
num_short_term_ref _pic_sets ue(v)

for(i=0;i<num_short_term_ref pic_sets; i++)

st_ref _pic_set()

long_term_ref pics_present flag u(1)
if( long_term_ref pics present flag) {
num_long_term_ref _pics_sps ue(v)
for(i=0; i <num_long_term_ref_pics_sps; i++) {
It_ref_pic_poc_Isb_spEi ] u(v)
used_by curr_pic_It sps_fla§i ] u(l)
}
}
sps_temporal_mvp_enabled_flag u(1)
strong_intra_smoothing_enabled_flag u(l)
Vui_parameters_present_flag u(1)

if( vui_parameters_present_flag )

Vui_parameters)

sps_extension_present_flag u(l)
if( sps_extension_present flag ) {
sps_range_extension_flag u(1)
sps_multilayer_extension_flag u(1)
sps_3d_extension_flag u(1)
sps_scc_extension_flag u(1)
sps_extension4bits u@)
}

if( sps_range_extension_flag )

sps_range_extension(

if( sps_multilayer_extension_flag )

sps_multilayer_extension(/* specified inAnnexF */

if( sps_3d_extension_flag )

sps_3d_extension(/* specified in Annex */

if( sps_scc_extension_flag )

sps_scc_extensién

if( sps_extensiomMbits)

while( more_rbsp_datg()

sps_extension_data_flag u(1)

rbsp_trailing_bits|
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7.3.2.2.2 Sequence parameter set range extension syntax

sps_range_extensiop( Descriptor
transform_skip_rotation_enabled_flag u(1)
transform_skip_context_enabled_flag u(l)
implicit_rdpcm_enabled_flag u(1)
explicit_rdpcm_enabled_flag u(l)
extended_precision_processing_flag u(1)
intra_smoothing_disabled_flag u(l)
high_precision_offsets_enabled_flag u(1)
persistent_rice_adaptation_enabled_flag u(l)
cabac_bypass_alignment_enabled_flag u(1)
}
7.3.2.2.3 Sequence parameter set screen content coding extension syntax
sps_scc_extension{ Descriptor
sps_curr_pic_ref_enabled_flag u(l)
palette_mode_enabled_flag u(1)
if( palette_mode_enabled flag ) {
palette_max_size ue(v)
delta_palette_max_predictor_size ue(v)
sps_palette_predictor_initializers_present_flag u(1)
if( sps_palette_predictor_initializepresent flag ) {
sps_num_palette_predictor_initializess_minus1 ue(v)
numComps = throma_format_id== 0)?1:3
for( comp = 0; comp < numComps; comp++ )
for(i=0;i <= sps_num_palette_predictor_initialiseminusl; i++)
sps_palette_predictor_initialize] comp][ i ] u(v)
}
}
motion_vector_resolution_control_idc u(2)
intra_boundary_filtering_disabled_flag u(1)
}
7.3.2.3 Picture parameter set RBSPsyntax
7.3.2.3.1 General picture parameter set RBSP syntax
pic_parameter_set_rbsp{ Descriptor
pps_pic_parameter_set_id ue(v)
pps_seq_parameter_set_id ue(v)
dependent_slice_segments_enabled_flag u(1)
output_flag_present_flag u(1)
num_extra_slice_header_bits u(3)
sign_data_hiding_enabled_flag u(1)
cabac_init_present flag u(1)
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num_ref _idx_10_default_active_minusl ue(v)

num_ref _idx |1 _default _active_minusl ue(v)
init_gp_minus26 se(v)
constrained_intra_pred_flag u(1)
transform_skip_enabled_flag u(1)
cu_qgp_delta_enabled_flag u(1)
if( cu_gp_delta_enabled_flag)

diff_cu_qp_delta_depth ue(v)
pps_cb_qgp_offset se(v)
pps_cr_gp_offset se(v)
pps_slice_chroma_qp_offsets_present_flag u(l)
weighted_pred_flag u(1)
weighted_bipred_flag u(l)
transquant bypass_enabled_fl ag u(1)
tiles_enabled_flag u(1)
entropy_coding_sync_enabled_flag u(1)
if( tiles_enabled_flay{

num_tile_columns_minusl ue(v)

num_tile_rows_minusl ue(v)

uniform_spacing_flag u(1)

if( 'uniform_spacing_flag ) {

for(i=0;i<num_tile_columns_minusl; i++)

column_width_minus1 i] ue(v)
for(i=0; i <num_tile_rows_minusl; i++)
row_height_minus i ] ue(v)
}
loop_filter_across_tiles_enabled_flag u(1)
}
pps_loop_filter_across_slices_enabled_flag u(1)
deblocking_filter_control_present_flag u(1)
if( deblocking_filter _control_present_flag ) {
deblocking_filter_override_enabled_flag u(1)
pps_deblocking_filter_disabled_flag u(1)
if( !pps_deblocking_filter_disabled_flag) {
pps_beta_offset_div2 se(v)
pps_tc_offset_div2 se(v)
}
}
pps_scaling_list_data_present_flag u(1)

if( pps_scaling_list_data_preserflag )

scaling_list data()

lists_modification_present_flag u(1)
log2_parallel_merge_level_minus2 ue(v)
slice_segment_header_extension_present_flag u(1)
pps_extension_present_flag u(1)
if( pps_extension_present_flag ) {
pps_range_extension_flag u(1)
pps_multilayer_extension_flag u(1)
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pps_3d_extension_flag u(1)
pps_scc_extension_flag u(1)
pps_extension4bits u@
}
if( pps_range_extension_flag )
pps_range_extensioh(
if( pps_multilayer_extension_flag )
pps_multilayer_extension(/* specified inAnnexF */
if( pps_3d_extension_flag )
pps_3d_extension( /* specified in Annex */
if( pps_scc_extension_flag )
pps_scc_extension(
if( pps_extensiondbits)
while( more_rbsp_datg()
pps_extension_data_flag u(l)
rbsp_trailing_bits|
}
7.3.2.3.2 Picture parameter set range extension syntax
pps_range_extensioh{ Descriptor
if( transform_skip_enabled_flag )
log2_max_transform_skip_block_size minus2 ue(v)
cross_component_prediction_enabled_flag u(l)
chroma_qp_offset_list_enabled_flag u(1)
if( chroma_qgp_offset_list_enabled flag ) {
diff_cu_chroma_qgp_offset_depth ue(v)
chroma_qp_offset_list_len_minusl ue(v)
for(i=0;i <= chroma_qp_offset_list_len_minusl; i++) {
cb_qp_offset lisfi] se(v)
cr_gp_offset_lis{ i ] se(v)
}
}
log2_sao_offset_scale_luma ue(v)
log2_sao_offset_scale_chroma ue(v)
}
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7.3.2.3.3 Picture parameter set screen content coding extension syntax

pps_scc_extension( Descriptor
pps_curr_pic_ref_enabled_flag u(1)
residual_adaptive _colour_transform_enabled_flag u(l)
if( residual_adaptive_colour_transform_enabled_flag ) {
pps_slice_act_qp_offsets present_flag u(l)
pps_act_y_gp_offset_plus5 se(v)
pps_act_cb_gp_offset_plus5 se(v)
pps_act_cr_gp_offset_plus3 se(v)
}
pps_palette predictor_initializers_present_flag u(1)
if( pps_palette _predictor_initializerpresent_flag ) {
pps_num_palette_predictor_initializers ue(v)
if( pps_num_palette_predictor_initializesr 0 ) {
monochrome_palette flag u(1)
luma_bit_depth_entry _minus8 ue(v)
if( Imonochrome_palette_flag )
chroma_bit_depth_entry_minus8 ue(v)
numComps = monochrome_palette_flag:B1
for( comp = 0; comp < numComps; comp++ )
for(i=0; i< pps_num_palette_predictor_initialigeir+ )
pps_palette predictor_initializer] comp][ i ] u(v)
}
}
}

7.3.2.4 Supplemental enhancement information RBSP syntax

sei_rbsp( { Descriptor

do

sei_messagg(

while( more_rbsp_datg()

rbsp_trailing_bits|

7.3.2.5 Access unit delimiter RBSPsyntax

access_unit_delimiter_rbsp{ Descriptor

pic_type u(3)

rbsp_trailing_bits{
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7.3.2.6 End of sequence RBSP syntax

end_of seq_rbsp({ Descriptor

}

7.3.2.7 End of bitstream RBSP syntax

end_of bitstream_rbsp( Descriptor

}

7.3.2.8 Filler data RBSP syntax

filler_data_rbsp] { Descriptor
while( next_bits@) == OxFF)
ff_byte /* equal to OxFF */ f(8)

rbsp_trailing_bits|

7.3.2.9 Slice segment layer RBSP syntax

slice_segment_layer_rbsp{ Descriptor
slice_segment_head@r(
slice_segment_data(
rbsp_slice_segment_trailing_bids(

7.3.2.10 RBSP slice segment trailing bits syntax

rbsp_slice_segment_trailing_bids{ Descriptor
rbsp_trailing_bits|

while(more_rbsp_trailing_datd()

cabac_zero_word/* equal to 0x0000 */ f(16)

7.3.2.11 RBSP trailing bits syntax

rbsp_trailing_bits{ { Descriptor
rbsp_stop_one_bit/* equal to 1 */ f(1)
while( 'byte_alignedj )
rbsp_alignment_zero_bit /* equal to 0 */ f(1)
}
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7.3.2.12 Byte alignment syntax
byte_alignment] { Descriptor
alignment_bit_equal_to_one/* equal to 1 */ f()
while( !byte_aligned() )
alignment_bit_equal_to_zero/* equal to 0 */ f()
}
7.3.3 Profile, tier and level syntax
profile_tier_level(profilePresentFlag, maxNumSubLayersMingig1 Descriptor
if( profilePresentFlag ) {
general_profile_space u(2)
general_tier_flag u(1)
general_profile_idc u(s)
for(j=0;j<32;j++)
general_profile_compatibility_flag[ j ] u(1)
general_progressive_source_flag u(l)
general_interlaced_source_flag u(1)
general_non_packed_constraint_flag u(1)
general_frame_only_constraint_flag u(1)
if( general_profile_idc = 4 || general_profile_compatibility_flag{] ||
general_profile_idc = 5 || general_profile_compatibility_flad{] ||
general_profile_idc = 6 || general_profile_compatibility flag{] ||
general_pofile_idc == 7 || general_profile_compatibility_flag[] ||
general_profile_idc = 8 || general_profile_compatibility_flag{] ||
general_profile_idc = 9 || general_profile_compatibility_fla§[] ||
general_profile_idc== 10 || general_profile_compatibility flad[0] ||
general_profile_idc = 11 || general_profile_compatibility flad[1] ) {
/* The number of bits in this syntax structure is not affected by this condition */
general_max_12bit_constraint_flag u(l)
general_max_10bit_constraint_flag u(1)
general_max_8bit_constraint_flag u(l)
general_max_422chroma_constraint_flag u(1)
general_max_420chroma_constraint_flag u(1)
general_max_monochrome_constraint_flag u(1)
general_intra_constraint_flag u(1)
general_one_picture_only_constraint_flag u(1)
general_lower_bit_rate_constraint_flag u(1)
if( general_profile_idc = 5|| general_profile_compatibility_flagf] ||
general_profile_idc = 9 || general_profile_compatibility flag[] ||
general_profile_idc = 10 || general_profile_compatibility_flad[0] ||
general_profile_idc = 11 || general_profile_compatibility_flagf1] ) {
general_max_14bit_constraint_flag u(1)
general_reserved_zero_33bits u(33)
} else
general_reserved_zero_34bits u(34)
} elseif( general_profile_idc = 2 || general_profile_compatibility_flag?]) {
general_reserved_zero_7bits u(?)
general_one_picture_only_constraint_flag u(1)
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general_reserved_zero_35bits u(35)
} else
general_reserved_zero_43bits u(43)
if( general_profile_idc== 1 || general_profile_compatibility flagl] ||
general_profile_idc = 2 || general_profile_compatibility flag{] ||
general_profile_idc = 3 || general_profile_compatibility_flag}] ||
general_profile_idc = 4 || general_profile_compatibility_flag[] ||
general_profile_ide== 5 || general_profile_compatibility_flad{] ||
general_profile_idc = 9 || general_mfile_compatibility flag[9] ||
general_profile_idc = 11 || general_profile_compatibility flad[1] )
/* The number of bits in this syntax structure is not affected by this condition */
general_inbld_flag u(l)
else
general_reserved_zero_bit u(1)
}
general_level_idc u(8)
for(i =0; i < maxNumSubLayersMinus1,; i++) {
sub_layer_profile_present_flagi ] u(l)
sub_layer_level_present_flapi ] u(1)
}
if( maxNumSubLayersMinus1 > 0)
for(i = maxNumSubLayersMinus1; i < 8; i++)
reserved_zero_2bitpi ] u(2)
for(i=0; i < maxNumSubLayersMinus1; i++) {
if( sub_layer_profile_present_flag] ) {
sub_layer_profile_spacgi ] u(2)
sub_layer _tier flaq i] u(1)
sub_layer_profile_idd i] u(b)
for(j=0;j<32; j++)
sub_layer_profile_compatibility flag[ i ][ j ] u(l)
sub_layer_progressive_source_fldg ] u(1)
sub_layer_interlaced_source_flapi ] u(l)
sub_layer_non_packed_constraint_flapi ] u(1)
sub_layer_frame_only_constraint_flagi ] u(l)
if( sub_layer_profile_idc[] == 4 ||
sub_layer_profile_compatibility_flag[][ 4] ||
sub_layer_profile_idc{] == 5 ||
sub_laer_profile_compatibility flag[ ][ 5] ||
sub_layer_profile_idc{] ==
sub_layer_profile_compatibility_flag[][ 6] ||
sub_layer_profile_idc[] == 7 ||
sub_layer_profile_compatibility flag[][ 7] ||
sub_layer_profile_idc{] == 8 ||
sub_layer_profile_compatibility _flag[][ 8] ||
sub_layer_profile_idc{] == 9 ||
sub_layer_profile_compatibility_flag[][ 9] ||
sub_layer_profile_idc{] == 10 ||
sub_layer_mofile_compatibility _flag[i ][ 10] ||
sub_layer_profile_idc[] == 11 ||
sub_layer_profile_compatibility_flag[][ 11]) {
/* The number of bits in this syntax structure is not affected by this condition */
sub_layer_max_12bit constraint_flag i ] u(1)
sub_layer_max_10bit_constraint_flagi ] u(1)
sub_layer_max_8bit_constraint_flagi ] u(1)
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sub_layer_max_422chroma_constraint_flajgi ]

u(l)

sub_layer_max_420chroma_constraint_flajgi ]

u(1)

sub_layer_max_monochrome_constraint_flajgi ]

u(l)

sub_layer_intra_constraint_flaq i ]

u(1)

sub_layer_one_picture_only_ constraint_flafi ]

u(l)

sub_layer_lower_bit_rate_constraint_flag i ]

u(1)

if( sub_layer_profile_idc[] == 5]|
sub_layer_profile_compatibility _flag[][ 5] | |
sub_layer_profile_idci] == 9 ||
sub_layer_profile_compatibility_flag][ 9] ||
sub_layer_profile_idci] == 10 ||
sub_layer_profile_compatibility flag ][ 10] ||
sub_layer_profile_idci] == 11 ||
sub_layer_profile_compatibility flag ][ 11]) {

sub_layer_max_14bit_constraint_fla§i ]

u(1)

sub_layer_reserved_zero_33bifs |

u(33)

} else

sub_layer_reserved_zero_34bifs ]

u(34)

} elseif( sub_layer_profile_idc[] == 2 ||
sub_layer_profile_compatibility _flag[][ 2]) {

sub_layer_reserved_zero_7bifd ]

u(7)

sub_layer_one_picture_only_constraint_flafi ]

u)

sub_layer_reserved_zero_35bifs |

u(35)

} else

sub_layer_reserved_zero_43bifs ]

u(43)

if( sub_layer_profile_idci] == 1 ||
sub_layer_profile_compatibility_flag][ 1] ||
sub_layer_profile_idci] == 2 ||
sub_layer_profile_compatibility flag][ 2] ||
sub_layer_profile_idci] == 3 ||
sub_layer_profile_compatibility flag][ 3] ||
sub_layer profile_idci] == 4 ||
sub_layer_profile_compatibility flag][ 4] ||
sub_layer_profile_idci] == 5 ||
sub_layer_profile_compatibility flag][ 5] ||
sub_layer_profile_idci] == 9 ||
sub_layer_profile_compatibility_flag][ 9] ||
sub_layer profile_idci] == 11 ||
sub_layer_profile_compatibility flag ][ 11])
/* The number of bits in this syntax structure is not affected by this condition */

sub_layer_inbld_flaq i ]

u(1)

else

sub_layer reserved_zero_bifi ]

u(1)

}

if( sub_layer_level_present_flaig])

sub_layer_level_id§i ]

u(8)
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7.3.4

Scaling list data syntax

scaling_list data() {

Descriptor

for( sizeld= 0; sizeld< 4; sizeld++)

for( matrixld = 0; matrixld < 6; matrixld += (sizeld=3)?3:1){

scaling_list_pred_mode_fla@sizeld][ matrixid]

u(1)

if( Iscaling_list_pred_mode_flagfizeld][ matrixId])

scaling_list_pred_matrix_id_deltd sizeld][ matrixid]

ue(v)

else {

nexiCoef=8

coefNum =Min( 64,(1 << (4+ (sizeld<< 1))))

if( sizeld > 1) {

scaling_list_dc_coef mius{ sizeldT 2 ][ matrixid]

se(v)

nextCoef =scaling_list_dc_coef_minus8jzeld1 2 ][ matrixld] + 8

}

for(i=0;i<coefNum; i++) {

scaling_list delta_coef

se(v)

nexiCoef= ( nextCoef+ scaling_listdelta_coef+ 256) % 256

ScalingList[sizeld][ matrixId][ i ] = nexiCoef

7.35

Supplemental enhancement information message syntax

sei_messagg({

Descriptor

payloadType =0

while( next_bits@) == OxFF) {

ff_byte /* equal to OXFF */

f(8)

payloadType += 255

}

last_payload_type_byte

u(®)

payloadType += last_payload_type byte

payloadSize = 0

while( next_bits@) == OxFF) {

ff_byte /* equal to OXFF */

f(8)

payloadSize += 255

}

last_payload_size byte

u(8)

payloadSize +dast payload_size byte

sei_payload( payloadType, payloadSize )
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7.3.6 Slice segment header syntax
7.3.6.1 General slice segment header syntax
slice_segment_headgr{ Descriptor
first_slice_segment_in_pic_flag u(1)
if( nal_unit_type >=BLA W _LP && nal_unit_type <= RSV_IRAP_VCL2}
no_output_of_prior_pics_flag u(1)
slice_pic_parameter_set_id ue(v)
if( first_slice_segment_in_pic_flag ) {
if( dependent_slice_segments_enabled_flag )
dependent_slice_segment_flag u(1)
slice_segment_address u(v)
}
CuQpbDeltavak 0
if( 'dependent_slice_segment_flag ) {
for(i=0;i<num_extra_slice_header_bits; i++)
slice_reserved_fla§i ] u(l)
slice_type ue(v)
if( output_flag_present_flag )
pic_output_flag u(1)
if( separate_colour_plane _flag=1)
colour_plane_id u(2)
if( nal_unit_type '= IDR_W_RADL && nal_unit_type ¥DR_N_LP){
slice_pic_order_cnt_Isb u(v)
short_term_ref pic_set sps_flag u(1)
if( !short_term_ref _pic_set_sps_flag)
st_ref_pic_setfum_short_term_ref pic_séts
else if(num_short_term_ref pic_sets 3 1
short_term_ref _pic_set_idx u(v)
if( long_term_ref _pics_present_flag ) {
if( num_long_term_ref pics sps>0)
num_long_term_sps ue(v)
num_long_term_pics ue(v)
for(i=0;i<num_long_term_spsnum_long_term_pics; i++ ) {
if(i <num_long_term_sps) {
if( num_long_term_ref pics_sps>1)
It_idx_spqi] u(v)
}else {
poc Isb I{i] u(v)
used_by curr_pic_It flaqd i] u(1)
}
delta_poc_msb_present_flajgi ] u(1)
if( delta_poc_msb_present_flad[)
delta_poc_msb_cycle_[ti] ue(v)
}
}
if( sps_temporal_mvp_enabled_flag )
slice_temporal_mvp_enabled_flag u(1)
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}

if( sample_adaptive offset_enabled_flag ) {

slice_sao_luma_fl ag u( 1)
if( ChromaArrayType I = 0 )
slice_sao_chroma_fl ag u( 1)
}
if( slice_type = P || slice_type = B){
num_ref_idx_active_override_flag u(1)
if( num_ref_idx_active_override_flag ) {
num_ref _idx_|0_active_minusl ue(v)
if( slice_type== B)
num_ref idx_I1_active_minusl ue(v)
}
if( lists_modification_present_flag && NumPicTotalCurr > 1)
ref_pic_lists_modification]
if( slice_type = B)
mvd_I1_zero flag u(1)
if( cabac_initpresentflag )
cabac_init flag u(l)
if( slice_temporal_mvp_enabled_flag ) {
if( slice_type = B)
collocated_from_I0_flag u(1)
if( ( collocated_from_10_flag && num_ref idx_I0_active_minusl >Q]) |
(!collocated_from_10_flag &&num_ref idx_|1_active_minus1>0))
collocated_ref _idx ue(v)
}
if( (weighted_pred_flag &&slice_type== P) ||
(weighted_bipred flag && slice_type =B))
pred_weight_table(
five_minus_max_num_merge_cand ue(v)
if( motion_vector_resolution_control_idc =2)
use_integer_mv_flag u(1)
}
slice_qp delta se(v)
if( pps_slice_chroma_qp_offsets_present_flag ) {
slice_cb_qgp_offset se(v)
slice_cr_qgp_offset se(v)
}
if( pps_slice_act_gp_offsets present_flag ) {
slice_act_y gp_offset se(v)
slice_act_cb_qp_offset se(v)
slice_act_cr_qgp_offset se(v)
}
if( chroma_gp_offset_list_enabled_flag )
cu_chroma_qgp_offset_enabled_flag u(1)
if( deblocking_filter_override_enabled_flag )
deblocking_filter_override_flag u(1)
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if( deblocking_filter_override_flag ) {

slice_deblocking_filter_disabled_flag u(1)
if( !slice_deblocking_filter_disabled_flag ) {
slice_beta_offset_div2 se(v)
slice_tc_offset_div2 se(v)
}
}
i fops_loop_ filter _across_slices_enabl e
( slice_salo_lalmacd|lsaalo_dhroma_fl ag
l'slice_deblocking_ filter _disabled_ f
slice_loop_filter _across_slices_enab u(1)
}
if( tiles_enabled_flag || entropy_coding_sync_enabled_flag ) {
num_entry_point_offsets ue(v)
if( num_entry_point_offsets > 0) {
offset_len_minusl ue(v)
for(i=0;i<num_entry point_offsets; i++)
entry_point_offset_ minusyi|] u(v)
}
}
if( slice_segment_header_extension_present_flag ) {
slice_segment_header_extension_length ue(v)
for(i=0;i<slice_segment_header_extension_length; i++)
slice_segment_header_extension_data_bfid u(8)
}
byte alignmentj
}
7.3.6.2 Reference picture list modification syntax
ref_pic_lists_maodification] { Descriptor
ref_pic_list_modification_flag_10 u(1)
if( ref_pic_list_modification_flag_10)
for(i=0;i <= num_ref_idx_|0_active_minusl,; i++)
list_ entry 10[i] u(v)
if( slice_type = B){
ref pic_list_ modification_flag_|1 u(1)
if( ref_pic_list_modification_flag_I1)
for(i=0;i <= num_ref _idx_I1_active_minusl; i++)
list_entry 11]i] u(v)
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7.3.6.3 Weighted prediction parameters syntax

pred_weight_table){

Descriptor

luma_log2 weight_denom

ue(v)

if( ChromaArrayType != 0)

delta_chroma_log2_weight_denom

se(v)

for(i=0;i <= num_ref_idx_l0_active_minusk+)

if( ( pic_layer_id(RefPicListO[i]) !'= nuh_layer_id) |
( PicOrderCnt( RefPicListd[] ) !'= PicOrderCnt( CurrPic)))

luma_weight_I0_flad i ]

u(l)

if( ChromaArrayType!= 0)

for(i=0;i <= num_ref _idx_10_active_minusi++)

if( ( pic_layer_id(RefPicListO[i]) !'= nuh_layer_id) |
( PicOrderCnt(RefPicListQ[]) != PicOrderCnt( CurrPic)))

chroma_weight_I0_flag i ]

u)

for(i=0;i <= num_ref_idx_l0_active_minusit+ ) {

if( luma_weight 10 flagi]) {

delta_luma_weight_I( i]

se(v)

luma_offset IJ i ]

se(v)

}

if( chroma_weight_I0_flag{])

for(j=0;j<2;j++){

delta_chroma_weight Iqi][j]

se(v)

delta_chroma_offset_IQi][j]

se(v)

}

if( slice_type = B){

for(i=0;i <= num_ref_idx_I1_active_minusi++)

if( ( pic_layer_id(RefPicListO[i ]) !'= nuh_layer_id) |
( PicOrderCnt(RefPicListl[]) != PicOrderCnt( CurrPic)))

luma_weight |1 _flad i ]

u(1)

if( ChromaArrayType!= 0)

for(i=0;i <= num_ref_idx _I1_active_minusi++)

if( ( pic_layer_id(RefPicListO[i ]) !'= nuh_layer_id) |
( PicOrderCnt(RefPicListl[]) != PicOrderCnt( CurrPic)))

chroma_weight 11 flag i ]

u(1)

for(i=0;i <= num_ref_idx_|1_active_minusi+ ) {

if( luma_weight_I1_flagi]) {

delta_luma_weight_I1] i ]

se(v)

luma_offset 1T ]

se(v)
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if( chroma_weight_I1_flalgi ] )

for(j=0;j<2;j++){

delta_chroma_weight 17i][j] se(v)
delta_chroma_offset I1Ti][j] se(v)
}
}
}
}
7.3.7 Short-term reference picture set syntax
st_ref pic_setstRpsldx) { Descriptor
if( stRpsldx!= 0)
inter_ref pic_set prediction_flag u(l)
if( inter_ref_pic_setprediction_flag) {
if( stRpsldx== num_short_term_ref pic_sets)
delta_idx_minusl ue(v)
delta_rps_sign u(l)
abs_delta_rps_minusl ue(v)
for(j=0;j <= NumbDeltaPocdRefRpsldxX]; j++ ) {
used_by curr_pic_flad j ] u(1)
if( 'used_by curr_pic_fldg])
use_delta_flagj ] u(1)
}
}else {
num_negative_pics ue(v)
num_positive_pics ue(v)
for(i=0;i<num_negative_pics; i++ ) {
delta_poc_sO_minustlLi ] ue(v)
used_by curr_pic_s0 flafi ] u(l)
}
for(i=0;i<num_positive_pics; i++) {
delta_poc_s1_minusfLi ] ue(v)
used_by curr_pic_s1 flafi ] u(1)
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7.3.8 Slicesegment data syntax

7.3.8.1 General slice segment data syntax

slice_segment_data{ Descriptor
do{
coding_tree_unit}
end_of slice_segment_flag ae(v)

CtbAddrIinTs++
CtbAddrinRs = CtbAddrTsToRsJtbAddrInTs]
if( lend_of_slice_segment_flag &&
((tiles_enabled_flag && TileldCtbAddrinTs] != Tileld[ CtbAddrIinTsi 1]) ||
(‘entropy_coding_sync_enabled_flag &&
( CtbAddrinRs% PicWidthInCtbsY = 0 ||
Tileld[ CtbAddrInTs] != Tileld[ CtbAddrRsToTs[CtbAddrinRst 1]1]1)))

){

end_of _subset_one_bit* equal to 1 */ ae(v)
byte alignmentj
}

} while('!lend_of slice_segment flag)

7.3.8.2 Coding tree unit syntax

coding_tree_unit { Descriptor
xCtb = ( CtbAddrInRs% PicWidthInCtbsY ) << CtbLog2SizeY
yCtb = ( CtbAddrIinRY PicWidthInCtbsY ) << CtbLog2SizeY
i fs(ice_sao]|]lumadifcleagaol. chroma_fl ag
sgdo xXEtMt bLog2SYEeOt bL0o0g23Si zeY
coding_quadtree( xCtb, yCth, CtbLog2SizeY, 0)
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7.3.8.3 Sample adaptive offset syntax
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sao( )f x, ry

Descr i

if( rx > 0 ) {

l eftCtbl nSliceSeg = CtbAddrlI nRs > Sli

| eft Ct bli h Bit WA ddr En=TSiCt e AdHr R$ DA Tl ]n A

i f( leftC&&I niSeéfitc@tSeignTi | e )

sao_merge_ |l eft flag

a e&)(

}

i f( ry s>sao0 me&é&e !l eft flag ) {

upCt bl nSIGtcheAledgPliFncR)¢ dt hI>FElt bes&Addr Rs

upCtbl nTi CebAddi Ee=Td |
Til €EtdAddr BR$ PATLrPlincRd dt hj] nCt bs

i f( upCtblnSliceSeg & & upCtblnTile

sao_merge_up_f1lag

ae(v

}

i islao_merge_upad lmgrgd&& eflt _fl ag

for( cldx( =ChO;onalAdxr ay Tycped x +!1+= ) 0 ? 3

i f( ( slice_sao_4d unm ) I alg & & cl dx
( slice_sao_chroma_fl ag & & cldx >

i o &x ) O

sao_type_idx_luma

ae (v

el sel kkl )

sao_type_idx_chroma

ae (v

if( SaoTypeldxfcldx][ rx][ry] '= 0){

for(i=0;i<4;i++)

sao_offset_abscldx ][ rx ][ ry][i]

ae(v)

if( SaoTypeldx[cldx][ rx][ry] == 1){

for(i=0;i<4;i++)

if( sao_offset_absfldx][ rx][ ry][i] '= 0)

sao_offset_sighcldx ][ rx ][ ry][i]

ae(v)

sao_band_positioficldx ][ rx ][ ry]

ae(v)

}else {

if(cl &x 0 )

sao_eo_class_luma

ae (v

i ol &x 1 )

sao_eo_class_chroma

ae(v
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