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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form
the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards 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, governmental and non-governmental, 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 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

General

This clause does not form an integral part of this Recommendation | International Standard.

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 an industry standard for compressed

vided
Towd

representation with substantially increased coding etficiency and enhanced robustness to network environn
rd these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts

(MPEG) formed a Joint Collaborative Team on Video Coding (JCT-VC) in 2010 for development\. of a

Reco

0.3

This
movi

mmendation | International Standard. This Recommendation | International Standard was developedAn the JCT]

Purpose

Recommendation | International Standard was developed in response to the growing need for higher compress
hg pictures for various applications such as videoconferencing, digital storage media, television broadca

hents.
hroup
new
-VC.

on of
sting,

interjet streaming, and communications. It is also designed to enable the use of the\eoded video representation in a

flexil
and d
as af
netw

0.4

This
inclu

le manner for a wide variety of network environments as well as to enable the(use' of multi-core parallel enc
ecoding devices. The use of this Recommendation | International Standard altows motion video to be manip
orm of computer data and to be stored on various storage media, transmittéd and received over existing and
rks and distributed on existing and future broadcasting channels.

Applications

Recommendation | International Standard is designed to cover a broad range of applications for video ¢
ling but not limited to the following:

Broadcast (cable TV on optical networks / copper; satellite, terrestrial, etc.)
Camcorders

Content production and distribution

Digital cinema

Home cinema

Internet streaming, downlead and play

Medical imaging

Mobile streaming, broadcast and communications

Real-time‘eonversational services (videoconferencing, videophone, telepresence, etc.)
Remote)video surveillance

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

bding
hlated
future

ntent

Wireless display

0.5

Publication and versions of this Specification

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

This is the first version of this Specification. Additional versions are anticipated.

© ISO/IEC 2013 — All rights reserved
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0.6 Profiles, tiers and levels

This Recommendation | International Standard is designed to be generic in the sense that it serves a wide range of
applications, bit rates, resolutions, qualities, and services. Applications should cover, among other things, digital storage
media, television broadcasting and real-time communications. In the course of creating this Specification, various
requirements from typical applications have been considered, 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 the full syntax of this Specification, however, a limited number of subsets
of the syntax are also stipulated by means of "profiles", "tiers", and "levels". These and other related terms are formally
defined in clause 3.

A "pf

2 2 ax tha 2 andard.
With{n the bounds imposed by the syntax of a given profile it is still possible to require a very large variationyin the
perfofmance of encoders and decoders depending upon the values taken by syntax elements in the bitstreamssuch s the
specified size of the decoded pictures. In many applications, it is currently neither practical nor economic t6 inplenpent a
decodler capable of dealing with all hypothetical uses of the syntax within a particular profile.

. . . D . .
D n_th A Qmin Q Q

In ordler to deal with this problem, "tiers" and "levels" are specified within each profile. A level of a'tier is a specifigd set
of copstraints imposed on values of the syntax elements in the bitstream. These constraints_may be simple lim|ts on
valugs. Alternatively they may take the form of constraints on arithmetic combinations of values (e.g. picture width
multiplied by picture height multiplied by number of pictures decoded per second). A level specified for a lower fier is
more|constrained than a level specified for a higher tier.

Codefd video content conforming to this Recommendation | International Standard”usés a common syntax. In ordler to
achieyve a subset of the complete syntax, flags, parameters, and other syntax elements are included in the bitstrearh that
signaf the presence or absence of syntactic elements that occur later in the bitstream.

0.7 Overview of the design characteristics

The qoded representation specified in the syntax is designed to enable a high compression capability for a desired fmage
or vidleo quality. The algorithm is typically not lossless, as the(éxact source sample values are typically not preserved
through the encoding and decoding processes. A number<of techniques may be used to achieve highly effficient
compression. Encoding algorithms (not specified in this Recommendation | International Standard) may select befween
inter fand intra coding for block-shaped regions of each.picture. Inter coding uses motion vectors for block-based inter
prediftion to exploit temporal statistical dependeneies between different pictures. Intra coding uses various spatial
prediftion modes to exploit spatial statistical dependencies in the source signal for a single picture. Motion vectogs and
intra jprediction modes may be specified for a wariety of block sizes in the picture. The prediction residual may then be
furth¢r compressed using a transform to reniove spatial correlation inside the transform block before it is quanftized,
prodycing a possibly irreversible processthat typically discards less important visual information while forming a|close
apprqximation to the source samples) ‘Finally, the motion vectors or intra prediction modes may also be further
compressed using a variety of prediction mechanisms, and, after prediction, are combined with the quantized trangform
coeffjcient information and encoded using arithmetic coding.

0.8 How to read this Specification

It is puggested that«fhevreader starts with clause 1 (Scope) and moves on to clause 3 (Definitions). Clause 6 shoyld be
read for the geometrical relationship of the source, input, and output of the decoder. Clause 7 (Syntax and semantics)
specifies the order to parse syntax elements from the bitstream. See subclauses 7.1-7.3 for syntactical order and see
subclhuse 7:4 for semantics; e.g. the scope, restrictions, and conditions that are imposed on the syntax elementy. The
actual parsing for most syntax elements is specified in clause 9 (Parsing process). Clause 10 (Sub-bitstream extrgction
procdss)._specifies the sub-bitstream extraction process. Finally, clause 8 (Decoding process) specifies how the syntax
elements are mapped into decoded samples. Throughout reading this Specification, the reader should refer to clauses 2
(Normative references), 4 (Abbreviations), and 5 (Conventions) as needed. Annexes A through E also form an integral
part of this Recommendation | International Standard.

Annex A specifies profiles each being tailored to certain application domains, and defines the so-called tiers and levels of
the profiles. Annex B specifies syntax and semantics of a byte stream format for delivery of coded video as an ordered
stream of bytes. Annex C specifies the hypothetical reference decoder, bitstream conformance, decoder conformance,
and the use of the hypothetical reference decoder to check bitstream and decoder conformance. Annex D specifies syntax
and semantics for supplemental enhancement information message payloads. Annex E specifies syntax and semantics of
the video usability information parameters of the sequence parameter set.

Throughout this Specification, statements appearing with the preamble "NOTE —" are informative and are not an integral
part of this Recommendation | International Standard.
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1
This

2.1
The

were
Reco

editid

valid
valid

2.2

2.3

2.4

3

For the purposes of this Recommendation | International Standard, the following definitions apply:

31

3.2

3.3

34
3.5

Information technology — High efficiency coding and media delivery in
heterogeneous environments —

Part 2: High efficiency video coding

Scope

document specifies High efficiency video coding.

13(E)

Normative references

General

ITU-T Recommendations.

Identical Recommendations | International Standards

—  None.

Paired Recommendations | International Standards equivalent in technical content

—  None

Additional references

— Rec. ITU-T T.35 (in force), Procedure for the allocation of ITU-T defined codes for non-stal
facilities.

— ISO/IEC 11578: in force, Information technology — Open Systems Interconnection — Remote Proc
Call (RPC).

— ISO 11664-1: in foree,\Colorimetry — Part 1: CIE standard colorimetric observers.

— IS0 12232: in foree, Photography — Digital still cameras — Determination of exposure index, ISO
ratings, standardoutput sensitivity, and recommended exposure index.

— IETF RFE€1321 (in force), The MD5 Message-Digest Algorithm.

Definitions

access unit: A set of NAL units that are associated with each other according to a specified classificatior]

ollowing Recommendations and International Standards contain provisions which, through-teference in thif text,
constftute provisions of this Recommendation | International Standard. At the time of publications; the editions ind

cated

valid. All Recommendations and Standards are subject to revision, and parties to. agreements based of this
lnmendation | International Standard are encouraged to investigate the possibility, of Japplying the most gecent
n of the Recommendations and Standards listed below. Members of IEC and ISO.maintain registers of curfently
International Standards. The Telecommunication Standardization Bureau of the JITU maintains a list of curfently

hdard

bdure

speed

rule,

are consecutive 1n decoding order, and contain exactly one coded picture.

NOTE 1 — In addition to containing the VCL NAL units of the coded picture, an access unit may also contain non-

VCL NAL units. The decoding of an access unit always results in a decoded picture.

AC transform coefficient: Any transform coefficient for which the frequency index in at least one of the two

dimensions is non-zero.

associated non-VCL NAL unit: A non-VCL NAL unit (when present) for a VCL NAL unit where the VCL NAL

unit 1s the associated VCL NAL unit of the non-VCL NAL unit.

associated IRAP picture: The previous /RAP picture in decoding order (when present).

associated VCL NAL unit: The preceding VCL NAL unit in decoding order for a non-VCL NAL unit with
nal unit type equal to EOS NUT, EOB NUT, FD NUT, or SUFFIX SEI NUT, or in the ranges of
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3.6
3.7
3.8

3.9

3.10

3.11

3.12
3.13

3.14
3.15

3.16

3.17

3.18

3.19

3.20
3.21

3.22
3.23

3.24

RSV _NVCLA45.RSV_NVCL47 or UNSPEC56..UNSPEC63; or otherwise the next VCL NAL unit in decoding
order.

bin: One bit of a bin string.
binarization: A set of bin strings for all possible values of a syntax element.

binarization process: A unique mapping process of all possible values of a syntax element onto a set of bin
strings.

bin string: An intermediate binary representation of values of syntax elements from the binarization of the
syntax element.

bi-predictive (B) slice: A slice that may be decoded using intra prediction or inter prediction using at most

twomotion vectors and roforonco indicos ta nrodict the camnle values of cach Alocok
J I ¢ *

bitstream: A sequence of bits, in the form of a NAL unit stream or a byte stream, that forms the représentation
of coded pictures and associated data forming one or more CVSs.

block: An MxN (M-column by N-row) array of samples, or an MxN array of transform coefficients.

broken link: A location in a bitstream at which it is indicated that some subsequent pictares in decoding prder
may contain serious visual artefacts due to unspecified operations performed in the generation of the bitstqeam.

broken link access (BLA) access unit: An access unit in which the coded picturé.isia BLA picture.

broken link access (BLA) picture: An /IRAP picture for which each VCL NAL unit has nal unit_type eqpal to
BLA W LP,BLA W RADL, or BLA N LP.
NOTE 2 — A BLA picture contains only I slices, and may be the first picture in the bitstream in decoding ordler, or
may appear later in the bitstream. Each BLA picture begins a new. CVS, and has the same effect on the de¢oding
process as an IDR picture. However, a BLA picture contains syntax¢lements that specify a non-empty RPS. When a
BLA picture for which each VCL NAL unit has nal unit type~¢qual to BLA W _LP, it may have associated RASL
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 pictuge, for which each VCL NAL unit has nal unit_type edual to
BLA_ W_LP, it may also have associated RADL pictures, which are specified to be decoded. When a BLA pictyjrre for
which each VCL NAL unit has nal unit_type equalt6~-BLA W_RADL, it does not have associated RASL pictures
but may have associated RADL pictures. When a BDA picture for which each VCL NAL unit has nal_unit_typd equal
to BLA N _LP, it does not have any associated leading pictures.

buffering period: The set of access units starting with an access unit that contains a buffering periofl SEI
message and containing all subsequent aceéss units in decoding order up to but not including the next dccess
unit (when 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 values, the left-mogt and
right-most bits represent the most and least significant bits, respectively.

byte-aligned: A position(in)a bitstream is byte-aligned when the position is an integer multiple of 8 bits| from
the position of the first\bit in the bitstream, and a bit or byte or syntax element is said to be byte-aligned [when
the position at which 1} appears in a bitstream is byte-aligned.

byte stream: An‘encapsulation of a NAL unit stream containing start code prefixes and NAL units as spefified
in Annex B:

can: A ferm used to refer to behaviour that is allowed, but not necessarily required.

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

NOTE 3 — The term chroma is used rather than the term chrominance in order to avoid the implication of the juse of

linear llght transier characteristics that 1S often associated with the term chrominance.
clean random access (CRA) access unit: An access unit in which the coded picture is a CRA picture.

clean random access (CRA) picture: An /RAP picture for which each VCL NAL unit has nal unit_type equal
to CRA_NUT.
NOTE 4 — A CRA picture contains only I slices, and 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 pictures. When 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.

coded picture: A coded representation of a picture containing all coding tree units of the picture.
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coded picture buffer (CPB): A first-in first-out buffer containing decoding units in decoding order specified
in the hypothetical reference decoder in Annex C.

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

coded slice segment NAL unit: A NAL unit that has nal unit type in the range of TRAIL N to RASL R,
inclusive, or in the range of BLA W _LP to RSV_IRAP VCL23, inclusive, which indicates that the NAL unit
contains a coded slice segment.

coded video sequence (CVS): A sequence of access units that consists, in decoding order, of an IRAP access
unit with NoRaslOutputFlag equal to 1, followed by zero or more access units that are not IRAP access units
with NoRaslOutputFlag equal to 1, including all subsequent access units up to but not including any
subsequent access unit that is an IRAP access unit with NoRaslOutputFlag equal to 1.

NOTE S An IRAP access uritin DR eSS BLA it—ora CRA e i lue of

NoRaslOutputFlag is equal to 1 for each IDR access unit, each BLA access unit, and each CRA access unit thaf is the
first access unit in the bitstream in decoding order, is the first access unit that follows an end of sequence-NAL fnit in
decoding order, or has HandleCraAsBlaFlag equal to 1.

coding block: An NxN block of samples for some value of N such that the division of a coding\free blocf into
coding blocks is a partitioning.

coding tree block: An NxN block of samples for some value of N such that the diyision of a componert into
coding tree blocks is a partitioning.

coding tree unit: A coding tree block of luma samples, two corresponding.cdding tree blocks of cHroma
samples of a picture that has three sample arrays, or a coding tree block of samples of a monochrome pjcture
or a picture that is coded using three separate colour planes and syntax strvictures used to code the sampleg.

coding unit: A coding block of luma samples, two corresponding ¢oding blocks of chroma sampleq of a
picture that has three sample arrays, or a coding block of samples 6f a monochrome picture or a picture that is
coded using three separate colour planes and syntax structuresdsed to code the samples.

component: An array or single sample from one of the three arrays (luma and two chroma) that compose a
picture in 4:2:0, 4:2:2, or 4:4:4 colour format or the array or a single sample of the array that compose a pjcture
in monochrome format.

context variable: A variable specified for the-adaptive binary arithmetic decoding process of a bin by an
equation containing recently decoded bins.

cropped decoded picture: The result ‘of-cropping a decoded picture based on the conformance cropping
window specified in the SPS that is referred to by the corresponding coded picture.

decoded picture: A decoded picture is derived by decoding a coded picture.

decoded picture buffer (DPB): A buffer holding decoded pictures for reference, output reordering, or qutput
delay specified for the Aypothietical reference decoder in Annex C.

decoder: An embodiment of a decoding process.

decoder under.‘test (DUT): A decoder that is tested for conformance to this Specification by operatirlg the
hypothetical-stream scheduler to deliver a conforming bitstream to the decoder and to the hypothetical
referencedecoder and comparing the values and timing or order of the output of the two decoders.

decoding order: The order in which syntax elements are processed by the decoding process.

decoding process: The process specified in this Specification that reads a bitstream and derives defoded
pictures from it.

decoding unit: An access unit 1if SubPicHrdFlag is equal to U or a subsct of an access unif otherwise,
consisting of one or more VCL NAL units in an access unit and the associated non-VCL NAL units.

dependent slice segment: A slice segment for which the values of some syntax elements of the slice segment
header are inferred from the values for the preceding independent slice segment in decoding order.

display process: A process not specified in this Specification having, as its input, the cropped decoded
pictures that are the output of the decoding process.

elementary stream: A sequence of one or more bitstreams.

NOTE 6 — An elementary stream that consists of two or more bitstreams would typically have been formed by
splicing together two or more bitstreams (or parts thereof).
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3.46

3.47

3.48

3.49
3.50
3.51
3.52

3.53

3.54

3.55

3.56

3.57

3.58

3.59

3.60
3.61

3.62
3.63
3.64
3.65

3.66
3.67

3.68

emulation prevention byte: A byte equal to 0x03 that is present within a NAL unit when the syntax elements
of the bitstream form certain patterns of byte values in a manner that ensures that no sequence of consecutive
byte-aligned bytes in the NAL unit can contain a start code prefix.

encoder: An embodiment of an encoding process.

encoding process: A process not specified in this Specification that produces a bitstream conforming to this
Specification.

field: An assembly of alternative rows of samples of a frame.
filler data NAL units: NAL units with nal_unit_type equal to FD_NUT.

flag: A variable that can take one of the two possible values 0 and 1.

field and sample rows 1, 3, 5, ... originate from the bottom field.

frame: The composition of a top field and a bottom field, where sample rows 0, 2, 4, ... originate fromthe top

frequency index: A one-dimensional or two-dimensional index associated with a transform cogefficient ptior to
an inverse transform part of the decoding process.

hypothetical reference decoder (HRD): A hypothetical decoder model that specifies-constraints op the
variability of conforming NAL unit streams or conforming byte streams that an encodingprocess may progluce.

hypothetical stream scheduler (HSS): A hypothetical delivery mechanismy used for checking the
conformance of a bitstream or a decoder with regards to the timing and data:low of the input of a bitsfream
into the hypothetical reference decoder.

independent slice segment: A slice segment for which the values of the.syntax elements of the slice segment
header are not inferred from the values for a preceding slice segment.

informative: A term used to refer to content provided in_this ‘Specification that does not establislh any
mandatory requirements for conformance to this Specificationand thus is not considered an integral part gf this
Specification.

instantaneous decoding refresh (IDR) access unit:’An access unit in which the coded picture is ar} IDR
picture.

instantaneous decoding refresh (IDR) picture: An IRAP picture for which each VCL NAL unft has
nal_unit type equal to IDR_ W_RADL or IDR N LP.

NOTE 7 — An IDR picture contains onlyT slices, and may be the first picture in the bitstream in decoding ordler, or
may appear later in the bitstream. Each IDR picture is the first picture of a CVS in decoding order. When ah 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 which each VCL NAL unit has nal_unit_type equal to IDR_N_LP, it does ngt have
any associated leading pictures. An IDR picture does not have associated RASL pictures.

inter coding: Coding of & coding block, slice, or picture that uses inter prediction.

inter prediction: Arprediction derived in a manner that is dependent on data elements (e.g. sample valyes or
motion vectors) ofpictures other than the current picture.

intra coding:Ceding of a coding block, slice, or picture that uses intra prediction.
intra prediction: A prediction derived from only data elements (e.g. sample values) of the same decoded [s/ice.
intra.random access point (IRAP) access unit: An access unit in which the coded picture is an IRAP pidture.

intra random access point (IRAP) picture: A coded picture for which each VCL NAL unit has nal_unif type
in the range of BLA' W_LP to RSV_IRAP VCL23, inclusive.

NOTE 8 — An IRAP picture contains only I slices, and may be a BLA picture, a CRA picture or an IDR picture. The
first picture 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 non-RASL pictures in decoding order
can be correctly decoded without performing the decoding process of any pictures that precede the IRAP picture in
decoding order. There may be pictures in a bitstream that contain only I slices that are not IRAP pictures.

intra (I) slice: A slice that is decoded using intra prediction only.

inverse transform: A part of the decoding process by which a set of transform coefficients are converted into
spatial-domain values.

layer: A set of VCL NAL units that all have a particular value of nuh layer id and the associated non-VCL
NAL units, or one of a set of syntactical structures having a hierarchical relationship.
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NOTE 9 — 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 quality scalable layer,
a view, etc. A temporal true subset of a scalable layer is not referred to as a layer but referred to as a sub-layer or
temporal sub-layer. The second layer concept is also referred to as a coding layer, wherein higher layers contain lower

layers, and the coding layers are the CVS, picture, slice, slice segment, and coding tree unit layers.

layer identifier list: A list of nuh layer id values that is associated with a layer set or an operation point and

can be used as an input to the sub-bitstream extraction process.

layer set: A set of layers represented within a bitstream created from another bitstream by operation of the
sub-bitstream extraction process with the another bitstream, the target highest Temporalld equal to 6, and the

target layer identifier list equal to the layer identifier list associated with the layer set as inputs.

leading picture: A picture that precedes the associated IRAP picture in output order.

leaf: A terminating node of a tree that is a root node of a tree of depth 0.
level: A defined set of constraints on the values that may be taken by the synfax elements and variables (f this
Specification, or the value of a transform coefficient prior to scaling.
NOTE 10 — The same set of levels is defined for all profiles, with most aspects of the definition 0f€ach level bging in
common across different profiles. Individual implementations may, within the specified.\constraints, support a
different level for each supported profile.
list 0 (list 1) motion vector: A motion vector associated with a reference index pointing into reference pjcture
list 0 (list I).
list 0 (list 1) prediction: Inter prediction of the content of a slice using)a reference index pointing into
reference picture list 0 (list 1).
long-term reference picture: A picture that is marked as "used for long-term reference".
long-term reference picture set: The two RPS lists that may eontain long-term reference pictures.
luma: An adjective, represented by the symbol or subscriptrY or L, specifying that a sample array or §ingle
sample is representing the monochrome signal related to the primary colours.
NOTE 11 — The term luma is used rather than the tepmuminance 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 ipstead
of the symbol Y to avoid confusion with the sysibol y as used for vertical location.
may: A term that is used to refer to behavioutthat is allowed, but not necessarily required.
NOTE 12 — In some places where the optional nature of the described behaviour is intended to be emphasizqd, the
phrase "may or may not" is used to provide emphasis.
motion vector: A two-dimensional/vector used for inter prediction that provides an offset from the coordjnates
in the decoded picture to the goordinates in a reference picture.
must: A term that is used.in expressing an observation about a requirement or an implication of a requir¢ment
that is specified elsewhere in this Specification (used exclusively in an informative context).
nested SEI message: An SEI message that is contained in a scalable nesting SEI message.
network ahstraction layer (NAL) unit: A syntax structure containing an indication of the type of djata to
follow and*~bytes containing that data in the form of an RBSP interspersed as necessary with emulation
preventiqn bytes.
network abstraction layer (NAL) unit stream: A sequence of NAL units.
non-nested SEI message: An SEI message that is not contained in a scalable nesting SEI message.

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

NOTE 13 — A non-reference picture contains samples that cannot be used for inter prediction in the decoding process

of subsequent pictures in decoding order. In other words, once a picture is marked as "unused for reference",
never be marked back as "used for reference".

non-VCL NAL unit: A NAL unit that is not a VCL NAL unit.

note: A term that is used to prefix informative remarks (used exclusively in an informative context).

it can

operation point: A bitstream created from another bitstream by operation of the sub-bitstream extraction

process with the another bitstream, a target highest Temporalld, and a target layer identifier list as inputs.
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3.92

3.93

NOTE 14 — 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 list, the operation point is identical to the layer set. Otherwise it
is a subset of the layer set.

output order: The order in which the decoded pictures are output from the decoded picture buffer (for the
decoded pictures that are to be output from the decoded picture buffer).

parameter: A syntax element of a VPS, SPS or PPS, or the second word of the defined term quantization
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 of /uma samples in monochrome format or an array of /uma samples and two corresponding
o-4.2:.0 d
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NOTE 15 — 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 structure containing syntax elements that apply to zerfo or more pntire
coded pictures as determined by a syntax element found in each slice segment header.

picture order count: A variable that is associated with each picture, uniquely identifiesithe associated pjcture
among all pictures in the CVS, and, when the associated picture is to be output from the-decoded picture Huffer,
indicates the position of the associated picture in output order relative to the output order positions of the|other
pictures in the same CV'S that are to be output from the decoded picture buffer.

prediction: An embodiment of the prediction process.
prediction block: A rectangular MxN block of samples on which the same prediction is applied.

prediction process: The use of a predictor to provide an estimate of the data element (e.g. sample value or
motion vector) currently being decoded.

prediction unit: A prediction block of luma samples, two ‘cotresponding prediction blocks of chroma samples
of a picture that has three sample arrays, or a predictiop,block of samples of a monochrome picture or a picture
that is coded using three separate colour planes and-Syntax structures used to predict the prediction |block
samples.

predictive (P) slice: A slice that may be decoded using intra prediction or inter prediction using at mogt one
motion vector and reference index to predict the sample values of each block.

predictor: A combination of specified” values or previously decoded data elements (e.g. sample value or
motion vector) used in the decoding\process of subsequent data elements.

prefix SEI message: An SElunessage that is contained in a prefix SEI NAL unit.
prefix SEI NAL unit: An SE7 NAL unit that has nal unit_type equal to PREFIX SEI NUT.
profile: A specifiedssubset of the syntax of this Specification.

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

quantization parameter: A variable used by the decoding process for scaling of transform coefficient levels.

randem access: The act of starting the decoding process for a bitstream at a point other than the beginnjng of
therstream.

random access decodable leading (RADL) access unit: An access unit in which the coded picture is a RADL

3.109

3.110

3.111

picture.
random access decodable leading (RADL) picture: A coded picture for which each VCL NAL unit has
nal _unit type equal to RADL R or RADL N.

NOTE 16 — All RADL pictures are leading pictures. RADL pictures are not used as reference pictures for the
decoding process 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 unit: An access unit in which the coded picture is a RASL
picture.

random access skipped leading (RASL) picture: A coded picture for which each VCL NAL unit has
nal unit type equal to RASL R or RASL N.
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NOTE 17 — All RASL pictures are leading pictures of an associated 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 bitstream. RASL pictures are not used as
reference pictures for the decoding process of non-RASL 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 two-dimensional pattern to a one-dimensional pattern such that the
first entries in the one-dimensional pattern are from the first top row of the two-dimensional pattern scanned
from left to right, followed similarly by the second, third, etc., rows of the pattern (going down) each scanned
from left to right.

raw byte sequence payload (RBSP): A syntax structure containing an integer number of bytes that is
encapsulated in a NAL unit and that is either empty or has the form of a string of data bits containing syntax
elements followed by an RBSP stop bit and zero or more subsequent bits equal to 0.

3.114

3.115

3.114
3.117

3.11§

3.119

3.12(

3.121

3.122

3.123
3.124

3.125
3.12

raw byte sequence payload (RBSP) stop bit: A bit equal to 1 present within a raw byte sequence pa]yload
(RBSP) after a string of data bits, for which the location of the end within an RBSP can be identifigd by
searching from the end of the RBSP for the RBSP stop bit, which is the last non-zero bit in the RBSP.

recovery point: A point in the bitstream at which the recovery of an exact or an approximate representatjon of
the decoded pictures represented by the bitstream is achieved after a random access or broken link.

reference index: An index into a reference picture list.

reference picture: A picture that is a short-term reference picture or a long-term/’veference picture.

NOTE 18 — A reference picture contains samples that may be used for inter pgediction in the decoding prodess of
subsequent pictures in decoding order.

reference picture list: A list of reference pictures that is used for interprediction of a P or B slice.

NOTE 19 — For the decoding process of a P slice, there is one referehce picture list — reference picture list 0. Hor the
decoding process of a B slice, there are two reference picture-lists — reference picture list 0 and reference gicture
list 1.

reference picture list 0: The reference picture list used for'inter prediction of a P or the first reference picture
list used for inter prediction of a B slice.

reference picture list 1: The second reference picture list used for inter prediction of a B slice.

reference picture set (RPS): A set of reference pictures associated with a picture, consisting of all refefence
pictures that are prior to the associated picture in decoding order, that may be used for inter prediction pf the
associated picture or any picture following the associated picture in decoding order.

NOTE 20 — The RPS of a picture‘¢ensists of five RPS lists, three of which are to contain short-term reference pictures
and the other two are to containJong-term reference pictures.

reserved: A term that may e used to specify that some values of a particular syntax element are for futufe use
by ITU-T | ISO/IEC and\shall not be used in bitstreams conforming to this version of this Specificatiof, but
may be used in bitstreams conforming to future extensions of this Specification by ITU-T | ISO/IEC.

residual: The dedoded difference between a prediction of a sample or data element and its decoded value,

sample aspect ratio: The ratio between the intended horizontal distance between the columns and the int¢nded
vertical distanice between the rows of the luma sample array in a picture, which is specified for assistirlg the
display.process (not specified in this Specification) and expressed as 4:v, where / is the horizontal width jand v
is the vertical height, in arbitrary units of spatial distance.

scaling: The process of multiplying transform coefficient levels by a factor, resulting in transform coefficipnts.

sequence parameter set (SPS). A syntax structure containing svutax elements that qpp]y tozero orlmore
5

3.127

3.128
3.129

entire CVSs as determined by the content of a syntax element found in the PPS referred to by a syntax element
found in each slice segment header.

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

NOTE 21 — When used to express a mandatory constraint on the values of syntax elements or on the results obtained
by operation of the specified decoding process, it is 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 the decoding process described in this Specification
conforms to the decoding process requirements of this Specification.

short-term reference picture: A picture that is marked as "used for short-term reference".

short-term reference picture set: The three RPS lists that may contain short-term reference pictures.
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3.132

3.133

3.134

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 this Specification.

slice: An integer number of coding tree units contained in one independent slice segment and all subsequent
dependent slice segments (if any) that precede the next independent slice segment (if any) within the same
access unit.

slice header: The slice segment header of the independent slice segment that is a current slice segment or the
most recent independent slice segment that precedes a current dependent slice segment in decoding order.

slice segment: An integer number of coding tree units ordered consecutively in the tile scan and contained in a
single NAL unit.

slice segment header: A part of a coded slice segment containing the data elements pertaining to the first or all

3.135
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3.13§
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3.14(
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3.142

3.143

3.144

3.145
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3.148
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coding tree units represented 1n the slice segment.
source: A term used to describe the video material or some of its attributes before encoding.

start code prefix: A unique sequence of three bytes equal to 0x000001 embedded in the byte stream as a prefix
to each NAL unit.
NOTE 22 — The location of a start code prefix can be used by a decoder to identify the beginning of a new NAIL unit

and the end of a previous NAL unit. Emulation of start code prefixes is prevented within, NAL units by the indlusion
of emulation prevention bytes.

step-wise temporal sub-layer access (STSA) access unit: An access unit ithayhich the coded picture|is an
STSA picture.

step-wise temporal sub-layer access (STSA) picture: A coded picture-for which each VCL NAL unjt has
nal unit type equal to STSA R or STSA N.
NOTE 23 — 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 orderwith the same Temporalld as the STSA pictpire 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 enables up-switching, at the STSA picture, to the sub-layer containipg the
STSA picture, from the immediately lower sub-layer. STSA pictures must have Temporalld greater than 0.

string of data bits (SODB): A sequence of some ntumber of bits representing syntax elements present within a
raw byte sequence payload prior to the raw .byte sequence payload stop bit, where the left-most pit is
considered to be the first and most significant.bit, and the right-most bit is considered to be the last and least
significant bit.

sub-bitstream extraction process: A\specified process by which NAL units in a bitstream that do not blong
to a target set, determined by a tatget’highest Temporalld and a target layer identifier list, are removed|from
the bitstream, with the output sub-bitstream consisting of the NAL units in the bitstream that belong fo the
target set.

sub-layer: A temporal-scalable layer of a temporal scalable bitstream, consisting of VCL NAL units With a
particular value of the Temporalld variable and the associated non-VCL NAL units.

sub-layer non-réference picture: A picture that contains samples that cannot be used for inter prediction in
the decoding process of subsequent pictures of the same sub-layer in decoding order.
NOTE 244 Samples of a sub-layer non-reference picture may be used for inter prediction in the decoding prodess of
subsequent pictures of higher sub-layers in decoding order.

sub-layer reference picture: A picture that contains samples that may be used for inter prediction in the
deeoding process of subsequent pictures of the same sub-layer in decoding order.

NOTE 25 — Samples of a sub-layer reference picture may also be used for inter prediction in the decoding prodess of

sub-layer representation: A subset of the bitstream consisting of NAL units of a particular sub-layer and the
lower sub-layers.

suffix SEI message: An SEI message that is contained in a suffix SEI NAL unit.
suffix SEI NAL unit: An SE/ NAL unit that 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 the bitstream.

syntax structure: Zero or more syntax elements present together in the bitstream in a specified order.
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temporal sub-layer access (TSA) access unit: An access unit in which the coded picture is a TSA picture.

temporal sub-layer access (TSA) picture: A coded picture for which each VCL NAL unit has nal unit type
equal to TSA R or TSA N.
NOTE 26 — A TSA picture and pictures following the TSA picture in decoding do not use pictures with Temporalld
greater than or equal to that of the TSA picture for inter prediction reference. A TSA picture enables up-switching, at
the TSA picture, to the sub-layer containing the TSA picture or any higher sub-layer, from the immediately lower
sub-layer. TSA pictures must have Temporalld greater than 0.

temporal sub-layer: A temporal scalable layer of a temporal scalable bitstream, consisting of VCL NAL units
with a particular value of Temporalld and the associated non-VCL NAL units.

tier: A specified category of /evel constraints imposed on values of the syntax elements in the bitstream, where
the level contraints are nested within a tier and a decoder conforming to a certain tier and level would be

3.154

3.155

3.154

3.157

3.15§

3.159
3.16(

3.161

3.162

3.163
3.164

3.165

capable of decoding all bitstreams that conform to the same tier or the lower fier of that level or any|/evel
below it.

tile: A rectangular region of coding tree blocks within a particular tile column and a particular e row in a
picture.

tile column: A rectangular region of coding tree blocks having a height equal to the height-ef the picturejand a
width specified by syntax elements in the picture parameter set.

tile row: A rectangular region of coding tree blocks having a height specified by syntax elements in the pjcture
parameter set and a width equal to the width of the picture.

tile scan: A specific sequential ordering of coding tree blocks partitionifig,a picture in which the coding tree
blocks are ordered consecutively in coding tree block raster scan in a tileswhereas tiles in a picture are ordered
consecutively in a raster scan of the tiles of the picture.

trailing picture: A picture that follows the associated IRAP picture in output order.

NOTE 27 — Trailing pictures associated with an IRAP pieture also follow the IRAP picture in decoding |order.
Pictures that follow the associated IRAP picture in output.order and precede the associated IRAP picture in de¢oding
order are not allowed.

transform block: A rectangular MxN block of samples on which the same transform is applied.

transform coefficient: A scalar quantity, considered to be in a frequency domain, that is associated With a
particular one-dimensional or two-dimensional frequency index in an inverse transform part of the decpding
process.

transform coefficient level: An:.integer quantity representing the value associated with a partjcular
two-dimensional frequency index in the decoding process prior to scaling for computation of a trankform
coefficient value.

transform unit: A transform block of luma samples of size 8x8, 16x16, or 32x32 or four transform blog¢ks of
luma samples of size 4x4, two corresponding transform blocks of chroma samples of a picture that has|three
sample arrays, or a({rarisform block of luma samples of size 8x8, 16x16, or 32x32 or four transform blo¢ks of
luma samples of.size 4x4 of a monochrome picture or a picture that is coded using three separate colour glanes
and syntax structures used to transform the transform block samples.

tree: A trog s a finite set of nodes with a unique root node.

universal unique identifier (UUID): An identifier that is unique with respect to the space of all uniyersal
unique identifiers.

unspecified: A term that may be used to specify some values of a particular syntax element to indicate thpt the

3.166

3.167

3.168

1 1 bl 1 b - i Q bl i 1 +11 | b Al 1 b b 41 e
vdalucy 11ave 110 prblLlUU lllCdlllllg 11T LIS Ol)CblllL«dLlUll dalltl WIIT 110U 11ave a DPCL«IIICU lllCdlllllg T tie tature as an
integral part of future versions of this Specification.

video coding layer (VCL) NAL unit: A collective term for coded slice segment NAL units and the subset of
NAL units that have reserved values of nal unit type that are classified as VCL NAL units in this
Specification.

video parameter set (VPS): A syntax structure containing syntax elements that apply to zero or more entire
CVSs as determined by the content of a syntax element found in the SPS referred to by a syntax element found
in the PPS referred to by a syntax element found in each slice segment header.

z-scan order: A specified sequential ordering of blocks partitioning a picture, where the order is identical to
coding tree block raster scan of the picture when the blocks are of the same size as coding tree blocks, and,
when the blocks are of a smaller size than coding tree blocks, i.e. coding tree blocks are further partitioned into
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smaller coding blocks, the order traverses from coding tree block to coding tree block in coding tree block
raster scan of the picture, and inside each coding tree block, which may be divided into quadtrees
hierarchically to lower levels, the order traverses from quadtree to quadtree of a particular level in quadtree-
of-the-particular-level raster scan of the quadtree of the immediately higher level.

4 Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply:

B Bi-predictive

BLA Broken Link Access

CABAC  Context-based Adaptive Binary Arithmetic Coding
CB Coding Block

CBR Constant Bit Rate

CRA] Clean Random Access

CPB Coded Picture Buffer

CTB Coding Tree Block

CTU Coding Tree Unit

CU Coding Unit

CVS Coded Video Sequence

DPB Decoded Picture Buffer

DUT Decoder Under Test

EG Exponential-Golomb

FIFO First-In, First-Out

FIR Finite Impulse Response

FL Fixed-Length

GDR Gradual Decoding Refresh
HRD Hypothetical Reference Decoder
HSS Hypothetical Stream Scheduler
I Intra

IDR Instantaneous\Decoding Refresh
IRAH Intra Randomi Access Point
LPS Least'Probable Symbol

LSB Eeast Significant Bit

MPS Most Probable Symbol

MSB MOSt Significant Bit

NAL Network Abstraction Layer

P Predictive

PB Prediction Block

PPS Picture Parameter Set

PU Prediction Unit

RADL Random Access Decodable Leading (Picture)
RASL Random Access Skipped Leading (Picture)
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RBSP

SEI
SODB
SPS
STSA
TB
TR
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Raw Byte Sequence Payload

Reference Picture Set

Supplemental Enhancement Information
String Of Data Bits

Sequence Parameter Set

Step-wise Temporal Sub-layer Access
Transform Block

Truncated Rice

TSA
TU
UuIp
VBR|
VCL
VPS
VUI

5.1

5.2

The following arithmetic operators are defined as follows:

Temporal Sub-layer Access
Transform Unit

Universal Unique Identifier
Variable Bit Rate

Video Coding Layer

Video Parameter Set

Video Usability Information

Conventions

General

NPTE — The mathematical operators used in this Specification aré\ similar to those used in the C programming language.
Hpwever, the results of integer division and arithmetic shift operations are defined more precisely, and additional operatigns are
dg¢fined, such as exponentiation and real-valued division. Numbeéting and counting conventions generally begin from 0.

Arithmetic operators

+ Addition
- Subtraction (as a two-argument operator) or negation (as a unary prefix operator)
* Multiplication, incliding matrix multiplication

Exponentiation{ Specifies x to the power of y. In other contexts, such notation is used for superscr|pting
not intended for. interpretation as exponentiation.

~

Integer division with truncation of the result toward zero. For example, 7 / 4 and —7 / —4 are trurjcated
to 1 and>7 /4 and 7 / —4 are truncated to —1.

Used-to denote division in mathematical equations where no truncation or rounding is intended.

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

L
Y

<

53

Z J (1) The summation of 1( 1 ) with 1 taking all integer values trom x up to and mcluding y.

i=x

x%y Modulus. Remainder of x divided by y, defined only for integers x and y with x >= 0 and y > 0.

Logical operators

The following logical operators are defined as follows:

x && y Boolean logical "and" of x and y.
x || y Boolean logical "or" of x and y.

! Boolean logical "not".
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x?7y:z

If x is 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 equal to.

== Equal to.

I= Not equal to.

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

5.5 Bit-wise operators

The following bit-wise operators are defined as follows:

& Bit-wise "and". When operating on integer arguments, operates on a_two's complement represenfation
of the integer value. When operating on a binary argument that.contains fewer bits than arjother
argument, the shorter argument is extended by adding more signifieant bits equal to 0.

Bit-wise "or". When operating on integer arguments, operates.on a two's complement representatjon 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.

A Bit-wise "exclusive or". When operating on integer arguments, operates on a two's compl¢ment
representation of the integer value. When operating on a binary argument that contains fewer bit§ than
another argument, the shorter argument is extetided by adding more significant bits equal to 0.

X >>y Arithmetic right shift of a two's complement integer representation of x by y binary digits.| This
function is defined only for non-negative integer values of y. Bits shifted into the MSBs as a regult of
the right shift have a value equal to the MSB of x prior to the shift operation.

X <<y Arithmetic left shift of a two's complement integer representation of x by y binary digits. This furpction
is defined only for non-negafiye integer values of y. Bits shifted into the LSBs as a result of the left
shift have a value equal t¢ 0,

5.6 Assignment operators
The following arithmetic operators‘are defined as follows:

= Assignmentioperator.

++ Increment, i.e. x++ is equivalent to x = x + 1; when used in an array index, evaluates to the value pf the
vafiable prior to the increment operation.

- = Decrement, i.e. x— — is equivalent to x = x — 1; when used in an array index, evaluates to the value of
the variable prior to the decrement operation.

+# Increment by amount specified, i.e. x += 3 is equivalent to x = x + 3, and x += (—3) is equiyalent
tox=x+(-3).

—-= Decrement by amount specified, i.e. x —= 3 is equivalent to x = x — 3, and x —= (—3) is equivalent

tox =x—(-3).

5.7 Range notation

The following notation is used to specify a range of values:

X=Yy.z

12

x takes on integer values starting from y to z, inclusive, with x, y, and z being integer numbers and z

being greater than y.
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5.8 Mathematical functions

The following mathematical functions are defined:

Abs(x)=) X 5 x>=0 (5-1)
-x ; x<0
Ceil( x ) the smallest integer greater than or equal to x. (5-2)
Cliply(x)=Clip3( 0, (1 << BitDepthy ) —1,x) (5-3)
Cliple(x ) =Clip3( 0, (1 << BitDepthc)—1,x) 5-4)
(x : z<x
ChpB( X, Y,z ) = y 5z > y 5-5)
z ; otherwise
Floor( x ) the largest integer less than or equal to x. (5-6)
Log2( x ) the base-2 logarithm of x. 5-7)
Logl10( x )the base-10 logarithm of x. 5-8)
. <=
Min(x,y)=4% > *=°7 5.9)
y o5 x>y
X 5 X>=
Max(x,y)=1" ° y (b-10)
y 5 X<y
Round( x ) = Sign( x ) * Floor( Abs(x)+0.5) »-1D)
I ; x>0
Sign(x)=30 ; x=0 (p-12)
-1 ; x<0
Sqrt( x ) = Vx (p-13)
Swap(x,y)=(y,x) ($-14)
5.9 Order of operation precedence
When order of precedence in an ¢xpression is not indicated explicitly by use of parentheses, the following rules apply:
—  Pperations of a higher pfecedence are evaluated before any operation of a lower precedence.
—  Pperations of the same.precedence are evaluated sequentially from left to right.
Tablg 5-1 specifies the\precedence of operations from highest to lowest; a higher position in the table indicates a Higher
preceidence.
NPTE - Fox these operators that are also used in the C programming language, the order of precedence used in this Specification
is|the same'as used in the C programming language.
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Table 5-1 — Operation precedence from highest (at top of table) to lowest (at bottom of table)

operations (with operands x, y, and z)

"X++", "y— —"

"Ix", "—x" (as a unary prefix operator)

x7

X
"X*y, X/y, X+y”,"_","X%y”
Y

v
"X +y", "x —y" (as a two-argument operator), " Lf(l) "

i=x

"X << y" "X >> yl’

)

"X < y"’ "X <= y", "X > y"’ "X >= y"

" nn "

x==y"

"X & y"

x!I=y

"X | yll
"X && y"

"X || y"

"x?y:z"

"X..y"

"< :yu’ " 4= yu’ " o—= y

5.10( Variables, syntax elements, and tables

Syntdx elements in the bitstream are represented in-bold type. Each syntax element is described by its name (all

ower

case |etters with underscore characters), and one,descriptor for its method of coded representation. The decoding piocess

behayes according to the value of the syntax element and to the values of previously decoded syntax elements. W|
valug of a syntax element is used in the syntax tables or the text, it appears in regular (i.e. not bold) type.

In sgme cases the syntax tables miay-use the values of other variables derived from syntax elements values.
variables appear in the syntax tables; or text, named by a mixture of lower case and upper case letter and withou
undefscore characters. Variables.starting with an upper case letter are derived for the decoding of the current §
strucfure and all depending_syntax structures. Variables starting with an upper case letter may be used in the dec
procdss for later syntax §trictures without mentioning the originating syntax structure of the variable. Variables st
with & lower case letter are only used within the subclause in which they are derived.

hen a

Such
t any
yntax
bding
hrting

their
on of
by an

undegscore character. Each group starts with an upper case letter and may contain more upper case letters.

— ly follows the C-language syntactic constriicts

Functions that specify properties of the current position in the bitstream are referred to as syntax functions. These
functions are specified in subclause 7.2 and assume the existence of a bitstream pointer with an indication of the position
of the next bit to be read by the decoding process from the bitstream. Syntax functions are described by their names,

which are constructed as syntax element names and end with left and right round parentheses including zero or
variable names (for definition) or values (for usage), separated by commas (if more than one variable).

Functions that are not syntax functions (including mathematical functions specified in subclause 5.8) are describ

more

ed by

their 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 names (for definition) or

values (for usage) separated by commas (if more than one variable).
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A one-dimensional array is referred to as a list. A two-dimensional array is referred to as a matrix. Arrays can either be
syntax elements or variables. Subscripts or square parentheses are used for the indexing of arrays. In 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 than subscripts for indexing.
Thus, an element of a matrix s at horizontal position x and vertical position y may be denoted either as s[ x ][ y ] or as
Syx- A single column of a matrix may be referred to as a list and denoted by omission of the row index. Thus, the column
of a matrix s at horizontal position x may be referred to as the list s[ x ].

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 the elements within a row in increasing column order and the rows are
ordered in increasing row order. Thus, setting a matrix s equal to { { 1 6 } { 4 9 } specifies that s[ 0 ][ 0] is set equal
tol,s[1][0]issetequalto6,s[ 0][1]issetequalto4,ands[1][1]issetequalto9.

e—01960001"
significant bit)

Binary otatiomr TS mdcated—by ¢ O D T me—of—brt—vatues by simete—quote darK v,

reprepents an eight-bit string having only its second and its last bits (counted from the most to the least
equalto 1.

Hexadecimal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of binary nofation
when| the number of bits is an integer multiple of 4. For example, 0x41 represents an eight-bit string having orfly its
secorfd 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 Vajue equal to 0 represents a FALSE condition in a test statement. The value TRUE S represented by any [value
diffefent from zero.

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

if( condition 0 )
statement 0

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:

—  Ifcondition 0, statement 0

—  Otherwise, if conditiponily statement 1

—  Otherwise (informative remark on remaining condition), statement n

Each|"If ... Otherwise, if=. Otherwise, ..." statement in the text is introduced with "... as follows" or "... the follgwing
appligs" immediately. followed by "If ... ". The last condition of the "If ... Otherwise, if ... Otherwise, ..." is always an
"Othgrwise, ...". Intérleaved "If ... Otherwise, if ... Otherwise, ..." statements can be identified by matching |... as

folloyws" or "... ¢hefollowing applies" with the ending "Otherwise, ...".
In thq text, a;statement of logical operations as would be described mathematically in the following form:

if( condition 0a && condition Ob )
Statement U

else if( condition la || condition 1b)
statement 1

else
statement n

may be described in the following manner:

... as follows / ... the following applies:
—  If all of the following conditions are true, statement 0:

—  condition Oa
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—  condition 0b

—  Otherwise, if one or more of the following conditions are true, statement 1:
—  condition la
—  condition 1b

—  Otherwise, statement n

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

if( condition 0 )
statement 0

may

5.12

Procg
synta
avail
expli
can e

Whet

In thg
the a

6.1

This
the b

The 4
form:
sequg
units

The 1
order

L data 1)
H-eondittont—
statement 1
pe described in the following manner:
When condition 0, statement 0

When condition 1, statement 1

Processes

sses are used to describe the decoding of syntax elements. A process has a separate.specification and invokin
k elements and upper case variables that pertain to the current syntax structure and'depending syntax structur:
ible in the process specification and invoking. A process specification may also have a lower case vaj
Litly specified as input. Each process specification has explicitly specifiedian output. The output is a variabl
ther be an upper case variable or a lower case variable.

| invoking a process, the assignment of variables is specified as folows:

f the variables at the invoking and the process specification do-not have the same name, the variables are exp
nssigned to lower case input or output variables of the process specification.

specification of a process, a specific coding block may be referred to by the variable name having a value eq|
ldress of the specific coding block.

Bitstream and picture formats;’partitionings, scanning processes, and neighbouring
relationships

Bitstream formats

subclause specifies the rélationship between the NAL unit stream and byte stream, either of which are referred
tstream.

itstream can be _in ofe of two formats: the NAL unit stream format or the byte stream format. The NAL unit s
it is conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL units.
nce is ordered in decoding order. There are constraints imposed on the decoding order (and contents) of the
in the NAL+unit stream.

pyte stream format can be constructed from the NAL unit stream format by ordering the NAL units in dec
and prefixing each NAL unit with a start code prefix and zero or more zero-valued bytes to form a stream of

b, All
S are
Fiable
e that

icitly

Dtherwise (the variables at the invoking and the process:specification have the same name), assignment is impllied.

hal to

to as

ream
This
NAL

bding
hytes.

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. Methods of framing 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 in Annex B.

6.2

Source, decoded, and output picture formats

This subclause 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 sequence of pictures in decoding order.

The source and decoded pictures are each comprised of one or more sample arrays:

—  Luma (Y) only (monochrome).

16
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—  Luma and two chroma (YCbCr or YCgCo).
—  Green, Blue and Red (GBR, also known as RGB).

—  Arrays representing other unspecified monochrome or tri-stimulus colour samplings (for example, YZX, also
known as XY7Z).

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) and chroma, 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 Annex E.

The variables SubWidthC, and SubHeightC are specified in Table 6-1, depending on the chroma format sampling

structure, which is specified through chroma format idc and separate colour plane flag. Other values of
Chror a2 format ﬁﬂ(\’ QII]‘\‘XI;[‘f]’\F, and Qn}‘\”p;ghfr‘ may be cpp(\iﬁpf‘ n-the future ]‘\y ITLLT ! ISOAEC

Table 6-1 — 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 mgnochrome 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 width of the luma array.
In 4:2:2 sampling, each of the two chroma arrays has the same héight 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:

- f separate_colour plane flag is equal to 0, each of the two chroma arrays has the same height and width gs the
uma array.

—  Ptherwise (separate colour plane flag's’equal to 1), the three colour planes are separately process¢d as
monochrome sampled pictures.

The pumber of bits necessary for the.tepresentation of each of the samples in the luma and chroma arrays in a [video
sequgnce is in the range of 8 to 14{inclusive, and the number of bits used in the luma array may differ from the nymber
of bits used in the chroma arrays.

Wherp the value of chromaCfermat idc is equal to 1, the nominal vertical and horizontal relative locations of lump and
chrotha samples in pictufes-are shown in Figure 6-1. Alternative chroma sample relative locations may be indicafed in
vided usability information (see Annex E).
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Whet
samp)

X X X X X X
0] [®) 0] YY)
X X X X X X
X X X X X X
(@) (@) (@)
X X X X X X
X X X X X X
(@) (@) (@)
X X X X X X
:
Guide:

X = Location of luma sample

O = Location of chroma sample

Figure 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a picture

i the value of chroma format idc is equal to 2, the chroma samples are“co-sited with the corresponding
les and the nominal locations in a picture are as shown in Figure 6-2.

B X ®B X ®& X

B X ®B X & X
B X ®B.X ® X
B X B X ® X
B X ® X ® X
B X ®B X ® X
:

Guide:
X = Location of luma sample

O = Location of chroma sample

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

luma

When the value of chroma format idc is equal to 3, all array samples are co-sited for all cases of pictures and the
nominal locations in a picture are as shown in Figure 6-3.

18
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Guide:

X = Location of luma sample

O = Location of chroma sample

Figure 6-3 — Nominal vertical and horizontal locations of 4:4:4 luma and chroma samples in a picture

6.3 Partitioning of pictures, slices, slice segments, tiles, coding tree units, and coding tree blocks

6.3.1] Partitioning of pictures into slices, slice segments, and tiles

This pubclause specifies how a picture is partitioned into slices, slice’segments, and tiles. Pictures are divided into flices
and tlles. A slice is a sequence of one or more slice segments statting with an independent slice segment and contgining
all subsequent dependent slice segments (if any) that precede’the next independent slice segment (if any) within the|same
access unit. A slice segment is a sequence of coding tree units. Likewise, a tile is a sequence of coding tree units.

For ekample, a picture may be divided into two slices as shown in Figure 6-4. In this example, the first slice is composed
of an| independent slice segment containing 4 coding tree units, a dependent slice segment containing 32 coding tree
units{ and another dependent slice segment containing 24 coding tree units; and the second slice consists of a §ingle
indegjendent slice segment containing the remaining 39 coding tree units of the picture.

As arother example, a picture may be divided into two tiles separated by a vertical tile boundary as shown in Figurf 6-5.
The Ieft side of the figure illustrates atease in which the picture only contains one slice, starting with an independent slice
segmpent and followed by four dependent slice segments. The right side of the figure illustrates an alternative cgse in
which the picture contains two.sliees in the first tile and one slice in the second tile.

UnliKe slices, tiles are alwadys)rectangular. A tile always contains an integer number of coding tree units, and may cpnsist
of coding tree units contained in more than one slice. Similarly, a slice may consist of coding tree units contairjed in
more|than one tile.

One ¢r both of the\following conditions shall be fulfilled for each slice and tile:
—  JAll codingrtree units in a slice belong to the same tile.

—  [All'ceding tree units in a tile belong to the same slice.

NOTE 1 — 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:
—  All coding tree units in a slice segment belong to the same tile.

—  All coding tree units in a tile belong to the same slice segment.

When a picture is coded using three separate colour planes (separate colour plane flag is equal to 1), a slice contains
only coding tree blocks 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 plane id value. Coded slices with
different values of colour_plane id within an access unit 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 be in the
order of increasing coding tree block address in tile scan order for the first coding tree block of each coded slice segment
NAL unit.
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NOTE 2 — When separate_colour_plane flag is equal to 0, each coding tree block of a picture is contained in exactly one slice.
When separate_colour plane flag is equal to 1, each coding tree block of a colour component is contained in exactly one slice
(i.e. information for each coding tree block of a picture is present in exactly three slices and these three slices have different values

of colour_plane id).

Ly
independent — |

slice segment

> A
dependent —]

slice segment

slice segment
boundary

slice boundary

Figure 6-4 — A picture with 11 by 9 luma coding tree blocks that is partitioned into tweslices, the first of whilch is

partitioned into three slice segments (informative)

tile —
| boundary,

Figure 6-5 — A picture with 11 by 9)luma coding tree blocks that is partitioned into two tiles and one slice (left) or

6.3.2] Block and quadtree structures

is partitioned into two tiles and three slices (right) (informative)

The qamples are processed in units of coding tree blocks. The array size for each luma coding tree block in both idth
and Height is CfbSizeY in units of samples. The width and height of the array for each chroma coding tree blogdk are

CtbWidthC and*CtbHeightC, respectively, in units of samples.

Each codmg tree block is ass1gned a partltlon s1gna111ng to 1dent1fy the block sizes for intra or 1nter pred1ct1on a d for

transi

coding tree block. The quadtree is spht until a leaf is reached, which is referred to as the codmg block When the
component width is not an integer number of the coding tree block size, the coding tree blocks at the right component
boundary are incomplete. When the component height is not an integer multiple of the coding tree block size, the coding

tree blocks at the bottom component boundary are incomplete.

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 size of transform blocks. The
splitting information for luma and chroma is identical for the prediction tree and may or may not be identical for the

transform tree.

20 © ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=7898a76f8f8e5aa08ba9964d35874254

ISO/IEC 23008-2:2013(E)

The blocks and associated syntax structures are encapsulated in a "unit" as follows:

— One prediction block (monochrome picture or separate_colour plane flag is equal to 1) or three prediction blocks
(luma and chroma) and associated prediction syntax structures units are encapsulated in a prediction unit.

— One transform block (monochrome picture or separate colour plane flag is equal to 1) or three transform blocks
(luma and chroma) and associated transform syntax structures units are encapsulated in a transform unit.

— One coding block (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
encapsulated in a coding unit.

— One coding tree block (monochrome picture or separate_colour_plane flag is equal to 1) or three coding tree blocks
(luma and chroma), the associated coding tree syntax structures and the associated coding units are encapsulated in a
c¢ding tree unit.

6.3.3| Spatial or component-wise partionings

The following divisions of processing elements of this Specification form spatial or component-wise partitionings:
— The division of each picture into components,

The division of each component into coding tree blocks,

The division of each picture into tile columns,

The division of each picture into tile rows,

The division of each tile column into tiles,

The division of each tile row into tiles,

The division of each tile into coding tree units,

The division of each picture into slices,

The division of each slice into slice segments,

The division of each slice segment into coding tree units,
The division of each coding tree unit into coding tre¢-blocks,
T

he division of each coding tree block into coding blocks, except that the coding tree blocks are incomplete pt the
right component boundary when the component width is not an integer multiple of the coding tree block size afjd the
ding tree blocks are incomplete at the bottom component boundary when the component height is not an iteger
multiple of the coding tree block size,

(<)

— The division of each coding tree-unit into coding units, except that the coding tree units are incomplete at the| right
picture boundary when the picture’ width in luma samples is not an integer multiple of the luma coding tree block size
afpd the coding tree units are inicomplete at the bottom picture boundary when the picture height in luma samgjles is
t an integer multiple of.the luma coding tree block size,

he division of each.coding unit into prediction units,

he division of each coding unit into transform units,

he division of each coding block into prediction blocks,

n
T
T

— The divisionvof each coding unit into coding blocks,
T
T

he division of each (‘nding block into transform blocks

— The division of each prediction unit into prediction blocks,

— The division of each transform unit into transform blocks.

6.4 Availability processes
6.4.1 Derivation process for z-scan order block availability
Inputs to this process are:

—  the luma location ( xCurr, yCurr ) of the top-left sample of the current block relative to the top-left luma sample of
the current picture,
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—  the luma location ( xNbY, yNbY ) covered by a neighbouring block relative to the top-left luma sample of the
current picture.

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

The minimum luma block address in z-scan order minBlockAddrCurr of the current block is derived as follows:
minBlockAddrCurr = MinTbAddrZs[ xCurr >> Log2MinTrafoSize ][ yCurr >> Log2MinTrafoSize ]  (6-1)

The minimum luma block address in z-scan order minBlockAddrN of the neighbouring block covering the location
(xNbY, yNbY ) is derived as follows:

— If one or more of the following conditions are true, minBlockAddrN is set equal to —1:
+  xNDbY is less than 0
+ yNbY is less than 0

+ xNbY is greater than or equal to pic_ width in luma samples
+ yNDbY is greater than or equal to pic_height in luma samples
— Otherwise (xNbY and yNbY are inside the picture boundaries),
minBlockAddrN = MinTbAddrZs[ xXNbY >> Log2MinTrafoSize ][ yNbY >> Log2MinTrafoSize ] 6-2)
The jeighbouring block availability availableN is derived as follows:

— Iflone or more of the following conditions are true, availableN is set equal to FAESE:
+ minBlockAddrN is less than 0,

+ minBlockAddrN is greater than minBlockAddrCurr,

+ the variable SliceAddrRs associated with the slice segnient containing the neighbouring block with the
minimum luma block address minBlockAddrN differs in value from the variable SliceAddrRs associated with
the slice segment containing the current block with the-tinimum luma block address minBlockAddrCurr.

+ the neighbouring block with the minimum luma Block address minBlockAddrN is contained in a differept tile
than the current block with the minimum lumablock address minBlockAddrCurr.

— Otherwise, availableN is set equal to TRUE.

6.4.2] Derivation process for prediction blo¢k availability
Inputk to this process are:

- he luma location ( xCb, yCb )ofithe top-left sample of the current luma coding block relative to the top-left|luma
sample of the current picture,

—  fvariable nCbS specifying/the size of the current luma coding block,

—  the luma location (xPb, yPb ) of the top-left sample of the current luma prediction block relative to the top-left
uma sample of-the current picture,

—  fwo variables\nPbW and nPbH specifying the width and the height of the current luma prediction block,

— g variable partldx specifying the partition index of the current prediction unit within the current coding unit,

- he luma location ( xXNbY, yNbY ) covered by a neighbouring prediction block relative to the top-left luma sgmple

£4hQ ot ot
ottRe-currentpieture:

Output of this process is the availability of the neighbouring prediction block covering the location ( XxNbY, yNbY ),
denoted as availableN is derived as follows:

The variable sameCb specifying whether the current luma prediction block and the neighbouring luma prediction block
cover the same luma coding block.

— If all of the following conditions are true, sameCb is set equal to TRUE:
—  xCb is less than or equal than xNbY,
— yCb is less than or equal than yNbY,
— (xCb + nCbS) is greater than xNbY,
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—  (yCb + nCbS) is greater than yNbY.

— Otherwise, sameCb is set equal to FALSE.

The neighbouring prediction block availability availableN is derived as follows:

— If sameCb is equal to FALSE, the derivation process for z-scan order block availability as specified in
subclause 6.4.1 is invoked with ( xCurr, yCurr ) set equal to ( xPb, yPb ) and the luma location ( xXNbY, yNbY ) as
inputs, and the output is assigned to availableN.

— Otherwise, if all of the following conditions are true, availableN is set equal to FALSE:

—  (nPbW << 1)is equal to nCbS,

— (nPbH << 1)is equal to nCbS,

- 0O

Whet
equal

6.5

6.5.1

The list colWidth[ i ] for i ranging from 0 to num tile columns minusl{nclusive, specifying the width of the i-

colun

The |
in un

partldx is equal to 1,

( yCb + nPbH ) is less than or equal to yNbY,
( xCb +nPbW ) is greater than xNbY.
therwise, availableN is set equal to TRUE.

| availableN is equal to TRUE and CuPredMode[ xNbY ][ yNbY ] is equal to MODE INTRA, availableN
to FALSE.

Scanning processes

Coding tree block raster and tile scanning conversion process

n in units of CTBs, is derived as follows:

if( uniform_spacing flag )
for(1=0;1 <= num_tile columns minusl; i++)
colWidth[ 1 ]=((i+ 1) * PicWidthInCtbsY«)\/'( num_tile columns minusl + 1) —
(1 * PicWidthInCtbsY ) / (num_tile columns minusl + 1)
else {
colWidth[ num_tile columns minus! ] ="PicWidthInCtbsY
for(1=0;1<num tile columns minbst; i++) {
colWidth[ i ] = column_width minus1[i]+ 1
colWidth[ num_tile_colummsyminusl | —= colWidth[ i ]
b
}

st rowHeight[ j ] for j rangifig ffom O to num _tile rows minusl, inclusive, specifying the height of the j-th til
ts of CTBs, is derived as-follows:

if( uniform_spacing’ flag )
for(j = 0;4,<= num_tile rows minusl; j++)
rowHerght[ j ]=((j + 1) * PicHeightInCtbsY ) / (num _tile rows minusl +1)—
(j * PicHeightInCtbsY ) / (num _tile rows minusl + 1)
else{
rowHeight[ num _tile rows minusl ] = PicHeightInCtbsY
for(j=0;j <num tile rows minusl; j++) {

is set

h tile

(6-3)

c row

(6-4)

rowHeight[ j ] = row height minusI[j]+1

rowHeight[ num_tile rows minusl ] — rowHeight[ j ]
H
}

The list colBd[ i ] for i ranging from 0 to num_tile columns minusl + 1, inclusive, specifying the location of the i-th tile
column boundary in units of coding tree blocks, is derived as follows:

for(colBd[0]=0,i=0;1 <= 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_minusl + 1, inclusive, specifying the location of the j-th tile
row boundary in units of coding tree blocks, is derived as follows:
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for(rowBd[0]=0,j=0;j <= num_tile rows_minusl; j++)

rowBd[ j+ 1 ]=rowBd[ j ] + rowHeight[ j ] (6-6)

The list CtbAddrRsToTs[ ctbAddrRs ] for ctbAddrRs ranging from 0 to PicSizeInCtbsY — 1, inclusive, specifying the
conversion from a CTB address in CTB raster scan of a picture to a CTB address in tile scan, is derived as follows:

for( ctbAddrRs = 0; ctbAddrRs < PicSizeInCtbsY; ctbAddrRs++) {
tbX = ctbAddrRs % PicWidthInCtbsY
tbY = ctbAddrRs / PicWidthInCtbsY
for(1=0;1 <= num_tile columns minusl; i++)
if( tbX >= colBd[i])

The
conv

The list Tileld[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizelnCtbsY — 1, inclusive, specifying the convq

from

The 1
are sq

The Y
equal

6.5.2

The
( Pic)
( Picl
in un

tileX =1
for(j=0;j <= num tile rows minusl; j++)
it Y——TowBdi71)
tileY =]

CtbAddrRsToTs[ ctbAddrRs [=0
for(1=0;1i<tileX; i++)
CtbAddrRsToTs[ ctbAddrRs | += rowHeight[ tileY ] * colWidth[ i ]
for(j=0;j <tileY;j++)
CtbAddrRsToTs[ ctbAddrRs | += PicWidthInCtbsY * rowHeight[ j ]
CtbAddrRsToTs[ ctbAddrRs | += (tbY —rowBd[ tileY ]) * colWidth[ tileX ] +tbX — colBd] tileX ]

}

ist CtbAddrTsToRs[ ctbAddrTs | for ctbAddrTs ranging from 0 to PicSizeInCtbs¥ = 1, inclusive, specifyin
brsion 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 < PicSizeInCtbsY; ctbAddrRs++ )
CtbAddrTsToRs[ CtbAddrRsToTs[ ctbAddrRs ] ] = ctbAddrRs

a CTB address in tile scan to a tile ID, is derived as follows:

for(j =0, tileldx =0;j <= num_tile rows minusl; j++)
for(1=0;1 <= num tile columns minusl; i+tytileldx++)
for(y=rowBd[j ]; y <rowBd[j+1]; y+H)
for(x =colBd[ i ]; x <colBd[ i+ 1 J;xt+)
Tileld[ CtbAddrRsToTs[-y* PicWidthInCtbsY+ x ] | = tileldx

ralues of ColumnWidthInLumaSamples| i.], specifying the width of the i-th tile column in units of luma sar
t equal to colWidth[ 1] << CtbLog2Size¥,for i ranging from 0 to num _tile columns minusl, inclusive.

ralues of RowHeightInLumaSamples['j-], specifying the height of the j-th tile row in units of luma samples, 4
to rowHeight[ j ] << CtbLog2SizeY for j ranging from 0 to num_tile rows minusl, inclusive.
Z-scan order array initialization process
array  MinTbAddrZs ) with  elements MinTbAddrZs[ x][y] for x ranging from O

HeightInCtbsY <<\ (CtbLog2SizeY — Log2MinTrafoSize ) ) — 1, specifying the conversion from a location (
ts of minimum bloCks to a minimum block address in z-scan order, inclusive is derived as follows:

for( y=\0; y < ( PicHeightInCtbsY << ( CtbLog2SizeY — Log2MinTrafoSize ) ); y++)
for('x = 0; x < ( PicWidthInCtbsY << ( CtbLog2SizeY — Log2MinTrafoSize ) ); x++) {
tbX = (x << Log2MinTrafoSize ) >> CtbLog2SizeY

(6-7)

g the

6-8)

rsion

6-9)

hples,

re set

to

VidthInCtbsY << (€tbLog2SizeY — Log2MinTrafoSize ) ) — 1, inclusive, and y ranging from ( to

X,y)

tbY = (y << Log2MinTrafoSize ) >> CtbLog2SizeY

6.5.3

Input

24
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MinTbAddrZs[ x ][ y ] = CtbAddrRsToTs[ ctbAddrRs ] << (6-10)

( ( CtbLog2SizeY — Log2MinTrafoSize ) * 2 )
for(i=0,p=0;1<(CtbLog2SizeY — Log2MinTrafoSize ); i++) {
m=1 <<i
prH=(m&x?m*m:0)+(m&y?2*m*m:0)
}
MinTbAddrZs[ x ][y] += p

}

Up-right diagonal scan order array initialization process

to this process is a block size blkSize.
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Output of this process is the array diagScan[ sPos ][ sComp ]. The array index sPos specify the scan position ranging
from 0 to ( blkSize * blkSize ) — 1. 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 diagScan is
derived as follows:

i=0
x=0
y=0

stopLoop = FALSE
while( !stopLoop ) {
while(y >= 0) {

if( x <blkSize && y <blkSize) { (6-11)

diagScan[i][0]=x

6.5.4
Input

Outp
from
index
deriv

6.5.5
Input

Outp
from
index
deriv|

diagScan[i][1]=y
i++

}

y——

X++

[ol I

=X
=0
if(i >= blkSize * blkSize )
stopLoop = TRUE
}

Horizontal scan order array initialization process
to this process is a block size blkSize.

it of this process is the array horScan[ sPos ][ sComp ]. The array index sPos specifies the scan position ra
0 to ( blkSize * blkSize ) — 1. The array index sComp equal to\0"specifies the horizontal component and the

sComp equal to 1 specifies the vertical component. Depending on the value of blkSize, the array horSq
ed as follows:

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

horScan[i][0]=x (
horScan[i][1]=y
i+t

}

Vertical scan order array initialization process
to this process is a blockssize blkSize.

it of this process is.the/array verScan[ sPos ][ sComp ]. The array index sPos specifies the scan position raj
0 to ( blkSize * blkSize ) — 1. The array index sComp equal to 0 specifies the horizontal component and the

sComp equal’tovl specifies the vertical component. Depending on the value of blkSize, the array verSq
bd as follows:

i=9
for(’x = 0; x <blkSize; x++)

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

hging
array
an is

5-12)

hging
array
an is

verScant T 0==x t0-13)
verScan[i][1]=y
i++
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7

7.1

The syntax tables specify a superset of the syntax of all allowed bitstreams. Additional constraints on the syntax may be

Syntax and semantics

Method of specifying syntax in tabular form

specified, either directly or indirectly, in other clauses.

The following table lists examples of the syntax specification format. When syntax_element appears, it specifies that a
syntax element is parsed from the bitstream and the bitstream pointer is advanced to the next position beyond the syntax

element in the bitstream parsing process.

26

NOTE — An actual decoder should implement some means for identifying entry points into the bitstream and some means to
identify and handle non-conforming bitstreams. The methods for identifying and handling errors and other such situations are not
specified in this Specification.

Descriptor
* A statement can be a syntax element with an associated descriptor or can be an expression
used to specify conditions for the existence, type, and 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\fr€ated
functionally as a single statement. */

{

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 longer
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\ttue, specifies repeated evaluation of the statement until the
condition is no longer true */

do

statement

while( condition )

* An "if ... elsg" structure specifies a test of whether a condition is true and, if the condition is
true, specifies evaluation of a primary statement, otherwise, specifies evaluation of an
alternafive'statement. The "else" part of the structure and the associated alternative statement is
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 statement
followed by a subsequent statement until the condition is no longer true. */

for( initial statement; condition; subsequent statement )

primary statement
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Specification of syntax functions and descriptors

The functions presented here are used in the syntactical description. These functions are expressed 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:

byte, the return value of byte aligned( ) is equal to TRUE.

—  Otherwise, the return value of byte aligned( ) is equal to FALSE.

If the current position in the bitstream is on a byte boundary, i.e. the next bit in the bitstream is the first bit in a

more_data_in byte stream( ), which is used only in the byte stream NAL unit syntax structure specified in Annex B, is
specified as follows:

more

more

]
i

more

paylg

If more data follow in the byte stream, the return value of more data in byte stream( ) is equal to TRUE.
Otherwise, the return value of more data in byte stream( ) is equal to FALSE.
| data_in payload( ) is specified as follows:

If byte aligned() is equal to TRUE and the current position in the sei payload()\syntax structy
8 * payloadSize bits from the beginning of the sei payload() syntax structure;-~the return val
more data in_payload( ) is equal to FALSE.

Otherwise, the return value of more data in_payload( ) is equal to TRUE.
| tbsp_data( ) is specified as follows:
If there is no more data in the RBSP, the return value of more rbsp_data( )'is equal to FALSE.

Otherwise, the RBSP data are searched for the last (least significant; right-most) bit equal to 1 that is pres
the RBSP. Given the position of this bit, which is the first bits(tbsp stop one bit) of the rbsp_trailing |
syntax structure, the following applies:

more rbsp data( ) is equal to TRUE.
—  Otherwise, the return value of more rbsp_data(y) is equal to FALSE.

'he method for enabling determination of whethexthere is more data in the RBSP is specified by the applicati
h Annex B for applications that use the byte stfeam format).

| rbsp_trailing_data( ) is specified as follows:
If there is more data in an RBSP, thereturn value of more rbsp_trailing_data( ) is equal to TRUE.
Otherwise, the return value.ofimore rbsp _trailing data( ) is equal to FALSE.
ad_extension_present( ) is specified as follows:

If the current position-ih the sei_payload( ) syntax structure is not the position of the last (least significant,
most) bit that is"equal to 1 that is less than 8 * payloadSize bits from the beginning of the syntax structur
the position_¢f the bit_equal to one syntax element), the return value of payload extension present( ) is
to TRUE,

Otherwise, the return value of payload_extension_present( ) is equal to FALSE.

re is
e of

ent in
bits( )

— If there is more data in an RBSP before the rbsp “trailing bits( ) syntax structure, the return valpe of

n (or

right-
e (i.e.
equal
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next_bits( n ) provides the next bits in the bitstream for comparison purposes, without advancing the bitstream pointer.
Provides a look at the next n bits in the bitstream with n being its argument. When used within the byte stream format as
specified in Annex B and fewer than n bits remain within the byte stream, next bits( n ) returns a value of 0.

read bits( n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit positions. When n is
equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not advance the bitstream pointer.

The following descriptors specify the parsing process of each syntax element:

ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this descriptor is

specified in subclause 9.3.

b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptor is specified by the

return value of the function read bits( 8 ).

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

+ se(v): signed integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsing process for
this descriptor is specified in subclause 9.2.

+ u(n): unsigned integer using n bits. When n is "v" in the syntax table, the number of-bit§ varies in a mpnner
dependent on the value of other syntax elements. The parsing process for this des€riptor is specified Hy the
return value of the function read_bits( n ) interpreted as a binary representation of dn wunsigned integer withl most
significant bit written first.

+ ue(v): unsigned integer 0-th order Exp-Golomb-coded syntax element with-the/left bit first. The parsing piocess
for this descriptor is specified in subclause 9.2.

7.3 Syntax in tabular form
7.3.1f NAL unit syntax
7.3.111 General NAL unit syntax
nal unit( NumBytesInNalUnit ) { Descriptor
nal unit header( )
NumBytesInRbsp = 0
for( 1= 2; 1 < NumBytesInNalUnit; i+44)
if( 1+ 2 <NumBytesInNalUnit && next bits( 24 ) == 0x000003 ) {
rbsp_byte[ NumByteslnRbsp++ | b(8)
rbsp_byte[ NumBytesInRbsp++ ] b(8)
i+=2
emulation_prevention_three_byte /* equal to 0x03 */ f(8)
} else
rbsp_byte[ NumBytesInRbsp++ ] b(8)
|
7.3.112 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

video_parameter set rbsp( ) { Descriptor
vps_video_parameter_set_id u4)
vps_reserved_three 2bits u(2)
vps_max_layers_minusl u(6)
vps_max_sub_layers_minusl u(3)
vps_temporal_id_nesting_flag u(l)
Vps_reserved_OXI{ff _T6bits (167

profile tier level( vps max_sub layers minusl )

vps_sub_layer ordering_info_present_flag u(19

for(i=( vps_sub_layer ordering info present flag ? 0 :vps max_sub layers minusl );
i <= vps max sub layers minusl; i++) {

vps_max_dec_pic_buffering_minus1[ i ] ue(v)
vps_max_num_reorder_pics[ i ] ue(v)
vps_max_latency_increase plusl[i ] ue(v)
}
vps_max_layer_id u(6)
vps_num_layer_sets minusl ue(v)

for(i=1;1 <= vps_num layer sets minusl; i++)

for(j=0;j <= vps max layer id;j++)

layer_id_included_flag[i ][] ] 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(l)
if( vps_poc_proportional to_timing flag )

vps_num_ticks_poc_diff one“minusl ue(v)

vps_num_hrd_parameters ue(v)

for(1=0;1<vps num~hrd parameters; i++ ) {

hrd_layer_set_idx[-1] ue(v)
if(i>0)
cprms_present_flag[ i ] u(l)
hrd_parcameters( cprms_present flag[ i ], vps_max_sub _layers minusl )
H
}
vps_extension_flag u(1)

T vps_extension_11ag )

while( more rbsp_data( ) )

vps_extension_data_flag u(l)

rbsp_trailing bits( )
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7.3.2.2 Sequence parameter set RBSP syntax

seq_parameter set rbsp( ) { Descriptor

sps_video_parameter_set_id u(4)
sps_max_sub_layers_minusl u(3)
sps_temporal_id_nesting flag u(1)
profile tier level( sps_max sub layers minusl )
sps_seq_parameter_set_id ue(v)
chroma_format_idc ue(v)
if( chroma format idc == 3)

separate_colour_plane_flag u(l)
pic_width_in_luma_samples ue(y)
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(l)

for(i=(sps_sub_layer ordering info present flag,?'0": sps max sub layers minusl );
i <= sps max sub layers minusl;it++) {

sps_max_dec_pic_buffering_minus1[ i ] ue(v)

sps_max_num_reorder_pics[ i ] ue(v)

sps_max_latency_increase_plusl[ ] ue(v)
i
log2_min_luma_coding_block. size_minus3 ue(v)
log2_diff max_min_lumal coding_block_size ue(v)
log2_min_transform_bleek_size minus2 ue(v)
log2_diff max_min-transform_block_size ue(v)
max_transform-hierarchy_depth_inter ue(v)
max_transforim_hierarchy depth_intra ue(v)
scalinglist enabled_flag u(l)

if( scaling list enabled flag) {

sps_scaling_list data_present_flag u(l)

if( sps scaling list data present flag)

scaling_list_data( )

i
amp_enabled_flag u(l)
sample_adaptive_offset_enabled_flag u(l)
pem_enabled_flag u(l)
if( pcm_enabled flag) {
pem_sample bit_depth_luma_minus1 u4)
pem_sample_bit_depth_chroma_minusl u(4)
log2_min_pcm_luma_coding_block_size_minus3 ue(v)
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log2_diff max_min_pcm_luma_coding_block_size ue(v)
pem_loop_filter_disabled_flag u(l)
H
num_short_term_ref pic_sets ue(v)

for(1=0; i <num_short term_ref pic_sets; i++)

short term ref pic set( i)

long_term_ref pics present_flag u(l)
if( long term ref pics present flag) {
num_long_term_ref pics_sps ue(v)
for(i=0;i<pum long term ref pics sps;it++) {
It_ref pic_poc_Isb_sps[i] u(v)
used_by_ curr_pic_lt_sps_flag[i] u(1)
H
i
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_flag u(l)

if( sps_extension flag)

while( more rbsp_data( ) )

sps_extension_data_flag u(1)

rbsp_trailing bits( )
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7.3.2.3 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(l)
output_flag present_flag u(l)
num_extra_slice_header_bits u(3)
sign_data_hiding_enabled_flag u(l)
__cabac_init present flag u(l)
num_ref _idx_10_default_active_minusl ue(v)
num_ref idx_I1_default_active_minusl ue(¥)
init_qp_minus26 se(v)
constrained_intra_pred_flag u(l)
transform_skip_enabled_flag u(l)
cu_qp_delta_enabled_flag u(l)
if( cu_qp_delta_enabled flag)
diff cu_qp_delta_depth ue(v)
pps_cb_qp_offset se(v)
pps_cr_qp_offset se(v)
pps_slice_chroma_qp_offsets_present_flag u(l)
weighted_pred_flag u(l)
weighted_bipred_flag u(l)
transquant_bypass_enabled_flag u(l)
tiles_enabled_flag u(l)
entropy_coding_sync_enabled_flag u(1)
if( tiles_enabled flag) {
num_tile columns_minusl ue(v)
num_tile rows_minusl ue(v)
uniform_spacing_flag u(l)
if( luniform_spacing_flag 3§
for(1=0;1<num_tile-Columns minusl; i++)
column_width \minus1[ i ] ue(v)
for(1=0; 1 <qium_tile rows minusl; i++)
row_Hheight_minus1[ i ] ue(v)
}
loop\filter_across_tiles_enabled_flag u(l)
}
pps_loop_filter_across_slices_enabled_flag u(l)
deblocking_filter_control_present_tlag u(T)
if( deblocking_filter control present flag) {
deblocking_filter_override_enabled_flag u(l)
pps_deblocking_filter_disabled_flag u(l)
if( !pps_deblocking_filter disabled flag) {
pps_beta_offset_div2 se(v)
pps_tc_offset_div2 se(v)
}
}

32
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pps_scaling_list data_present_flag u(l)

if( pps_scaling_list data present flag)

scaling_list data( )

lists_modification_present_flag u(l)
log2_parallel_merge level minus2 ue(v)
slice_segment_header_extension_present_flag u(l)
pps_extension_flag u(l)

if( pps_extension flag)

while( more rbsp data( ) )

pps_extension data flag u(l)

rbsp_trailing bits( )

7.3.2{4 Supplemental enhancement information RBSP syntax

sei_rbsp( ) { Descriptor
do

sei_message( )

while( more rbsp data( ) )

rbsp_trailing bits( )

7.3.21S  Access unit delimiter RBSP syntax

access_unit delimiter rbsp( ) { Descriptor

pic_type u(3)
rbsp_trailing bits( )

7.3.216 End of sequence RBSP-syntax

end_of seq_rbsp( )+ Descriptor
|

7.3.217 <End of bitstream RBSP syntax

end of bitstream rbsp( ) { Descriptor

}
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7.3.2.8 Filler data RBSP syntax

filler data rbsp() { Descriptor
while( next_bits( 8 ) == 0xFF)
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_header( )
slice_segment_data( )
rbsp_slice_segment trailing bits( )
}
7.3.2{10 RBSP slice segment trailing bits syntax
rbsp_slice_segment _trailing_bits( ) { Descriptor
rbsp_trailing bits( )
while( more rbsp_trailing data( ) )
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.l */ f(1)
while( !byte aligned( ) )
rbsp_alignment_zero-bit /* equal to 0 */ f(1)
B
7.3.2]12 Byte alignient syntax
byte! alignment( ) { Descriptor
alignment_bit_equal_to_one /* equal to 1 */ f(1)
while( !byte aligned( ) )
alignment_bit_equal_to_zero /* equal to 0 */ f(1)
}

34
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7.3.3  Profile, tier and level syntax

profile tier level( maxNumSubLayersMinusl ) { Descriptor
general_profile_space u(2)
general_tier_flag u(l)
general_profile_idc u(5)
for(j=0;j<32;j++)
general_profile_compatibility flag[ j ] u(1)
general_progressive_source_flag u(l)
__general interlaced source flag u(l)
general_non_packed_constraint_flag u(l)
general_frame_only_constraint_flag u(1)
general_reserved_zero_44bits u(44)
general_level idc u(g)
for( 1= 0; i < maxNumSubLayersMinusl; i++ ) {
sub_layer_profile_present_flag[ i ] u(1)
sub_layer_level present_flag[i ] u(1)
i

if( maxNumSubLayersMinus1 >0 )
for( 1 = maxNumSubLayersMinusl;i<8§; i++)

reserved_zero_2bits[ i ] u(2)
for( 1= 0; i < maxNumSubLayersMinusl; i++) {

if( sub_layer profile present flag[i]) {

sub_layer_profile_space[ i ] u(2)
sub_layer_tier flag[i ] u(1)
sub_layer_profile_idc[ i ] u(s)
for(j=0;j<32;j++)

sub_layer_profile_compatibility flag[i][] ] u(l)
sub_layer_progressive_source flag[ i | u(l)
sub_layer_interlaced_source-flag[ i ] u(l)
sub_layer_non_packed:constraint_flag[ i | u(l)
sub_layer_frame_only’ constraint_flag[ i | u(l)
sub_layer_reserved_zero_44bits[ i ] u(44)

i
if( sub_layet\level present flag[i])

sub Jayer level idc[ 1] u(8)
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7.3.4  Scaling list data syntax

scaling_list_data( ) { Descriptor
for( sizeld = 0; sizeld < 4; sizeld++ )
for( matrixId = 0; matrixId < ( ( sizeld == 3) ?2:6); matrixId++ ) {

scaling_list_pred_mode_flag[ sizeld ][ matrixId ] u(l)

if( !scaling_list_pred_mode_flag[ sizeld ][ matrixId ] )
scaling_list_pred_matrix_id_delta[ sizeld ][ matrixId ] ue(v)

else {
nextCoef=8

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

scaling_list dc_coef minus8[ sizeld — 2 ][ matrixId ] se(y)

nextCoef = scaling_list dc_coef minus8| sizeld — 2 ][ matrixId ] + 8

H
for(1=0; 1< coefNum; i++) {
scaling_list_delta_coef se(v)
nextCoef = ( nextCoef + scaling_list delta_coef+ 256 ) % 256
ScalingList[ sizeld ][ matrixId ][ i ] = nextCoef
i
H

7.3.5] Supplemental enhancement information message syntax

sei_message( ) { Descriptor

payloadType =0
while( next_bits( 8 ) == 0xFF ) {

ff_byte /* equal to OxFF %/ f(8)
payloadType += 255

H

last_payload_type-byte u(8)

payloadType A<-last payload type byte

payloadSizé&~0

while(iext bits( 8 ) == OxFF) {
ff_byte /* equal to OXFF */ f(8)
payloadSize += 255

1

5
last_payload_size byte u(8)

payloadSize += last 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_header( ) { Descriptor
first_slice_segment_in_pic_flag u(l)
if( nal unit type >= BLA W _LP && nal unit type <= RSV IRAP VCL23)
no_output_of prior_pics_flag u(l)
slice_pic_parameter_set_id ue(v)

if( Hfirst slice_segment in_pic flag) {

TfCdependent stice segmems_cmabied 1ag)

dependent_slice_segment_flag u(l)

slice_segment_address u(v)

}

if( !dependent slice segment flag) {

for(1=0; i <num_extra_slice header bits; i++)

slice_reserved_flag[ i | u(l)
slice_type ue(v)
if( output flag present flag)

pic_output_flag u(l)
if( separate colour plane flag == 1)

colour_plane_id u(2)
if( nal unit type != IDR W RADL && nal unit type J= IDR N LP) {

slice_pic_order_cnt_Isb u(v)

short_term_ref pic_set_sps_flag u(1)

if( Ishort term ref pic_set sps flag)

short term ref pic_set( num_short term“tef pic sets )

else if( num_short term ref pic sets ¥ )

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_termsps ue(v)

num_long_term. pics ue(v)

for(i=0; i<num long term sps+num long term pics; i++) {

if( 1 <hum long term sps) {

1f(hum_long term_ref pics sps>1)

It_idx_sps[1i] u(v)

} else {

poc_lIsb 1t[i] u(v)

used by curr_pic_It flag[i] u(1)
§
delta_poc_msb_present_flag[ i | u(l)
if( delta_poc_msb_present_flag[i])

delta_poc_msb_cycle It[ i ] ue(v)

H
H

if( sps_temporal mvp enabled flag)

slice_temporal_mvp_enabled_flag u(l)
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if( sample adaptive offset enabled flag) {

slice_sao_luma_flag u(l)

slice_sao_chroma_flag u(1)

i
if( slice type == P || slice type == B) {

num_ref idx_active_override_flag u(l)

if( num_ref idx_active override flag) {

num_ref idx _10_active_minusl ue(v)

if( slice type == B)

num_ref idx 11 _active minusl ue(v)

H
if( lists modification present flag && NumPocTotalCurr > 1)

ref pic lists_modification( )

if( slice_type == B)

mvd_11_zero_flag u(l)

if( cabac _init present flag )

cabac_init_flag u(1)

if( slice_temporal mvp enabled flag) {

if( slice type == B)

collocated_from_10_flag u(l)

if( ( collocated from 10 flag && num ref idx 10 active~tinusl >0) ||
(!collocated from 10 flag && num ref idx 11 aefive’minusl >0))
collocated_ref idx ue(v)

H

if( ( weighted pred flag && slice type == R). }]
( weighted bipred flag && slice type == B))
pred_weight_table( )

five_minus_max_num_merge cand ue(v)
i
slice_qp_delta se(v)
if( pps_slice_chroma qp offsets present flag) {
slice_cb_qp_offset se(v)
slice_cr_qp_offset se(v)
H
if( deblocking-filter override enabled flag)
deblocking_filter_override flag u(l)
if( deblocking filter override flag) {
slice’ deblocking_filter_disabled_flag u(l)
#( Islice_deblocking_filter disabled flag) {
slice_beta_offset_div2 se(v)
slice_tc_offset_div2 se(v)
H

}

if( pps_loop _filter across_slices_enabled flag &&
(slice_sao luma flag || slice sao chroma flag ||
Islice_deblocking filter disabled flag))

slice_loop_filter_across_slices_enabled_flag u(l)

i
if( tiles_enabled flag || entropy coding sync enabled flag) {

num_entry_point_offsets ue(v)
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if( num_entry point_offsets >0) {

offset_len_minusl ue(v)

for(i=0;1i<num_entry point offsets; i++ )

entry_point_offset_minus1[ i ] u(v)

}

if( slice segment header extension present flag) {

slice_segment_header_extension_length ue(v)

for(1=0;1<slice_segment header extension_ length; i++)

slice segment header extension data byte[ ] u()

H
byte alignment( )

7.3.612 Reference picture list modification syntax

ref pic lists modification( ) { Descriptor

ref pic_list_ modification_flag 10 u(l)

if( ref pic_list modification flag 10)

for(i=0;1 <= num_ref idx 10 active minusl; i++)

list_entry_10[ i ] u(v)
if( slice type == B) {
ref pic_list modification_flag 11 u(l)

if( ref pic_list modification flag 11)

for(1=0;1 <= num ref idx 11 active minysl; i++)
list_entry I1[ 1] u(v)
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7.3.6.3 Weighted prediction parameters syntax

40

pred_weight table( ) { Descriptor
luma_log2_weight _denom ue(v)
if( chroma_format idc != 0)
delta_chroma_log2 weight denom se(v)
for(i=0;1 <= num_ref idx 10 active minusl; i++)
luma_weight_10_flag[ i ] u(l)
if( chroma_format idc != 0)
for(i=0;1 <= num ref idx 10 active minusl; i++)
chroma_weight 10 flag[i ] u(l)
for(1=0;1 <= num ref idx 10 active minusl;i++) {
if( luma_weight 10 flag[i]) {
delta_luma_weight _10[ i ] se(v)
luma_offset_10[ i ] se(v)
}
if( chroma_weight 10 flag[i])
for(j=0;j<2;j++) {
delta_chroma_weight 10[i][] ] se(v)
delta_chroma_offset 10[i][j ] se(v)
}
}
if( slice type == B) {
for(i=0;1 <= num_ref idx 11 active minusl; i++ )
luma_weight 11_flag[ i ] u(l)
if( chroma_format idc != 0)
for(i=0;1 <= num_ref idx 11 active minusl; i++)
chroma_weight 11 flag[i ] u(l)
for(i=0;1 <= num_ref idx 11_active minusl; i++) {
if( luma_weight 11 flag[i].)¥
delta_luma_weight 41 | se(v)
luma_offset_11[4] se(v)
}
if( chroma_weight 11_flag[i])
for(j£0;5 <25 j++) {
delta_chroma_weight 11[1 ][] ] se(v)
delta_chroma_offset 11{i][j ] se(v)
}
}
¥
}
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7.3.7  Short-term reference picture set syntax

short term_ref pic_set( stRpsldx ) { Descriptor
if( stRpsldx = 0)
inter_ref pic_set_prediction_flag u(l)

if( inter ref pic_set prediction 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 <= NumDeltaPocs[ RefRpsldx ]; j++) {
used_by_curr_pic_flag[ j ] u(1)
if( lused_by curr pic_flag[j])
use_delta_flag][ j ] u(l)
}
} else {
num_negative_pics ue(v)
num_positive_pics ue(v)

for(i=0; 1 <num_negative pics; it+) {

delta_poc_s0_minusl[i ] ue(v)
used_by_curr_pic_s0_flag[i] u(l)
}
for(i=0; 1 <num_positive pics; i++ ) {
delta_poc_s1_minusl1[ i ] ue(v)
used_by_curr_pic_s1_flag[i] u(l)

7.3.8] Slice segment 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)
CtbAddrInTs++

CtbAddrInRs = CtbAddrTsToRs[ CtbAddrInTs ]
if( lend of slice segment flag &&
((tiles_enabled flag && Tileld[ CtbAddrInTs | != Tileld[ CtbAddrInTs—11]) ||
(‘entropy_coding sync enabled flag && CtbAddrInTs % PicWidthInCtbsY ==10))
) &

end_of sub_stream_one_bit /* equal to 1 */ ae(v)

byte alignment( )
H

} while( lend_of slice segment flag)
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7.3.8.2 Coding tree unit syntax

42

coding_tree unit( ) {

Descriptor

xCtb = ( CtbAddrInRs % PicWidthInCtbsY ) << CtbLog2SizeY

yCtb = ( CtbAddrInRs / PicWidthInCtbsY ) << CtbLog2SizeY

if( slice sao luma flag || slice sao chroma flag)

sao( xCtb >> CtbLog2SizeY, yCtb >> CtbLog2SizeY )

coding_quadtree( xCtb, yCtb, CtbLog2SizeY, 0 )
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7.3.8.3 Sample adaptive offset syntax

sao( 1%, ry ){ Descriptor
if(rx>0) {
leftCtbInSliceSeg = CtbAddrInRs > SliceAddrRs
leftCtbInTile = Tileld[ CtbAddrInTs ] == Tileld[ CtbAddrRsToTs[ CtbAddrInRs —1 ] ]
if( leftCtbInSliceSeg && leftCtbInTile )
sao_merge_left flag ae(v)

}

ifltry>0 && !sao merge left flag) {
upCtbInSliceSeg = ( CtbAddrInRs — PicWidthInCtbsY ) >= SliceAddrRs

upCtbInTile = Tileld[ CtbAddrInTs | ==
Tileld[ CtbAddrRsToTs[ CtbAddrInRs — PicWidthInCtbsY ] ]
if( upCtbInSliceSeg && upCtbInTile )

sao_merge_up_flag ae(v)

}
if( !sao_merge up flag && !sao merge left flag)
for( cIdx = 0; cldx < 3; cldx++)

if( (slice_sao luma flag && cldx == 0) ||
(slice_sao chroma flag && cldx>0)) {

if( cldx == 0)

sao_type_idx_luma ae(v)
else if( cldx == 1)

sao_type_idx_chroma ae(v)

if( SaoTypeldx[ cldx J[rx ][ry] = 0) {
for(1=0;1<4;it++)
sao_offset_abs[ cldx |[ rx ][ ry ][:1§ ae(v)
if( SaoTypeldx[ cldx [[rx ][ry ] <= 1) {
for(1=0;1<4;it++)
if( sao_offset_abs[eldx ][ rx][ry][i] != 0)

sao_offset sign[ cldx [ rx |[ry ][ 1] ae(v)
sao_band_position[ cldx ][ rx ][ ry ] ae(v)
} else {
if( cldx (== 0)
sag~eo_class luma ae(v)
ficldx ==1)
sao_eo_class_chroma ae(v)
}
}
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7.3.8.4 Coding quadtree syntax

44

coding_quadtree( x0, y0, log2CbSize, cqtDepth ) { Descriptor
if( X0+ (1 << log2CbSize ) <= pic_width in luma samples &&
yO+ (1 << log2CbSize ) <= pic_height in luma samples &&
log2CbSize > MinCbLog2SizeY )
split_cu_flag[ x0 ][ yO ] ae(v)

if( cu_qp_delta_enabled flag && log2CbSize >= Log2MinCuQpDeltaSize ) {

IsCuQpDeltaCoded = 0

CuQpDeltaVal =0

}

if( split_cu_flag[ x0 ][ y0 1) ¢

x1=x0+ (1 << (log2CbSize* 1))

yl=y0+ (1 << (log2CbSize* 1))

coding_quadtree( x0, y0, log2CbSize — 1, cqtDepth + 1)

if( x1 <pic_width _in luma samples )

coding_quadtree( x1, y0, log2CbSize — 1, cqtDepth + 1)

if( yl <pic_height in luma samples )

coding_quadtree( x0, y1, log2CbSize — 1, cqtDepth + 1)

if( x1 <pic_width_in luma samples && yl <pic_height in luma samples )

coding_quadtree( x1, y1, log2CbSize — 1, cqtDepth + 1)

} else

coding_unit( x0, y0, log2CbSize )
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7.3.8.5 Coding unit syntax

coding_unit( x0, y0, log2CbSize ) { Descriptor

if( transquant bypass enabled flag)

cu_transquant_bypass_flag ae(v)

if( slice type !=1)
cu_skip_flag[ x0 ][ yO ] ae(v)
nCbS = (1 << log2CbSize)
if( cu_skip flag[ x0 ][ y0])
prediction unit( x0, y0, nCbS, nCbS )

else {

if( slice type != 1)

pred_mode_flag as(v)
if( CuPredMode[ x0 ][ yO ] = MODE INTRA || log2CbSize == MinCbLo0g2SizeY )
part_mode ae(v)

if( CuPredMode[ x0 ][ y0 ] == MODE_INTRA ) {

if( PartMode == PART 2Nx2N && pcm_enabled flag &&
log2CbSize >= Log2MinlpcmCbSizeY &&
log2CbSize <= Log2MaxIpcmCbSizeY )
pem_flag[ x0 ][ yO ] ae(v)
if( pem_flag[ x0 ][ y0 ]) {
while( !byte aligned() )
pcm_alignment_zero_bit f(1)

pcm_sample( x0, y0, log2CbSize )
} else {
pbOffset = ( PartMode == PART NxN )2(nCbS/2):nCbS
for(j =0;j <nCbS; j =j + pbOffset )
for(1=0;1<nCbS;i=1+ pbOffset )
prev_intra_luma_pred_flag[ x0 +1i ][ y0 +j ] ae(v)
for(j =0;j <nCbS; j =j +pbOffset )
for(i=0; 1 <nCbS;d =1+ pbOffset )
if( prev_intraduma pred flag[ x0+i][y0+j])

mpm_idx[)x0 +i ][ y0 +j ] ae(v)
else
rem_intra_luma_pred_mode[ x0 +1i ][ y0 +j ] ae(v)
intra,‘chroma_pred_mode[ x0 ][ yO ] ae(v)
}
} elseq

if( PartMode == PART 2Nx2N)
prediction_unit( x0, y0, nCbS, nCbS )
else if( PartMode == PART 2NxN) {

prediction_unit( x0, y0, nCbS, nCbS/2)

prediction_unit( x0, y0 + (nCbS /2 ), nCbS, nCbS /2 )
} else if( PartMode == PART Nx2N) {

prediction _unit( x0, y0, nCbS /2, nCbS )

prediction_unit( x0 + (nCbS/2), y0, nCbS /2, nCbS )
} else if( PartMode == PART 2NxnU ) {

prediction_unit( x0, y0, nCbS, nCbS / 4)

prediction unit( x0, y0 + (nCbS / 4 ), nCbS, nCbS *3/4)
} else if( PartMode == PART 2NxnD ) {

prediction_unit( x0, y0, nCbS, nCbS *3/4)
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prediction unit( X0, y0 + (nCbS *3 /4 ), nCbS, nCbS /4 )

} else if( PartMode == PART nLx2N) {

prediction_unit( x0, y0, nCbS / 4, nCbS )

prediction_unit( x0 + (nCbS /4 ), y0, nCbS * 3 /4, nCbS )

} else if( PartMode == PART nRx2N) {

prediction_unit( x0, y0, nCbS * 3 /4, nCbS )

prediction_unit( X0 + (nCbS *3/4), y0, nCbS / 4, nCbS )

} else { /* PART NxN */

prediction_unit( x0, y0, nCbS /2, nCbS/2)

prediction_unit( x0 + (nCbS/2),y0,nCbS/2,nCbS/2)

prediction_unit( X0, y0 + (nCbS/2),nCbS/2,nCbS/2)

prediction_unit( x0 + (nCbS /2 ), yO + (nCbS /2 ), nCbS / 2, nCbS /2 )

i

}

if( !pcm flag[ x0 ][ y0]) {

if( CuPredMode[ x0 ][ y0 ] = MODE_INTRA &&

I(PartMode == PART 2Nx2N && merge flag[ x0][y0]))

rqt_root_cbf

ae(v)

if( rqt_root cbf) {

MaxTrafoDepth = ( CuPredMode[ x0 ][ y0 ] == MODE_INTRA ?
( max_transform_hierarchy depth_intra + IntraSplitFlag )~
max_transform hierarchy depth inter )

transform_tree( x0, y0, x0, y0, log2CbSize, 0, 0 )

}

}
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7.3.8.6 Prediction unit syntax

prediction_unit( x0, yO, nPbW, nPbH ) { Descriptor
if( cu_skip flag[ x0 ][ y0]) {
if MaxNumMergeCand > 1)

merge_idx[ x0 ][ yO ] ae(v)
} else { /* MODE_INTER */
merge_flag[ x0 ][ yO ] ae(v)

if( merge flag[ x0 ][ y0]) ¢
if( MaxNumMergeCand > 1)
merge_idx[ x0 ][ yO ] ae(v)
} else {
if( slice type == B)

inter_pred_idc[ x0 ][ yO0 ] ae(v)
if( inter pred idc[x0][y0] != PRED L1) {
if( num_ref idx 10 active minusl >0)

ref_idx 10[ x0 ][ yO ] ae(v)
mvd_coding( x0, y0, 0)
mvp_10 flag[ x0 ][ yO0 ] ae(v)

}
if(inter pred idc[x0][y0] != PRED L0) {
if( num ref idx 11 active minusl >0)
ref idx 11] x0 ][ yO ] ae(v)
ifl mvd 11 zero flag &&
inter_pred idc[ x0 J[y0] == PRED BI) {
MvdLI1[x0][y0][0]=0
MvdLI[x0O][y0][1]=0
} else
mvd_coding( x0, y0, 1)

mvp_11_flag[ x0 ][ yO0 ] ae(v)

H

7.3.8{7 PCM sample syntax

pcm sample( x05.y0, log2CbSize ) { Descriptor
for(1=0;d X1 << (log2CbSize << 1);i++)
pemsample lumal i ] u(v)
for( 7=0;1< (1 << (10g2CbSize << 1)) >> 1;i++)
pcm_sample chromal i ] u(v)
I
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7.3.8

.8 Transform tree syntax

transform_tree( x0, y0, xBase, yBase, log2TrafoSize, trafoDepth, blkldx ) {

Descriptor

if( log2TrafoSize <= Log2MaxTrafoSize &&
log2TrafoSize > Log2MinTrafoSize &&

trafoDepth < MaxTrafoDepth && !( IntraSplitFlag && ( trafoDepth == 0)))

split_transform_flag[ x0 ][ yO ][ trafoDepth ]

ae(v)

if( log2TrafoSize >2) {

if( trafoDepth == 0 || cbf cb[ xBase ][ yBase ][ trafoDepth — 1 ])

cbf_cb[ x0 ][ yO ][ trafoDepth ]

ae(v)

it trafoDepthr——0—T1—bf cri xBasc i yBasc if trafoDepth—11)

cbf_cr[ x0 ][ yO ][ trafoDepth ]

ae(v)

}

if( split_transform_flag[ x0 ][ yO ][ trafoDepth ]) {

x1=x0+ (1 << (log2TrafoSize* 1))

yl=y0+ (1 << (log2TrafoSize* 1))

transform_tree( x0, y0, x0, y0, log2TrafoSize — 1, trafoDepth + 1, 0 )

transform_tree( x1, y0, x0, y0, log2TrafoSize — 1, trafoDepth + 1, 1 )

transform_tree( x0, y1, x0, y0, log2TrafoSize — 1, trafoDepth + 1, 2)

transform_tree( x1, y1, x0, y0, log2TrafoSize — 1, trafoDepth + 1, 3 )

} else {

if( CuPredMode[ x0 ][ y0 ] == MODE_INTRA || trafoDepth }= 0

cbf cb[ x0 ][ y0 ][ trafoDepth ] || cbf cr[ x0 ][ yO ][.trafoDepth )

cbf _luma[ x0 ][ yO ][ trafoDepth ]

ae(v)

transform_unit( x0, y0, xBase, yBase, log2TrafoSize, trafoDepth, blkIdx )

7.3.8

9 Motion vector difference syntax

mvd_coding( x0, y0, refList ) {

Descriptor

abs_mvd_greater(_flag[

ae(v)

abs_mvd_greater(_flag|

ae(v)

abs_mvd_greaterl fla

ae(v)

0
|
if( abs mvd greaterO( flag[
g
[

if( abs mvd gredter0 flag

abs_mvdgreaterl flag

ae(v)

]
|
0]
[0
1]
[1
0]

if( abs_mvd-greater0 flag[ {

)
]
)
]
)
0

if( abs/mvd greaterl flag[ 0])

abs_mvd_minus2[ 0 ]

ae(v)

mvd_sign_flag[ 0 ]

ae(v)

}

if( abs mvd greater0 flag[ 11]) {

if( abs mvd greaterl flag[ 1])

abs_mvd_minus2[ 1 ]

ae(v)

mvd_sign_flag[ | ]

ae(v)

i

H
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7.3.8.10 Transform unit syntax

transform_unit( x0, y0, xBase, yBase, log2TrafoSize, trafoDepth, blkldx ) { Descriptor

if( cbf luma[ x0 ][ yO ][ trafoDepth | || cbf cb[ x0 ][ yO ][ trafoDepth ] ||
cbf cr[ x0 ][ yO ][ trafoDepth ]) {
if( cu_gp delta enabled flag && !IsCuQpDeltaCoded ) {

cu_qp_delta_abs ae(v)

if( cu _gp delta abs)

cu_qp_delta_sign_flag ae(v)

H
if( cbf lumal x0 ][ yO ][ trafoDepth | )

residual coding( x0, y0, log2TrafoSize, 0 )
if( log2TrafoSize >2) {
if( cbf_cb[ x0 ][ y0 ][ trafoDepth ])
residual_coding( x0, y0, log2TrafoSize — 1, 1)
if( cbf_cr[ x0 ][ yO ][ trafoDepth ] )
residual_coding( x0, y0, log2TrafoSize — 1,2)
} else if( blkldx == 3) {
if( cbf cb[ xBase ][ yBase ][ trafoDepth ] )
residual coding( xBase, yBase, log2TrafoSize, 1)
if( cbf cr[ xBase ][ yBase ][ trafoDepth ] )
residual coding( xBase, yBase, log2TrafoSize, 2 )
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7.3.8.11 Residual coding syntax

residual_coding( x0, y0, log2TrafoSize, cldx ) { Descriptor

if( transform_skip enabled flag && !cu transquant bypass flag &&
(log2TrafoSize == 2))

transform_skip_flag[ x0 ][ yO ][ cldx ] ae(v)
last_sig_coeff x_prefix ae(v)
last_sig_coeff_y_prefix ae(v)
if( last_sig _coeff x prefix >3)

last_sig_coeff x_suffix ae(v)
11( last_sig_coell y prefix > 3 )

last_sig_coeff_y_suffix ae(v)

lastScanPos = 16
lastSubBlock = (1 << (log2TrafoSize—2)) * (1 << (log2TrafoSize—2))—1
do {
if( lastScanPos == 0) {
lastScanPos = 16
lastSubBlock— —
}
lastScanPos— —
xS = ScanOrder[ log2TrafoSize — 2 ][ scanldx ][ lastSubBlock ][ 0 ]
yS = ScanOrder[ log2TrafoSize — 2 ][ scanldx ][ lastSubBlock{[\[*]
xC = (xS << 2 )+ ScanOrder[ 2 ][ scanldx ][ lastScanPogs.J[0 ]
yC =(yS << 2)+ ScanOrder[ 2 ][ scanldx ][ lastScanRes*][ 1 ]
} while( (xC != LastSignificantCoeffX ) | | (yC != LastSignificantCoeffY ))
for( 1 =lastSubBlock; i >= 0;i——) {
xS = ScanOrder[ log2TrafoSize — 2 ][ scanldxq[ 1 ][ 0 ]
yS = ScanOrder[ log2TrafoSize — 2 ][ scanldx J[1][ 1]
inferSbDcSigCoeffFlag = 0
if( (1<lastSubBlock) && (1>-0)){
coded_sub_block _flag[ xS-][¥S ] ae(v)
inferSbDcSigCoeffFlagi=l
}
for(n= (i == lastSubBlock ) ? lastScanPos — 1 : 15;n >= 0; n——) {
xC = (xS <X 2) + ScanOrder[ 2 ][ scanldx [[n ][ 0 ]
yC =(y8 < 2)+ ScanOrder[ 2 ][ scanldx [[n ][ 1]
if( codéd sub_block flag[ xS ][yS] && (n>0 || linferSbDcSigCoeffFlag) ) {
sig_coeff_flag[ xC ][ yC ] ae(v)
if( sig_coeff flag] xC ][ yC])
inferSbDcSigCoeffFlag = 0

i
firstSigScanPos = 16

lastSigScanPos = —1

numGreater1Flag =0

lastGreaterlScanPos = —1

for(n=15;n >= 0;n——) {
xC = (xS << 2)+ ScanOrder[ 2 ][ scanldx [[n ][ 0]
yC=(yS << 2)+ ScanOrder[ 2 ][ scanldx [[n][ 1]
if( sig_coeff flag xC ][ yC]) {
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if( numGreaterlFlag < 8 ) {
coeff abs_level greaterl_flag[ n | ae(v)

numGreater 1 Flag++
if( coeff abs level greater]l flag[ n] && lastGreaterlScanPos == —1)

lastGreater1 ScanPos = n

H
if( lastSigScanPos == —1)
lastSigScanPos = n

firstSigScanPos = n

i
signHidden = ( lastSigScanPos — firstSigScanPos >3 && !cu_transquant bypass flag)

if( lastGreater1ScanPos = —1)
coeff_abs_level greater2_flag[ lastGreaterlScanPos ] ae(v)
for(n=15;n >= 0;n——) {
xC = (xS << 2)+ ScanOrder[ 2 ][ scanldx [[n ][ 0]
yC=(yS << 2)+ ScanOrder[ 2 ][ scanldx [[n][ 1]

if( sig_coeff flag[ xC][yC] &&
(!sign data hiding enabled flag || !signHidden || (n != firstSigScanPos ) ))
coeff_sign_flag[ n | ae(v)

H
numSigCoeff=0

sumAbsLevel =0
for(n=15n >= 0;n——) {
xC = (xS << 2)+ ScanOrder[ 2 ][ scanldx ][ n J['O’]
yC=(yS << 2)+ ScanOrder[ 2 ][ scanldx [[\n ][ 1]
if( sig_coeff flag xC ][ yC]) {
baseLevel = | + coeff abs level greaterl flag[n]+
coeff abs level greater2 flag[ n ]
if( baseLevel == ( ( numSigCoeff<8)?
( (n =& lastGreaterlScanPos) ?3:2):1))
coeff abs_level remaining[ n ] ae(v)
TransCoeffLevel[ x0.J[Y0 ][ cldx ][ xC ][ yC | =
( coeff abs level-remaining[ n ] + baseLevel ) * (1 —2 * coeff sign flag[n])
if( sign_data hiding enabled flag && signHidden ) {
sumAbsLeyel += (coeff abs level remaining[ n | + baseLevel )
if( (n== firstSigScanPos ) && ((sumAbsLevel %2) == 1))

TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] =
—TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ]

}

numSigCoeff++
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7.4

Semantics

7.4.1 General

Semantics associated with the syntax structures and with the syntax elements within these structures are specified in this
subclause. When the semantics of a syntax element are specified using a table or a set of tables, any values that are not
specified in the table(s) shall not be present in the bitstream unless otherwise specified in this Specification.

7.4.2 NAL unit semantics
7.4.2.1 General NAL unit semantics

NumBytesInNalUnit specifies the size of the NAL unit in bytes. This value is required for decoding of the NAL unit.
Some form of demarcation of NAL unit boundaries is necessary to enable inference of NumBytesInNalUnit. One such

demaefrcafion method 1s specified in Annex B for the byte stream format. Other methods of demarcation may be spe
outsidle of this Specification.

rbsp|byte[ i ] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes as follows:
The RBSP contains an SODB as follows:

Syntgx structures having these RBSP preperties are denoted in the syntax tables using an " rbsp" suffix. These stru
are darried within NAL units as {he“content of the rbsp byte[ i ] data bytes. The association of the RBSP ¢
strucfures to the NAL units is as §pecified in Table 7-1.

Withig

0x000000
0x000001
0x000002

NPTE 1 — The VCL is specified to efficiently represent the content of the video data. The NAL is specified to format that da
pilovide header information in a manner appropriate for conveyance on a variety of communication channels or storage med|
ddta are contained in NAL units, each of which contains an integer number of bytes. A NAL unit specifies a generic format f
in| both packet-oriented and bitstream systems. The format of NAL units for both packet-oriented transport-and byte strg
identical except that each NAL unit can be preceded by a start code prefix and extra padding bytes-in. the byte stream
splecified in Annex B.

f the SODB is empty (i.e. zero bits in length), the RBSP is also empty.
Dtherwise, the RBSP contains the SODB as follows:

[) The first byte of the RBSP contains the (most significant, left-most) eight bits of the SODB; the next b
the RBSP contains the next eight bits of the SODB, etc., untilfewer than eight bits of the SODB remain.

P) rbsp_trailing bits( ) are present after the SODB as follows:

i) The first (most significant, left-most) bits of the firtal RBSP byte contains the remaining bits of the §
(if any).

ii) The next bit consists of a single rbsp_stopone_bit equal to 1.

iii) When the rbsp stop one bit is not the last bit of a byte-aligned byte, one or
rbsp_alignment_zero bit is present to-result in byte alignment.

B)  One or more cabac_zero word 16-bit syntax elements equal to 0x0000 may be present in some RBSPS
the rbsp_trailing_bits( ) at the end of'the RBSP.

NPTE 2 — When the boundaties of the RBSP are known, the decoder can extract the SODB from the RBSP by concatenati
bits of the bytes of the RBSP and discarding the rbsp_stop_one bit, which is the last (least significant, right-most) bit equg
aijd discarding any follewing (less significant, farther to the right) bits that follow it, which are equal to 0. The data necess3
thie decoding processiis/contained in the SODB part of the RBSP.

bified

ta and
a. All
or use
am is
ormat

te of

ODB

more

after

tures
[yntax

hg the
I to 1,
ry for

n the

Within the NAL unit, any four-byte sequence that starts with 0x000003 other than the following sequences shall not
occur at any byte-aligned position:

52

0x00000300
0x00000301
0x00000302
0x00000303
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7.4.2.2 NAL unit header semantics
forbidden_zero_bit shall be equal to 0.
nal_unit_type specifies the type of RBSP data structure contained in the NAL unit as specified in Table 7-1.

NAL units that have nal unit type in the range of UNSPEC48..UNSPEC63, inclusive, for which semantics are not
specified, shall not affect the decoding process specified in this Specification.

NOTE 1 — NAL unit types in the range of UNSPEC48..UNSPEC63 may be used as determined by the application. No decoding
process for these values of nal unit type is specified in this Specification. Since different applications might use these NAL unit
types for different purposes, particular care must be exercised in the design of encoders that generate NAL units with these
nal_unit type values, and in the design of decoders that interpret the content of NAL units with these nal_unit type values.

For purposes other than determining the amount of data in the decoding units of the bitstream (as specified in Annex C),

decogerssimttignore (remove fromnT tie bitstreanT anddiscard) the comntents of att NAL tmits that use Teserved vatyes of

nal ynit type.

NPTE 2 — This requirement allows future definition of compatible extensions to this Specification.
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Table 7-1 — NAL unit type codes and NAL unit type classes

nal_unit_type Name of Content of NAL unit and RBSP syntax structure NAL unit
nal_unit_type type class
0 TRAIL N Coded slice segment of a non-TSA, non-STSA trailing VCL
1 TRAIL R picture
slice_segment_layer rbsp()
2 TSA N Coded slice segment of a TSA picture VCL
3 TSA R slice_segment_layer rbsp()
4 STSA N Coded slice segment of an STSA picture VCL
S STSA_R slice _segment layer rbsp()
6 RADL N Coded slice segment of a RADL picture VEL
7 RADL_R slice_segment layer rbsp()
8 RASL N Coded slice segment of a RASL picture VCL
9 RASL R slice_segment_layer rbsp()
10 RSV_VCL N10 Reserved non-IRAP sub-layer non-reference VCL NAL VCL
12 RSV_VCL N12 unit types
14 RSV_VCL N14
11 RSV_VCL RI11 Reserved non-IRAP sub-layer reference YCIL NAL unit VCL
13 RSV_VCL RI3 types
15 RSV_VCL RI15
16 BLA W _LP Coded slice segment of a BLA picture VCL
17 BLA W _RADL slice_segment_layer rbsp()
18 BLA N LP
19 IDR_ W _RADL Coded slice segment of\an IDR picture VCL
20 IDR N LP slice_segment_layer<rbsp( )
21 CRA NUT Coded slice segment of a CRA picture VCL
slice_segment’layer rbsp( )
22 RSV IRAP VCL22 | ReservedIRAP VCL NAL unit types VCL
23 RSV IRAP VCL23
24.31 RSV_VCL24.. Reserved non-IRAP VCL NAL unit types VCL
RSV _VCL31
32 VPS NUT Video parameter set non-VCI|
video parameter set rbsp( )
33 SPS NUT Sequence parameter set non-VCI
seq_parameter set rbsp( )
34 PRS NUT Picture parameter set non-VCI
pic_parameter_set rbsp( )
35 AUD NUT Access unit delimiter non-VCI
access_unit_delimiter rbsp( )
36 EOS _NUT End of sequence non-VCI
end ot seq rbsp()
37 EOB NUT End of bitstream non-VCL
end_of bitstream rbsp()
38 FD NUT Filler data non-VCL
filler data rbsp()
39 PREFIX SEI NUT | Supplemental enhancement information non-VCL
40 SUFFIX SEI NUT | sei rbsp()
41..47 RSV _NVCLA41.. Reserved non-VCL
RSV_NVCL47
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48..63 UNSPEC4S.. Unspecified non-VCL

UNSPEC63

NOTE 3 — A CRA picture may have associated RASL or RADL pictures present in the bitstream.

NOTE 4 — A BLA picture having nal_unit_type equal to BLA W_LP may have associated RASL or RADL pictures present in the
bitstream. A BLA picture having nal unit type equal to BLA ' W_RADL does not have associated RASL pictures present in the
bitstream, but may have associated RADL pictures in the bitstream. A BLA picture having nal unit type equal to BLA N LP
does not have associated leading pictures present in the bitstream.

NOTE 5 — An IDR picture having nal unit type equal to IDR N LP does not have associated leading pictures present in the
bitstream. An IDR picture having nal unit_type equal to IDR. W_RADL does not have associated RASL pictures present in the

bi

tstream, but may have associated RADL pictures in the bitstream.

R
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All ¢
unit 1
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DTE 6 — A sub-layer non-reference picture 1s not included in any of RefPicSetStCurrBefore, RefPicSetStCurrAftd
pfPicSetLtCurr of any picture with the same value of Temporalld, and may be discarded without affecting the decodabi
her pictures with the same value of Temporalld.

bded slice segment NAL units of an access unit shall have the same value of nal unit type. A picfure or an g
5 also referred to as having a nal unit type equal to the nal unit_type of the coded slice segment NAL units
€ or access unit.

picture has nal unit type equal to TRAIL N, TSA N, STSA N, RADL N, RASE N, RSV VCL|
| VCL N12, or RSV_VCL NI14, the picture is a sub-layer non-reference picture. Otherwise, the picture is 4
reference picture.

bus IRAP picture in decoding order.
| a picture is a leading picture, it shall be a RADL or RASL picture.
| a picture is a trailing picture, it shall not be a RADL or RASL piecfure’

| a picture is a leading picture, it shall precede, in decoding corder, all trailing pictures that are associated wi
IRAP picture.

IASL pictures shall be present in the bitstream that are associated with a BLA picture having nal_unit_type eq
| W RADL or BLA N LP.

ASL pictures shall be present in the bitstream that are associated with an IDR picture.

IADL pictures shall be present in the bitstredm that are associated with a BLA picture having nal_unit type eq
| N_LP or that are associated with an IDR.picture having nal unit_type equal to IDR N LP.

DTE 7 — It is possible to perform random aecess at the position of an IRAP access unit by discarding all access units beft
LAP access unit (and to correctly décode the IRAP picture and all the subsequent non-RASL pictures in decoding

eds to be activated.

picture that has PicOutputFlag equal to 1 that precedes an IRAP picture in decoding order shall precede the
e in output order and\shall precede any RADL picture associated with the IRAP picture in output order.

RASL picture asSoc¢iated with a CRA or BLA picture shall precede any RADL picture associated with the C}
picture in outputorder.

RASL pieture associated with a CRA picture shall follow, in output order, any IRAP picture that precedes the
¢ in decoding order.

r and
ity of

ccess
bf the

[N10,
sub-

picture, other than the first picture in the bitstream in decoding order, is considered to be associated with the

h the

hal to

hal to

re the
rder),

ovided each parameter set is available (either in the bitstream or by external means not specified in this Specification) when it

[RAP

RA or

CRA

1al to

| §ps_temporal id nesting flag is equal to 1 and Temporalld is greater than 0, the nal unit type shall be eq

o ar D amr o oo o o or o A
TSA RTSA N, RADE R RADE N, RASE R orRASE N

nuh_layer_id shall be equal to 0. Other values of nuh_layer id may be specified in the future by ITU-T | ISO/IEC. For
purposes other than determining the amount of data in the decoding units of the bitstream (as specified in Annex C),
decoders shall ignore (i.e. remove from the bitstream and discard) all NAL units with values of nuh_layer id not equal

to 0.

NOTE 8 — It is anticipated that in future scalable or 3D video coding extensions of this specification, this syntax element will be
used to identify additional layers that may be present in the CVS, wherein a layer may be, e.g. a spatial scalable layer, a quality

SCi

alable layer, a texture view or a depth view.

nuh_temporal_id_plusl minus 1 specifies a temporal identifier for the NAL unit. The value of nuh_temporal id plusl

shall

not be equal to 0.
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The variable Temporalld is specified as follows:
Temporalld = nuh_temporal id plusl — 1 (7-1)

If nal unit type is in the range of BLA W_LP to RSV_IRAP VCL23, inclusive, i.e. the coded slice segment belongs to
an IRAP picture, Temporalld shall be equal to 0. Otherwise, when nal unit type is equal to TSA R, TSA N, STSA R,
or STSA N, Temporalld shall not be equal to 0.

The value of Temporalld shall be the same for all VCL NAL units of an access unit. The value of Temporalld of an
access unit is the value of the Temporalld of the VCL NAL units of the access unit.

The value of Temporalld for non-VCL NAL units is constrained as follows:

—  If nal unit type is equal to VPS NUT or SPS NUT, Temporalld shall be equal to 0 and the Temporalld of the

ceessunit contaiminathe NNATL unit shall be eaqual ta 0
o 1 *

—  Ptherwise if nal unit_type is equal to EOS_NUT or EOB_NUT, Temporalld shall be equal to 0.

—  Dtherwise, if nal unit type is equal to AUD NUT or FD NUT, Temporalld shall be equal to the Temperalld pf the
hccess unit containing the NAL unit.

—  Dtherwise, Temporalld shall be greater than or equal to the Temporalld of the access unit containing the NAL finit.

NPTE 9 — When the NAL unit is a non-VCL NAL unit, the value of Temporalld is equal to the minimum/value of the Temporalld
vqlues of all access units to which the non-VCL NAL unit applies. When nal unit_type is equal to-PPS” NUT, Temporalld mhay be
gieater than or equal to the Temporalld of the containing access unit, as all PPSs may be includedin the beginning of a bitsfream,
wherein the first coded picture has Temporalld equal to 0. When nal unit type is™e¢qual to PREFIX SEI NUT or
SUFFIX SEI NUT, Temporalld may be greater than or equal to the Temporalld of the contaihing access unit, as an SEI NAJL unit
mpy contain information, e.g. in a buffering period SEI message or a picture timing SEL message, that applies to a bitstream pubset
thit includes access units for which the Temporalld values are greater than the Temporalld of the access unit containing tle SEI
NAL unit.

7.4.2{3 Encapsulation of an SODB within an RBSP (informative)
This pubclause does not form an integral part of this Specification.

The form of encapsulation of an SODB within an RBSP and)the use of the emulation prevention_three byfe for
encagsulation of an RBSP within a NAL unit is described for'the following purposes:

—  To prevent the emulation of start codes within NAXL “units while allowing any arbitrary SODB to be repregented
vithin a NAL unit,

— [To enable identification of the end of the:SODB within the NAL unit by searching the RBSP for the
bsp_stop_one_bit starting at the end of the RBSP,

—  To enable a NAL unit to have a size (greater than that of the SODB under some circumstances (using one or|more
abac_zero word syntax elements).

The gncoder can produce a NAL udit from an RBSP by the following procedure:
1. The RBSP data are searched for byte-aligned bits of the following binary patterns:

'00000000 00600000 000000xx' (where 'xx' represents any two-bit pattern: '00', '01', '10', or '11"),
and a byte equalto 0x03 is inserted to replace the bit pattern with the pattern:
'00006000 00000000 00000011 000000xx',

and«finally, when the last byte of the RBSP data is equal to 0x00 (which can only occur when the RBSP epds in
a cabac zero word), a final byte equal to 0x03 is appended to the end of the data. The last zero bytg of a
byte-aligned three-byte sequence 0x000000 in the RBSP (which is replaced by the four-byte seqpence

O-=000002-00)—a—ta1 1334 s 1 Lo tha RDDCD Jdoto £ e N £ £ szt 1 bt
UAUUUUUITUU TS TaRCIT IO aCLCO T Wl I SUar UIiTs e ICDoT — UdtdTOT T TIICATOUTHITUNIC U OT U y to=alrg i 1S

with the binary patterns specified above.

2. The resulting sequence of bytes is then prefixed with the NAL unit header, within which the nal unit type
indicates the type of RBSP data structure in the NAL unit.

The process specified above results in the construction of the entire NAL unit.
This process can allow any SODB to be represented in a NAL unit while ensuring both of the following:
—  No byte-aligned start code prefix is emulated within the NAL unit.

—  No sequence of 8 zero-valued bits followed by a start code prefix, regardless of byte-alignment, is emulated within
the NAL unit.
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7.4.2.4 Order of NAL units and association to coded pictures, access units, and coded video sequences

7.4.2.4.1 General
This subclause specifies constraints on the order of NAL units in the bitstream.

Any order of NAL units in the bitstream obeying these constraints is referred to in the text as the decoding order of NAL
units. Within a NAL unit, the syntax in subclauses 7.3, D.2, and E.1 specifies the decoding order of syntax elements.
Decoders shall be capable of receiving NAL units and their syntax elements in decoding order.

7.4.2.4.2 Order of VPS, SPS and PPS RBSPs and their activation

This subclause specifies the activation process of VPSs, SPSs, and PPSs.

NOTE 1 — The VPS, SPS, and PPS mechanism decouples the transmission of infrequently changing information from the
rinsmission of coded block data. VPSs, SPSs, and PPSs may, in some applications, be conveyed "out-of-band".

=g

A PPS RBSP includes parameters that can be referred to by the coded slice segment NAL units of one or note ¢oded
pictufes. Each PPS RBSP is initially considered not active at the start of the operation of the decoding process. At| most
one HPS RBSP is considered active at any given moment during the operation of the decoding process, and-the actiyation
of any particular PPS RBSP results in the deactivation of the previously-active PPS RBSP (if any).

When a PPS RBSP (with a particular value of pps_pic_parameter set id) is not active and it.js'seferred to by a ¢oded
slice segment NAL unit (using a value of slice pic parameter set id equal to the pps pic_parameter set id value), it is
activated. This PPS RBSP is called the active PPS RBSP until it is deactivated by the activation of another PPS RBSP. A
PPS RBSP, with that particular value of pps_pic parameter set id, shall be available to,the decoding process prior|to its
activation, included in at least one access unit with Temporalld less than or equal to.the Temporalld of the PPS NAL unit
or provided through external means.

Any PPS NAL unit containing the value of pps_pic_parameter set id for the active PPS RBSP for a coded picturd shall
have [the same content as that of the active PPS RBSP for the coded picture;wunless it follows the last VCL NAL unit of
the c¢ded picture and precedes the first VCL NAL unit of another coded picture.

An SPS RBSP includes parameters that can be referred to by one.05'more PPS RBSPs or one or more SEI NAL|units
contdining an active parameter sets SEI message. Each SPS RBSP is initially considered not active at the start ¢f the
operdtion of the decoding process. At most one SPS RBSP s considered active at any given moment durinjg the
operdtion of the decoding process, and the activation ofany particular SPS RBSP results in the deactivation ¢f the
previpusly-active SPS RBSP (if any).

Wheth an SPS RBSP (with a particular value of sps_seq parameter set id) is not already active and it is referred to by
activation of a PPS RBSP (in which pps seq pardimeter set id is equal to the sps seq parameter set id value)|or is
referfed to by an SEI NAL unit Jcontaining an active parameter sets SEI message (in Yvhich
activg seq parameter set id[ 0 ] is equal {to)the sps_seq parameter set id value), it is activated. This SPS RBSP is
called the active SPS RBSP until it is _deactivated by the activation of another SPS RBSP. An SPS RBSP, with that
partidqular value of sps_seq parametersset id, shall be available to the decoding process prior to its activation, included
in at Jeast one access unit with Temporalld equal to 0 or provided through external means. An activated SPS RBSP shall
remajn active for the entire CV-S.

NPTE 2 — Because an IRAP-access unit with NoRaslOutputFlag equal to 1 begins a new CVS and an activated SPS RBSH must
refmain active for the entire CVS, an SPS RBSP can only be activated by an active parameter sets SEI message when the [active
pdrameter sets SEI niessage is part of an IRAP access unit with NoRaslOutputFlag equal to 1.

Any BPS NAL unit.containing the value of sps_seq parameter set id for the active SPS RBSP for a CVS shall haye the
same|content a$, that of the active SPS RBSP for the CVS, unless it follows the last access unit of the CVS and prefcedes
the first VCENAL unit and the first SEI NAL unit containing an active parameter sets SEI message (when presept) of
another GVS.

A VRS cludes—paramete hat-ca eferred-to a or1Rore » or-OoRe—or1nore [
containing an active parameter sets SEI message. Each VPS RBSP is initially considered not active at the start of the
operation of the decoding process. At most one VPS RBSP is considered active at any given moment during the
operation of the decoding process, and the activation of any particular VPS RBSP results in the deactivation of the
previously-active VPS RBSP (if any).

When a VPS RBSP (with a particular value of vps_video parameter set id) is not already active and it is referred to by
activation of an SPS RBSP (in which sps_video parameter_set id is equal to the vps_video parameter_set id value), or
is referred to by an SEI NAL wunit containing an active parameter sets SEI message (in which
active_video_ parameter set id is equal to the vps video parameter set id value), it is activated. This VPS RBSP is
called the active VPS RBSP until it is deactivated by the activation of another VPS RBSP. A VPS RBSP, with that
particular value of vps video parameter set id, shall be available to the decoding process prior to its activation,
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included in at least one access unit with Temporalld equal to 0 or provided through external means. An activated VPS
RBSP shall remain active for the entire CVS.
NOTE 3 — Because an IRAP access unit with NoRaslOutputFlag equal to 1 begins a new CVS and an activated VPS RBSP must
remain active for the entire CVS, a VPS RBSP can only be activated by an active parameter sets SEI message when the active
parameter sets SEI message is part of an IRAP access unit with NoRaslOutputFlag equal to 1.

Any VPS NAL unit containing the value of vps_video parameter set id for the active VPS RBSP for a CVS shall have
the same content as that of the active VPS RBSP for the CVS, unless it follows the last access unit of the CVS and
precedes the first VCL NAL unit, the first SPS NAL unit, and the first SEI NAL unit containing an active parameter sets
SEI message (when present) of another CVS.
NOTE 4 - If VPS RBSP, SPS RBSP, or PPS RBSP are conveyed within the bitstream, these constraints impose an order
constraint on the NAL units that contain the VPS RBSP, SPS RBSP, or PPS RBSP, respectively. Otherwise (VPS RBSP, SPS
RBSP, or PPS RBSP are conveyed by other means not specified in this Specification), they must be available to the decoding

piocess in a timely fashion such that these constraints are obeyed.

All

variaples derived from those syntax elements in VPSs, SPSs, and PPSs and other syntax elements are expressig
constraints that apply only to the active VPS, the active SPS, and the active PPS. If any VPS RBSP, SPS RBSP, an

RBS

specified constraints if it was activated by reference in an otherwise conforming bitstream.

Duri
the a

SPS, Jand the active PPS RBSP for the operation of the decoding process for the VCL NAF units of the coded pict

the s3

7.4.2

A bittream conforming to this Specification consists of one or more CVSs

A CVS consists of one or more access units. The order of NAL units and coded pictures and their association to 4
units fis described in subclause 7.4.2.4.4.

The ffirst access unit of a CVS is an IRAP access unit with NoRasIOutputFlag equal to 1.

It is 4
end d

unit, p BLA access unit, or a CRA access unit.

7.4.2

This pubclause specifies the order of NAIL units and coded pictures and their association to access unit for CVS

confd
claus

An a
to co

The
acces

The Trst access unit in the bitStream starts with the first NAL unit of the bitstream.

nstraints that are expressed on the relationship between the values of the syntax elements and the\valy

is present that is never activated in the bitstream, its syntax elements shall have values that would conform

g operation of the decoding process (see clause 8), the values of parameters of the active VPS, the active SPS§
tive PPS RBSP are considered in effect. For interpretation of SEI messages, the values-of the active VPS, the

me access unit are considered in effect unless otherwise specified in the SEI message semantics.

4.3 Order of access units and association to CVSs

requirement of bitstream conformance that, when present, the next access unit after an access unit that conta
f sequence NAL unit or an end of bitstream NAL, Gnit shall be an IRAP access unit, which may be an IDR 4

4.4 Order of NAL units and coded pictures and their association to access units

rm to one or more of the profiles specified in Annex A that are decoded using the decoding process specif]
es 2 through 10.

cess unit consists of one cdded picture and zero or more non-VCL NAL units. The association of VCL NAL|
led pictures is described/inysubclause 7.4.2.4.5.

irst of any of the\following NAL units after the last VCL NAL unit of a coded picture specifies the start of
S unit:

hccess unit.delimiter NAL unit (when present),

VPS\WAL unit (when present),

es of
ns of
| PPS
o the

, and
hctive
ire in

CCECSS

ns an
CCECSS

5 that
ed in

units

L ncw

P AT AT el AN
STINAALT UTITU T WITCIT DITSUIIL),

—  PPS NAL unit (when present),

—  Prefix SEI NAL unit (when present),
—  NAL units with nal unit type in the range of RSV_NVCL41..RSV_NVCL44 (when present),

—  NAL units with nal_unit_type in the range of UNSPEC48..UNSPECS55 (when present),

—  first VCL NAL unit of a coded picture (always present).

The order of the coded pictures and non-VCL NAL units within an access unit shall obey the following constraints:
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When an access unit delimiter NAL unit is present, it shall be the first NAL unit. There shall be at most one access
unit delimiter NAL unit in any access unit.

When any prefix SEI NAL units are present, they shall not follow the last VCL NAL unit of the access unit.

NAL units having nal unit type equal to FD NUT or SUFFIX SEI NUT, or in the range of
RSV _NVCLA45.RSV_NVCL47 or UNSPEC56..UNSPEC63 shall not precede the first VCL NAL unit of the coded
picture.

When an end of sequence NAL unit is present, it shall be the last NAL unit in the access unit other than an end of
bitstream NAL unit (when present).

When an end of bitstream NAL unit is present, it shall be the last NAL unit in the access unit.

NOTE — VPS NAL units, SPS NAL units, PPS NAL units, prefix SEI NAL units, or NAL units with nal unit type in the range of
RPV_NVCLA41..RSV_NVCL44 or UNSPEC48..UNSPECSS5, may be present in an access unit, but cannot follow the las{ VCL
NJAL unit of the coded picture within the access unit, as this condition would specify the start of a new access unit.

The ptructure of access units not containing any NAL units with nal unit type equal to FD NUT,| VPS NUT,
SPS INUT, PPS NUT, RSV_VCL N10, RSV_VCL R11, RSV _VCL NI12, RSV_VCL R13, RSV [VCL NI#, or
RSV|VCL R15, RSV IRAP VCL22, or RSV IRAP VCL23, or in the range of RSV VEE24.RSV V(L31,

RSV|NVCL41..RSV_NVCL47, or UNSPEC48..UNSPEC63 is shown in Figure 7-1.

start

| I

Access unit delimiter

)
14

Coded slicexsegment

End of sequence

End of bitstream

t—

end

Figure 7-1 — Structure of an access unit not containing any NAL units with nal_unit_type equal to FD_NUIT,
SUFFIX_SEI-NUT, VPS_NUT, SPS_NUT, PPS_NUT, RSV_VCL_N10, RSV_VCL_R11, RSV_VCL_NI12,

RSY_VCL_R13,RSV_VCL_N14, RSV_VCL_R15, RSV_IRAP_VCL22, or RSV_IRAP_VCL23, or in the range

of RSV_VCL24..RSV_VCL31, RSV_NVCLA41..RSV_NVCLA47, or UNSPEC48..UNSPEC63

7.4.2.4.5 Order of VCL NAL units and association to coded pictures

This subclause specifies the order of VCL NAL units and association to coded pictures.

Each VCL NAL unit is part of a coded picture.

The order of the VCL NAL units within a coded picture is constrained as follows:

The first VCL NAL unit of the coded picture shall have first_slice segment_in_pic_flag equal to 1.

Let sliceSegAddrA and sliceSegAddrB be the slice_segment address values of any two coded slice segment NAL
units A and B within the same coded picture. When either of the following conditions is true, coded slice segment
NAL unit A shall precede the coded slice segment NAL unit B:
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—  Tileld[ CtbAddrRsToTs[ sliceSegAddrA ] ] is less than Tileld[ CtbAddrRsToTs[ sliceSegAddrB ] ].

—  Tileld[ CtbAddrRsToTs[ sliceSegAddrA ]] is equal to Tileld[ CtbAddrRsToTs[ sliceSegAddrB]] and
CtbAddrRsToTs[ sliceSegAddrA ] is less than CtbAddrRsToTs[ sliceSegAddrB ].

7.4.3  Raw byte sequence payloads, trailing bits, and byte alignment semantics

7.43.1 Video parameter set RBSP semantics

NOTE 1 — VPS NAL units are required to be available to the decoding process prior to their activation (either in the bitstream or
by external means), as specified in subclause 7.4.2.4.2. However, the VPS RBSP contains information that is not necessary for
operation of the decoding process of this version of this Specification. For purposes other than determining the amount of data in
the decoding units of the bitstream (as specified in Annex C), decoders conforming to this version of this Specification may ignore
(remove from the bitstream and discard) the content of all VPS NAL units.

Any fwo instances of the syntax structure hrd_parameters( ) included in a VPS RBSP shall not have the same conterjt.

vps_video_parameter_set_id identifies the VPS for reference by other syntax elements.
vps_reserved_three_2bits shall be equal to 3 in bitstreams conforming to this version of this Specification, Other yalues
for vps reserved three 2bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore the valpe of

vps_teserved three 2bits.

vps_max_layers_minusl1 shall be equal to 0 in bitstreams conforming to this version of this Specification. Other yalues
for yps_ max layers minusl are reserved for future use by ITU-T | ISO/IEC. )Although the wvalde of
vps_tnax_layers minusl is required to be equal to O in this version of this Specification; decoders shall allow [other

valugs of vps_max_layers minusl to appear in the syntax.
NPTE 2 - It is anticipated that in future scalable or 3D video coding extensions of thiS_Specification, this field will be used to

secify the maximum number of layers that may be present in the CVS, wherein a’layer may e.g. be a spatial scalable lgyer, a
quality scalable layer, a texture view or a depth view.

vps_max_sub_layers_minus1 plus 1 specifies the maximum number of temporal sub-layers that may be present |n the
bitstrpam. The value of vps_max_sub layers minusl shall be in the range of 0 to 6, inclusive.

vps_temporal _id_nesting flag, when vps _max_sub layers minusi-is greater than 0, specifies whether inter predjction
is additionally restricted for CVSs referring to the VRS:“When vps max sub layers minusl is equal fo O,
vps_temporal id nesting flag shall be equal to 1.

NPTE 3 — The syntax element vps temporal id nesting (flag is used to indicate that temporal sub-layer up-switching, i.e.

syitching from decoding of up to any Temporalld tIdN to\decoding up to any Temporalld tIdM that is greater than tIdN, is dlways
pgssible.

vps_reserved_Oxffff 16bits shall be equal to OXFFFF in bitstreams conforming to this version of this Specificption.
Othet values for vps_reserved Oxffff 16bits ate reserved for future use by ITU-T | ISO/IEC. Decoders shall ignofe the
valug of vps_reserved Oxffff 16bits.

NPTE 4 — 1t is anticipated that in futéire\scalable or 3D video coding extensions of this Specification, this this syntax elemept will
splecify a byte offset to the next set of fixed-length coded information in the VPS RBSP, within the data currently specified as
vps_extension_data flag syntax eleinents. The byte offset would then help to locate and access such information in the VPS [RBSP
wjthout the need for performing éntropy decoding.

vps_sub_layer ordering_irifo_present flag equal to 1 specifies that vps max dec pic buffering minugll[i],

vps_max_num_reordef ‘pics[ i ], and vps_max_latency increase plusl[i ] are present for
vps_max_sub_layefs/minusl + 1 sub-layers. vps sub layer ordering info present flag equal to O specifies th3t the
valu of vps_max_dec_pic_buffering minusl[ vps_max_sub layers minps] ],
vps_max_numiieorder pics[ vps_max_sub layers minusl ], and

vps_mnax Jlatenicy increase plusl[ vps max sub layers minusl ] apply to all sub-layers.

vps_maX) dec_pic_buffering_minus1[ i ] plus 1 specifies the maximum required size of the decoded picture buffpr for
the CVS in units of picture storage buffers when HighestTid is equal to 1. The value of
vps_max_dec pic_buffering minusl1[ i ] shall be in the range of 0 to MaxDpbSize — 1 (as specified in subclause A.4),
inclusive. When 1 is greater than 0, vps max dec pic buffering minusl[i] shall be greater than or equal to
vps_max_dec pic_buffering minusl[i— 1 ]. When vps_max dec pic_buffering minusl[i] is not present for i in the
range of 0 to vps_max_sub_layers minusl — 1, inclusive, due to vps_sub_layer ordering info present flag being equal
to 0, it is inferred to be equal to vps_max_dec pic_buffering_minusl[ vps _max_sub layers minusl ].

vps_max_num_reorder_pics[ i ] indicates the maximum allowed number of pictures that can precede any picture in the
CVS in decoding order and follow that picture in output order when HighestTid is equal to i. The value of
vps_max_num_reorder pics[ i ] shall be in the range of 0 to vps max dec pic_buffering minusl[ i ], inclusive. When i
is greater than 0, vps_max num reorder pics[ i ] shall be greater than or equal to vps max num reorder pics[i—1].
When vps max num reorder pics[i] is not present for i in the range of 0 to vps max sub layers minusl — 1,
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inclusive, due to vps sub layer ordering info present flag being equal to 0, it is inferred to be equal to
vps_max_num_reorder pics[ vps_max_sub_layers minusl ].

vps_max_latency_increase_plusl[ i ] not equal to 0 is used to compute the value of VpsMaxLatencyPictures[ i ], which
specifies the maximum number of pictures that can precede any picture in the CVS in output order and follow that
picture in decoding order when HighestTid is equal to i.

When vps_max latency increase plusl[i] is not equal to 0, the value of VpsMaxLatencyPictures[ i] is specified as
follows:

VpsMaxLatencyPictures[ i ] = vps_max_num_reorder pics[i ]+ (7-2)
vps_max_latency increase plusl[i]—1

When vps _max_latency increase plusl[ i ] is equal to 0, no corresponding limit is expressed.

The |value of vps max_latency increase plusl[i] shall be in the range of 0 to 2°*—2, inclusive.yWhen
vps_1nax_latency increase plusl[i ] is not present for i in the range of 0 to vps max_sub layers minusl — ¢ inclfisive,
due [to vps sub layer ordering info present flag being equal to 0, it is inferred to bel,equdl to
vps_1inax_latency increase plusl[ vps max sub layers minusl ].

vps_max_layer_id specifies the maximum allowed value of nuh_layer id of all NAL units in the EV.S.

vps_hum_layer_sets_minusl plus | specifies the number of layer sets that are specified by the VPS. In bitstfeams
confdrming to this version of this Specification, the value of vps num_layer sets minusl §hall be equal to 0. Although
the vilue of vps_num _layer sets_minusl] is required to be equal to 0 in this version of thi§ Specification, decoderq shall
allow other values of vps num_layer sets minusl in the range of 0 to 1023, inclusive;to.appear in the syntax.

layen] id_included_flag[ i ][j ] equal to 1 specifies that the value of nuh_layer™id“equal to j is included in the|layer
ident{fier list layerSetLayerldList[ i ]. layer id included flag[ i ][j ] equal to O~specifies that the value of nuh layer id
equal to j is not included in the layer identifier list layerSetLayerldList[ i ].

The yalue of numLayersInldList[ 0 ] is set equal to 1 and the value of ldyerSetLayerIdList[ 0 ][ 0 ] is set equal to 0.

For dach value of i in the range of 1 to vps num layer sets minusl} inclusive, the variable numLayersInldList[ i|] and
the ldyer identifier list layerSetLayerIdList[ i ] are derived as follows:

n=0
for(m=0; m <= vps _max_layer id; m++)
if( layer_id_included flag[i][m]) 7-3)

layerSetLayerlIdList[ i ][ n++ Js=in
numLayersInldList[ i ] =n

For dach value of i in the range of 1 to vps,num layer sets minusl, inclusive, numLayersInldList[ i ] shall be {n the
rangd of 1 to vps_max_layers_minusl + I, inclusive.

When numLayersInldList[ iA ] ig"equal to numLayersInldList[ iB] for any iA and iB in the range of |0 to
vps_mum_layer sets_minusl, in¢lusive, with 1A not equal to iB, the value of layerSetLayerldList[ iA ][ n ] shall qot be
equal to layerSetLayerIdList[dB, }[ n ] for at least one value of n in the range of 0 to numLayersInldList[ iA ], inclugive.

A layler set is identified bysthe associated layer identifier list. The i-th layer set specified by the VPS is associated with
the Iqyer identifier listlayerSetLayerldList[ i ], for i in the range of 0 to vps_num_layer sets_minusl, inclusive.

A layjer set consists,0f all operation points that are associated with the same layer identifier list.

Each|operation:point is identified by the associated layer identifier list, denoted as OpLayerldList, which consists pf the
list of nuh layer id values of all NAL units included in the operation point, in increasing order of nuh_layer id vplues,
and g variable OpTid, which is equal to the highest Temporalld of all NAL units included in the operation poin{. The
bitstreant-subset associated with the npprqﬁnn pninf identified }‘\y ﬂpT ayprIﬂT ist and ﬂpTid is the output of thd sub-
bitstream extraction process as specified in clause 10 with the bitstream, the target highest Temporalld equal to OpTid,
and the target layer identifier list equal to OpLayerldList as inputs. The OpLayerldList and OpTid that identify an
operation point are also referred to as the OpLayerldList and OpTid associated with the operation point, respectively.

vps_timing_info_present_flag equal to 1  specifies that vps num units in tick, vps time scale,
vps_poc_proportional to timing flag, and vps_num_hrd parameters are present in the VPS.
vps_timing info present flag equal to 0  specifies that  vps num units in tick,  vps time scale,
vps_poc_proportional to timing flag, and vps num_ hrd parameters are not present in the VPS.

vps_num_units_in_tick is the number of time units of a clock operating at the frequency vps time scale Hz that
corresponds to one increment (called a clock tick) of a clock tick counter. The value of vps num_units in_tick shall be
greater than 0. A clock tick, in units of seconds, is equal to the quotient of vps num units_in_tick divided by
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vps_time scale. For example, when the picture rate of a video signal is 25 Hz, vps time scale may be equal to
27 000 000 and vps_num_units_in_tick may be equal to 1 080 000, and consequently a clock tick may be 0.04 seconds.

vps_time_scale is the number of time units that pass in one second. For example, a time coordinate system that measures
time using a 27 MHz clock has a vps_time_scale of 27 000 000. The value of vps_time scale shall be greater than 0.

vps_poc_proportional _to_timing flag equal to 1 indicates that the picture order count value for each picture in the
CVS that is not the first picture in the CVS, in decoding order, is proportional to the output time of the picture relative to
the output time of the first picture in the CVS. vps_poc_proportional to timing_ flag equal to 0 indicates that the picture
order count value for each picture in the CVS that is not the first picture in the CVS, in decoding order, may or may not
be proportional to the output time of the picture relative to the output time of the first picture in the CVS.

vps_num_ticks_poc_diff one_minusl plus 1 specifies the number of clock ticks corresponding to a difference of
picture order count values equal to 1. The value of vps num ticks poc diff one minusl shall be in the range of 0
to 2°1- 2, inclusive.

vps_hum_hrd_parameters specifies the number of hrd parameters( ) syntax structures present in the VRS RBYP. In
bitstrpams conforming to this version of this Specification, the value of vps num hrd parameters shallxbeless than or
equal to 1. Although the value of vps_num_hrd parameters is required to be less than or equal to 1 in-this“*version gf this
Specification, decoders shall allow other values of vps num hrd parameters in the range of 0 to 1024, inclusiye, to
appedr in the syntax.

hrd_Jayer_set_idx[ i ] specifies the index, into the list of layer sets specified by the VPS,cof the layer set to whi¢h the
i-th hrd parameters( ) syntax structure in the VPS applies. In bitstreams conforming to this version of this Specificption,
the value of hrd layer set idx[ i ] shall be equal to 0. Although the value of hrd_layer~set idx[ i ] is required to belequal
to O |n this version of this Specification, decoders shall allow other values of hrd.layer set idx[i] in the rangg of O
to 10P3, inclusive, to appear in the syntax.

cprnfs_present_flag[ i ] equal to 1 specifies that the HRD parameters thatére common for all sub-layers are presgnt in
the itth hrd parameters() syntax structure in the VPS. cprms_present flag[ i] equal to O specifies that the [HRD
pararheters that are common for all sub-layers are not present in the.i-th hrd parameters( ) syntax structure in thq VPS
and are derived to be the same as the (1 — 1 )-th hrd parameters( ) syntax structure in the VPS. cprms_present flag[|0 ] is
inferfed to be equal to 1.

vps_extension_flag equal to 0 specifies that no vps_extension: data flag syntax elements are present in the VPS RBSP
syntajk structure. vps_extension_flag shall be equal to 0 _inbitstreams conforming to this version of this Specificption.
The yalue of 1 for vps_extension_flag is reserved for futire use by ITU-T | ISO/IEC. Decoders shall ignore all datp that
folloy the value 1 for vps_extension flag in a VPS NAL unit.

vps_extension_data_flag may have any valuenlts presence and value do not affect decoder conformance to prpofiles
specified in this version of this Specificatipn:.Decoders conforming to this version of this Specification shall igndre all
vps_¢xtension data flag syntax elements,

7.4.3]12 Sequence parameter set RBSP semantics
sps_video_parameter_set_id specifies the value of the vps_video parameter set id of the active VPS.

sps_max_sub_layers_minus] plus | specifies the maximum number of temporal sub-layers that may be present ir] each
CVSjreferring to the SPS~The value of sps max sub layers minusl shall be in the range of 0 to 6, inclusive.

emporal_id_nesting_flag, when sps_max_sub_layers minusl is greater than 0, specifies whether inter predjction
ditionally -restricted for CVSs referring to the SPS. When vps temporal id nesting flag is equal fo 1,
sps_tpmpora] ‘idvnesting flag shall be equal to 1. When sps max sub layers minusl is equal tp O,

g, i.e. switching from
always possiblelin the

sps_seq_parameter_set_id provides an identifier for the SPS for reference by other syntax elements. The value of
sps_seq_parameter_set_id shall be in the range of 0 to 15, inclusive.

chroma_format_idc specifies the chroma sampling relative to the luma sampling as specified in subclause 6.2. The
value of chroma_format idc shall be in the range of 0 to 3, inclusive.

separate_colour_plane_flag equal to 1 specifies that the three colour components of the 4:4:4 chroma format are coded
separately. separate_colour plane flag equal to O specifies that the colour components are not coded separately. When
separate_colour plane flag is not present, it is inferred to be equal to 0. When separate _colour plane flag is equal to 1,
the coded picture consists of three separate components, each of which consists of coded samples of one colour plane (Y,
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Cb, or Cr) and uses the monochrome coding syntax. In this case, each colour plane is associated with a specific
colour plane id value.

NOTE 2 — There is no dependency in decoding processes between the colour planes having different colour plane id values. For
example, the decoding process of a monochrome picture with one value of colour plane id does not use any data from
monochrome pictures having different values of colour plane id for inter prediction.

Depending on the value of separate colour plane flag, the value of the variable ChromaArrayType is assigned as
follows:

—  Ifseparate colour plane flag is equal to 0, ChromaArrayType is set equal to chroma format idc.

—  Otherwise (separate_colour plane flag is equal to 1), ChromaArrayType is set equal to 0.

in units of luma samples.

pic_width_in_luma_samples

specifies the width of each decoded picture
pic_width in ma_samp ] e equa ] ] an i iple

_Reight_in_luma_samples specifies the height of each decoded picture in units of luma Nsathples.
pic_Height in luma samples shall not be equal to 0 and shall be an integer multiple of MinCbSizeY.

conformance_window_flag equal to 1 indicates that the conformance cropping window offset parametersfollow next in
the SPPS. conformance window_flag equal to O indicates that the conformance cropping window offset parametefs are
not pfesent.

conf [win_left_offset, conf_win_right_offset, conf_win_top_offset, and conf_win_bottom_offset specify the samples
of th¢ pictures in the CVS that are output from the decoding process, in terms of a rectangular region specified in pjcture
coordinates for output. When conformance window flag is equal to 0, the walues of conf win left dffset,
conf |[win_right offset, conf win top offset, and conf win_bottom_offset are inferred.to be equal to 0.

The [conformance cropping window contains the luma samples with &horizontal picture coordinates |from
SubWidthC * conf win_left offset to pic width in luma samples — ( SubWidthC * conf win right offset+ 1) and
vertidal picture coordinates from SubHeightC * conf win_top offset to
pic_height in luma samples — ( SubHeightC * conf win bottom offse€t*" ), inclusive.

The value of  SubWidthC * ( conf win_ left offset + conf\win right offset ) shall be less than
pic_width in luma samples, and the value of SubHeightC * ( cont" win_top offset + conf win bottom offset ) shpll be
less than pic_height in luma samples.

Wheth ChromaArrayType is not equal to 0, the corresponding specified samples of the two chroma arrays are the safnples
havirlg picture coordinates ( x / SubWidthC, y / SubHeightC ), where ( X, y ) are the picture coordinates of the spefified
luma|samples.

NPTE 3 — The conformance cropping window offet parameters are only applied at the output. All internal decoding procesges are
apiplied to the uncropped picture size.

bit_depth_luma_minus8 specifies the bit depth of the samples of the luma array BitDepthy and the value of the|luma
quanfization parameter range offset QpBdOffsety as follows:

BitDepthy = 8 + bit/depth luma minus8 7-4)
QpBdOffsety = 6 * bit) depth luma_minus8 7-5)
bit dppth luma minus8(shall be in the range of 0 to 6, inclusive.

bit_depth_chromaCminus8 specifies the bit depth of the samples of the chroma arrays BitDepthc and the value ¢f the
chrotha quantizatiofiparameter range offset QpBdOffsetc as follows:

BitPepthc =8 + bit_depth_chroma minus8 7-6)
QpBdOffsetc = 6 * bit_depth chroma minus8 7-7)

bit depth chroma_ minus8 shall be in the range of 0 to 6, inclusive.

log2_max_pic_order_cnt_Isb_minus4 specifies the value of the variable MaxPicOrderCntLsb that is used in the
decoding process for picture order count as follows:

MaxPicOrderCntLsb = 2( log2_max_pic_order_cnt_lsb_minus4 +4) (7-8)
The value of log2 max pic_order cnt Isb minus4 shall be in the range of 0 to 12, inclusive.

sps_sub_layer_ordering_info_present_flag equal to 1 specifies that sps max dec pic buffering minusl[i],

sps_max_num_reorder pics[ 1], and sps_max_latency increase plusl[i ] are present for
sps_max_sub_layers minusl + 1 sub-layers. sps sub_layer ordering info present flag equal to 0 specifies that the
values of sps_max_dec pic buffering minusl[ sps max_sub_layers minusl ],
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sps_max_num_reorder pics[ sps_max_sub_layers minusl ], and
sps_max_latency increase plusl[ sps_max sub layers minusl ] apply to all sub-layers.

sps_max_dec_pic_buffering minusl1[ i] plus | specifies the maximum required size of the decoded picture buffer for
the CVS in wunits of picture storage buffers when HighestTid is equal to i. The value of
sps_max_dec_pic_buffering minusl[i] shall be in the range of 0 to MaxDpbSize — 1 (as specified in subclause A.4),
inclusive. When i is greater than 0, sps max_dec pic buffering minusl[i] shall be greater than or equal to
sps_max_dec_pic_buffering minusl[i— 1 ]. The value of sps_max _dec pic_buffering minusl[ i | shall be less than or
equal to vps_max _dec_pic_buffering minusl[i] for each value of i. When sps max_dec pic_buffering minusl[i] is
not present for i in the range of O to sps max sub layers minusl —1, inclusive, due to
sps_sub_layer ordering_info present flag being equal to 0, it is inferred to be equal to
sps_max_dec pic_buffering minus1[ sps max_sub_layers minusl] ].

sps_ ; rost-Hm ; . ’ l ‘ - ] | . i1 the

CVS|in decoding order and follow that picture in output order when HighestTid is equal to i. The,valpe of
sps_thax num reorder pics[ i ] shall be in the range of 0 to sps_max dec pic_buffering minusl1[ i ], inclusive. When i
is grgater than 0, sps_max num_reorder pics[ i | shall be greater than or equal to sps_max num_reorder (pics[ i|- 1 ].
The yalue of sps_max num_reorder pics[ i ] shall be less than or equal to vps_max_num_reorder pics[ 1 Jfor each [value
of i. [When sps_max num_reorder pics[i] is not present for i in the range of 0 to sps_max sub™layers minus| — 1,
inclugive, due to sps_sub layer ordering info present flag being equal to 0, it is inferced to be equpl to
sps_thax_num_reorder pics[ sps_max_sub_layers minus] ].

sps_max_latency_increase plusl[ i ] not equal to 0 is used to compute the value of SpsMaxl atencyPictures| i ], which
specifies the maximum number of pictures that can precede any picture in the CV.S\in"output order and follow that
picture in decoding order when HighestTid is equal to i.

Whet sps_max latency increase plusl[i] is not equal to 0, the value of SpsMaxLatencyPictures[i] is specified as
folloyvs:

SpsMaxLatencyPictures[ i ] = sps_max_num_reorder pics[ i }¥ 7-9)
sps_max_latency increase plusl[i]—1

When sps_max_latency_increase plusl[ i ] is equal to 0, no correspending limit is expressed.

The |value of sps max latency increase plusl[i] shall *be in the range of 0 to 22 -2, inclusive. When
vps_mnax_latency increase plusl[i] is not equal to 0, the*value of sps max latency increase plusl[i] shall not be
equall to 0 and shall be less than or equal to vpsiumax latency increase plusl[i] for each value of i. When
sps_1pax_latency increase plusl[i] is not present for i in the range of 0 to sps max_sub_layers minusl — 1, inclfisive,
due [to sps sub layer ordering info present flag being equal to 0, it is inferred to be equdl to
sps_thax latency increase plusl[ sps_max sublayers minusl ].

log2 |min_luma_coding_block_size_minus3 plus 3 specifies the minimum size of a luma coding block.

log2 |diff max_min_luma_coding_bleck size specifies the difference between the maximum and minimum |luma
coding block size.

The pariables MinCbLog2Size)Y, CtbLog2SizeY, MinCbSizeY, CtbSizeY, PicWidthInMinCbsY, PicWidthIn(tbsY,
PicHgightInMinCbsY, PicHeightInCtbsY, PicSizeInMinCbsY, PicSizeInCtbsY, PicSizeInSamylesY,
PicWidthInSamplesC, and PicHeightInSamplesC are derived as follows:

7-10)

MinCbLog28SizeY = log2 min_luma coding block size minus3 + 3 (
CtbLog2SizeY = MinCbLog2SizeY + log2 diff max min luma coding block size J-11)
(
(

MmCbSizeY =1 << MinCbLog2SizeY /-12)
CtbSizeY =1 << CtblLog2SizeY -13)
PicWidthInMinCbsY = pic_width in luma samples / MinCbSizeY (7-14)
PicWidthInCtbsY = Ceil( pic_ width in luma samples + CtbSizeY ) (7-15)
PicHeightInMinCbsY = pic_height in luma samples / MinCbSizeY (7-16)
PicHeightInCtbsY = Ceil( pic_height_in luma samples + CtbSizeY ) (7-17)
PicSizeInMinCbsY = PicWidthInMinCbsY * PicHeightInMinCbsY (7-18)
PicSizeInCtbsY = PicWidthInCtbsY * PicHeightInCtbsY (7-19)
PicSizeInSamplesY = pic_width _in luma samples * pic_height in luma samples (7-20)
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PicWidthInSamplesC = pic_width_in luma samples / SubWidthC (7-21)
PicHeightInSamplesC = pic_height in luma samples / SubHeightC (7-22)

The variables CtbWidthC and CtbHeightC, which specify the width and height, respectively, of the array for each
chroma coding tree block, are derived as follows:

— If chroma format idc is equal to 0 (monochrome) or separate colour plane flag is equal to 1, CtbWidthC and
CtbHeightC are both equal to 0.

—  Otherwise, CtbWidthC and CtbHeightC are derived as follows:
CtbWidthC = CtbSizeY / SubWidthC (7-23)
CtbHeightC = CtbSizeY / SubHeightC (7-24)

log2 |min_transform_block_size minus2 plus 2 specifies the minimum transform block size.

The yariable Log2MinTrafoSize is set equal to log2 min_transform block size minus2 + 2. The bitstrean) sha]l not
contdin data that result in Log2MinTrafoSize greater than or equal to MinCbLog2SizeY.

log2 |diff max_min_transform_block_size specifies the difference between the maximum and anifimum trangform
blocH size.

The | variable  Log2MaxTrafoSize  is set equal to log2 min_transform block size minus2f+2 +
log2 |diff max_min_transform block size.

The Bitstream shall not contain data that result in Log2MaxTrafoSize greater than Min(-*CtbLog2SizeY, 5 ).

The prray ScanOrder[ log2BlockSize ][ scanldx ][ sPos ][ sComp | specifies the\mapping of the scan position |sPos,
rangipg from 0 to (1 << log2BlockSize) * (1 << log2BlockSize ) — 1, ~inclusive, to horizontal and wvgrtical
components of the scan-order matrix. The array index scanldx equal to Qsspecifies an up-right diagonal scan ¢prder,
scanlfdx equal to 1 specifies a horizontal scan order, and scanldx equal’to)2 specifies a vertical scan order. The|array
indey sComp equal to 0 specifies the horizontal component and the array index sComp equal to 1 specifies the vgrtical
component. The array ScanOrder is derived as follows:

e variable log2BlockSize ranging from 0 to 3, inclusive, the’scanning order array ScanOrder is derived as follpws:

[he up-right diagonal scan order array initialization process as specified in subclause 6.5.3 is invoked| with
<< log2BlockSize as input, and the output is assignéd to ScanOrder[ log2BlockSize ][ 0 ].

[he horizontal scan order array initialization  process as specified in subclause 6.5.4 is invoked | with
<< log2BlockSize as input, and the output isassigned to ScanOrder| log2BlockSize ][ 1 ].

[he vertical scan order array initialization process as specified in subclause 6.5.5 is invoked | with
<< log2BlockSize as input, and the.output is assigned to ScanOrder[ log2BlockSize ][ 2 ].

max |transform_hierarchy_depth_inter specifies the maximum hierarchy depth for transform units of coding|units
coded in inter prediction mode. The' value of max_ transform hierarchy depth inter shall be in the range of] 0 to
CtbLpg2SizeY — Log2MinTrafoSize, inclusive.

max |transform_hierarchy_depth_intra specifies the maximum hierarchy depth for transform blocks of coding Hlocks
coded in intra predictioh-mode. The value of max_ transform hierarchy depth intra shall be in the range of| 0 to
CtbLpg2SizeY — Log2MinTrafoSize, inclusive.

scaling list_enabled’ flag equal to 1 specifies that a scaling list is used for the scaling process for transform coeffidients.
scaling list enabled flag equal to O specifies that scaling list is not used for the scaling process for tranfform
coeffjcients:

sps_gcaling_list data_present_flag equal to 1 specifies that scaling list data are present in the |[SPS.
sps_scatimg st data_presemt flagequat to-O-specifies that scating st dataare ot present i the SPS—Whenm ot present,
the value of sps_scaling_list data present flag is inferred to be equal to 0. When scaling_list enabled flag is equal to 1

and sps_scaling list data present flag is equal to 0, the default scaling list data are used to derive the array
ScalingFactor as described in the scaling list data semantics specified in subclause 7.4.5.

amp_enabled_flag equal to 1 specifies that asymmetric motion partitions, i.e. PartMode equal to PART 2NxnU,
PART 2NxnD, PART nLx2N, or PART nRx2N, may be used in coding tree blocks. amp enabled flag equal to 0
specifies that asymmetric motion partitions cannot be used in coding tree blocks.

sample_adaptive_offset_enabled_flag equal to 1 specifies that the sample adaptive offset process is applied to the
reconstructed picture after the deblocking filter process. sample adaptive offset enabled flag equal to 0 specifies that
the sample adaptive offset process is not applied to the reconstructed picture after the deblocking filter process.

pem_enabled_flag equal to 0 specifies that PCM data are not present in the CVS.
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NOTE 4 — When MinCbLog2SizeY is equal to 6, PCM data are not present in the CVS even when pcm_enabled flag is equal
to 1. The maximum size of coding block with pcm enabled flag equal to 1 is restricted to be less than or equal to
Min( CtbLog28SizeY, 5 ). Encoders are encouraged to use an appropriate combination of
log2 min luma coding block size minus3, log2 min pem luma coding block size minus3, and
log2 diff max min pcm luma coding block size values when sending PCM data in the CVS.

pem_sample_bit_depth_luma_minus] specifies the number of bits used to represent each of PCM sample values of the
luma component as follows:

PcmBitDepthy = pcm_sample bit depth luma minusl + 1 (7-25)
The value of PemBitDepthy shall be less than or equal to the value of BitDepthy.

pem_sample_bit_depth_chroma_minusl specifies the number of bits used to represent each of PCM sample values of
the chroma components ag follows:

PcmBitDepthe = pcm_sample bit depth chroma minusl + 1 (7-26)
The yalue of PcmBitDepthc shall be less than or equal to the value of BitDepthc.

log2 |min_pcm_luma_coding_block _size_minus3 plus 3 specifies the minimum size of coding blogks with pcn] flag
equal|to 1.

The yariable Log2MinlpcmCbSizeY is set equal to log2 min pcm luma coding block size ‘minus3 + 3. The vajue of
Log2MinlpemCbSizeY shall be in the range of MinCbLog2SizeY to Min( CtbLog2SizeY,,5),jinclusive.

log2 |diff max_min_pcm_luma_coding_block_size specifies the difference between.the ‘maximum and minimum size
of cofling blocks with pcm_flag equal to 1.

The | variable Log2MaxIpcmCbSizeY is set equal to log2 diff max min pcm luma coding block $ize +
Log2MinlpecmCbSizeY. The value of Log2MaxIpemCbSizeY shall be less than'or equal to Min( CtbLog2SizeY, 5 ).

pem |loop_filter disabled_flag specifies whether the loop filter process’ is disabled on reconstructed sampleq in a
codirjg unit with pcm_flag equal to 1 as follows:

— ]f pem loop filter disabled flag is equal to 1, the deblocking filter and sample adaptive offset filter procesges on
he reconstructed samples in a coding unit with pcm_flag.eqtal to 1 are disabled.

—  Ptherwise (pcm_loop_filter disabled flag value is equal to 0), the deblocking filter and sample adaptive offset filter
processes on the reconstructed samples in a coding unit with pcm_flag equal to 1 are not disabled.

Wheth pcm_loop _filter disabled flag is not present,(t is inferred to be equal to 0.

num | short_term_ref pic_sets specifies the nuthber of short term ref pic_set( ) syntax structures included in the| SPS.
The yalue of num_short term ref pic_setssshall be in the range of 0 to 64, inclusive.
NPTE 5 — A decoder should allocate memory for a total number of num_short term ref pic sets + 1 short term ref pic] set( )
syntax structures since there may be ashort term ref pic_set( ) syntax structure directly signalled in the slice headers of a qurrent
picture. A short term ref pic_set(() syntax structure directly signalled in the slice headers of a current picture has an index| equal
to|num_short term_ref pic_setst

long [term_ref pics_present-flag equal to 0 specifies that no long-term reference picture is used for inter predictjon of
any qoded picture in the-CVS. long term ref pics present flag equal to 1 specifies that long-term reference pigtures
may be used for inter prediction of one or more coded pictures in the CVS.

num| long_term_tTef pics_sps specifies the number of candidate long-term reference pictures that are specified |n the
SPS.[The valugofinum_long term_ref pics_sps shall be in the range of 0 to 32, inclusive.

It_ref pie poc_Isb_sps[ i ] specifies the picture order count modulo MaxPicOrderCntLsb of the i-th candidate long-term
refergnce. picture specified in the SPS. The number of bits used to represent It ref pic poc Isb sps[i] is eqgal to

10 2 2AAS ado rdar ot 1o adnacd LA
g2 lmax—pre—erder—entIsb—minusd+4-

used_by_curr_pic_lt_sps_flag[ i ] equal to 0 specifies that the i-th candidate long-term reference picture specified in the
SPS is not used for reference by a picture that includes in its long-term RPS the i-th candidate long-term reference
picture specified in the SPS.

sps_temporal_mvp_enabled_flag equal to 1 specifies that slice temporal mvp enabled flag is present in the slice
headers of non-IDR pictures in the CVS. sps temporal mvp enabled flag equal to 0 specifies that
slice_temporal mvp enabled flag is not present in slice headers and that temporal motion vector predictors are not used
in the CVS.

strong_intra_smoothing_enabled_flag equal to 1 specifies that bi-linear interpolation is conditionally used in the
filtering process in the CVS as specified in subclause 8.4.4.2.3. strong intra smoothing enabled flag equal to 0
specifies that that the bi-linear interpolation is not used in the CVS.
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vui_parameters_present_flag equal to 1 specifies that the vui_parameters( ) syntax structure as specified in Annex E is
present. vui_parameters present flag equal to 0 specifies that the vui_parameters( ) syntax structure as specified in
Annex E is not present.

sps_extension_flag equal to 0 specifies that no sps_extension data flag syntax elements are present in the SPS RBSP
syntax structure. sps_extension_flag shall be equal to 0 in bitstreams conforming to this version of this Specification. The
value of 1 for sps extension flag is reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore all
sps_extension_data_flag syntax elements that follow the value 1 for sps_extension_flag in an SPS NAL unit.

sps_extension_data_flag may have any value. Its presence and value do not affect decoder conformance to profiles
specified in this version of this Specification. Decoders conforming to this version of this Specification shall ignore all
sps_extension_data_flag syntax elements.

7.4.3 3—Picture-parameterset RBSPsemanties

pps_pic_parameter_set_id identifies the PPS for reference by other syntax elements. The ~alup of
pps_pic_parameter set_id shall be in the range of 0 to 63, inclusive.

pps_seq_parameter_set_id specifies the value of sps seq parameter set id for the active SPS, |The valge of
pps_geq parameter set id shall be in the range of 0 to 15, inclusive.

depepdent_slice_segments_enabled _flag equal to 1 specifies the presence of~ the syntax el¢ment
depempdent slice segment flag in the slice segment headers for coded pictures- referring to the [PPS.
depempdent slice segments enabled flag equal to 0 specifies the absence,0f the syntax el¢ment
depemdent slice segment_flag in the slice segment headers for coded pictures referring tosthe PPS.

outpyit_flag present_flag equal to 1 indicates that the pic_output flag syntax elehént is present in the associated slice
headgrs. output flag present flag equal to O indicates that the pic_output flag syntax element is not present in the
assodiated slice headers.

num) extra_slice_header_bits equal to 0 specifies that no extra slice header bits are present in the slice header RB§P for
coded pictures referring to the PPS. num_extra slice header bits shall*be equal to 0 in bitstreams conforming tp this
versipn of this Specification. Other values for num extra slice¢header bits are reserved for future use by ITU-T |
ISO/IEC. However, decoders shall allow num_extra_slice_header,bits to have any value.

sign_|[data_hiding_enabled_flag equal to O specifies thati\sign bit hiding is disabled. sign _data_hiding_enabled flag
equal to 1 specifies that sign bit hiding is enabled.

cabag_init_present_flag equal to 1 specifies that-cabac init flag is present in slice headers referring to the|PPS.
cabaq init present flag equal to O specifies that cabac init flag is not present in slice headers referring to the PPS.

num|ref idx 10 default_active minusl spegifies the inferred value of num_ref idx 10 active minusl for P 4nd B
sliced with num_ref idx active override, flag equal to 0. The value of num_ref idx 10 default active minus1 shhll be
in thg range of 0 to 14, inclusive.

num|ref idx _11_default active-minusl specifies the inferred value of num ref idx 11 active minusl | with
num |ref idx active override flag‘equal to 0. The value of num ref idx 11 default active minusl shall be in the fange
of 0 to 14, inclusive.

init_gp_minus26 specifics the initial value minus 26 of SliceQpy for each slice. The initial value is modified at thqg slice
segment layer when~a\non-zero value of slice qp_delta is decoded, and is modified further when a non-zero value of
be of

oded
| flag
oded

samples from nelghbourmg codlng blocks coded using intra predlctlon modes

transform_skip_enabled_flag equal to 1 specifies that transform skip flag may be present in the residual coding
syntax. transform_skip enabled flag equal to O specifies that transform_skip flag is not present in the residual coding
syntax.

cu_qp_delta_enabled_flag equal to 1 specifies that the diff cu_qp_delta_depth syntax element is present in the PPS and
that cu_qp_delta abs may be present in the transform unit syntax. cu_qp_delta enabled flag equal to O specifies that the
diff cu qgp_delta_depth syntax element is not present in the PPS and that cu_qp_delta_abs is not present in the transform
unit syntax.

diff cu_qp_delta_depth specifies the difference between the luma coding tree block size and the minimum luma coding
block size of coding units that convey cu_qp delta abs and cu_qp_delta sign flag. The value of diff cu qp delta depth
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shall be in the range of 0 to log2 diff max min luma coding block size, inclusive. When not present, the value of
diff cu _qgp delta depth is inferred to be equal to 0.
The variable Log2MinCuQpDeltaSize is devived as follows:
Log2MinCuQpDeltaSize = CtbLog2SizeY — diff cu qp_delta depth (7-27)

pps_cb_qp_offset and pps_cr_qp_offset specify offsets to the luma quantization parameter Qp'y used for deriving
Qp'cy, and Qp'c;, respectively. The values of pps_cb_qp_offset and pps_cr_qp_offset shall be in the range of —12 to +12,
inclusive.

pps_slice_chroma_qp_offsets_present_flag equal to | indicates that the slice cb _qp offset and slice cr qp offset
syntax elements are present in the associated slice headers. pps_slice chroma qp_offsets present flag equal to 0
indicates that these syntax elements are not present in the associated slice headers.

weighted_pred_flag equal to 0 specifies that weighted prediction is not applied to P slices. weighted pred flaglequal
to 1 gpecifies that weighted prediction is applied to P slices.

weighted_bipred_flag equal to 0 specifies that the default weighted prediction is applied)to” B {lices.
weighted bipred flag equal to 1 specifies that weighted prediction is applied to B slices.

tranjquant_bypass_enabled_flag equal to 1 specifies that cu transquant bypass)flag is  prpsent.
transquant_bypass_enabled flag equal to O specifies that cu_transquant bypass_flag is not present:

tiles_lenabled_flag equal to 1 specifies that there is more than one tile in each (picture referring to the|PPS.
tiles_|enabled flag equal to O specifies that there is only one tile in each picture referring\te the PPS.

It is ¢ requirement of bitstream conformance that the value of tiles_enabled flag.shall be the same for all PPSs that are
activated within a CVS.

entrdpy_coding_sync_enabled_flag equal to 1 specifies that a specific synchronization process for context varialjles is
involed before decoding the coding tree unit which includes the first coding tree block of a row of coding tree blo¢ks in
each [tile in each picture referring to the PPS, and a specific storage“process for context variables is invoked| after
decodling the coding tree unit which includes the second coding tree block of a row of coding tree blocks in each {ile in
each | picture referring to the PPS. entropy coding sync epabled flag equal to 0O specifies that no spgcific
synchironization process for context variables is required to_ be invoked before decoding the coding tree unit Wwhich
inclufles the first coding tree block of a row of coding tree blocks in each tile in each picture referring to the PPS, ahd no
specific storage process for context variables is required.to’be invoked after decoding the coding tree unit which indludes
the s¢cond coding tree block of a row of coding tree blocks in each tile in each picture referring to the PPS.

It is 4 requirement of bitstream conformance that the value of entropy coding sync enabled flag shall be the sanpe for
all PRSs that are activated within a CVS.

Wheﬂl entropy_coding_sync_enabled flag is equal to 1 and the first coding tree block in a slice is not the first codinlg tree
blocl of a row of coding tree blocks in'atile, it is a requirement of bitstream conformance that the last coding tree plock
in thq slice shall belong to the same.row of coding tree blocks as the first coding tree block in the slice.

When entropy_coding_sync_g¢nabled flag is equal to 1 and the first coding tree block in a slice segment is not th¢ first
codir]g tree block of a row, 6f¢oding tree blocks in a tile, it is a requirement of bitstream conformance that the last cpding
tree block in the slice s€gmient shall belong to the same row of coding tree blocks as the first coding tree block |n the
slice pegment.

num| tile_columns~minusl plus 1 specifies the number of tile columns partitioning the pifture.
num [tile colummns minusl shall be in the range of 0 to PicWidthInCtbsY — 1, inclusive. When not present, the vajue of
num [tile _columns minusl is inferred to be equal to 0.

num| tile) rows_minus1 plus 1 specifies the number of tile rows partitioning the picture. num _tile rows minusl! shall be
in the Tange of U to PicHeightInCibsY — I, inclusive. When not present, the value ol num_tile rows_minus] is interred
to be equal to 0.

When tiles enabled flag is equal to 1, num tile columns minusl and num tile rows minusl shall not be both equal
to 0.

uniform_spacing_flag equal to 1 specifies that tile column boundaries and likewise tile row boundaries are distributed
uniformly across the picture. uniform_spacing_ flag equal to 0 specifies that tile column boundaries and likewise tile row
boundaries are not distributed uniformly across the picture but signalled explicitly using the syntax elements
column_ width minusl[ i ] and row_height minusl[ i ]. When not present, the value of uniform_spacing flag is inferred
to be equal to 1.

column_width_minusl1[ i ] plus 1 specifies the width of the i-th tile column in units of coding tree blocks.
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row_height_minus1[ i ] plus I specifies the height of the i-th tile row in units of coding tree blocks.
The following variables are derived by invoking the coding tree block raster and tile scanning conversion process as
specified in subclause 6.5.1:

—  The list CtbAddrRsToTs[ ctbAddrRs ] for ctbAddrRs ranging from 0 to PicSizeInCtbsY — 1, inclusive, specifying
the conversion from a CTB address in CTB raster scan of a picture to a CTB address in tile scan,

the list CtbAddrTsToRs[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY — 1, inclusive, specifying
the conversion from a CTB address in tile scan to a CTB address in CTB raster scan of a picture,

the list Tileld[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizeInCtbsY — 1, inclusive, specifying the
conversion from a CTB address in tile scan to a tile ID,

the list ColumnWidthInLumaSamples[ i ] for i ranging from 0 to num_tile columns minusl, inclusive, specifying

1. b 7N £41 bES FSA | 1 + - £1 1
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—  the list RowHeightInLumaSamples[ j ] for j ranging from 0 to num tile rows minusl, inclusive, specifying the
height of the j-th tile row in units of luma samples.

The palues of ColumnWidthInLumaSamples[i] for i ranging from 0 to num tile columns minusl, linclusive, and
RowHeightInLumaSamples[ j ] for j ranging from 0 to num_tile rows minus1, inclusive, shall all be-gréater than 0

The | array MinTbAddrZs with  elements MinTbAddrZs[x][y] for x ranging from 0| to
( PicWidthInCtbsY << ( CtbLog2SizeY — Log2MinTrafoSize ) ) — 1, inclusive, and ,y Iranging from ( to
( PicHeightInCtbsY << ( CtbLog2SizeY — Log2MinTrafoSize ) ) — 1, inclusive, specifying the conversion fr¢m a
locatjon ( x,y) in units of minimum transform blocks to a transform block address™Mn’ z-scan order, is derivgd by
involing the z-scan order array initialization process as specified in subclause 6.5.2,

loop [filter_across_tiles_enabled_flag equal to 1 specifies that in-loop filtering‘operations may be performed acrofs tile
boungdlaries in pictures referring to the PPS. loop filter across tiles enabled’flag equal to 0 specifies that ir]-loop
filtering operations are not performed across tile boundaries in picturesyreferring to the PPS. The in-loop filfering
operdtions include the deblocking filter and sample adaptive offset filtet” operations. When not present, the value of
loop |filter across_tiles enabled flag is inferred to be equal to 1.

pps_Joop_filter_across_slices_enabled_flag equal to 1 specifies that in-loop filtering operations may be perfqrmed
acrosp left and upper boundaries of slices referring to the PPS: pps loop filter across slices_enabled flag equal to O
specifies that in-loop filtering operations are not performed across left and upper boundaries of slices referring fo the
PPS.[The in-loop filtering operations include the deblocking filter and sample adaptive offset filter operations.

NPTE 1 — Loop filtering across slice boundaries can-be enabled while loop filtering across tile boundaries is disabled anfd vice
vgrsa.

deblgcking_filter_control_present_flag equal-to 1 specifies the presence of deblocking filter control syntax elements in
the HPS. deblocking_filter control present_flag equal to O specifies the absence of deblocking filter control syntax
elem¢nts in the PPS.

deblacking_filter_override_enabled flag equal to 1 specifies the presence of deblocking filter override flag {n the
slice headers for pictures referring.to the PPS. deblocking_filter override enabled flag equal to 0 specifies the absence
of deplocking_filter override\ flag in the slice headers for pictures referring to the PPS. When not present, the value of
debldcking_filter override.enabled flag is inferred to be equal to 0.

pps_fleblocking_filtex,_disabled_flag equal to 1 specifies that the operation of deblocking filter is not applied for klices
referfing to the PRSGn which slice deblocking filter disabled flag is not present. pps_deblocking filter disabled flag
equall to O specifies that the operation of the deblocking filter is applied for slices referring to the PPS in yhich
slice [deblocking” filter disabled flag is not present. When not present, the value of pps_deblocking filter disableq flag
is infprred to’be equal to 0.

pps_beta_offset_div2 and pps_tc_offset div2 specify the default deblocking parameter offsets for § and tC (divided
by 2) that are applied for slices referring to the PPS, unless the default deblocking parameter offsets are overridden by
the deblocking parameter offsets present in the slice headers of the slices referring to the PPS. The values of
pps_beta offset div2 and pps_tc offset div2 shall both be in the range of —6 to 6, inclusive. When not present, the value
of pps_beta offset _div2 and pps_tc_offset div2 are inferred to be equal to 0.

pps_scaling_list data_present_flag equal to 1 specifies that parameters are present in the PPS to modify the scaling
lists specified in the active SPS. pps_scaling list data present flag equal to O specifies that the scaling lists used for the
pictures referring to the PPS is inferred to be equal to those specified by the active SPS. When scaling_list enabled flag
is equal to 0, the value of pps_scaling_list data present flag shall be equal to 0. When scaling_list enabled flag is equal
to 1, sps_scaling_list data present flag is equal to 0, and pps_scaling_list data present flag is equal to 0, the default
scaling list data are used to derive the array ScalingFactor as described in the scaling list data semantics 7.4.5.
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lists_modification_present_flag equal to 1 specifies that the syntax structure ref pic lists_modification( ) is present in
the slice segment header. lists modification present flag equal to O specifies that the syntax structure
ref pic_lists modification( ) is not present in the slice segment header.

log2_parallel_merge level _minus2 plus 2 specifies the value of the variable Log2ParMrgLevel, which is used in the
derivation process for luma motion vectors for merge mode as specified in subclause 8.5.3.2.1 and the derivation process
for spatial merging candidates as specified in subclause 8.5.3.2.2. The value of log2 parallel merge level minus2 shall
be in the range of 0 to CtbLog2SizeY — 2, inclusive.

The variable Log2ParMrglLevel is derived as follows:

Log2ParMrgLevel = log2 parallel merge level minus2 +2 (7-28)

NOTE 2 — The value of Log2ParMrgLevel indicates the built-in capability of parallel derivation of the merging candidate lists. For
example when [ 0g?ParMrgl evel is equal to 6 _the merging candidate lists for all the PTJs and ClIs contained in a 64x64 block

Q

dn be derived in parallel.

slice |segment_header_extension_present_flag equal to 0 specifies that no slice segment header extedsion syntax
elemgnts are present in the slice segment headers for coded pictures referring o the |PPS.
slice |segment_header extension present flag shall be equal to 0 in bitstreams conforming to this.version of this
Specification. The value of 1 for slice segment header extension present flag is reserved for fuitore use by ITU-T |
ISO/JEC.

pps_gxtension_flag equal to 0 specifies that no pps_extension data flag syntax elements are present in the PPS RBSP
syntajk structure. pps_extension_flag shall be equal to 0 in bitstreams conforming to this’version of this Specificption.
The yalue of 1 for pps_extension flag is reserved for future use by ITU-T | ISO/IEC Decoders shall ignore all datp that
folloy the value 1 for pps_extension_flag in a PPS NAL unit.

pps_¢xtension_data_flag may have any value. Its presence and value do notiaffect decoder conformance to prpfiles
specified in this version of this Specification. Decoders conforming to this¢yerSion of this Specification shall igndre all
pps_¢xtension_data flag syntax elements.

7.4.3}4 Supplemental enhancement information RBSP semantics

Supplemental Enhancement Information (SEI) contains informatign that is not necessary to decode the samples of ¢oded
pictufes from VCL NAL units. An SEI RBSP contains one orndnore SEI messages.

7.4.315 Access unit delimiter RBSP semantics

The fccess unit delimiter may be used to indicate~the type of slices present in a coded picture and to simplify the
detecfion of the boundary between access units. There is no normative decoding process associated with the accesp unit
delinyiter.

pic_tlype indicates that the slice type valuesfor all slices of the coded picture are members of the set listed in Table 7-2
for the given value of pic_type.

Table 7-2 — Interpretation of pic_type

pic-type | slice_type values that may be present in the coded picture
0 I
1 P, 1
2 B,P, 1

7.4.3.6—Endof sequence RBSP-senmamntics

The end of sequence RBSP specifies that the current access unit is the last access unit in the coded video sequence in
decoding order and the next subsequent access unit in the bitstream in decoding order (if any) is an IRAP access unit
with NoRaslOutputFlag equal to 1. The syntax content of the SODB and RBSP for the end of sequence RBSP are empty.

7.4.3.7 End of bitstream RBSP semantics

The end of bitstream RBSP indicates that no additional NAL units are present in the bitstream that are subsequent to the
end of bitstream RBSP in decoding order. The syntax content of the SODB and RBSP for the end of bitstream RBSP are
empty.

NOTE — When an elementary stream contains more than one bitstream, the last NAL unit of the last access unit of a bitstream

must contain an end of bitstream NAL unit and the first access unit of the subsequent bitstream must be an IRAP access unit. This
IRAP access unit may be a CRA, BLA, or IDR access unit.
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7.4.3.8 Filler data RBSP semantics

The filler data RBSP contains bytes whose value shall be equal to 0xFF. No normative decoding process is specified for

a fil

ler data RBSP.

ff_byte is a byte equal to OxFF.

7.4.3.9 Slice segment layer RBSP semantics

The

slice segment layer RBSP consists of a slice segment header and slice segment data.

7.4.3.10 RBSP slice segment trailing bits semantics

cabac_zero_word is a byte-aligned sequence of two bytes equal to 0x0000.

Let NumBytesInVclINalUnits be the sum of the values of NumBytesInNalUnit for all VCL NAL units of a coded.pi

Let

subclpuse 9.3.4.3, is invoked to decode the contents of all VCL NAL units of a coded picture.

Let

The

( RawMinCuBits * PicSizeInMinCbsY ) + 32.

NPTE — The constraint on the maximum number of bins resulting from decoding the contents of the coded slice segment
ulpits can be met by inserting a number of cabac_zero word syntax elements to increaSe~the value of NumBytesInVcINal
Ejch cabac_zero word is represented in a NAL unit by the three-byte sequence 0x000003 (as a result of the constraints o1}
uihit contents that result in requiring inclusion of an emulation prevention_three byt€ for each cabac zero word).

7.4.3]11 RBSP trailing bits semantics
rbsp| stop_one_bit shall be equal to 1.

rbsp| alignment_zero_bit shall be equal to 0.

7.4.3{12 Byte alignment semantics

alig
alig

7.4.4| Profile, tier and level semantics

general_profile_space specifies  the  context for the interpretation of general profile idc
al profile combatibility flag[ id-\for all values of i in the range of 0 to 31, inclusive. The valye of
genetlal profile space shall be equal to 0 in bitstreams conforming to this version of this Specification. Other valu
genetlal profile space are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore the CVS
genetfal profile space is not-equal to 0.

gene

general_tier_flag specifies the tier context for the interpretation of general level idc as specified in Annex A.

gene
specified in Annex’A. Bitstreams shall not contain values of general profile idc other than those specified in Ann|
Othef values of general profile idc are reserved for future use by ITU-T | ISO/IEC.

general /profile_compatibility flag[ j ] equal to 1, when general profile space is equal to 0, indicates that the
confdrms)to the profile indicated by general profile idc equal to i as specified in Annex A. When general profile |

is

gen

BinCountsInNalUnits be the number of times that the parsing process function DecodeBin( ), §pecifi

the variable RawMinCuBits be derived as follows:
RawMinCuBits = MinCbSizeY * MinCbSizeY * ( BitDepthy + BitDepthc /2 ) (
value of BinCountsInNalUnits shall be less than or equal to (32+3)#NumBytesInVcINalU|

:[:ent_bit_equal_to_one shall be equal to 1.

ent_bit_equal_to_zero shall be equal to 0.

ture.

bd in

7-29)

hits +

NAL
Units.
NAL

and

bs for
when

ral_profile_id¢/~when general profile space is equal to 0, indicates a profile to which the CVS conforfns as

ex A.

CVS
space

equal to 0, general profile compatibility flag[ general profile idc | shall be equal to 1. The value of
general profile compatibility flag[ j ] shall be equal to 0 for any value of j that is not specified as an allowed value of
general profile idc in Annex A.

eral_progressive_source_flag and general_interlaced_source_flag are interpreted as follows:

If general progressive source flag is equal to 1 and general interlaced source flag is equal to 0, the source scan

type of the pictures in the CVS should be interpreted as progressive only.

Otherwise, if general progressive source flag is equal to 0 and general interlaced source flag is equal to 1, the

source scan type of the pictures in the CVS should be interpreted as interlaced only.

Otherwise, if general progressive source flag is equal to 0 and general interlaced source flag is equal to 0, the

source scan type of the pictures in the CVS should be interpreted as unknown or unspecified.
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—  Otherwise (general progressive source flag is equal to 1 and general interlaced source flag is equal to 1), the
source scan type of each picture in the CVS is indicated at the picture level using the syntax element
source scan_type in a picture timing SEI message.

NOTE 1 — Decoders may ignore the values of general progressive source flag and general interlaced source flag for purposes
other than determining the value to be inferred for frame field info present flag when vui_params_present flag is equal to 0, as
there are no other decoding process requirements associated with the values of these flags. Moreover, the actual source scan type
of the pictures is outside the scope of this Specification, and the method by which the encoder selects the values of
general progressive_source flag and general interlaced source flag is unspecified.

general_non_packed_constraint_flag equal to 1 specifies that there are no frame packing arrangement SEI messages
present in the CVS. general non_packed constraint flag equal to 0 indicates that there may or may not be one or more
frame packing arrangement SEI messages present in the CVS.

NOTE 2 — Decoders may ignore the value of general non packed constraint flag, as there are no decoding process requirements
agsociated with the presence or interpretation of frame packing arrangement SEI messages.

general frame_only constraint_flag equal to 1 specifies that field seq flag is equaly “to O.
generfal frame only constraint flag equal to 0 indicates that field seq flag may or may not be equal to 0.
TE 3 — Decoders may ignore the value of general frame only constraint flag, as there are no decoding process requirgments
agsociated with the value of field_seq_flag.

TE 4 — When general progressive source flag is equal to 1, general frame only constraint flagrmay or may not be|equal
1.

general _reserved_zero_44bits shall be equal to 0 in bitstreams conforming to this version-of this Specification. PDther
valugs for general reserved zero 44bits are reserved for future use by ITU-T | ISO/IEC, ‘Decoders shall ignore the [value
of geheral reserved zero 44bits.

general _level idc indicates a level to which the CVS conforms as specified inck Ahnex A. Bitstreams shall not cqntain
of general level idc other than those specified in Annex A. Other values of general level idc are reserv¢d for
futur¢ use by ITU-T | ISO/IEC.

TE 5 — A greater value of general level idc indicates a higher level. The.maximum level signalled in the VPS for a CVP may
bg higher than the level signalled in the SPS for the same CVS.
NPTE 6 — When the coded video sequence conforms to multiple profiles, general profile idc should indicate the profile that
pilovides the preferred decoded result or the preferred bitstreamcidentification, as determined by the encoder (in a mannfer not
sflecified in this Specification).
NPTE 7 — The general reserved zero 44bits may be used dn, future editions of this Specification to indicate further constraints on
bitstream (e.g. that a particular syntax combination that would otherwise be permitted by the indicated valges of
neral_profile compatibility flag[ j ], is not used).

sub_layer_profile_present_flag[ i ] equal to };Specifies that profile information is present in the profile tier Igvel()
syntak structure for the representation of the\sub-layer with Temporalld equal to i. sub_layer profile present flag[i ]
equal to O specifies that profile information is not present in the profile tier level() syntax structure fqr the
reprepentations of the sub-layer with Temporalld equal to i.

sub_layer_level present_flag[ i] equal to 1 specifies that level information is present in the profile tier level( ) syntax
strucfure for the representation~of the sub-layer with Temporalld equal to i. sub_layer level present flag[i] equall to 0
specifies that level information-is not present in the profile tier level( ) syntax structure for the representation of th¢ sub-
layer|with Temporalld equalto i.

reserjved_zero_2bits[ ] shall be equal to 0 in bitstreams conforming to this version of this Specification. Other yalues
for reserved zeroy2bits[ i ] are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore the valpe of
reseryed_zero«2bits[ i ].

sub_lager ‘profile_idc[i], sub_layer profile compatibility flag[i][j], sub_layer progressive_source_ flag[ i],
tayersi - [il,
sub_layer_frame_only_constraint_flag[ i |, sub_layer reserved_zero_44bits[ i ], and sub_layer_level_idc[ i ] are the
same as the syntax elements general profile space, general tier flag, general_profile idc,
general profile compatibility flag[j ], general progressive source flag, general_interlaced source flag,
general non packed constraint flag,  general frame only constraint flag,  general reserved zero 44bits, and
general_level idc, respectively, but apply to the representation of the sub-layer with Temporalld equal to i.

The semantics of  the syntax elements sub_layer_profile_space[ i ], sub_layer_tier_fl%[ i],

b layer terlaced—sotree ﬂ [ R | Leaedl fract
su agl 1], SUu_1aytcl HIUll_pPgatRhUTUu_LUIIsttx

When not present, the value of sub_layer tier flag[ i] is inferred to be equal to 0.

NOTE 8 — It is possible that sub_layer tier flag[i] is not present and sub_layer level idc[ i] is present. In this case, a default
value of sub_layer tier flag[ i ] is needed for interpretation of sub_layer level idc[ i ].
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7.4.5  Scaling list data semantics

scaling_list pred_mode_flag[ sizeld ][ matrixId | equal to O specifies that the values of the scaling list are the same as
the values of a reference scaling list. The  reference scaling list is  specified by
scaling_list pred matrix_id delta[ sizeld ][ matrixId ]. scaling_list pred mode flag[ sizeld ][ matrixld ] equal to 1
specifies that the values of the scaling list are explicitly signalled.

scaling_list pred_matrix_id_delta[ sizeld ][ matrixId ] specifies the reference scaling list used to derive
ScalingList[ sizeld ][ matrixId ] as follows:

— If scaling_list pred matrix_id delta is equal to 0, the scaling list is inferred from the default scaling list
ScalingList[ sizeld ][ matrixId ][ i ] as specified in Table 7-5 and Table 7-6 for
i=0.Min( 64, (1 << (4+(sizeld << 1)))).

—  Otherwise, the scaling listis-inferred from the reference scaling list as follows:
£

refMatrixId = matrixId — scaling_list pred matrix_id_delta[ sizeld ][ matrixId ] (7-30)

ScalingList[ sizeld ][ matrixId ][ i ] = ScalingList[ sizeld ][ refMatrixId ][ i ]
with 1=0..Min( 64, (1 << (4 + (sizeld << 1)))) I-31)

The Yalue of scaling_list pred matrix_id delta[ sizeld ][ matrixId ] shall be in the range of 0 to mattixId, inclusive.

Table 7-3 — Specification of sizeld

Size of quantization matrix sizeld
4x4 0
8x8 1
16x16 2
32x32 3

Table 7-4 — Specification of matrixId according te sizeld, prediction mode and colour component

sizeld CuPredMode (colour ﬁ)(::ponen t) matrixId
0,1,2 MODEMNTRA 0 (Y) 0
0,1,2 MODE INTRA 1 (Cb) 1
0,1,2 MODE_INTRA 2 (Cr) 2
0,1,2 MODE_INTER 0 (Y) 3
0, 52 MODE_INTER 1 (Cb) 4
0y 1,2 MODE_INTER 2 (Cr) 5

3 MODE_INTRA 0 (Y) 0

3 MODE_INTER 0(Y) 1

scaling list dc” coef minus8| sizeld — 2 ][ matrixId ] plus 8 specifies the DC value of the scaling list for 16x1¢ size
when sizeld(is equal to 2 and specifies the DC value of the scaling list for 32x32 size when sizeld is equal to 3. The[value
of s¢dling list dc_coef minus8| sizeld — 2 ][ matrixId ] shall be in the range of —7 to 247, inclusive. When
scaling_Tist_dc_coef_minusg is not present, 1t 1s inierred to be equal {0 8.

scaling_list_delta_coef specifies the difference between the current matrix coefficient
ScalingList[ sizeld ][ matrixId ][ i ] and the previous matrix coefficient ScalingList[ sizeld ][ matrixId ][ i— 1 ], when
scaling_list pred _mode flag[ sizeld ][ matrixId ] is equal to 1. The value of scaling list delta coef shall be in the range
of —128 to 127, inclusive. The value of ScalingList[ sizeld ][ matrixId ][ i ] shall be greater than 0.

Table 7-5 — Specification of default values of ScalingList[ 0 ][ matrixId |[ i | with i=0..15

i o(1|2]|3|4|5]|6|7|8|9]|10|11|12[13]14]15
ScalingList[ 0 ][ 0..5][i] |16|16|16|16|16|16|16|16|16|16|16|16|16|16|16]16
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Table 7-6 — Specification of default values of ScalingList[ 1..3 ][ matrixId ][ i | with i = 0..63

i 0(1|2(3|4|[5|6|7 (8|9 (10|11|12|13|14| 15
ScalingList[ 1..2 ][ 0..2 ][ i ]
1616|1616 |16 |16 (16|16 |16|16|17|16 |17 |16/ 1 1
ScalingList[ 3 | 0 ][] 6|[16(16|16|16|16]|16|16|16[16(17|16|17|16]|17 8
ScalingList[ 1.2 ][ 3.5][i]
ScalingList[ 3 ][ 1111 ] 1616|1616 16|16 (16 (16|16 |16 |17 |17 |17 [17|17| 18
i—16 0|12 (3(4|5|6|7|8|9(10(11|12|13|14]| 15
ScalingList[ 1.2 ][ 0.2 ][ i ]
171818 17|18 |21 (19(20]21]20]|19|21(24(22(22| 24
ScalingList[ 3 ][0 ][]
ScalingList[ 1.2 |[3.511i] | 1o |,c]ieliel1gl20l20l020l20l20l20l00 241241241 24
ScalingList[ 3 ][ 1][1i]
i—32 0(1|2(3|4[([5|6|7 (8|9 (10|11(12|13|14| A5
ScalingList[ 1..2 ][ 0..2 ][ i ]
2412222 (24(25(25]2 27125]25|2 1 1
ScalingList[ 3 1[0 ][ i ] 5125127(30(27(25(25]29|31(35(36)[,-3
ScalingList[ 1.2 ][ 3.5][i]
2412412424 |25|25(25(25(25(25|25|28 2828128 | 28
ScalingList[ 3 ][ 1][i]
i—48 0|12 (3(4|5|6|7|8|9(10({111{127|13|14]| 15
ScalingList[ 1.2 ][ 0.2 ][ i ]
29136414441 |36(47[54|54|47]|65\70 65|88 |88 115
ScalingList[ 3 ][0 ][1i]
ScalingList[ 1..2 ][ 3..5][i]
2 41|41 |41 |41N54(54(54|71|71 1
ScalingList[ 3 ][ 1][i ] 813333(33(33]33 54154154717 9
The | four-dimensional array ScalingFactor[ sizeld ][ matrixId [[ &[], with x,y=0..(1 << (2+sizeld)|)— 1,
specifies the array of scaling factors according to the variables sizeld specified in Table 7-3 and matrixId specififed in
Tablg 7-4.

The 4

The 4

The 4

The 4

ScalingFactor[ 0 ][ matrixId ][ x ][ y ] = ScalingEist[ 0 ][ matrixId ][ i ]
with i=0..15, matrixId = 0..5, x = ScanOrder[ 2 ][0 ][1][ 0 ], and y = ScanOrder[ 2 [TO J[1 ][ 1 ]

ScalingFactor[ 1 ][ matrixId ][ x [ y'] = ScalingList[ 1 ][ matrixId ][ i ]
with i =0..63, matrixId = 0..5, X = ScanOrder[ 3 ][0 ][1][ 0 ], and y = ScanOrder[ 3 ][O ][i][ 1]

ScalingFactor[ 2 ][ matrixId [[x * 2 +k ][ y * 2 +j ] = ScalingList[ 2 ][ matrixId ][ i ]
with i =0..63, j =0+ k = 0..1, matrixId = 0..5, x = ScanOrder[ 3 ][0 ][1 ][O0 ],

and y = ScanOrdet[ 3 ][0 ][1][ 1]

ScalingFactorf 2 ][ matrixId ][ 0 ][ 0 ] = scaling_list dc_coef minus8[ 0 ][ matrixId ] + 8

with matrixId = 0..5

ScalingFactor[ 3 ][ matrixId ][ x *4 + k ][ y * 4 +j ] = ScalingList[ 3 ][ matrixId ][ i ]
withi=0..63.7=0.3.k=0..3, matrixIld = 0..1, x = ScanOrder[ 3 ][0 ][i][ 0],

lements of the quantization matrix of size 4x4, ScalingFactor[ 0 ][ matrixId ][ ][ ], are derived as follows:

lements of the quantization matrix of size 8%8, ScalingFactor[ 1 ][ matrixId ][ ][ ], are derived as follows:

lements of the quantization mattix of size 16x16, ScalingFactor[ 2 ][ matrixId ][ ][ ], are derived as follows:

lements:ef the quantization matrix of size 32x32, ScalingFactor[ 3 ][ matrixId ][ ][ ], are derived as follows:

(7-32)

(7-33)

(7-34)

I-35)

(7-36)

7.4.6

and y=ScanOrder[ 3 ][0 ][i][ 1]

ScalingFactor[ 3 ][ matrixId ][ 0 ][ 0 ] = scaling_list dc_coef minus8[ 1 ][ matrixId ] + 8

with matrixId = 0..1

Supplemental enhancement information message semantics

(7-37)

Each SEI message consists of the variables specifying the type payloadType and size payloadSize of the SEI message
payload. SEI message payloads are specified in Annex D. The derived SEI message payload size payloadSize is
specified in bytes and shall be equal to the number of RBSP bytes in the SEI message payload.
NOTE — The NAL unit byte sequence containing the SEI message might include one or more emulation prevention bytes
(represented by emulation prevention three byte syntax elements). Since the payload size of an SEI message is specified in
RBSP bytes, the quantity of emulation prevention bytes is not included in the size payloadSize of an SEI payload.
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ff_byte is a byte equal to OxFF identifying a need for a longer representation of the syntax structure that it is used within.

last_payload_type_byte is the last byte of the payload type of an SEI message.

last_payload_size_byte is the last byte of the payload size of an SEI message.

7.4.7

Slice segment header semantics

7.4.77.1 General slice segment header semantics

When present, the value of the slice segment header syntax elements slice pic parameter set id, pic_output flag,
no_output of prior pics flag, slice pic order cnt Isb, short term ref pic set sps flag, short term ref pic set idx,
num_long term sps, num long term pics, and slice temporal mvp enabled flag shall be the same in all slice segment
headers of a coded picture. When present, the value of the slice segment header syntax elements It idx sps[i ],

poc_
the s3

first |
deco
of thg

no_o
deco

slice |

depe
not p
headg

The ¥

slice |
rastet
The
slice |
unit ¢

The 1
equal
equal

sb_It[ 1 [, used_by_curr_pic_It 1lag| 1], delta_poc_msb_present 1lag| 1 ], and delta_poc_msb_cycle Iif 1 | sh
me in all slice segment headers of a coded picture for each possible value of 1.

picture in decoding order.

ling of an IDR or a BLA picture that is not the first picture in the bitstream as specified in Annex C.

tlice_pic_parameter_set id shall be in the range of 0 to 63, inclusive.

r. When not present, the value of dependent_slice segment flag is infépred to be equal to 0.
ariable SliceAddrRs is derived as follows:
f dependent slice segment flag is equal to 0, SliceAddrRs is.set equal to slice segment address.

Dtherwise, SliceAddrRs is set equal to SliceAddrRs of thepreceding slice segment containing the coding tree
for which the coding tree block address is CtbAddrTsToRs[ CtbAddrRsToTs| slice_segment address ] —1 ].

segment_address specifies the address of the first/coding tree block in the slice segment, in coding tree
scan of a picture. The length of the slice segment address syntax element is Ceil( Log2( PicSizeInCtbsY )

segment_address shall not be equal to the value of slice segment address of any other coded slice segment
f the same coded picture. When slice (segiment address is not present, it is inferred to be equal to 0.

ariable CtbAddrInRs, specifyingta coding tree block address in coding tree block raster scan of a picture,
to slice segment address. The,variable CtbAddrInTs, specifying a coding tree block address in tile scan,
to CtbAddrRsToTs[ CtbAddiInRs ]. The variable CuQpDeltaVal, specifying the difference between a

quanfization parameter for the'coding unit containing cu_qp_delta abs and its prediction, is set equal to 0.

slice |
ignof|

slice |

e the presence andalue of slice reserved flag[i].

type specifies.the coding type of the slice according to Table 7-7.

Table 7-7 — Name association to slice_type

h1l be

slice_segment_in_pic_flag equal to 1 specifies that the slice segment is the first slice segment of,‘the pictyire in
ling order. first slice segment in pic flag equal to 0 specifies that the slice segment is not the first/slice segment

ntput_of prior_pics_flag affects the output of previously-decoded pictures in the decoded picture buffer aftpr the

pic_parameter_set_id specifies the value of pps pic parameter set for the“’PPS in use. The valge of

hdent_slice_segment_flag equal to 1 specifies that the value of each slice segment header syntax element that is
resent is inferred to be equal to the value of the corresponding slice segment header syntax element in the slice

block

block
bits.

value of slice segment address shall be_in the range of 0 to PicSizeInCtbsY — 1, inclusive and the valpe of

NAL

is set
is set
luma

reserved_flag[ i ] has-semantics and values that are reserved for future use by ITU-T | ISO/IEC. Decoders| shall

slice_type Name of slice_type
0 B (B slice)
1 P (P slice)
2 I (I slice)

When nal unit type has a value in the range of BLA W _LP to RSV _IRAP VCL23, inclusive, i.e. the picture is an
IRAP picture, slice_type shall be equal to 2.

When sps_max_dec_pic_buffering minus1[ Temporalld ] is equal to 0, slice_type shall be equal to 2.

pic_output_flag affects the decoded picture output and removal processes as specified in Annex C. When
pic_output flag is not present, it is inferred to be equal to 1.
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colour_plane_id specifies the colour plane associated with the current slice RBSP when separate colour plane flag is
equal to 1. The value of colour plane id shall be in the range of 0 to 2, inclusive. colour plane id values 0, 1, and 2
correspond to the Y, Cb, and Cr planes, respectively.

NOTE 1 — There is no dependency between the decoding processes of pictures having different values of colour plane id.

slice_pic_order_cnt_Isb specifies the picture order count modulo MaxPicOrderCntLsb for the current picture. The
length of the slice pic order cnt Isb syntax element is log2 max pic order cnt Isb minus4 + 4 bits. The value of the
slice_pic_order_cnt_Isb shall be in the range of 0 to MaxPicOrderCntLsb — 1, inclusive. When slice_pic_order _cnt_lIsb is
not present, slice_pic_order_cnt_lIsb is inferred to be equal to 0, except as specified in subclause 8.3.3.1.

short_term_ref pic_set_sps_flag equal to 1 specifies that the short-term RPS of the current picture is derived based on
one of the short term ref pic_set() syntax structures in the active SPS that is identified by the syntax element
short term ref pic_set idx in the slice header. short term ref pic set sps flag equal to 0 specifies that the short-term
RPS pT the current picture is derived based on the short term rel pic_set( ) syniax structure that is directly included in
the $lice headers of the current picture. When num short term ref pic sets is equal to 0, the pvalye of
short| term_ref pic_set sps_flag shall be equal to 0.

shor{ term_ref pic_set_idx specifies the index, into the list of the short term ref pic_set( ) syntax structures incjluded
in th¢ active SPS, of the short term ref pic set() syntax structure that is used for derivation of the short-term RPS of
the current picture. The syntax element short_term ref pic set idx is represented by
Ceil(|[Log2( num_short_term ref pic_sets ) ) bits. When not present, the value of short term ref-pic_set idx is inferred
to belequal to 0. The value of short term ref pic set idx shall be in the range of 0 to numshort term ref pic sets — 1,
inclugive.

The yariable CurrRpsldx is derived as follows:
— fshort term ref pic_set sps_flag is equal to 1, CurrRpsldx is set equal to ghoft term ref pic set idx.

—  Ptherwise, CurrRpsldx is set equal to num_short term ref pic_sets.

num| long_term_sps specifies the number of entries in the long-term RPS/of the current picture that are derived pased
the cindidate long-term reference pictures specified in the active SRS, The value of num_long term_sps shall be |n the
rangd of 0 to num_long_term ref pics_sps, inclusive. When not present, the value of num_long term_sps is inferfed to
be equal to 0.

num|long_term_pics specifies the number of entries in the long-term RPS of the current picture that are difectly
signafled in the slice header. When not present, the value,f'num_long term pics is inferred to be equal to 0.

The | sum of NumNegativePics[ CurrRpsldx ], = NumPositivePics[ CurrRpsldx |, num_long term sps, | and
num |long_term_pics shall be less than or equal to sps_max_dec pic_buffering minusl[ sps_max_sub layers minysl ].

It_idx_sps[ i | specifies an index, into the listofcandidate long-term reference pictures specified in the active SPS, pf the
i-th gntry in the long-term RPS of the current picture. The number of bits used to represent 1t idx sps[i] is eqpal to
Ceil(JLog2( num_long term ref pics_$§ps ) ). When not present, the value of It idx_sps[ i] is inferred to be equal to 0.
The Yalue of It idx_sps[ i ] shall besin the range of 0 to num_long term ref pics sps — 1, inclusive.

poc_lsb_1t[ i ] specifies the yalue’ of the picture order count modulo MaxPicOrderCntLsb of the i-th entry in the
longferm RPS of the\_current picture. The Ilength of the poc Isb It[i] syntax elemenf is
log2 [max_pic_order cnt-1sb”minus4 + 4 bits.

used| by curr_pic_It \flag[ i ] equal to 0 specifies that the i-th entry in the long-term RPS of the current picture |s not
used for referencetbyrthe current picture.
The yariables PoeLsbLt[ i ] and UsedByCurrPicLt[ i ] are derived as follows:

— f ids\less than num long term sps, PocLsbLt[i] is set equal to It ref pic poc Isb sps[ 1t idx sps[i]| and

JsedByCurrPicLt[ i ] is set equal to used by curr pic It sps flag[ It idx sps[i]].

—  Otherwise, PocLsbLt[i] is set equal to poc Isb Itfi] and UsedByCurrPicLt[i] is set equal to
used by curr pic It flag[i].

delta_poc_msb_present flag[i] equal to 1 specifies that delta poc msb cycle Itfi] is present.
delta_poc_msb present flag[ i ] equal to O specifies that delta_poc_msb cycle It[ i ] is not present.

Let prevTidOPic be the previous picture in decoding order that has Temporalld equal to 0 and is not a RASL picture, a
RADL picture, or a sub-layer non-reference picture. Let setOfPrevPocVals be a set consisting of the following:

—  the PicOrderCntVal of prevTidOPic,
—  the PicOrderCntVal of each picture in the RPS of prevTidOPic,

—  the PicOrderCntVal of each picture that follows prevTidOPic in decoding order and precedes the current picture in
decoding order.
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When there is more than one value in setOfPrevPocVals for which the value modulo MaxPicOrderCntLsb is equal to
PocLsbLt[ i], delta poc msb_present flag[ i ] shall be equal to 1.

delta_poc_msb_cycle It[ i ] is used to determine the value of the most significant bits of the picture order count value of
the i-th entry in the long-term RPS of the current picture. When delta_poc_msb_cycle It[ i ] is not present, it is inferred
to be equal to 0.

The variable DeltaPocMsbCycleLt] i ] is derived as follows:

if(i == 0 || i == num_long_term_sps)
DeltaPocMsbCycleLt[ i ] = delta poc_msb cycle It[ 1]

else (7-38)
DeltaPocMsbCycleLt[ i ] = delta_poc msb_cycle It[ i ]+ DeltaPocMsbCycleLt[i—1 ]

slice [temporal_mvp_enabled_flag spccifics whether temporal motion vector predictors can be used Tor inter prediction.
If slige temporal mvp enabled flag is equal to O, the syntax elements of the current picture shall be constrained such
that | no temporal motion vector predictor is used in decoding of the current pictures\ Othgrwise
(slicg temporal mvp_enabled flag is equal to 1), temporal motion vector predictors may be used in decoding ¢f the
currept picture. When not present, the value of slice_temporal mvp_enabled flag is inferred to be equal t0”0.

Wher both slice temporal mvp enabled flag and Temporalld are equal to 0, the syntax elements for all coded pigtures
that follow the current picture in decoding order shall be constrained such that no temporalymoétion vector from any
pictufe that precedes the current picture in decoding order is used in decoding of any ceded picture that follows the
currept picture in decoding order.
NPTE 2 — When slice_temporal mvp_enabled flag is equal to 0 in an I slice, it has no impaet on the normative decoding pfocess
of the picture but merely expresses a bitstream constraint.

NPTE 3 — When slice_temporal mvp_enabled_flag is equal to 0 in a slice with Terhporalld are equal to 0, decoders may pmpty
"rotion vector storage" for all reference pictures in the decoded picture buffer.

slice |[sao_luma_flag equal to 1 specifies that SAO is enabled fof\ the luma component in the current [slice;
slice [sao luma flag equal to O specifies that SAO is disabled for the luma component in the current slice. When
slice [sao luma flag is not present, it is inferred to be equal to 0.

slice |[sao_chroma_flag equal to 1 specifies that SAO is enabled for the chroma component in the current [slice;
slice [sao_chroma flag equal to O specifies that SAO is disabled for the chroma component in the current slice. When
slice [sao_chroma flag is not present, it is inferred to be equal to 0.

num|ref idx_active_override flag equal to 1 specifies that the syntax element num ref idx 10 active minysl is
present for P and B slices and that the syntax>-clement num ref idx 11 active minusl is present for B {lices.
num |ref idx active override flag equal to O specifies that the syntax elements num ref idx 10 active minus| and
num |ref idx 11 active minusl are not present:

num|ref idx_10_active_minusl specifies the maximum reference index for reference picture list O that may be uged to
decode the slice. num_ref idx 10 aetive minusl shall be in the range of 0 to 14, inclusive. When the current slice fis a P
or B [slice and num ref idx 10 active minusl is not present, num_ref idx 10 active minusl is inferred to be eqpal to
num |ref idx 10 default actiye,minusl.

num|ref idx_I1_active_minusl1 specifies the maximum reference index for reference picture list 1 that may be uged to
decode the slice. aum)ref idx 11 active minusl shall be in the range of 0 to 14, inclusive. When
num |ref idx 11 activevminusl is not present, num ref idx 1l active minusl is inferred to be equgl to
num |ref idx 11_default active minusl.

mvd |11_zere-flag equal to 1 indicates that the mvd coding(x0, y0,1) syntax structure is not parsed and
MvdL1[ xO\["y0 ][ compldx ] is set equal to 0 for compldx =0..1. mvd 11 zero flag equal to O indicates th3t the
mvd |coding( x0, y0, 1) syntax structure is parsed.

cabac_init_flag specifies the method for determining the initialization table used in the initialization process for context
variables. When cabac_init_flag is not present, it is inferred to be equal to 0.

collocated_from_10_flag equal to 1 specifies that the collocated picture used for temporal motion vector prediction is
derived from reference picture list 0. collocated from 10 flag equal to O specifies that the collocated picture used for
temporal motion vector prediction is derived from reference picture list 1. When collocated from 10 flag is not present,
it is inferred to be equal to 1.

collocated_ref _idx specifies the reference index of the collocated picture used for temporal motion vector prediction.

When slice_type is equal to P or when slice_type is equal to B and collocated from 10 is equal to 1, collocated ref idx
refers to a picture in list 0, and the wvalue of collocated ref idx shall be in the range of 0 to
num_ref idx 10 active minusl, inclusive.
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When slice_type is equal to B and collocated from 10 is equal to 0, collocated ref idx refers to a picture in list 1, and
the value of collocated ref idx shall be in the range of 0 to num_ref idx 11 active minusl, inclusive.

It is a requirement of bitstream conformance that the picture referred to by collocated ref idx shall be the same for all
slices of a coded picture.

five_minus_max_num_merge_cand specifies the maximum number of merging MVP candidates supported in the slice
subtracted from 5. The maximum number of merging MVP candidates, MaxNumMergeCand is derived as follows:

MaxNumMergeCand = 5 — five_ minus max_num_merge cand (7-39)
The value of MaxNumMergeCand shall be in the range of 1 to 5, inclusive.

slice_qp_delta specifies the initial value of Qpy to be used for the coding blocks in the slice until modified by the value
Of Cl OnDelta\al in the coadina yunit laver The 1nit1a]l value of the On.. gquantization narameter for the slice Slice IS
<P S PAG KPY o T 3 <YPY>

derivpd as follows:
SliceQpy = 26 + init_qp_minus26 + slice_qp_delta (7-40)
The Yalue of SliceQpy shall be in the range of —QpBdOffsety to +51, inclusive.

slice [cb_qp_offset specifies a difference to be added to the value of pps cb_qp offset when determining the vajue of
the Qp’c, quantization parameter. The value of slice cb_qp_offset shall be in the range of —12,t0)+12, inclusive. When
slice |cb_qp_offset is not present, it is inferred to be equal to 0. The value of pps_cb_qp_offset +§lice cb_qp_offse{ shall
be injthe range of —12 to +12, inclusive.

slice [er_qp_offset specifies a difference to be added to the value of pps_cr gp offsef when determining the value pf the
Qp'c quantization parameter. The value of slice cr qp offset shall be in the range of —12 to +12, inclusive. When
slice |cr_qp_offset is not present, it is inferred to be equal to 0. The value of ppsicr qp_offset + slice_cr qp_offseq shall
be injthe range of —12 to +12, inclusive.

deblgcking_filter override flag equal to 1 specifies that deblocking“\parameters are present in the slice h¢ader.
debldcking_filter override flag equal to 0 specifies that deblocking parameters are not present in the slice header. When
not present, the value of deblocking filter override flag is inferred.torbe equal to 0.

slice |deblocking_filter_disabled_flag equal to 1 specifies that'the operation of the deblocking filter is not appli¢d for
the ctirrent slice. slice deblocking filter disabled flag equal to 0 specifies that the operation of the deblocking fifter is
appligd for the current slice. When slice deblocking . filter disabled flag is not present, it is inferred to be eqyal to
pps_deblocking filter disabled flag.

slice [beta_offset_div2 and slice_tc_offset_div2 specify the deblocking parameter offsets for  and tC (divided by P) for
the cprrent slice. The values of slice beta off§et div2 and slice tc offset div2 shall both be in the range of —6|to 6,
inclufive. When not present, the values of slice beta offset div2 and slice tc offset div2 are inferred to be eqpal to
pps_beta offset div2 and pps_tc_offset div2, respectively.

slice [loop_filter_across_slices_enabled_flag equal to 1 specifies that in-loop filtering operations may be perfqrmed
acrosp the left and upper boundaries of the current slice. slice loop filter across_slices_enabled flag equal to 0 spdcifies
that in-loop operations are not\performed across left and upper boundaries of the current slice. The in-loop filfering
operdtions include the deblocking filter and sample adaptive offset filter. When
slice |loop_filter across(slices enabled flag is not  present, it is inferred to be  equal| to
pps_loop_filter acrosS, slices enabled flag.

num| entry_pojint offsets specifies the number of entry point offset minusl[i] syntax elements in the slice h¢ader.
When not present; the value of num_entry point offsets is inferred to be equal to 0.

The yalug of num_entry point offsets is constrained as follows:

— |f tiles_enabled flag is equal to O and entropy_coding_sync_enabled flag is equal to 1. the valde of
num_entry point offsets shall be in the range of 0 to PicHeightInCtbsY — 1, inclusive.

—  Otherwise, if tiles_enabled flag is equal to 1 and entropy coding sync enabled flag is equal to 0, the value of
num_entry point offsets shall be in the range of O to (num tile columns minusl +1) *
(num_tile rows_minusl + 1) — 1, inclusive.

—  Otherwise, when tiles enabled flag is equal to 1 and entropy coding sync enabled flag is equal to 1, the value of
num_entry point_offsets shall be in the range of 0 to (num tile columns minusl + 1) * PicHeightInCtbsY — 1,
inclusive.

offset_len_minus1 plus 1 specifies the length, in bits, of the entry point offset minusl[ i ] syntax elements. The value
of offset_len_minus] shall be in the range of 0 to 31, inclusive.
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entry_point_offset minus1[i] plus 1 specifies the i-th entry point offset in bytes, and is represented by
offset len minusl plus 1 bits. The slice segment data that follows the slice segment header consists of
num_entry _point_offsets + 1 subsets, with subset index values ranging from 0 to num_entry point_offsets, inclusive.
The first byte of the slice segment data is considered byte 0. When present, emulation prevention bytes that appear in the
slice segment data portion of the coded slice segment NAL unit are counted as part of the slice segment data for purposes
of subset identification. Subset 0 consists of bytes 0 to entry point_offset minusl[ 0 ], inclusive, of the coded slice
segment data, subset k, with k in the range of 1 to num_entry point offsets — 1, inclusive, consists of bytes firstByte[ k ]
to lastByte[ k ], inclusive, of the coded slice segment data with firstByte[ k ] and lastByte[ k ] defined as:

k
firstByte[ k | = Z (entry point_offset minusl[n—1]+1) (7-41)

n=l

lastByte[ k ] = firstByte[ k ] + entry point_offset minusi[k ] (7-42)

The last subset (with subset index equal to num_entry point_offsets) consists of the remaining bytes of the ceded slice
segmpnt data.

Wher tiles_enabled flag is equal to 1 and entropy coding sync enabled flag is equal to 0, each subset shall congist of
all cqded bits of all coding tree units in the slice segment that are within the same tile, and the numbet©f subsets (ije. the
valug of num_entry point_offsets + 1) shall be equal to the number of tiles that contain coding tree units that are |n the
coded slice segment.
NPTE 4 — When tiles_enabled flag is equal to 1 and entropy coding_sync enabled flag is equal to 0, each slice must ificlude

eifher a subset of the coding tree units of one tile (in which case the syntax element entry point/offset minusl1[ i ] is not pjesent)
o1l must include all coding tree units of an integer number of complete tiles.

Wher tiles_enabled flag is equal to 0 and entropy coding sync enabled flag is-equal to 1, each subset k with k |n the
rangd of 0 to num_entry point offsets, inclusive, shall consist of all coded bits of all coding tree units in the] slice
segmpnt that include luma coding tree blocks that are in the same luma coding tree block row of the picture, arld the
number of subsets (i.e. the value of num_entry point offsets + 1) shall be equal to the number of coding tree block] rows
of th¢ picture that contain coding tree units that are in the coded slice s€gment.

NPTE 5 — The last subset (i.e. subset k for k equal to num_entry_point “0ffsets) may or may not contain all coding tree units that
niclude luma coding tree blocks that are in a luma coding tree block row of the picture.

—

When tiles_enabled flag is equal to 1 and entropy coding sync enabled flag is equal to 1, each subset k with k |n the
rangg of 0 to num entry point offsets, inclusive, shall consist of all coded bits of all coding tree units in the| slice
segmknt that include luma coding tree blocks that are in'th¢ same luma coding tree block row of a tile, and the number of
subsdts (i.c. the value of num_entry point_offsets +-1) shall be equal to the number of luma coding tree block rowp of a
tile that contain coding tree units that are in the coded slice segment.

slice [segment_header_extension_length spegifies the length of the slice segment header extension data in bytep, not
inclufling the bits used for signalling slice segment header extension length itself. The valug of
slice [segment header extension length,shall be in the range of 0 to 256, inclusive.

slice |segment_header_extension- ‘'data_byte may have any value. Decoders shall ignore the valup of
slice |segment_header_extension ‘data_byte. Its value does not affect decoder conformance to profiles specified ih this
versign of this Specification-

7.4.712 Reference picture list modification semantics

ref pic_list modification_flag 10 equal to 1 indicates that reference picture list 0 is specified explicitly by ar:Lst of
list dntry 10[ id walues. ref pic list modification flag 10 equal to O indicates that reference picture list O is deterined
implicitly. When'ref pic list modification flag 10 is not present in the slice header, it is inferred to be equal to 0.

list_dntry\10[ i ] specifies the index of the reference picture in RefPicListTempO to be placed at the current positjon of
referince picture list 0. The length of the list_entry 10[ i ] syntax element is Ceil( Log2( NumPocTotalCurr) ) bitd. The
value of list entry 10[i] shall be in the range of 0 to NumPocTotalCurr — 1, inclusive. When the syntax element
list_entry 10[ i ] is not present in the slice header, it is inferred to be equal to 0.

The variable NumPocTotalCurr is derived as follows:
NumPocTotalCurr =0

for( 1= 0; 1 < NumNegativePics[ CurrRpsldx ]; i++)
if( UsedByCurrPicSO[ CurrRpsldx ]J[1])

NumPocTotalCurr++
for( 1= 0; i < NumPositivePics[ CurrRpsldx [; i++) (7-43)
if( UsedByCurrPicS1[ CurrRpsldx ]J[1])
NumPocTotalCurr++
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for(i=0;1<num long term sps+ num long term pics; i++)
if( UsedByCurrPicLt[i])
NumPocTotalCurr++

ref_pic_list_modification_flag 11 equal to | indicates that reference picture list 1 is specified explicitly by a list of
list_entry 11[ 1] values. ref pic_list modification flag 11 equal to O indicates that reference picture list 1 is determined
implicitly. When ref pic list modification flag 11 is not present in the slice header, it is inferred to be equal to 0.

list_entry 11[ i ] specifies the index of the reference picture in RefPicListTempl to be placed at the current position of
reference picture list 1. The length of the list_entry 11[ i ] syntax element is Ceil( Log2( NumPocTotalCurr ) ) bits. The
value of list_entry 11[ 1] shall be in the range of 0 to NumPocTotalCurr — 1, inclusive. When the syntax element
list_entry 11[ 1] is not present in the slice header, it is inferred to be equal to 0.

7.4.]3—\“@%1%%@%%%“@
lumal log2_weight_denom is the base 2 logarithm of the denominator for all luma weighting factors. Thé\value of

luma| log2 weight denom shall be in the range of 0 to 7, inclusive.

delta] chroma_log2 weight_denom is the difference of the base 2 logarithm of the denominator, for all cljroma
weighting factors.

The | variable ChromalLog2WeightDenom is derived to be equal to luma_log2 weight defom +
delta] chroma log2 weight denom, and the value shall be in the range of 0 to 7, inclusive.

luma| weight_10_flag[ i | equal to 1 specifies that weighting factors for the luma componént of list 0 prediction jusing
RefP{cList0[ i ] are present. luma_weight 10 flag[ i ] equal to O specifies that these w€ighting factors are not present.

chroma_weight 10_flag[ i] equal to 1 specifies that weighting factors for thesChroma prediction values of [ist 0
prediftion using RefPicList0[ i ] are present. chroma_weight 10 flag[ i ] equal €0 0 specifies that these weighting factors
are npt present. When chroma_weight 10 flag[ i ] is not present, it is inferred to be equal to 0.

deltal luma_weight 10[ i] is the difference of the weighting factor “applied to the luma prediction value for [list 0
prediftion using RefPicList0[ 1 ].

The | variable LumaWeightLO[i] is derived to _b&) equal to (1 << luma log2 weight denom )+
delta] luma weight 10[ i ]. When luma weight 10 flag[ i ] is“cqual to 1, the value of delta luma weight 10[ i ] shpll be

in thq range of —128 to 127, inclusive. When luma weightil0 flag[ i ] is equal to 0, LumaWeightLO[ i ] is inferred|to be
equ. all to 2lumailog27weigh17denom.

luma| offset_10[ i] is the additive offset applied te the luma prediction value for list 0 prediction using RefPicList0[ i ].
The yalue of luma_offset 10[ i ] shall be in the range of —128 to 127, inclusive. When luma_weight 10 flag[ i ] is jequal
to 0, Juma_offset 10[ i ] is inferred as equal.t0.0:

deltal chroma_weight 10[ i ][ j | is the difference of the weighting factor applied to the chroma prediction values fpr list
0 prefliction using RefPicListO0[ i | with-j ‘equal to 0 for Cb and j equal to 1 for Cr.

The | variable ChromaWeightlLOJ1][j] is derived to be equal to (1 << ChromaLog2WeightDenom )+
delta] chroma_weight 10[ i ][G ]}* When chroma weight 10 flag[i] is equal to 1, the wvalue|] of
delta| chroma_weight 10[ 44[j ] shall be in the range of —128 to 127, inclusive. When chroma_ weight 10 flag[|i] is
equal to 0, ChromaWeightLO[ i ][ j ] is inferred to be equal to 2Comakos2WeightDenom

delta] chroma_offset-10[ i |[ j ] is the difference of the additive offset applied to the chroma prediction values for|list O
prediftion usingR€tPicList0[ i ] with j equal to 0 for Cb and j equal to 1 for Cr.

The yariable €hromaOffsetLO[ i ][ j ] is derived as follows:

ChromaOffsetLO[ i ][ j ] = Clip3(—128, 127, ( delta_chroma_ offset 10[i][j]— (7-44)
L L 1D0Q 3k (1 Mlioecolotcl AL - 10 - 1 ) I el b VOGN VL Y AN Ha Yo EAWAY
\ \ 120 CIITUIIIa vy CIEIILLUL I JL J J } IO UlllahUsL \A4 Ulslllucll\)lll } 140 } )

The wvalue of delta chroma offset 10[i][j] shall be in the range of —512 to 511, inclusive. When
chroma_weight 10 flag[ i] is equal to 0, ChromaOffsetLO[ i ][ j ] is inferred to be equal to O.

luma_weight_I1_flag[ i ], chroma_weight_11_flag[ i ], delta_luma_weight 111 ], luma_offset 11]1 ],
delta_chroma_weight 11[i1][j], and delta_chroma offset 11[i][j] have the same semantics as
luma_weight 10 flag[i], chroma_weight 10 flag[i], delta luma weight 10[ i ], luma_offset 10[ 1],

delta_chroma_weight 10[ i ][] ], and delta_chroma offset 10[ i ][ j ], respectively, with 10, LO, list 0, and ListO replaced
by 11, L1, list 1, and List1, respectively.

The variable sumWeightLOFlags is derived to be equal to the sum of
luma_weight 10 flag[ i ]+ 2 * chroma_weight 10 flag[ i], for i =0..num ref idx 10 active minusl.
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When slice type is equal to B, the variable sumWeightL1Flags is derived to be equal to the sum of
luma_weight 11 flag[ i]+ 2 * chroma_weight 11 flag[ i], for i=0..num ref idx 11 active minusl.

It is a requirement of bitstream conformance that, when slice_type is equal to P, sumWeightLOFlags shall be less than or
equal to 24, and when slice type is equal to B, the sum of sumWeightLOFlags and sumWeightL1Flags shall be less than
or equal to 24.

7.4.8  Short-term reference picture set semantics

A short_term_ref pic_set( stRpsldx ) syntax structure may be present in an SPS or in a slice header. Depending on
whether the syntax structure is included in a slice header or an SPS, the following applies:

—  If present in a slice header, the short term ref pic_set( stRpsldx ) syntax structure specifies the short-term RPS of
the current picture (the picture containing the slice), and the following applies:

- The content of the short term ref pic set( stRpsldx ) syntax structure shall be the same in all slice headprs of
the current picture.

- The value of stRpsldx shall be equal to the syntax element num_short term ref pic_sets in the/dctive SPY.

- The short-term RPS of the current picture is also referred to as the num_short term_ref_pi¢-sets-th candlidate
short-term RPS in the semantics specified in the remainder of this subclause.

—  Ptherwise (present in an SPS), the short term ref pic_set( stRpsldx ) syntax structure specifies a candidate
bhort-term RPS, and the term "the current picture" in the semantics specified in the remainder of this subglause
Fefers to each picture that has short term ref pic set idx equal to stRpsldx in a,€VS that has the SPS as the jctive
SPS.

inter| ref _pic_set_prediction_flag equal to 1 specifies that the stRpsldx-th candidate short-term RPS is predicted| from
another candidate short-term RPS, which is referred to as the source candidate short-term RPS. When
inter |ref pic set prediction flag is not present, it is inferred to be equal £0 0.

delta) idx_minusl plus 1 specifies the difference between the value of stRpsldx and the index, into the list ¢f the
candidate short-term RPSs specified in the SPS, of the source candidate short-term RPS. The value of delta_idx_mjinus1
shall pe in the range of 0 to stRpsldx — 1, inclusive. When delta_Gdx minusl is not present, it is inferred to be equal]to 0.

The yariable RefRpsldx is derived as follows:
RefRpsldx = stRpsldx — ( delta_idx minusl £\") (7-45)
deltal rps_sign and abs_delta_rps_minusl1 together-specify the value of the variable deltaRps as follows:
deltaRps = (1 —2 * delta_rps_sign)*/{ abs_delta rps minusl + 1) (J-40)

The yariable deltaRps represents the value to be added to the picture order count difference values of the spurce
candidate short-term RPS to obtain the“picture order count difference values of the stRpsldx-th candidate short-term
RPS.|The value of abs_delta_rps_niinis1 shall be in the range of 0 to 2'° — 1, inclusive.

used| by _curr_pic_flag[ j ] equal to 0 specifies that the j-th entry in the source candidate short-term RPS is not us¢d for
refer¢nce by the current picture:

use_dlelta_flag[ j ] equal~to 1 specifies that the j-th entry in the source candidate short-term RPS is included in the
stRpgldx-th candidate-short-term RPS. use delta_flag[ j ] equal to O specifies that the j-th entry in the source candlidate
shortiterm RPS is\iot included in the stRpsldx-th candidate short-term RPS. When use delta flag[ j ] is not presept, its
valug| is inferred\to be equal to 1.

Whe inter ref pic set prediction flag is equal to 1, the variables DeltaPocSO[ stRpsldx|][i],

UsedByCurrPicSO[ stRpsldx ][ 1], NumNegativePics[ stRpsldx ], DeltaPocS1][ stRpsIdx|][ 1],
UsedByCurrPicS ] STRpsIdX ][ 1 ], and NumPositivePics| SIRpsIdX | are derived as 101lows:
i=0

for( j = NumPositivePics[ RefRpsldx | —1;j >= 0;j——) {
dPoc = DeltaPocS1[ RefRpsldx ][ j ] + deltaRps
if( dPoc <0 && use delta flag] NumNegativePics[ RefRpsldx ] +j 1) {
DeltaPocS0[ stRpsldx ][ i ] = dPoc
UsedByCurrPicSO[ stRpsldx ][ i++ ] =used by curr_pic_flag[ NumNegativePics[ RefRpsldx ]+ ]
}

i

if( deltaRps <0 && use delta flag] NumDeltaPocs[ RefRpsldx ] ]) { (7-47)
DeltaPocSO[ stRpsldx ][ i ] = deltaRps
UsedByCurrPicSO[ stRpsldx ][ i++ ] =used_by curr pic_flag] NumDeltaPocs[ RefRpsldx ] ]
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}
for(j = 0; j < NumNegativePics[ RefRpsldx ]; j++) {
dPoc = DeltaPocSO[ RefRpsldx ][ j ] + deltaRps
if dPoc <0 && use delta_flag[j]) {
DeltaPocS0[ stRpsldx ][ i ] = dPoc
UsedByCurrPicSO[ stRpsldx ][ i++ ] =used_by curr pic_flag[ j ]

}
}
NumNegativePics[ stRpsldx ] =1
i=0

for( j = NumNegativePics[ RefRpsldx | — 1;j >= 0;j——) {
dPoc = DeltaPocSO[ RefRpsldx ][ j ] + deltaRps
if( dPoc > 0 && use delta_flag[j]) {
DeltaPocS1[ stRpsldx ][ i ] = dPoc
UsedByCurrPicS1[ stRpsldx ][ i++ ] =used by curr pic flag[j ]

}

f( deltaRps > 0 && use delta flag] NumDeltaPocs[ RefRpsldx ] ]) { (F-48)
DeltaPocS1[ stRpsldx ][ i ] = deltaRps
UsedByCurrPicS1[ stRpsldx ][ i++ ] = used_by curr_pic_flag] NumDeltaPocs[ RefRpsldx ] ]

for( j = 0; j < NumPositivePics[ RefRpsldx ]; j++) {
dPoc = DeltaPocS1[ RefRpsldx ][ j ] + deltaRps
if( dPoc > 0 && use delta flagl NumNegativePics[ RefRpsldx ] +j ] )\
DeltaPocS1[ stRpsldx ][ i ] = dPoc
UsedByCurrPicS1[ stRpsldx ][ i++ ] =used_by curr pic_flagl NumNegativePics[ RefRpsldx ] +j ]
}

NumPositivePics[ stRpsldx ] =i

num| negative pics specifies the number of entries in the stRpsldx-th candidate short-term RPS that have picture forder
counq values less than the picture order count value of the current picture. The value of num_negative pics shall be |n the
rangg of 0 to sps_max_dec_pic_buffering minusl[ sps.max sub layers minusl ], inclusive.

num| positive_pics specifies the number of entries(in the stRpsldx-th candidate short-term RPS that have picture |order
coun{ values greater than the picture order countvalue of the current picture. The value of num_positive pics shall|be in
the rgnge of 0 to sps_max dec pic_buffering.uminus1[ sps max_sub_layers minusl | — num negative pics, inclusive.

deltal poc_s0_minusl[ i ] plus 1, when i-is equal to 0, specifies the difference between the picture order count valjies of
the cyirrent picture and i-th entry in the stRpsldx-th candidate short-term RPS that has picture order count value les§ than
that qf the current picture, or, when iis greater than 0, specifies the difference between the picture order count valjies of
the i4th entry and the (i+ 1 )-th'entry in the stRpsldx-th candidate short-term RPS that have picture order count yalues
less than the picture order count value of the current picture. The value of delta poc sO minusl1[ i ] shall be in the fange
of 0 tp 2" — 1, inclusive.

used| by _curr_pic_s0. flag[ i ] equal to 0 specifies that the i-th entry in the stRpsldx-th candidate short-term RP§ that
has pjcture order count value less than that of the current picture is not used for reference by the current picture.

delta] poc_s1minusl[i] plus 1, when i is equal to 0, specifies the difference between the picture order count valyies of
the cprrentipicture and the i-th entry in the stRpsldx-th candidate short-term RPS that has picture order count [value
greatgr than'that of the current picture, or, when 1 is greater than 0, specifies the difference between the picture Jorder
coun{ values of the (i+ 1 )-th entry and i-th entry in the current candidate short-term RPS that have picture order count
values greater than the picture order count value of the current picture. The value of delta poc sl minusl[ i ] shall be in
the range of 0 to 2'° — 1, inclusive.

used_by_curr_pic_s1_flag[ i ] equal to O specifies that the i-th entry in the current candidate short-term RPS that has
picture order count value greater than that of the current picture is not used for reference by the current picture.

When inter ref pic set prediction flag is equal to 0, the variables NumNegativePics[ stRpsldx ],
NumPositivePics[ stRpsldx ], UsedByCurrPicSO[ stRpsldx ][ 1], UsedByCurrPicS1[ stRpsldx ][ i ],
DeltaPocSO[ stRpsldx ][ i ], and DeltaPocS1[ stRpsldx ][ i ] are derived as follows:

NumNegativePics[ stRpsldx ] = num_negative pics (7-49)

NumPositivePics[ stRpsldx ] = num_positive pics (7-50)
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UsedByCurrPicSO[ stRpsldx ][ i ] =used_by curr pic_sO flag[i ] (7-51)
UsedByCurrPicS1[ stRpsldx ][ i ] =used by curr pic sl flag[i] (7-52)
— Ifiis equal to 0, the following applies:
DeltaPocSO[ stRpsldx ][ i ] =—( delta poc sO minusl[i]+ 1) (7-53)
DeltaPocS1[ stRpsldx ][ i ] = delta_poc sl minusl[i]+ 1 (7-54)

—  Otherwise, the following applies:
DeltaPocSO[ stRpsldx ][ i ] = DeltaPocSO[ stRpsldx J[i— 1] — (delta poc sO minusl[i]+1) (7-55)
DeltaPocS1[ stRpsldx ][ i ] = DeltaPocS1[ stRpsldx ][i— 1]+ (delta poc sl minusl[i]+1) (7-56)

The yariable NumDeltaPocs[ stRpsldx ] is derived as follows:
NumDeltaPocs[ stRpsldx ] = NumNegativePics[ stRpsldx ] + NumPositivePics[ stRpsldx ] ¥-57)

7.4.9( Slice segment data semantics

7.49]11 General slice segment data semantics

end_pf slice_segment_flag equal to 0 specifies that another coding tree unit is. following in the |slice.
end of slice segment flag equal to 1 specifies the end of the slice segment, i.e. that no further coding tree unit follows
in thq slice segment.

end_pf sub_stream_one_bit shall be equal to 1.

7.4.912 Coding tree unit semantics

The doding tree unit is the root node of the coding quadtree structure.

7.4.913 Sample adaptive offset semantics

sao_mnerge_left_flag equal to 1 specifies that the syntaxselements sao type idx luma, sao type idx chfoma,
sao_land position, sao_eo_class luma, sao_eo_class_chromajsao_offset_abs, and sao_offset sign are derived from the
correpponding syntax elements of the left coding tree block, sao merge left flag equal to 0 specifies that these syntax
elem¢nts are not derived from the corresponding(’syntax elements of the left coding tree block. When
sao_merge left flag is not present, it is inferred to be €qual to 0.

sao_mnerge_up_flag equal to 1 specifies that the syntax elements sao type idx luma, sao type idx chfoma,
sao_band position, sao_eo_class luma, sao «e0-class _chroma, sao_offset abs, and sao_offset sign are derived from the
correpponding syntax elements of the above ¢oding tree block. sao_merge up flag equal to 0 specifies that these syntax
elem¢nts are not derived from the, corresponding syntax elements of the above coding tree block. When
sao_tnerge up flag is not present, itisinferred to be equal to 0.

sao_{ype_idx_luma specifies the. offset type for the luma component. The array SaoTypeldx[ cldx ][ rx ][ ry ] spdcifies
the offset type as specified in(Table 7-8 for the coding tree block at the location ( rx, ry ) for the colour component|cldx.
The yalue of SaoTypeldx[\0] rx ][ ry ] is derived as follows:

- fsao type idx_luma is present, SaoTypeldx| 0 ][ rx ][ ry ] is set equal to sao_type idx luma.
—  ODtherwise (sao~type idx luma is not present), SaoTypeldx[ O ][ rx ][ ry ] is derived as follows:

- If sao>merge left flagis equal to 1, SaoTypeldx[ O ][ rx ][ ry ] is set equal to SaoTypeldx[ O J[rx — 1 ][ 1} ].

-~ Otherwise, if sao merge up flag is equal to 1, SaoTypeldx[O][rx][ry] 1is set equell to
SaoTypeldx[ 0 [ rx J[ry — 1]

—  Otherwise, SaoTypeldx[ 0 ][ rx ][ ry ] is set equal to 0.

sao_type_idx_chroma specifies the offset type for the chroma components. The values of SaoTypeldx[ cldx ][ rx ][ ry ]
are derived as follows for cldx equal to 1..2:

— Ifsao type idx chroma is present, SaoTypeldx[ cldx ][ rx ][ ry ] is set equal to sao_type idx chroma.
—  Otherwise (sao_type_idx_chroma is not present), SaoTypeldx[ cldx ][ rx ][ ry ] is derived as follows:

— If sao merge left flag is equal to 1, SaoTypeldx[cldx][rx][ry] is set equal to
SaoTypeldx[ cldx J[rx—1 ][ ry ].
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—  Otherwise, if sao merge up flag is equal to 1, SaoTypeldx[cldx][rx][ry] is set equal to
SaoTypeldx[ cldx ][ rx [[ry—1].

—  Otherwise, SaoTypeldx[ cIdx ][ rx ][ ry ] is set equal to O.

Table 7-8 — Specification of the SAO type

SaoTypeldx| cldx ][ rx ][ ry] | SAO type (informative)
0 Not applied
1 Band offset
2 Edge offset

sao_o¢ffset_abs[ cldx ][ rx ][ ry ][ 1] specifies the offset value of i-th category for the coding tree block at theMog¢ation
(rx, 1y ) for the colour component cldx.

When sao_offset_abs[ cldx ][ rx ][ ry ][ i ] is not present, it is inferred as follows:

— If sao merge left flag is equal to 1, sao offset abs[cldx [[rx ][ry][i] is inferred "to be equyl to
ao_offset abs[cldx J[rx—1][ry][1].

—  OPtherwise, if sao_merge up flag is equal to 1, sao offset abs[ cldx ][ rx ][ ry ][/l ]~is inferred to be equal to
ao_offset abs[cldx J[rx]J[ry—1][1].

—  Ptherwise, sao_offset_abs[ cldx ][ rx ][ ry ][ i ] is inferred to be equal to 0.

sao_offset_sign[ cldx ][ rx ][ ry ][ 1] specifies the sign of the offset value of i-th category for the coding tree block gt the
locatfon ( rx, ry ) for the colour component cIdx when SaoTypeldx[ cldx [ ][ ry ] is equal to 1.

When sao_offset_sign[ cldx [ rx ][ ry ][ 1] is not present, it is inferred as follows:

— Jf sao merge left flag is equal to 1, sao offset signfeldx [[rx ][ry][i] is inferred to be equpl to
ao_offset sign[ cldx [[rx—1][ry][1].

—  OPtherwise, if sao_merge up flag is equal to 1, sao\offset sign[ cldx J[rx [[ry ][i] is inferred to be eqyal to
ao_offset sign[ cldx [[rx J[ry—1][1].

—  Otherwise, sao_offset sign[ cldx ][ rx ][ ry ][.i Sis inferred to be equal 0.

The vyariable offsetSign is derived as follows:

- f SaoTypeldx[ cldx ][ rx ][ ry ] is equal to 2 and i is equal to 2 or 3, offsetSign is set equal to —1.

—  ODtherwise, if SaoTypeldx| cldx J[.xx ][ ry ] is equal to 2 and i is equal to 0 or 1, offsetSign is set equal to 1.
—  Ptherwise (SaoTypeldx[ cldX ][rx ][ ry ] is equal to 1), the following applies:

- Ifsao_offset signf-eldx ][ rx ][ ry ][ 1] is equal to 0, offsetSign is set equal to equal to 1.

- Otherwise, offsetSign is set equal to equal to —1.

The yariable bitDepth-is derived as follows:

- f cldx is.¢qual to 0, bitDepth is set equal to BitDepthy.

—  Otherwise (cldx is equal to 1 or 2), bitDepth is set equal to BitDepthc.

The list'SaoOffsetVal| cldx J[ rx ][ ry ][ i | for i ranging from O to 4, inclusive, is derived as follows:

SaoOffsetVal[ cldx [[rx ][ry ]J[0]=0

for(1=0;1<4;it++)

SaoOffsetVal[ cldx [[rx J[ry J[i+1]= (7-58)
offsetSign * sao_offset abs[ cldx J[ rx ][ ry ][ 1] << ( bitDepth — Min( bitDepth, 10 ))

sao_band_position[ cldx ][ rx ][ ry ] specifies the displacement of the band offset of the sample range when
SaoTypeldx[ cldx ][ rx ][ ry ] is equal to 1.

When sao_band_position[ cldx ][ rx ][ ry ] is not present, it is inferred as follows:

— If sao merge left flag is equal to 1, sao band position][ cldx J[rx J[ry] is inferred to be equal to
sao_band position[ cldx J[rx—1 ][ ry].
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—  Otherwise, if sao_merge up flag is equal to 1, sao band position[ cldx ][ rx ][ ry ] is inferred to be equal to
sao_band position[ cldx J[rx J[ry—11].

—  Otherwise, sao_band position[ cldx ][ rx ][ ry ] is inferred to be equal to 0.

sao_eo_class luma specifies the edge offset class for the luma component. The array SaoEoClass[ cldx ][ rx ][ ry ]
specifies the offset type as specified in Table 7-9 for the coding tree block at the location (rx, ry) for the colour
component cldx. The value of SaoEoClass[ 0 ][ rx ][ ry ] is derived as follows:

— Ifsao_eo class luma is present, SaoEoClass[ O ][ rx ][ ry ] is set equal to sao_eo_class luma.
—  Otherwise (sao_eo_class_luma is not present), SaoEoClass[ 0 ][ x ][ ry ] is derived as follows:

— Ifsao_merge left flagis equal to 1, SaoEoClass[ 0 ][ rx ][ ry ] is set equal to SaoEoClass[ 0 [[rx— 1 ][ ry ].

- Otherwise, if sao merge up flag is equal to 1, SaoEoClass[0][rx][ry] 1is set equdl to
SaoEoClass[ O [[rx J[ry— 1 ].

—  Otherwise, SaoEoClass[ 0 ][ rx ][ ry ] is set equal to 0.

sao_¢o_class chroma specifies the edge offset class for the chroma components, (The valuef of
SaoEpClass| cldx ][ rx ][ ry ] are derived as follows for cIdx equal to 1..2:

- fsao eo class chroma is present, SaoEoClass[ cldx ][ rx ][ ry ] is set equal to sao_eo_class, chroma.
—  Ptherwise (sao_eo_class_chroma is not present), SaoEoClass[ cldx ][ rx ][ ry ] is derived as follows:

- If sao merge left flag is equal to 1, SaoEoClass[cldx ]J[tx)][ry] is set equall to
SaoEoClass[ cldx J[rx— 1 ][ ry ].

—  Otherwise, if sao merge up flag is equal to 1, SaoEoClass[cldx][rx][ry] is set equdl to
SaoEoClass[ cldx J[rx ][ry—1].

—  Otherwise, SaoEoClass[ cldx ][ rx ][ ry ] is set equal to 0.

Table 7-9 — Specification of the,;SAO edge offset class

SaoEoClass| cldx |[ rx ][ ry ] SAO edge offset class (informative)
0 ID 0-degree edge offset
1 1D 90-degree edge offset
2 1D 135-degree edge offset
3 1D 45-degree edge offset

7.4.914 Coding quadtree semantics

split |cu_flag[ x0 ][ yO ] specifiecs whether a coding unit is split into coding units with half horizontal and vertical size.
The grray indices x0, y0specity the location ( x0, y0 ) of the top-left luma sample of the considered coding block relative
to thq top-left luma sample of the picture.

When split_cu_flagf-x0 ][ y0 ] is not present, the following applies:
— Ifllog2CbSize’is greater than MinCbLog2SizeY, the value of split_cu flag[ x0 ][ y0 ] is inferred to be equal to 1

—  Othefwise (log2CbSize is equal to MinCbLog2SizeY), the value of split_cu_flag[ x0 ][ y0 ] is inferred to be [equal
tq O

The array CtDepth[ x ][ y ] specifies the coding tree depth for a luma coding block covering the location ( x, y ). When
split_cu flag[ x0 ][ yO ] is equal to 0, CtDepth[ x ][ y ] is inferred to be equal to cqtDepth for x = x0..x0 + nCbS — 1 and
y =y0..y0 + nCbS — 1.

7.4.9.5 Coding unit semantics
cu_transquant_bypass_flag equal to 1 specifies that the scaling and transform process as specified in subclause 8.6 and

the in-loop filter process as specified in subclause 8.7 are bypassed. When cu_transquant_bypass_flag is not present, it is
inferred to be equal to 0.

cu_skip_flag[ x0 ][ yO ] equal to 1 specifies that for the current coding unit, when decoding a P or B slice, no more
syntax elements except the merging candidate index merge idx[ x0 ][ yO ] are parsed after cu skip flag[ x0 ][ yO .
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cu_skip flag[ x0 ][ yO ] equal to O specifies that the coding unit is not skipped. The array indices x0, y0 specify the
location ( x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample of the
picture.

When cu_skip_flag[ x0 ][ yO ] is not present, it is inferred to be equal to 0.

pred_mode_flag equal to 0 specifies that the current coding unit is coded in inter prediction mode. pred mode flag
equal to 1 specifies that the current coding unit is coded in intra prediction mode. The variable CuPredMode[ x ][y ] is
derived as follows for x = x0..x0 + nCbS — 1 and y = y0..y0 +nCbS — 1:

— Ifpred mode flagis equal to 0, CuPredMode[ x ][ y ] is set equal to MODE INTER.
— Otherwise (pred_mode_flag is equal to 1), CuPredMode[ x ][ y ] is set equal to MODE_INTRA.

and y|= yO.._yO + nzibS— 1:

— Iffslice_type is equal to I, CuPredMode[ x ][ y ] is inferred to be equal to MODE INTRA.

— Otherwise (slice_type is equal to P or B), when cu_skip flag[ x0 ][ yO ] is equal to 1, CuPredMeode[ x ][y ] is
nferred to be equal to MODE_SKIP.

part|mode specifies partitioning mode of the current coding unit. The semantics of| part mode depend on
CuPrpdMode[ x0 ][ yO ]. The variables PartMode and IntraSplitFlag are derived from the value'6f part mode as d¢fined
in Taple 7-10.

The yalue of part mode is restricted as follows:
— IffCuPredMode[ x0 ][ yO ] is equal to MODE INTRA, part mode shall be equalto 0 or 1.
—  Otherwise (CuPredMode[ x0 ][ y0 ] is equal to MODE INTER), the followiiig applies:

+ If log2CbSize is greater than MinCbLog2SizeY and amp enabled” flag is equal to 1, part mode shall be |n the
range of 0 to 2, inclusive, or in the range of 4 to 7, inclusive:

+  Otherwise, if log2CbSize is greater than MinCbLog2SizeY and amp_enabled flag is equal to 0, or log2CpSize
is equal to 3, part_mode shall be in the range of 0 to 2{irnclusive.

4+ Otherwise (1og2CbSize is greater than 3 and less-than or equal to MinCbLog2SizeY), the value of part jmode
shall be in the range of 0 to 3, inclusive.

Wheth part_mode is not present, the variables PartMode and IntraSplitFlag are derived as follows:
— PartMode is set equal to PART 2Nx2N,
— IntraSplitFlag is set equal to 0.

pem |flag[ x0 ][ yO | equal to 1 specifies that the pcm sample( ) syntax structure is present and the transform free( )
syntax structure is not presen{ 1 the coding unit including the luma coding block at the location (x0]y0).
pem [flag[ x0 ][ yO ] equal to @-specifies that pcm_sample( ) syntax structure is not present. When pcm_flag[ x0 ][ y0 ] is
not pfesent, it is inferred to®be,equal to 0.

The |value of pcmrflag] x0+i][y0+j] with i=1.nCbS—1, j=1.nCbS—1 is inferred to be equil to
pem |[flag[ x0 ][ yO {.

pem Jalignment zero_bit is a bit equal to 0.
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Table 7-10 — Name association to prediction mode and partitioning type

CuPredMode| x0 ][ yO0 ] part_mode IntraSplitFlag PartMode
MODE INTRA 0 0 PART 2Nx2N
- 1 1 PART NxN

0 0 PART 2Nx2N

1 0 PART 2NxN

2 0 PART Nx2N

3 0

MODE_INTER PART NxN

4 v PART 2NxnU

5 0 PART 2NxnD

6 0 PART nLx2N

7 0 PART nRx2N
The syntax elements prev_intra_luma_pred_flag[ x0 +i][y0O+j ], mpry jdx[ x0+i][y0+j] and
rem_[intra_luma_pred_mode[ x0 + i ][ yO +j | specify the intra prediction mode forluma samples. The array ijdices
x0 + |, yO +j specify the location ( x0 + 1, yO +j ) of the top-left luma sample of the Considered prediction block relative
to th¢ top-left luma sample of the picture. When prev intra luma pred flag[«O0sF1][ yO+j] is equal to 1, the intra
prediftion mode is inferred from a neighbouring intra-predicted prediction unit @scording to subclause 8.4.2.
intra] chroma_pred_mode[ x0 ][ yO ] specifies the intra prediction mod€ for chroma samples. The array indices 30, y0
specify the location ( x0, y0 ) of the top-left luma sample of the consideted prediction block relative to the top-left{luma
sampje of the picture.
rqt_goot_cbf equal to 1 specifies that the transform tree( ) syntax structure is present for the current coding| unit.
rqt_rpot_cbf equal to O specifies that the transform_tree( ) syntax structure is not present for the current coding unit.
When rqt_root cbf is not present, its value is inferred to be equal to 1.
7.4.9]6 Prediction unit semantics
mvp |10_flag[ x0 ][ yO ] specifies the motion.vector predictor index of list 0 where x0, y0 specify the location ( x(, y0 )
of th¢ top-left luma sample of the considered prediction block relative to the top-left luma sample of the picture.
When mvp 10 flag[ x0 ][ yO ] is not present, it is inferred to be equal to 0.
mvp [11_flag[ x0 ][ yO ] has the same-semantics as mvp 10 flag, with 10 and list O replaced by 11 and list 1, respectiyely.
merge_flag[ x0 ][ yO ] specifies)whether the inter prediction parameters for the current prediction unit are inferred| from
a neighbouring inter-predicted partition. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left|luma
sample of the considered-prediction block relative to the top-left luma sample of the picture.
Wheth merge flag[ X0-}[ y0 ] is not present, it is inferred as follows:
- f CuPredMode[ x0 ][ yO0 ] is equal to MODE_SKIP, merge flag[ x0 ][ yO ] is inferred to be equal to 1.
—  Otherwise, merge flag[ x0 ][ y0 ] is inferred to be equal to 0.
mergde idx[ x0 ][ yO ] specifies the merging candidate index of the merging candidate list where x0, yO specify the

location ( x0, y0 ) of the top-left luma sample of the considered prediction block relative to the top-left luma sample of
the picture.

When merge_idx[ x0 ][ yO0 ] is not present, it is inferred to be equal to 0.

inter_pred_idc[ x0 ][ y0 ] specifies whether list0, list1, or bi-prediction is used for the current prediction unit according
to Table 7-11. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered
prediction block relative to the top-left luma sample of the picture.
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Whej

Table 7-11 — Name association to inter prediction mode

inter_pred_idc Name of inter _pred_idc

(nPbW +nPbH) != 12 | (nPbW +nPbH) == 12

0 PRED L0 PRED L0
1 PRED LI PRED LI
2 PRED BI na
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fy the location ( x0, y0 ) of the top-left luma sample of the considered prediction block relative to the'top*left
le of the picture.

i ref idx_10[ x0 ][ yO ] is not present it is inferred to be equal to 0.

Ix_11[ x0 ][ yO ] has the same semantics as ref idx 10, with 10 and list O replaced by 11 and,list 1, respectively.

7 PCM sample semantics

sed to represent each of these samples is PcmBitDepthy.

sample_chroma[ i ] represents a coded chroma sample value in the raster*scan within the coding unit. Th

er of bits used to represent each of these samples is PcmBitDepthg:

8 Transform tree semantics

transform_flag[ x0 ][ yO ][ trafoDepth ] specifies whether{@block is split into four blocks with half horizont:
ertical size for the purpose of transform coding. The artay indices x0, y0 specify the location ( x0, y0 ) of th

fies the current subdivision level of a coding block into blocks for the purpose of transform coding. trafoDe
to 0 for blocks that correspond to coding blocks,

ariable interSplitFlag is derived as follows:

f max_transform hierarchy depth_intep is equal to 0 and CuPredMode[ x0 ][ yO ] is equal to MODE INTE]
PartMode is not equal to PART 2Nx2N and trafoDepth is equal to 0, interSplitFlag is set equal to 1.

Dtherwise, interSplitFlag is sef equal to 0.

 split_transform_flag[ x0-][.y0 ][ trafoDepth ] is not present, it is inferred as follows:

nferred to be equal\fo’1:
— log2TrafoSize is greater than Log2MaxTrafoSize

— IntraSplhitFlag is equal to 1 and trafoDepth is equal to 0

— AnterSplitFlag is equal to 1

Ix_10[ x0 ][ yO ] specifies the list 0 reference picture index for the current prediction unit. The array indices 30, y0

luma

sample_luma[ i ] represents a coded luma sample value in the raster scan within'the coding unit. The number of

b first

f the values represent coded Cb samples and the remaining half of the values represent coded Cr sampleg. The

1 and
 top-
Depth
pth is

R and

f one or more of the following conditions are true, the value of split_transform_flag[ x0 ][ yO ][ trafoDepth ] is

cbf _luma[ x0 ][ yO ][ trafoDepth | equal to 1 specifies that the luma transform block contains one or more transform
coefficient levels not equal to 0. The array indices x0, yO specify the location ( X0, y0 ) of the top-left luma sample of the
considered transform block relative to the top-left luma sample of the picture. The array index trafoDepth specifies the
current subdivision level of a coding block into blocks for the purpose of transform coding. trafoDepth is equal to 0 for
blocks that correspond to coding blocks.

When cbf luma[ x0 ][ y0 ][ trafoDepth ] is not present, it is inferred to be equal to 1.

cbf_cb[ x0 ][ yO ][ trafoDepth ] equal to 1 specifies that the Cb transform block contains one or more transform
coefficient levels not equal to 0. The array indices x0, y0 specify the top-left location ( x0, yO ) of the considered
transform unit. The array index trafoDepth specifies the current subdivision level of a coding block into blocks for the
purpose of transform coding. trafoDepth is equal to 0 for blocks that correspond to coding blocks.
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When cbf cb[ x0 ][ y0 ][ trafoDepth ] is not present, the value of cbf cb[ x0 ][ yO0 ][ trafoDepth ] is inferred as follows:

—  If trafoDepth is greater than 0 and log2TrafoSize is equal to 2, cbf cb[ x0 ][ yO ][ trafoDepth ] is inferred to be
equal to cbf cb[ xBase ][ yBase ][ trafoDepth — 1 ]

—  Otherwise, cbf cb[ x0 ][ y0 ][ trafoDepth ] is inferred to be equal to 0.

cbf_cr[ x0 [ yO ][ trafoDepth ] equal to 1 specifies that the Cr transform block contains one or more transform
coefficient levels not equal to 0. The array indices x0, y0 specify the top-left location ( x0, y0) of the considered
transform unit. The array index trafoDepth specifies the current subdivision level of a coding block into blocks for the
purpose of transform coding. trafoDepth is equal to 0 for blocks that correspond to coding blocks.

When cbf _cr[ x0 ][ yO ][ trafoDepth ] is not present, the value of cbf cr[ x0 ][ yO ][ trafoDepth ] is inferred as follows:

{o cbf cr| XBase][ yBase ][ trafoDeph —-1]

eequal

—  Otherwise, cbf cr[ x0 ][ yO ][ trafoDepth ] is inferred to be equal to 0.

7.4.919 Motion vector difference semantics

abs_mvd_greater0_flag| compldx | specifies whether the absolute value of a motion vector camponent differefice is
greatgr than 0.

abs_mvd_greater1l_flag| compldx | specifies whether the absolute value of a motion yeetor component differefice is
greater than 1.

Whetph abs mvd_greater]l flag[ compldx ] is not present, it is inferred to be equal tof0:

abs_mvd_minus2| compldx ] plus 2 specifies the absolute value of a motion veeter component difference.
When abs mvd_minus2[ compldx ] is not present, it is inferred to be equalto—1.

mvd |sign_flag| compldx ] specifies the sign of a motion vector component difference as follows:

—  If mvd sign flag[ compldx ] is equal to 0, the corresponding-motion vector component difference has a pogitive
value.

—  ODtherwise (mvd_sign_flag[ compldx ] is equal to 1),the corresponding motion vector component difference |has a
negative value.

Wheth mvd_sign_flag[ compldx ] is not present, it is\inferred to be equal to 0.
The 1potion vector difference IMvd[ compldx:]for compldx = 0..1 is derived as follows:

IMvd[ compldx | =abs mvd_greater0 flag[ compldx ] *
(abs_mvd_minus2[icompldx ]+2) * (1 —2 * mvd_sign flag[ compldx ]) ¥-59)

The pariable MvdLX[ x0 ][ yO Jfcompldx ], with X being O or 1, specifies the difference between a list X Yector
complonent to be used and its\prédiction. The value of MvdLX[ x0 ][ yO ][ compldx ] shall be in the range of —2b
to 2'1- 1, inclusive. The array-indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered
prediftion block relativesto the top-left luma sample of the picture. The horizontal motion vector component difference is
assighed compldx = Ond'the vertical motion vector component is assigned compldx = 1.

- frefList is equal to 0, MvdLO[ x0 ][ yO ][ compldx ] is set equal to IMvd[ compldx ] for compldx = 0..1.
—  Otherwisex(refList is equal to 1), MvdL1[ x0 ][ yO ][ compldx ] is set equal to IMvd[ compldx ] for compldx =[..1.

7.4.9{10-_ Transform unit semantics

The transform coefficient levels are represented by the arrays TransCoeftLevel[ x0 |[ yO |[ cldx ][ xC ][ yC |, which are
either specified in subclause 7.3.8.11 or inferred as follows. The array indices x0, y0 specify the location ( x0, y0 ) of the
top-left luma sample of the considered transform block relative to the top-left luma sample of the picture. The array
index cldx specifies an indicator for the colour component; it is equal to 0 for Y, 1 for Cb, and 2 for Cr. The array indices
xC and yC specify the transform coefficient location ( xC, yC ) within the current transform block. When the value of
TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] is not specified in subclause 7.3.8.11, it is inferred to be equal to 0.

cu_qp_delta_abs specifies the absolute value of the difference CuQpDeltaVal between the luma quantization parameter
of the current coding unit and its prediction.

cu_qp_delta_sign_flag specifies the sign of CuQpDeltaVal as follows:

— Ifcu gp delta sign flag is equal to 0, the corresponding CuQpDeltaVal has a positive value.
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—  Otherwise (cu_qp_delta_sign flag is equal to 1), the corresponding CuQpDeltaVal has a negative value.

When cu_qgp_delta sign flag is not present, it is inferred to be equal to 0.

When cu_qp_delta abs is present, the variables IsCuQpDeltaCoded and CuQpDeltaVal are derived as follows:
IsCuQpDeltaCoded = 1 (7-60)
CuQpDeltaVal =cu_qp_delta abs * (1 —2 * cu_qp_delta_sign flag) (7-61)

The value of CuQpDeltaVal shall be in the range of —( 26 + QpBdOffsety / 2 ) to +( 25 + QpBdOffsety / 2 ), inclusive.

7.4.9.11 Residual coding semantics

For intra prediction, different scanning orders are used. The variable scanldx specifies which scan order is used where
scanlffX equal to U specilics an up-right diagonal scan order, scanldx equal to I specilies a horizontal scan ordef, and
scanlfdx equal to 2 specifies a vertical scan order. The value of scanldx is derived as follows:

- f CuPredMode[ x0 ][ y0 ] is equal to MODE INTRA and one or more of the following conditions are'ttue:
— log2TrafoSize is equal to 2.

— log2TrafoSize is equal to 3 and cldx is equal to O.

predModelntra is derived as follows:

— If cldx is equal to 0, predModelntra is set equal to IntraPredModeY[ x0 ][ yO ]:

—  Otherwise, predModelntra is set equal to IntraPredModeC.

scanldx is derived as follows:

— If predModelntra is in the range of 6 to 14, inclusive, scanldx issetequal to 2.

—  Otherwise if predModelntra is in the range of 22 to 30, inclusive, scanldx is set equal to 1.
—  Otherwise, scanldx is set equal to 0.

—  Ptherwise, scanldx is set equal to 0.

trandform_skip_flag[ x0 ][ yO ][ cIdx ] specifies whether;a‘transform is applied to the associated transform block dr not:
The grray indices x0, y0 specify the location ( x0, y0\)*of the top-left luma sample of the considered transform plock
relatipe to the top-left luma sample of the picture., The array index cldx specifies an indicator for the colour compgnent;
it is pqual to O for luma, equal to 1 for Cb, and equal to 2 for Cr. transform_skip flag[ x0 ][ yO ][ cIdx ] equa] to 1
specifies that no transform is applied to the current transform block. transform skip flag[ x0 ][ yO ][ cldx ] equa] to 0
specifies that the decision whether transforni is applied to the current transform block or not depends on other gyntax
elem¢nts. When transform_skip flag[ x0 ][ yO ][ cIdx ] is not present, it is inferred to be equal to O.

last_sig_coeff x_prefix specifies_the) prefix of the column position of the last significant coefficient in scanning Jorder
withip a transform block. The valugs of last _sig coeff x prefix shall be in the range of 0 to ( log2TrafoSize << 1|)— 1,
inclugive.

last_sig_coeff y prefixCspecifies the prefix of the row position of the last significant coefficient in scanning |order
withip a transform block: The values of last_sig coeff y prefix shall be in the range of 0 to ( log2TrafoSize << 1|)— 1,
inclugive.

last_sig_coeff\xsuffix specifies the suffix of the column position of the last significant coefficient in scanning |order
within a ¢fransform block. The values of last sig coeff x suffix shall be in the range of to
(1 (‘(Nast_sig coeff x prefix >> 1)—1))— 1, inclusive.

The Columm position of the tast significant coefficient in scanming order within a transform biock LastSignificamtCoeffX
is derived as follows:

— Iflast sig coeff x suffix is not present, the following applies:
LastSignificantCoeffX = last sig coeff x prefix (7-62)
—  Otherwise (last_sig _coeff x suffix is present), the following applies:

LastSignificantCoeffX = (1 << ((last_sig coeff x prefix > 1)—1))* (7-63)
(2 + (last_sig coeff x prefix & 1)) + last sig coeff x suffix
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last_sig_coeff_y_suffix specifies the suffix of the row position of the last significant coefficient in scanning order within
a transform block. The values of last sig coeff y suffix shall be in the range of 0 to
(1 << ((last_sig coeff y prefix >> 1)—1))— 1, inclusive.

The row position of the last significant coefficient in scanning order within a transform block LastSignificantCoeffY is
derived as follows:

— Iflast sig coeff y suffix is not present, the following applies:
LastSignificantCoeffY = last sig coeff y prefix (7-64)
—  Otherwise (last_sig_coeff y suffix is present), the following applies:

LastSignificantCoeffY = (1 << ((last_sig_coeff y prefix >> 1)—-1))* (7-65)

(2t (lact s1a coeff 7 nrefix & 1 V) L lact g1 coeff v cuffix
\ \ — O —J I 77 O. —

Wheth scanldx is equal to 2, the coordinates are swapped as follows:

( LastSignificantCoeffX, LastSignificantCoeffY ) =
Swap( LastSignificantCoeffX, LastSignificantCoeffY ) (7-66)

codegl sub_block flag[ xS ][ yS ] specifies the following for the sub-block at location ( xS, yS\)-within the cprrent
transform block, where a sub-block is a (4x4) array of 16 transform coefficient levels:

— Iif coded_sub block flag[ xS ][ yS ] is equal to 0, the 16 transform coefficient levels\of the sub-block at logation
xS, yS ) are inferred to be equal to 0.

- therwise (coded_sub block flag[ xS ][ yS ] is equal to 1), the following applies;

— If(xS,yS) is equal to (0,0) and ( LastSignificantCoeffX, LastSignificantCoeffY ) is not equal to (0, P ), at
least one of the 16 sig_coeff flag syntax elements is present for th¢,sub-block at location ( xS, yS ) .

—  Otherwise, at least one of the 16 transform coefficient levels of\the sub-block at location ( xS, yS ) has p non
zero value.

Wheth coded sub_block flag[ xS ][ yS ] is not present, it is inferred ‘as follows:

—  Iif one or more of the following conditions are true, coded\sub_block flag[ xS ][ yS ] is inferred to be equal to
—  (xS,yS)isequalto(0,0)

— (xS, yS)is equal to ( LastSignificantCoeffX >> 2, LastSignificantCoeftY >> 2)

— therwise, coded _sub_block flag[ xS ][ y8 ]-is inferred to be equal to 0.

sig_cpeff_flag[ xC ][ yC ] specifies for thestransform coefficient location ( xC, yC ) within the current transform plock
whether the corresponding transform céefficient level at the location ( xC, yC ) is non-zero as follows:

- fsig coeff flag[ xC ][ yC lis\equal to 0, the transform coefficient level at the location ( xC, yC ) is set equal fo O.

—  Ptherwise (sig_coeff flag[yxC ][ yC ] is equal to 1), the transform coefficient level at the location ( xC, yC )|has a
jon-zero value.

When sig_coeff flag[& €[ yC ] is not present, it is inferred as follows:

- f (xC, yC ) fs-the last significant location ( LastSignificantCoeffX, LastSignificantCoeffY ) in scan order or|all of
the following)conditions are true, sig_coeff flag[ xC ][ yC ] is inferred to be equal to 1:

— AXC&3,yC&3)isequalto(0,0)

—_/inferSbDcSigCoeffFlag is equal to 1
— coded _sub_block flag[ xS ][ yS ]isequalto 1

—  Otherwise, sig_coeft flag[ xC ][ yC ] is inferred to be equal to 0.

coeff abs_level greaterl flag| n ] specifies for the scanning position n whether there are transform coefficient levels
greater than 1.

When coeff abs level greater]l flag[ n ] is not present, it is inferred to be equal to 0.

coeff abs_level greater2 flag| n ] specifies for the scanning position n whether there are transform coefficient levels
greater than 2.

When coeff abs level greater2 flag[ n ] is not present, it is inferred to be equal to 0.
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coeff _sign_flag[ n | specifies the sign of a transform coefficient level for the scanning position n as follows:

—  Ifcoeff sign flag[ n]is equal to 0, the corresponding transform coefficient level has a positive value.

—  Otherwise (coeff sign flag[ n ] is equal to 1), the corresponding transform coefficient level has a negative value.
When coeff sign flag[ n ] is not present, it is inferred to be equal to 0.

coeff abs level remaining[ n] is the remaining absolute value of a transform coefficient level that is coded with
Golomb-Rice code at the scanning position n. When coeff abs level remaining[ n ] is not present, it is inferred to be
equal to 0.

It is a requirement of bitstream conformance that the value of coeff abs level remaining[ n ] shall be constrained such
that the corresponding value of TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC] is in the range of —32768 to 32767,
inclugive-

8 Decoding process

8.1 General decoding process
Inputfto this process is a bitstream. Output of this process is a list of decoded pictures.

The layer identifier list TargetDecLayerldList, which specifies the list of nuh layer id_walues, in increasing order of
nuh_Jayer id values, of the NAL units to be decoded, is specified as follows:

- f some external means, not specified in this Specification, is available to set TargetDecLayerIfList,
[argetDecLayerldList is set by the external means.

—  Ptherwise, if the decoding process is invoked in a bitstream confofmance test as specified in subclausq C.1,
[argetDecLayerldList is set as specified in subclause C.1.

—  Dtherwise, TargetDecLayerldList contains only one nuh_layer. id-value that is equal to 0.
The vyariable HighestTid, which identifies the highest temporal stib-layer to be decoded, is specified as follows:

- f some external means, not specified in this Specification, is available to set HighestTid, HighestTid is set by the
pxternal means.

—  Ptherwise, if the decoding process is invokéd in a bitstream conformance test as specified in subclausq C.1,
HighestT1id is set as specified in subclause C.1.

—  Ptherwise, HighestTid is set equal to sps max_sub layers minusl.

The [sub-bitstream extraction processyas specified in clause 10 is applied with the bitstream, HighestTid] and
TarggtDecLayerldList as inputs, andthe output is assigned to a bitstream referred to as BitstreamToDecode.

The {lecoding processes specified“in the remainder of this subclause apply to each coded picture, referred to g4s the
currept picture and denoted by.the variable CurrPic, in BitstreamToDecode.

Depepding on the value 6f chroma format idc, the number of sample arrays of the current picture is as follows:
- f chroma_forrat-idc is equal to 0, the current picture consists of 1 sample array S;.
- Dtherwise'(chroma format idc is not equal to 0), the current picture consists of 3 sample arrays S;, Scy, Scr-

The decoding-process for the current picture takes as inputs the syntax elements and upper-case variables from clapise 7.

Wher interpreting the semantics of each syntax element in each NAL unit, the term "the bitstream" (or part thereof, le.g. a
CVS £4ha hatctrania\ wofoec 0 D Docada ar ot th a0

ot T
Re-ottSstre i) eSS tooitStre a0 ecoae{ o parttnereot-

The decoding process is specified such that all decoders will produce numerically identical cropped decoded pictures.
Any decoding process that produces identical cropped decoded pictures to those produced by the process described
herein (with the correct output order or output timing, as specified) conforms to the decoding process requirements of
this Specification.

When the current picture is a BLA picture that has nal unit_type equal to BLA W _LP or is a CRA picture, the following
applies:

—  If some external means not specified in this Specification is available to set the variable Use AltCpbParamsFlag to a
value, UseAltCpbParamsFlag is set equal to the value provided by the external means.

—  Otherwise, the value of UseAltCpbParamsFlag is set equal to 0.
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When the current picture is an IRAP picture, the following applies:

If the current picture is an IDR picture, a BLA picture, the first picture in the bitstream in decoding order, or the first

picture that follows an end of sequence NAL unit in decoding order, the variable NoRaslOutputFlag is set
to 1.

Otherwise, if some external means not specified in this Specification is available to set the va
HandleCraAsBlaFlag to a value for the current picture, the variable HandleCraAsBlaFlag is set equal to the
provided by the external means and the variable NoRaslOutputFlag is set equal to HandleCraAsBlaFlag.

equal

riable
value

Otherwise, the variable HandleCraAsBlaFlag is set equal to 0 and the variable NoRaslOutputFlag is set equal to 0.

Depending on the value of separate_colour plane flag, the decoding process is structured as follows:

The decoding process operates as follows for the current picture CurrPic:

8.2

feenarate colour nlane flaog 1¢ equal t6 0 the decodine nracessisinvaoked a cinale time wiath the current
| (=] 1 > o r i< |

icture

peing the oTltput.

Dtherwise (separate _colour plane flag is equal to 1), the decoding process is invoked three times.cInputs
lecoding process are all NAL units of the coded picture with identical value of colour plane idy The dec
brocess of NAL units with a particular value of colour plane id is specified as if only a CVScwith monoch
tolour format with that particular value of colour plane id would be present in the bitstream~Fhe output of eg
he three decoding processes is assigned to one of the 3 sample arrays of the current picture; with the NAL
vith colour plane id equal to 0, 1, and 2 being assigned to Sy, Scyp, and S;, respectively.

NPTE — The variable ChromaArrayType is derived as equal to O when separate colout, plane flag is equal to

thiat of monochrome pictures (when chroma format idc is equal to 0).

J. The decoding of NAL units is specified in subclause 8.2.

2. The processes in subclause 8.3 specify the following decoding processes using syntax elements in the
segment layer and above:

—  Variables and functions relating to picture orderzeount are derived in subclause 8.3.1. This needs
invoked only for the first slice segment of a picture.

—  The decoding process for RPS in subclause>8:3.2 is invoked, wherein reference pictures may be mark;
"unused for reference” or "used for longsterm reference". This needs to be invoked only for the firs
segment of a picture.

—  When the current picture is a.BL;A picture or is a CRA picture with NoRaslOutputFlag equal to
decoding process for generating unavailable reference pictures specified in subclause 8.3.3 is inV
which needs to be invoked only for the first slice segment of a picture.

—  PicOutputFlag is setas,follows:

—  If the current-picture is a RASL picture and NoRaslOutputFlag of the associated IRAP pict
equal to-1\. PicOutputFlag is set equal to 0.

—  Othérwise, PicOutputFlag is set equal to pic_output flag.

— At the’beginning of the decoding process for each P or B slice, the decoding process for reference p
lists’ construction specified in subclause 8.3.4 is invoked for derivation of reference picture
(RefPicList0) and, when decoding a B slice, reference picture list 1 (RefPicListl).

3. Fhe processes in subclauses 8.4, 8.5, 8.6, and 8.7 specify decoding processes using syntax elements in all §

o0 the
bding
rome
ch of
units

| and

cliroma_format_idc is equal to 3. In the decoding process, the value of this variable is evaluated.résulting in operations identical to

slice

to be

ed as
slice

[, the
oked,

ire is

cture
ist 0

yntax

structure layers. It is a requirement of bitstream conformance that the coded slices of the picture shall ¢

ntain

slice segment data for every coding tree unit of the picture, such that the division of the picture into slice

s, the

division of the slices into slice segments, and the division of the slice segments into coding tree units each forms

a partitioning of the picture.

4. After all slices of the current picture have been decoded, the decoded picture is marked as "used for short-term

reference".

NAL unit decoding process

Inputs to this process are NAL units of the access unit containing the current picture.

Outputs of this process are the parsed RBSP syntax structures encapsulated within the NAL units of the access unit
containing the current picture.

© ISO/IEC 2013 — All rights reserved

93


https://standardsiso.com/api/?name=7898a76f8f8e5aa08ba9964d35874254

ISO/IEC 23008-2:2013(E)

The decoding process for each NAL unit extracts the RBSP syntax structure from the NAL unit and then parses the
RBSP syntax structure.

8.3 Slice decoding process

8.3.1 Decoding process for picture order count
Output of this process is PicOrderCntVal, the picture order count of the current picture.

Picture order counts are used to identify pictures, for deriving motion parameters in merge mode and motion vector
prediction, and for decoder conformance checking (see subclause C.5).

Each coded picture is associated with a picture order count variable, denoted as PicOrderCntVal.

Wher the current picture is not an IRAP picture with NoRaslOutputFlag equal to 1, the variables prevPicOrdesChtLsb
and prevPicOrderCntMsb are derived as follows:

- et prevTidOPic be the previous picture in decoding order that has Temporalld equal to 0 and that.is mot a RASL
icture, a RADL picture, or a sub-layer non-reference picture.

- he variable prevPicOrderCntLsb is set equal to slice pic_order cnt Isb of prevTidOPic.

- he variable prevPicOrderCntMsb is set equal to PicOrderCntMsb of prevTidOPic.

The yariable PicOrderCntMsb of the current picture is derived as follows:

- the current picture is an IRAP picture with NoRaslOutputFlag equal to 1, PicOtderCntMsb is set equal to 0.
- therwise, PicOrderCntMsb is derived as follows:

if( (slice_pic_order cnt Isb < prevPicOrderCntLsb ) &&
( ( prevPicOrderCntLsb — slice pic_order cnt Isb) >= (MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntISsb 8-1)
else if( (slice_pic_order cnt_Isb > prevPicOrderCntLsb ) &&
( (slice pic_order cnt Isb — prevPicOrderCntLsb ),>"( MaxPicOrderCntLsb /2 ) ) )
PicOrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb
else
PicOrderCntMsb = prevPicOrderCntMsb

PicOrderCntVal is derived as follows:

PicOrderCntVal = PicOrderCntMsb + slice pic_order cnt Isb 8-2)

NPTE 1 — All IDR pictures will have PicOrderCntVal equal to 0 since slice pic_order cnt lIsb is inferred to be 0 for IDR pjctures
aijd prevPicOrderCntLsb and prevPicOrderCntMsb are both set equal to 0.

The Yalue of PicOrderCntVal shall(be in the range of —2°' to 2°' — 1, inclusive. In one CVS, the PicOrderCntVal values
for any two coded pictures shall not be the same.

The function PicOrderCnt( picX ) is specified as follows:
PicOrderCnt( pieX)) = PicOrderCntVal of the picture picX (8-3)
The flunction DiffRicOtrderCnt( picA, picB ) is specified as follows:
DiffPicOrderCnt( picA, picB ) = PicOrderCnt( picA ) — PicOrderCnt( picB ) 8-4)

The bitstream shall not contain data that result in values of DiffPicOrderCnt( picA, picB ) used in the decoding process
that grénet in the range of —2'° to 2'° — 1, inclusive.

NOTE 2 — Let X be the current picture and Y and Z be two other pictures in the same sequence, Y and Z are considered to be in
the same output order direction from X when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt( X, Z ) are positive or both are
negative.

8.3.2  Decoding process for reference picture set

This process is invoked once per picture, after decoding of a slice header but prior to the decoding of any coding unit and
prior to the decoding process for reference picture list construction for the slice as specified in subclause 8.3.3. This
process may result in one or more reference pictures in the DPB being marked as "unused for reference" or "used for
long-term reference".

NOTE 1 — The RPS is an absolute description of the reference pictures used in the decoding process of the current and future
coded pictures. The RPS signalling is explicit in the sense that all reference pictures included in the RPS are listed explicitly.
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A decoded picture in the DPB can be marked as "unused for reference", "used for short-term reference", or "used for
long-term reference", but only one among these three at any given moment during the operation of the decoding process.
Assigning one of these markings to a picture implicitly removes another of these markings when applicable. When a
picture is referred to as being marked as "used for reference", this collectively refers to the picture being marked as "used
for short-term reference" or "used for long-term reference" (but not both).

When the current picture is an IRAP picture with NoRaslOutputFlag equal to 1, all reference pictures currently in the
DPB (if any) are marked as "unused for reference".

Short-term reference pictures are identified by their PicOrderCntVal values. Long-term reference pictures are identified
either by their PicOrderCntVal values or their slice pic_order cnt Isb values.

Five lists of picture order count values are constructed to derive the RPS. These five lists are PocStCurrBefore,
PocStCurrAfter, PocStFoll, Pocl tCurr, and Pocl tFoll, with NumPocStCurrBefore, NumPocStCurrAfter, NumPocStFoll,
NumPocLtCurr, and NumPocLtFoll number of elements, respectively. The five lists and the five variables are deriyed as
folloyvs:

— Iff the current picture is an IDR picture, PocStCurrBefore, PocStCurrAfter, PocStFoll, PocLtCurr, and' PocLtFqll are
1l set to be empty, and NumPocStCurrBefore, NumPocStCurrAfter, NumPocStFoll, NumPocLtCurr] and
NumPocLtFoll are all set equal to 0.

- therwise, the following applies:

for(1=0,j=0, k=0; i < NumNegativePics[ CurrRpsldx ] ; i++)
if( UsedByCurrPicSO[ CurrRpsldx J[i])
PocStCurrBefore[ j++ ] = PicOrderCntVal + DeltaPocSO[ CurrRpsldx.][ 1]
else
PocStFoll[ k++ ] = PicOrderCntVal + DeltaPocSO[ CurrRpsIdx ][4
NumPocStCurrBefore = j

for(i=0,j=0;i<NumPositivePics[ CurrRpsldx ]; i++)
if( UsedByCurrPicS1[ CurrRpsldx J[i])
PocStCurrAfter[ j++ ] = PicOrderCntVal + DeltaPocSI| CurrRpsldx ][ i ]
else
PocStFoll[ k++ ] = PicOrderCntVal + DeltaPocS1[ CurrRpsIdx ][ i ]
NumPocStCurrAfter =j
NumPocStFoll =k 8-5)
for(1=0,j=0,k=0;i<num long term sps num_ long term pics;i++) {
pocLt =PocLsbLt[i]
if( delta_poc_msb_present_flag[ i3
pocLt += PicOrderCntVal ~DeltaPocMsbCycleLt[ i ] * MaxPicOrderCntLsb — slice_pic_order cnt [lsb
if( UsedByCurrPicLt[1]) {
PocLtCurr][ j ] = pocLt
CurrDeltaPocMsbPRresentFlag[ j++ ] = delta_poc_msb_present_flag[ i ]
} else {
PocLtFoll[ k{=pocLt
FollDeltaRoeMsbPresentFlag[ k++ ] = delta_poc msb present flag[ i ]
}

i
NumPocEtCurr = j

NumPRoclMtFoll = k

wher¢ PicOrderCntVal is the picture order count of the current picture as specified in subclause 8.3.1.

aluc X e range of 0 to num short term ref pic se ¢ a_candidate
short-term RPS from the active SPS is being used, where CurrRpsldx is the index of the candidate short-term RPS into the list of
candidate short-term RPSs signalled in the active SPS. CurrRpsldx equal to num short _term ref pic_sets indicates that the short-
term RPS of the current picture is directly signalled in the slice header.

For each i in the range of 0 to NumPocLtCurr — 1, inclusive, when CurrDeltaPocMsbPresentFlag| i ] is equal to 1, it is a
requirement of bitstream conformance that the following conditions apply:

—  There shall be no j in the range of 0 to NumPocStCurrBefore — 1, inclusive, for which PocLtCurr[ i ] is equal to
PocStCurrBefore] j ].

—  There shall be no j in the range of 0 to NumPocStCurrAfter — 1, inclusive, for which PocLtCurr[i] is equal to
PocStCurrAfter| j ].
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—  There shall be no j in the range of 0 to NumPocStFoll — 1, inclusive, for which PocLtCurr[i] is equal to
PocStFoll[ j ].

—  There shall be no j in the range of 0 to NumPocLtCurr — 1, inclusive, where j is not equal to i, for which
PocLtCurr] i ] is equal to PocLtCurr][ j ].

For each i in the range of 0 to NumPocLtFoll — 1, inclusive, when FollDeltaPocMsbPresentFlag[ i ] is equal to 1, it is a
requirement of bitstream conformance that the following conditions apply:

There shall be no j in the range of 0 to NumPocStCurrBefore — 1, inclusive, for which PocLtFoll[ i ] is equal to
PocStCurrBefore] j ].

—  There shall be no j in the range of 0 to NumPocStCurrAfter — 1, inclusive, for which PocLtFoll[ i ] is equal to
PocStCurrAfter| j ].

—  There shall be no j in the range of 0 to NumPocStFoll — 1, inclusive, for which PocLtFoll[i] is eqllal to
PocStFoll[ j ].

—  There shall be no j in the range of 0 to NumPocLtFoll — 1, inclusive, where j is not equal(to .I, for yhich
PocLtFoll[ i ] is equal to PocLtFoll[ j ].

—  There shall be no j in the range of 0 to NumPocLtCurr — 1, inclusive, for which PocLtFoll[i] is eqgal to
PocLtCurr| j ].

For epch i in the range of 0 to NumPocLtCurr — 1, inclusive, when CurrDeltaPocMsbPregentFlag| i ] is equal to O, fit is a
requifement of bitstream conformance that the following conditions apply:

—  There shall be no j in the range of 0 to NumPocStCurrBefore — 1, inclusive;for which PocLtCurr[ i ] is eqpal to
PocStCurrBefore[ j | & ( MaxPicOrderCntLsb — 1) ).

—  There shall be no j in the range of 0 to NumPocStCurrAfter — 1, inclusive, for which PocLtCurr[ 1] is eqypal to
PocStCurrAfter| j | & ( MaxPicOrderCntLsb — 1) ).

—  There shall be no j in the range of 0 to NumPocStFoll — {);inclusive, for which PocLtCurr[i] is equal to
PocStFoll[ j | & ( MaxPicOrderCntLsb — 1) ).

—  There shall be no j in the range of 0 to NumPocLt€prr — 1, inclusive, where j is not equal to i, for yhich
PocLtCurr| i ] is equal to ( PocLtCurr][ j ] & ( MaxPicQrderCntLsb — 1 )).

For epch i in the range of 0 to NumPocLtFoll — 1, inclusive, when FollDeltaPocMsbPresentFlag[ i ] is equal to O, Jt is a
requifement of bitstream conformance that the follewing conditions apply:

—  There shall be no j in the range of 0 to.NumPocStCurrBefore — 1, inclusive, for which PocLtFoll[ i] is eqpal to
PocStCurrBefore[ j | & ( MaxPicOrderCntLsb — 1) ).

—  There shall be no j in the range 'of 0 to NumPocStCurrAfter — 1, inclusive, for which PocLtFoll[ i ] is eqypal to
PocStCurrAfter|[ j ] & ( MaxPi¢OrderCntLsb — 1) ).

—  There shall be no j in-the range of 0 to NumPocStFoll — 1, inclusive, for which PocLtFoll[i] is equal to
PocStFoll[ j | & ( MaxRicOrderCntLsb — 1) ).

—  There shall be ne.j/in the range of 0 to NumPocLtFoll — 1, inclusive, where j is not equal to i, for yhich
PocLtFoll[ i | isiequal to ( PocLtFoll[ j ] & ( MaxPicOrderCntLsb — 1) ).

—  There shall"\be no j in the range of 0 to NumPocLtCurr — 1, inclusive, for which PocLtFoll[i] is eqgal to
PocLtGurt j | & ( MaxPicOrderCntLsb — 1) ).

The yariable NumPocTotalCurr is derived as specified in subclause 7.4.7.2. It is a requirement of bitstream conforrhance
that the following applies to the value of NumPocTotalCurr:

—  Ifthe current picture is a BLA or CRA picture, the value of NumPocTotalCurr shall be equal to 0.
—  Otherwise, when the current picture contains a P or B slice, the value of NumPocTotalCurr shall not be equal to 0.

The RPS of the current picture consists of five RPS lists; RefPicSetStCurrBefore, RefPicSetStCurrAfter,
RefPicSetStFoll, RefPicSetLtCurr and RefPicSetLtFoll. RefPicSetStCurrBefore, RefPicSetStCurrAfter, and
RefPicSetStFoll are collectively referred to as the short-term RPS. RefPicSetLtCurr and RefPicSetLtFoll are collectively
referred to as the long-term RPS.
NOTE 3 — RefPicSetStCurrBefore, RefPicSetStCurrAfter, and RefPicSetLtCurr contain all reference pictures that may be used for
inter prediction of the current picture and one or more pictures that follow the current picture in decoding order. RefPicSetStFoll
and RefPicSetLtFoll consist of all reference pictures that are not used for inter prediction of the current picture but may be used in
inter prediction for one or more pictures that follow the current picture in decoding order.
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The derivation process for the RPS and picture marking are performed according to the following ordered steps:

1.

The following applies:

for(1=0; i < NumPocLtCurr; i++)
if( !CurrDeltaPocMsbPresentFlag[ i ] )
if( there is a reference picture picX in the DPB with slice pic_order cnt lsb equal to PocLtCurr[i])
RefPicSetLtCurr[ i ] = picX
else
RefPicSetLtCurr[ i ] = "no reference picture"
else
if( there is a reference picture picX in the DPB with PicOrderCntVal equal to PocLtCurr[i])
RefPicSetLtCurr[ i | = picX

[NSY

CISC
RefPicSetLtCurr[ i ] = "no reference picture" 8-0)
for(1=0; i < NumPocLtFoll; i++)
if( !FollDeltaPocMsbPresentFlag[ i ] )
if( there is a reference picture picX in the DPB with slice_pic_order cnt lsb equal to.PoeLtFoll[ i|] )
RefPicSetLtFoll[ i ] = picX
else
RefPicSetLtFoll[ i ] = "no reference picture"
else
if( there is a reference picture picX in the DPB with PicOrderCntVal equalto PocLtFoll[i])
RefPicSetLtFoll[ i ] = picX
else
RefPicSetLtFoll[ i ] = "no reference picture"

All reference pictures that are included in RefPicSetLtCurr and RéfPicSetLtFoll are marked as "used for[long-
term reference".

The following applies:

for( 1= 0; i < NumPocStCurrBefore; i++)
if( there is a short-term reference picture picX incthe DPB
with PicOrderCntVal equal to PocSt€urrBefore[ 1 ])
RefPicSetStCurrBefore[ 1 ] = picX
else
RefPicSetStCurrBefore[ i1 | = "no‘teference picture"

for(i=0; i < NumPocStCurrAfter; is<)
if( there is a short-term reference picture picX in the DPB
with PicOrderCntVal equal to PocStCurrAfter[i])
RefPicSetStCurrAdter] i ] = picX
else
RefPicSetSt€urrAfter[ i ] = "no reference picture" (8-7)

for(i=0; i <NumPecStFoll; i++ )
if( there js~a-short-term reference picture picX in the DPB
with PicOrderCntVal equal to PocStFoll[i])
RefPicSetStFoll[ i | = picX
else
RefPicSetStFoll[ i | = "no reference picture"

All reference pictures in the DPB that are not included in RefPicSetLtCurr, RefPicSetlftFoll,

s SN L PP~ o RN LS R PP~ A P LD e 1 m 1c £ m
RCIFICSCLITCUITHCIOIT, RCIFICSCISICUITATLICT, O RCITICSCLSINOIL dIT [TIdIKCU dS  UITUSCU 10T TTICITIICT .

NOTE 4 — There may be one or more entries in the RPS lists that are equal to "no reference picture" because the corresponding
pictures are not present in the DPB. Entries in RefPicSetStFoll or RefPicSetLtFoll that are equal to "no reference picture" should
be ignored. An unintentional picture loss should be inferred for each entry in RefPicSetStCurrBefore, RefPicSetStCurrAfter, or
RefPicSetLtCurr that is equal to "no reference picture".

NOTE 5 — A picture cannot be included in more than one of the five RPS lists.

It is a requirement of bitstream conformance that the RPS is restricted as follows:

—  There shall be no entry in RefPicSetStCurrBefore, RefPicSetStCurrAfter, or RefPicSetLtCurr for which one or more
of the following are true:

—  The entry is equal to "no reference picture".
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8.3.3] Decoding process for genérating unavailable reference pictures

8.3.3]1 General decoding process for generating unavailable reference pictures

This [process is invokedonce per coded picture when the current picture is a BLA picture or is a CRA picturg
NoRg3slOutputFlag equal to 1.

—  The entry is a sub-layer non-reference picture and has Temporalld equal to that of the current picture.
—  The entry is a picture that has Temporalld greater than that of the current picture.

There shall be no entry in RefPicSetLtCurr or RefPicSetLtFoll for which the difference between the picture
count value of the current picture and the picture order count value of the entry is greater than or equal to 2**.

order

When the current picture is a TSA picture, there shall be no picture included in the RPS with Temporalld greater

than or equal to the Temporalld of the current picture.

When the current picture is an STSA picture, there shall be no picture included in RefPicSetStCurrBefore,

RefPicSetStCurrAfter, or RefPicSetLtCurr that has Temporalld equal to that of the current picture.

When the current picture is a picture that follows, in decoding order, an STSA picture that has Temporalld equal to

hat of the current n1nf11rn there shall he ng vnr\fnvn that has Temnaralld equal to that of the current nicture inc
| r 1 r

uded

n RefPlcSetStCurrBefore RewaSetStCurrAfter or RefPicSetLtCurr that precedes the STSA picture in deée
rder.

When the current picture is a CRA picture, there shall be no picture included in the RPS that precedes, in dec|
rder, any preceding IRAP picture in decoding order (when present).

When the current picture is a trailing picture, there shall be no picture in RefPicSetStCurrB
RefPicSetStCurrAfter, or RefPicSetLtCurr that was generated by the decoding process for-generating unaval
eference pictures as specified in subclause 8.3.3.

When the current picture is a trailing picture, there shall be no picture in the RPS that*precedes the associated
bicture in output order or decoding order.

When the current picture is a RADL picture, there shall be no picture included in RefPicSetStCurrB
RefPicSetStCurrAfter, or RefPicSetLtCurr that is any of the following:

— A RASL picture

— A picture that was generated by the decoding process.for generating unavailable reference pictug
specified in subclause 8.3.3

— A picture that precedes the associated IRAP picture in decoding order
YWhen the sps_temporal id nesting_flag is equal to IZthe following applies:
—  Let tIdA be the value of Temporalld of the current picture picA.

— Any picture picB with Temporalld equal to tIdB that is less than or equal to tIdA shall not be inclug
RefPicSetStCurrBefore, RefPicSetStCurrAfter, or RefPicSetLtCurr of picA when there exists a p
picC that has Temporalld less-than tIdB, follows picB in decoding order, and precedes picA in dec
order.

NPTE — This_process is primarily specified only for the specification of syntax constraints for RASL pictures. The
sflecification ef'the decoding process for RASL pictures associated with an IRAP picture that has NoRaslOutputFlag equal
included.herein only for purposes of specifying constraints on the allowed syntax content of such RASL pictures. Duri
dg¢coding‘process, any RASL pictures associated with an IRAP picture that has NoRaslOutputFlag equal to 1 may be ignot

bding

bding

bfore,
ilable

[RAP

bfore,

cS as

ed in
cture
bding

with

entire
fo 1 is
g the
ed, as
ied for

thiese plctures are not spemﬁed for output and have no effect on the decodmg process of any other p1ctures that are spemf

derlvatlon of CPB arrival and removal tlmes

When this process is invoked, the following applies:

98

ation in

For each RefPicSetStFoll[ i ], with i in the range of 0 to NumPocStFoll — 1, inclusive, that is equal to "no reference

picture", a picture is generated as specified in subclause 8.3.3.2, and the following applies:
—  The value of PicOrderCntVal for the generated picture is set equal to PocStFoll[ i ].
—  The value of PicOutputFlag for the generated picture is set equal to 0.
—  The generated picture is marked as "used for short-term reference".

— RefPicSetStFoll[ i ] is set to be the generated reference picture.
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—  For each RefPicSetLtFoll[ i ], with i in the range of 0 to NumPocLtFoll — 1, inclusive, that is equal to "no reference
picture", a picture is generated as specified in subclause 8.3.3.2, and the following applies:

8.3.3
Whet

8.3.4
This

—  The value of PicOrderCntVal for the generated picture is set equal to PocLtFoll[ i ].

—  The value of slice pic_order cnt Isb for the generated picture is inferred to be equal to ( PocLtFoll[ 1] &

( MaxPicOrderCntLsb — 1) ).
—  The value of PicOutputFlag for the generated picture is set equal to 0.
—  The generated picture is marked as "used for long-term reference".

— RefPicSetLtFoll[ i ] is set to be the generated reference picture.

2 Generation of one unavailable picture

| this process is invoked, an unavailable picture is generated as follows:
[he value of each element in the sample array S; for the picture is set equal to 1 << ( BitDepthy — 1 )!
['he value of each element in the sample arrays Sc, and Sc; for the picture is set equal to 1 << ( BitDepthe — 1

[he prediction mode CuPredMode[ x [[ v ] is set equal to MODE INTRA
k = 0..pic_width_in luma samples — 1, y = 0..pic_height in luma samples — 1.

Decoding process for reference picture lists construction

process is invoked at the beginning of the decoding process for each P or B slicel

Refetence pictures are addressed through reference indices as specified in sub¢latise 8.5.3.3.2. A reference index

index
deco

At tH
RefP

The Y
the i

into a reference picture list. When decoding a P slice, there is a single‘reference picture list RefPicList0.
ling a B slice, there is a second independent reference picture list RefPi€List] in addition to RefPicList0.

e beginning of the decoding process for each slice, the referetice picture lists RefPicList0 and, for B
cListl are derived as follows:

rariable NumRpsCurrTempListO is set equal to Max( num/¢ef idx 10 active minusl + 1, NumPocTotalCurr
5t RefPicListTemp0 is constructed as follows:

rldx =0
while( rldx < NumRpsCurrTempList0 ) {
for( 1= 0; i < NumPocStCurrBefore &&. rldx < NumRpsCurrTempList0; rldx++, i++)
RefPicListTempO[ rldx | = RefPieSetStCurrBefore[ i ]
for(1=0; i <NumPocStCurrAfters&& rldx < NumRpsCurrTempList0; rldx++, i++)
RefPicListTempO[ rldx ] = RefPicSetStCurrAfter| 1 |
for(1=0; i < NumPocLtCurr’&& rldx < NumRpsCurrTempList0; rldx++, i++)
RefPicListTempO[ rIdx)]'= RefPicSetLtCurr] i ]

}

The ljst RefPicList0 is consttueted as follows:

Whet
Max

for( rldx = 0; rldx"<= num_ref idx 10 active minusl; rldx++)
RefPicListOfrldx | =ref pic list modification flag 10 ? RefPicListTempO[ list entry 10[ rldx ] ] :
RefPicListTempO[ rldx ]

| thewSlice is a B slice, the variable NumRpsCurrTempListl is  set  equal
num ¥ef idx 11 active minusl + 1, NumPocTotalCurr ) and the list RefPicListTempl is constructed as follo

fldx =0

for

is an
When

lices,

) and

8-8)

8-9)

to

while( rldx < NumRpsCurrTempListl ) {
for( 1= 0; 1 < NumPocStCurrAfter && rldx < NumRpsCurrTempListl; rIdx++, i++)
RefPicListTempl[ rldx ] = RefPicSetStCurrAfter[ i |

for(i=0; i <NumPocStCurrBefore && rldx < NumRpsCurrTempListl; rldx++, i++) (8-10)

RefPicListTempl[ rldx ] = RefPicSetStCurrBefore[ i ]
for(1=0; i <NumPocLtCurr && rldx < NumRpsCurrTempListl; rldx++, i++)
RefPicListTempl[ rldx ] = RefPicSetLtCurr] i ]
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When the slice is a B slice, the list RefPicListl is constructed as follows:

for( rldx = 0; rldx <= num_ref idx 11 active minusl; rldx++) (8-11)
RefPicList][ rldx | =ref pic list modification flag 11 ? RefPicListTempl[ list entry 11[ rIdx ] ]:
RefPicListTemp1[ rldx ]

8.4 Decoding process for coding units coded in intra prediction mode

8.4.1  General decoding process for coding units coded in intra prediction mode
Inputs to this process are:

— a luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma sample of the current picture,

— avariable log2CbSize specifying the size of the current luma coding block.
Outppt of this process is a modified reconstructed picture before deblocking filtering.

The ¢lerivation process for quantization parameters as specified in subclause 8.6.1 is invoked withhthe”’luma log¢ation
(xCHY, yCb ) as input.

A vatiable nCbS is set equal to 1 << log2CbSize.

Depepnding on the values of pcm flag[ xCb ][ yCb ] and IntraSplitFlag, the decoding’precess for luma samples is
specified as follows:

— Iflpem_flag[ xCb ][ yCb ] is equal to 1, the reconstructed picture is modified as follows:

S[xCb+1][yCb+j]=
pcm_sample luma[ (nCbS *j)+i] << ( BitDepthy — PcmBitDepthy ), with i, j = 0..nCbS — 1 (B-12)

— Otherwise (pcm_flag[ xCb ][ yCb ] is equal to 0), if IntraSplitFlag is\eéqual to 0, the following ordered steps applly:

1 The derivation process for the intra prediction mode as specified in subclause 8.4.2 is invoked with the|luma
location ( xCb, yCb ) as input.

2]  The general decoding process for intra blocks as specified in subclause 8.4.4.1 is invoked with the luma lo¢ation
( xCb, yCb ), the variable log2TrafoSize set equal to 1og2CbSize, the variable trafoDepth set equal to {), the
variable predModelntra set equal to IntraPredModeY[ xCb ][ yCb ], and the variable cldx set equal tol O as
inputs, and the output is a modified reconstiucted picture before deblocking filtering.

—  Otherwise (pcm_flag[ xCb ][ yCb ] is equal to 0 and IntraSplitFlag is equal to 1), for the variable blkldx proceeding
er the values 0..3, the following ordefed steps apply:

I}  The variable xPb is set equal to-xCb + ( nCbS >> 1) * ( blkldx % 2 ).
2| The variable yPb is set equal'to yCb + ( nCbS >> 1) * (blkldx/2).

]

3] The derivation procéss)for the intra prediction mode as specified in subclause 8.4.2 is invoked with the|luma
location ( xPb, yPb?)/as input.

4l The general decoding process for intra blocks as specified in subclause 8.4.4.1 is invoked with the luma log¢ation
( xPb, yPb); the variable log2TrafoSize set equal to log2CbSize — 1, the variable trafoDepth set equal to [I, the
variablezpredModelntra set equal to IntraPredModeY[ xPb ][ yPb ], and the variable cldx set equal to| O as
inputsyand the output is a modified reconstructed picture before deblocking filtering.

Depending on the value of pcm_flag[ xCb ][ yCb ], the decoding process for chroma samples is specified as follows|

— IfpemrfiagfxCo i yCh T isequalto 1 the Teconstructed picture 15 modified as fottows:

Scp[ XCb /2 +1][yCb/2 +j]=pcm sample chroma[ (nCbS/2*j)+i] <<

( BitDepthe — PcmBitDepthc ), with i, j = 0..nCbS /2 — 1 (8-13)
Sc.[xCb/2+i][yCb/2+j]=pcm sample chroma[ (nCbS/2* (j+nCbS/2))+i] <<
( BitDepthe — PcmBitDepthc ), with i, j = 0..nCbS /2 — 1 (8-14)

— Otherwise (pcm_flag[ xCb ][ yCb ] is equal to 0), the following ordered steps apply:

1. The derivation process for the chroma intra prediction mode as specified in 8.4.3 is invoked with the luma
location ( xCb, yCb ) as input, and the output is the variable IntraPredModeC.

2. The general decoding process for intra blocks as specified in subclause 8.4.4.1 is invoked with the chroma
location ( xCb /2, yCb / 2 ), the variable log2TrafoSize set equal to log2CbSize — 1, the variable trafoDepth set
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equal to 0, the variable predModelntra set equal to IntraPredModeC, and the variable cldx set equal to 1 as
inputs, and the output is a modified reconstructed picture before deblocking filtering.

3. The general decoding process for intra blocks as specified in subclause 8.4.4.1 is invoked with the chroma
location ( xCb / 2, yCb /2 ), the variable log2TrafoSize set equal to 1og2CbSize — 1, the variable trafoDepth set
equal to 0, the variable predModelntra set equal to IntraPredModeC, and the variable cldx set equal to 2 as
inputs, and the output is a modified reconstructed picture before deblocking filtering.

8.4.2  Derivation process for luma intra prediction mode

Input to this process is a luma location ( xPb, yPb ) specifying the top-left sample of the current luma prediction block
relative to the top-left luma sample of the current picture.

In this process, the luma intra prediction mode IntraPredModeY[ xPb ][ yPb ] is derived.

Tablg 8-1 specifies the value for the intra prediction mode and the associated names.

Table 8-1 — Specification of intra prediction mode and associated names

Intra prediction mode Associated name
0 INTRA PLANAR
1 INTRA DC
2.34 INTRA ANGULAR2.INTRA ANGUI'AR34

IntraPredModeY[ xPb ][ yPb ] labelled 0..34 represents directions of predictions-as illustrated in Figure 8-1.

18 19 20 21 22 23 24 25 26 27 28 29,30 31 32 33 34

A

N
3

el L Gl 9l

zl

0 :Intra_Planar
1 :Intra_DC

Figure 8-1 — Intra prediction mode directions (informative)

IntraPredModeY[ xPb ][ yPb ] is derived by the following ordered steps:

1. The neighbouring locations ( xNbA, yNbA ) and (xNbB,yNbB) are set equal to (xPb—1,yPb) and
( xPb, yPb — 1), respectively.

2. For X being replaced by either A or B, the variables candIntraPredModeX are derived as follows:
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The availability derivation process for a block in z-scan order as specified in subclause 6.4.1 is invoked with
the location ( xCurr, yCurr ) set equal to ( xPb, yPb ) and the neighbouring location ( xXNbY, yNbY ) set
equal to ( xXNbX, yNbX ) as inputs, and the output is assigned to availableX.

The candidate intra prediction mode candIntraPredModeX is derived as follows:

— IfavailableX is equal to FALSE, candIntraPredModeX is set equal to INTRA DC.
— Otherwise, if CuPredMode[ xNbX J[yNbX ] is not equal to MODE INTRA or

pem_flag[ xNbX ][ yNbX ] is equal to 1, candIntraPredModeX is set equal to INTRA DC,

— Otherwise, if X is equal to B and yPb — 1 is less than ( ( yPb >> CtbLog2SizeY ) << CtbLog2SizeY ),

candIntraPredModeB is set equal to INTRA DC.

The candModeList[ x ] with x = 0..2 is derived as follows:

IntraPredModeY[xPb ][ yPb ] is derived by applying the following procedure:

hﬂm:vvn;on’ candntraPredModeX 1 set Aqna] 1o TnfvaDvnr”\/fnﬂnv[ xNBbX ][ yT\n'\Y ].

If candIntraPredModeB is equal to candIntraPredModeA, the following applies:

— If candIntraPredModeA is less than 2 (i.e. equal to INTRA PLANAR Qor INTRA|DC),
candModeList[ x ] with x =0..2 is derived as follows:

candModeList[ 0 ] =INTRA PLANAR (B-15)

candModeList[ 1 ] =INTRA DC (B-16)

candModeList[ 2 ] = INTRA ANGULAR26 (B-17)
—  Otherwise, candModeList[ x | with x =0..2 is derived as follows:

candModeList[ 0 ] = candIntraPredModeA (B-18)

candModeList[ 1 ] =2 + ( ( candIntraPredModeA 4,29 ) % 32 ) (B-19)

candModeList[ 2 ] =2 + ( ( candIntraPredModeA'—2 + 1) % 32) (8-20)

Otherwise (candIntraPredModeB is not equal to.eandIntraPredModeA), the following applies:
candModeList[ 0 ] and candModeList[ l.}-are derived as follows:
candModeList[ 0 ] = candIntraPredModeA (B-21)
candModeList[ 1 ] = candIntraPredModeB (B-22)

— If neither of candMedelist{ 0] and candModeList[ 1] is equal to INTRA PLANAR,
candModeList[ 2 ] is set equal to INTRA PLANAR,

— Otherwise, if neither of candModeList[ 0] and candModeList[ 1] is equal to INTRA DC,
candModeList[2 }-s set equal to INTRA DC,

—  Otherwise, candModeList[ 2 ] is set equal to INTRA ANGULAR26.

If pregintra luma pred flag[ xPb ][ yPb ] is equal to 1, the IntraPredModeY[ xPb ][ yPb ] is set eqpal to
candModeList[ mpm_idx ].

Otherwise, IntraPredModeY[ xPb ][ yPb ] is derived by applying the following ordered steps:
1) The array candModeList[ x ], x = 0..2 is modified as the following ordered steps:

1. When candModeList[ O | 1s greater than candModeList| 1 ], both values are swapped as follows:
( candModeList[ 0 ], candModeList[ 1 ] ) = Swap( candModeList[ 0 ], candModeList[ 1 ]) (8-23)
ii. ~ When candModeList[ 0 ] is greater than candModeList[ 2 ], both values are swapped as follows:
( candModeList[ 0 ], candModeList[ 2 ] ) = Swap( candModeList[ 0 ], candModeList[ 2 ]) (8-24)
iii. ~ When candModeList[ 1 ] is greater than candModeList[ 2 ], both values are swapped as follows:
( candModeList[ 1 ], candModeList[ 2 ] ) = Swap( candModeList[ 1 ], candModeList[ 2]) (8-25)
2) IntraPredModeY[ xPb ][ yPb ] is derived by the following ordered steps:

i.  IntraPredModeY[ xPb ][ yPb ] is set equal to rem_intra luma_pred mode[ xPb ][ yPb ].
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ii. For i equal to 0 to 2, inclusive, when IntraPredModeY[ xPb ][ yPb ] is greater than or equal to
candModelList[ i ], the value of IntraPredModeY[ xPb ][ yPb ] is incremented by one.

8.4.3  Derivation process for chroma intra prediction mode

Input to this process is a luma location ( XCb, yCb ) specifying the top-left sample of the current luma coding block
relative to the top-left luma sample of the current picture.

Output of this process is the variable IntraPredModeC.

The chroma intra prediction mode IntraPredModeC is derived using intra chroma pred mode[ xCb ][ yCb ] and
IntraPredModeY[ xCb ][ yCb ] as specified in Table 8-2.

Table 8-2 — Specification of IntraPredModeC

IntraPredModeY[ xCb ][ yCb |
intra_chroma_pred_mode[ xCb ][ yCb ]
0 26 10 1 X(0 <=X <= 34)

0 34 0 0 0 0
1 26 34 26 26 26
2 10 10 34 10 10
3 1 1 1 34 1
4 0 26 10 1 X

8.4.4] Decoding process for intra blocks
8.4.4]1 General decoding process for intra blocks
Inputk to this process are:

— ajsample location ( xTb0, yTb0 ) specifying the top-left:sample of the current transform block relative to the top-left
dgmple of the current picture,

2]

— alvariable log2TrafoSize specifying the size of thi¢)current transform block,

— a|variable trafoDepth specifying the hierarchy depth of the current block relative to the coding unit,
— a|variable predModelntra specifying thesintra prediction mode,

— a|variable cldx specifying the coldur component of the current block.

Outppt of this process is a modified reconstructed picture before deblocking filtering.

The luma sample location (xFbY, yTbY ) specifying the top-left sample of the current luma transform block relatjve to
the tgp-left luma samplecof'the current picture is derived as follows:

(xTbY, yTbY))= (cldx == 0)? (xTb0, yTb0 ) : (xTb0 << 1,yTb0 << 1) (B-26)
The variable splitFiag is derived as follows:

— If|cldx is,equal to 0, splitFlag is set equal to split transform flag[ xTbY ][ yTbY ][ trafoDepth ].

— Ofheryise, if all of the following conditions are true, splitFlag is set equal to 1.

—  cldx is greater than 0
—  split_transform_flag[ xTbY ][ yTbY ][ trafoDepth ] is equal to 1
—  log2TrafoSize is greater than 2
— Otherwise, splitFlag is set equal to 0.
Depending on the value of splitFlag, the following applies:
— If splitFlag is equal to 1, the following ordered steps apply:
1. The variables xTb1 and yTb1 are derived as follows:
—  The variable xTbl is set equal to xTb0 + (1 << (log2TrafoSize —1)).
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8.4.4]12 Intra sample prediction

8.4.412.1 General intra sample prediction

Inputk to this process are:

Outppit of this pregess is the predicted samples predSamples[ x |[ y |, with x, y = 0..0TbS — 1.

—  The variable yTbl is set equal to yTb0 + (1 << (log2TrafoSize—1)).

2. The general decoding process for intra blocks as specified in this subclause is invoked with the location
( xTbO0, yTb0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the variable trafoDepth set equal to
trafoDepth + 1, the intra prediction mode predModelntra, and the variable cldx as inputs, and the output is a
modified reconstructed picture before deblocking filtering.

3. The general decoding process for intra blocks as specified in this subclause is invoked with the location
(xTbl, yTb0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the variable trafoDepth set equal to
trafoDepth + 1, the intra prediction mode predModelntra, and the variable cldx as inputs, and the output is a
modified reconstructed picture before deblocking filtering.

4. The general decoding process for intra blocks as specified in this subclause is invoked with the location
(xTb0, yTb1 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the variable trafoDepth set equal to
trafoDepth + 1, the intra prediction mode predModelntra, and the variable cldx as inputs, and the outpyt is a
modified reconstructed picture before deblocking filtering.

5] The general decoding process for intra blocks as specified in this subclause is invoked with 'the logation
(xTbl, yTbl ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the variable trafoDepth set eqpal to
trafoDepth + 1, the intra prediction mode predModelntra, and the variable cldx as inputs, and the outpyt is a
modified reconstructed picture before deblocking filtering.

Otherwise (splitFlag is equal to 0), the following ordered steps apply:
1}  The variable nTbS is set equal to 1 << log2TrafoSize.

2| The general intra sample prediction process as specified in subclause 8.44.2.1 is invoked with the tranfform
block location ( xTb0, yTb0 ), the intra prediction mode predModelntrd; the transform block size nTbS, ard the
variable cldx as inputs, and the output is an (nTbS)x(nTbS) array predSamples.

3| The scaling and transformation process as specified in subclause 8.6.2 is invoked with the luma log¢ation
(xTbY, yTbY ), the variable trafoDepth, the variable cldx, and'the transform size trafoSize set equal to nT[pS as
inputs, and the output is an (nTbS)x(nTbS) array resSamples;

4f The picture reconstruction process prior to in-lopp~filtering for a colour component as specifigd in
subclause 8.6.5 is invoked with the transform block Tecation ( xTb0, yTb0 ), the transform block size nTbp, the
variable cldx, the (nTbS)x(nTbS) array predSamples, and the (nTbS)x(nTbS) array resSamples as inputs.

a[sample location ( xTbCmp, yTb€mp ) specifying the top-left sample of the current transform block relative fo the
[p-left sample of the current picture,

=
(@)

o

variable predModelntra specifying the intra prediction mode,
a [variable nTbS specifying the transform block size,

a [variable cIdx speeifying the colour component of the current block.

The nTbS ¥ 4F 1 neighbouring samples p[ x ][ y | that are constructed samples prior to the deblocking filter process,

with k =41y =—1..nTbS *2 — 1 and x = 0..nTbS * 2 — 1, y = —1, are derived as follows:

T v llwishb\.}w;llé 1U\/ati\)ll ( A}‘Tbcllly, )’}chlll}/ ) ;D Dybblﬂ\/d by.
( xNbCmp, yNbCmp ) = ( xTbCmp + x, yTbCmp +y ) (8-27)

The current luma location ( xTbY, yTbY ) and the neighbouring luma location (XNbY, yNbY ) are derived as
follows:

(xTbY, yTbY )=(cldx == 0) ? (xTbCmp, yTbCmp ) : (xTbCmp << 1, yTbCmp << 1) (8-28)
(xNbY, yNbY )=(cldx == 0)? (xNbCmp, yNbCmp ) : (xXNbCmp << 1, yNbCmp << 1) (8-29)

The availability derivation process for a block in z-scan order as specified in subclause 6.4.1 is invoked with the
current luma location ( xCurr, yCurr) set equal to (xTbY,yTbY ) and the neighbouring luma location
(xNbY, yNbY ) as inputs, and the output is assigned to availableN.
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— Each sample p[ x ][ y ] is derived as follows:

When at least one sample p[ x
availgh e :

is inyj
as in
outpy

Depe
1

8.4.4
Input

- 1
!

- q
q

- q

Outp
x=0

The ¥
— I

If one or more of the following conditions are true, the sample p[ x ][ y ] is marked as "not available for intra

prediction":
—  The variable availableN is equal to FALSE.

—  CuPredMode[ xNbY ][ yNbY ] is not equal to MODE INTRA and constrained intra pred flag is
to 1.

equal

Otherwise, the sample p[ x ][ y] is marked as "available for intra prediction" and the sample at the location

( xXNbCmp, yNbCmp ) is assigned to p[ x ][ ¥ ].

oked w1th the samples pl x ][ y] w1th x=—1l,y=-1. nTbS * 2 -1 and X = O nTbS * 2 - 1 ,y=—1, nTbS aing
buts, and the modified samples p[ x ][y ] Wlth x=-1, y=-1.nTbS *2—1 and x=0. nTbS *2 - hLhy=
t.

hding on the value of predModelntra, the following ordered steps apply:

invoked with the sample array p and the transform block size nTbS as inputs, and the ©utput is reassigned
sample array p.

The intra sample prediction process according to predModelntra applies as follows®

—  If predModelntra is equal to INTRA PLANAR, the corresponding”intra prediction mode specifi
subclause 8.4.4.2.4 is invoked with the sample array p and the transform block size nTbS as inputs, af
output is the predicted sample array predSamples.

—  Otherwise, if predModelntra is equal to INTRA DC, thecorresponding intra prediction mode specif
subclause 8.4.4.2.5 is invoked with the sample array.p, the transform block size nTbS, and the d
component index cldx as inputs, and the output is the ptedicted sample array predSamples.

—  Otherwise (predModelntra is in the rangewcef’ INTRA ANGULAR2.INTRA ANGULAR34)
corresponding intra prediction mode specified in subclause 8.4.4.2.6 is invoked with the intra pred
mode predModelntra, the sample array p, the*transform block size nTbS, and the colour component
cldx as inputs, and the output is the predi¢ted sample array predSamples.

2.2 Reference sample substitution process for intra sample prediction
5 to this process are:

cference samples p[x ][y ] withhx=—-1,y=—-1.nTbS*2 -1 and x=0.nTbS *2 -1, y=—1 for intra s{
rediction,

transform block size nTbS,
variable cldx specifying the colour component of the current block.

hts of this process” are the modified reference samples p[x][y] with x=-1,y=-1..nTbS *2 — 1
.nTbS * 2 — 1{y="—1 for intra sample prediction.

ariable bitDepth is derived as follows:

cldx isrequal to 0, bitDepth is set equal to BitDepthy.

- O

When cldx is equal to 0, the filtering process of neighbouring samples specified in‘\subclause 8.4.4.2.

][y]w1thx——1 y——l nTbS*Z—landx 0. nTbS*Z—l y——l 1smarkedas 'not

4422
cldx
-1 as

3is
o the

ed in

d the
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olour
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index

mple

and

thetwise, bitDepth is set equal to BitDepthc.

The values of the samples p[

follows:

- I

available for intra prediction"”, the value 1 << (' bitDepth — 1 ) is substituted for the values of all samples p[ x

f all samples p[x][y] with x=-1,y=-1.nTbS *2 -1 and x=0..nTbS *2 — 1, y=-1 are marked as

x[y] withx=-1,y=—1..nTbS *2 — 1 and x =0..nTbS *2 — 1, y=—1 are modified as

"not

Ity ]

— Otherwise (at least one but not all samples p[ x ][ y] are marked as "not available for intra prediction"), the
following ordered steps are performed:

1. When p[ —1 ][ nTbS * 2 — 1 ] is marked as "not available for intra prediction", search sequentially starting
x=—1l,y=nTbS*2—-1tox=-1,y=—1, then fromx=0,y=-1to x=nTbS *2 — 1, y=—1. Once a sample

p[ x ][ y ] marked as "available for intra prediction" is found, the search is terminated and the value of p[ x
is assigned to p[ —1 ][ nTbS *2 —11].
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2. Search sequentially starting from x =—1, y=nTbS *2 -2 to x=—1, y=—1, when p[ x ][ y ] is marked as "not
available for intra prediction”, the value of p[ x ][ y + 1 ] is substituted for the value of p[ x ][y ].

3. Forx=0.nTbS *2 —1, y=—1, when p[ x ][ y] is marked as "not available for intra prediction", the value of
p[ x — 1 ][ y ] is substituted for the value of p[ x ][ y¥ ].

All samples p[ x ][y ] with x=—1,y=—1.nTbS *2 —1 and x =0..nTbS *2 — 1, y=—1 are marked as "available for
intra prediction".

8.4.4.2.3 Filtering process of neighbouring samples
Inputs to this process are:

— the neighbouring samples p[ x ][ y ], withx=—1,y=—1.nTbS *2 -1 andx=0..nTbS *2 -1,y =—1,

o

variable nTbS specifying the transform block size.

Outpits of this process are the filtered samples pF[x][y], with x=-1,y=-1.nTbS A2 1| and
x=0l.nTbS *2 —1,y=-1.

The Yariable filterFlag is derived as follows:

— Iffone or more of the following conditions are true, filterFlag is set equal to 0:

—| predModelntra is equal to INTRA DC.

—| nTbS is equal 4.

Otherwise, the following applies:

—|  The variable minDistVerHor is set equal to Min( Abs( predModelntra €26 ), Abs( predModelntra — 10 ) ).
—| The variable intraHorVerDistThres[ nTbS ] is specified in Table<§-3.

—|  The variable filterFlag is derived as follows:

— If minDistVerHor is greater than intraHorVerDistThres| nTbS ], filterFlag is set equal to 1.

—  Otherwise, filterFlag is set equal to 0.

Table 8-3 — Specification of intraHorVerDistThres| nTbS ] for various transform block sizes

nThS =8 nThS =16 nTbhS =32
intraHorVerDistThres[ nThS ] 7 1 0

When filterFlag is equal to 1, the following applies:
— The variable bilntFlag is detived as follows:
+ Ifall of the following’conditions are true, bilntFlag is set equal to 1:

— strong_jintra’ smoothing enabled flag is equal to 1

nTbhS,is equal to 32

AbS(p[—1][~1]+p[nTbS*2—1][-1]-2*p[nTbS—1][~1])<(1 << (BitDepthy —5))
N Abs(p[ 1 [ ~1]+p[~1][nTbS*2—1]-2*p[~1][nTbS—1])<(1 << (BitDepthy —5))

— Otherwise, bilntFlag is set equal to 0.

The filtering is performed as follows:

— If bilntFlag is equal to 1, the filtered sample values pF[ x ][ y ] with x=—1,y=-1..63 and x=0..63, y=—1 are
derived as follows:

pF[-1][-1]=p[-1][-1] (8-30)
pF[-1][y]l=((63—y)*p[-1][-1]+(y+1)*p[-1][63]+32) >> 6fory=0.62 (8-31)
pF[—1][63]=p[—1][63] (8-32)
PFIXxT[-11=((63—x)*p[~1][~1]+(x+1)*p[63][~1]+32) >> 6 forx=0..62 (8-33)
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pFL63 J[-1]=p[63][—1]

(8-34)

— Otherwise (bilntFlag is equal to 0), the filtered sample values pF[ x ][ y ] with x=—1,y=—1..nTbS *2 -1 and

x =0..nTbS *2 — 1, y=—1 are derived as follows:
PRFI-1][-1]1=(p[-11[0]+2*p[-1][-1]+p[O][-1]+2)>>2

(8-35)

pFI-11[yl=(p[-1[y+1]+2*p[-1][yl+p[-11[y—1]+2) >> 2fory=0.nTbS *2 -2 (8-36)

pF[—1][nTbS*2—1]=p[~1][nTbS *2 — 1]

(8-37)

PFLxI[-11=(p[x—11[-1]+2*p[x][~1]+p[x+1][-1]+2) >> 2forx=0.nTbS*2 -2 (8-38)

pF[nTbS*2—1][~1]=p[nTbS *2—1][ 1]

(8-39)

8.4.4]2. 3 Specification of intra prediction mode INTRA_PLANAR

Inputk to this process are:

— the neighbouring samples p[ x ][ y ], withx=—1,y=-1.nTbS *2 -1 and x=0..nTbS *2 — 1, y = ~1,
— a/variable nTbS specifying the transform block size.

Outplits of this process are the predicted samples predSamples[ x ][ y ], with X, y = 0..nTbS — 1.

The yalues of the prediction samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1, are derived as follows:

predSamples[ x [y ] =((nTbS—1—x)*p[ -1 ][y ]+ (x+1)*p[nTbS ][ A}*
(nTbS—1—-y)*p[x][-1]+
(y+1)*p[—-1][nTbS ] +nTbS ) >> (Log2(nTbSy+1)

8.4.4{2.5 Specification of intra prediction mode INTRA_DC

Inputk to this process are:

— the neighbouring samples p[ x ][ y |, with x =—1, y=—1..nTbS¢*2— 1 and x=0..nTbS *2 - 1,y =—1,
— alvariable nTbS specifying the transform block size,

— a/variable cldx specifying the colour component of the.gurrent block.

Outplits of this process are the predicted samples predSamples[ x ][ y ], with X, y = 0..nTbS — 1.

(B-40)

The Yalues of the prediction samples predSamples[ X |[ y ], with x, y = 0..nTbS — 1, are derived by the following ordered

steps
1} A variable dcVal is derived as follows:

nTbS -1 nTbhS-1

deVal = D P NANSY. pl-11[ ¥ 1+ nTbS | >> (k+1) (B-41)
¥=0 ¥=0
where k = Log2( nTbS").
2|  Depending omrthe’value of the colour component index cldx, the following applies:

—  If cldxds equal to 0 and nTbS is less than 32, the following applies:
predSamples[ 0 ][0 ]=(p[-1][0]+2 *dcVal+p[0][-1]+2) >> 2 (B-42)
predSamples[ x ][0 ]=(p[x][-1]+3 *dcVal+2) >> 2 withx=1..nTbS — 1 (B-43)
predSamptest-oy =ity ++3deVat+25 Z-withy=tntbS—1 3-44)
predSamples[ x ][ y ] = dcVal, with x, y=1..nTbS — 1 (8-45)

—  Otherwise, the prediction samples predSamples[ x ][ y ] are derived as follows:
predSamples| x ][ y ] = dcVal, with x, y =0..nTbS — 1 (8-46)

8.4.4.2.6 Specification of intra prediction mode in the range of INTRA_ANGULAR2.. INTRA_ANGULAR34

Inputs to this process are:
— the intra prediction mode predModelntra,

— the neighbouring samples p[ x ][ y ], withx=—1,y=—1.nTbS *2 -1 andx=0.nTbS *2 -1,y =—1,
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— avariable nTbS specifying the transform block size,
— avariable cldx specifying the colour component of the current block.
Outputs of this process are the predicted samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1.

Figure 8-2 illustrates the total 33 intra angles and Table 8-4 specifies the mapping table between predModelntra and the
angle parameter intraPredAngle.
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Figure 8-2 — Intra prediction angle definition (informative)

Table 84— Specification of intraPredAngle

prtdModelntra | 1 2 | 3 .4 5| 6 | 7|89 10|11 |12]13|14]15]|16 |17
infraPredAngle 32 2621 | 17|13 9| 5 | 2|0 | -2|-5]-9|-13]|-17]-21|}2
predModelntra | 18 | 1920 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 |[34
infraPredAngle | 324°26 | 21 [ <17 |13 | 9 | =5 | 2| 0 | 2 | 5 [ 9 | 13|17 |21 | 26 |[32
Tablg 8-5 furtherspecifies the mapping table between predModelntra and the inverse angle parameter invAngle.

Table 8-5 — Specification of invAngle

predModelntra 11 12 13 14 15 16 17 18
invAngle —4096 —1638 -910 —630 —482 -390 -315 —256

predModelntra 19 20 21 22 23 24 25 26
invAngle -315 -390 —482 —630 -910 —1638 —4096 -

The values of the prediction samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1 are derived as follows:
— If predModelntra is equal or greater than 18, the following ordered steps apply:

1. The reference sample array ref[ x ] is specified as follows:
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— The following applies:
reff x ]=p[—-1+x ][ —1], with x =0..nTbS (8-47)
— If intraPredAngle is less than 0, the main reference sample array is extended as follows:
—  When (nTbS * intraPredAngle ) >> 5 is less than —1,
ref[ x]=p[—-1][ -1+ ((x*invAngle + 128 ) >> 8)],

with x = —1..(nTbS * intraPredAngle ) >> 5 (8-48)
— Otherwise,
reff x ]=p[—-1+x][—1], withx =nTbS + 1..2 * nTbS (8-49)
2 e i ] 1 el h S 1 1Q 1 L 1L 31 il ray la ni Wal 1 | - 1 oarll
o 1TTIC Varutly Ul UIU plCUlbLlUll Ddllll}lcb PlCUOalllPleL A Jl _y J, WILUL A, y — V.11 00 I alC UcllIvOol ad TUTIUWS.

a. The index variable ildx and the multiplication factor iFact are derived as follows:
ildk=((y+1) * intraPredAngle ) >> 5 (B-50)
iFact=((y+ 1) * intraPredAngle ) & 31 (B-51)

b. Depending on the value of iFact, the following applies:

— IfiFact is not equal to 0, the value of the prediction samples predSamples[ x(][y ] is derived as follgws:

predSamples[ x [[y ] =
((32—iFact) * ref]l x + ildx + 1 ] + iFact * ref] x + ildx + 2]%.16 ) >> 5 (B-52)

— Otherwise, the value of the prediction samples predSamples[ x [[*y ['is derived as follows:
predSamples[ x ][y ] =refl x +ildx + 1 ] (B-53)

c.  When predModelntra is equal to 26 (vertical), cldx is equal to 0 and nTbS is less than 32, the follgwing
filtering applies with x =0, y = 0..nTbS — 1:

predSamples[ x [y ] = Cliply(p[x ][ -1 ] +(@p[ -1 ][y ] —p[-11[-1]) >> 1)) (-54)
— Otherwise (predModelntra is less than 18), the following\ordered steps apply:
1. The reference sample array ref[ x ] is specified as-follows:
— The following applies:
ref[x]=p[ -1 ][ -1 +x ],swith x = 0..nTbS (B-55)
— IfintraPredAngle is less than 0, the main reference sample array is extended as follows:
—  When (nTbS * intraPredAngle ) >> 5 is less than —1,

refl x] =p[ -1 + ((x *invAngle + 128 ) >> 8) ][ 1],
with x =—1..(nTbS * intraPredAngle ) >> 5 (B-56)

— Otherwise,
réffx]=p[ -1 ][ -1 +x], withx =nTbS + 1.2 * nTbS (B-57)
4. The values of the prediction samples predSamples[ x ][ y ], with X, y = 0..nTbS — 1 are derived as follows:
a, \The index variable ildx and the multiplication factor iFact are derived as follows:
ildx =((x+ 1) * intraPredAngle ) >> 5 (B-58)
iFact=((x+ 1) * intraPredAngle ) & 31 (8-59)

b. Depending on the value of iFact, the following applies:
— [IfiFact is not equal to 0, the value of the prediction samples predSamples| x ][ y ] is derived as follows:

predSamples[ x ][y ] =
((32—iFact) *refl y+ildx + 1 ] +iFact *ref[ y +ildx +2 ]+ 16) >> 5 (8-60)

— Otherwise, the value of the prediction samples predSamples[ x ][ y ] is derived as follows:

predSamples[ x [y ] =refl y +ildx + 1 ] (8-61)
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c.  When predModelntra is equal to 10 (horizontal), cIdx is equal to 0 and nTbS is less than 32, the following
filtering applies with x =0..nTbS — 1, y = 0:

predSamples[ x [[y ] = ClipIy(p[ —1 [[y ]+ ((p[xJ[-1]=p[-1][-1]) >> 1)) (8-62)
8.5 Decoding process for coding units coded in inter prediction mode

8.5.1  General decoding process for coding units coded in inter prediction mode
Inputs to this process are:

— a luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma sample of the current picture,

ariable log2CbSize specifying the size of the current coding block.

o

Outppt of this process is a modified reconstructed picture before deblocking filtering.

The {lerivation process for quantization parameters as specified in subclause 8.6.1 is invoked with the Juma lo¢ation
(xCHY, yCb ) as input.

The Yariable nCbS, is set equal to 1 << log2CbSize and the variable nCbS¢ is set equal to 1 <<(log2CbSize — 1 ).
The decoding process for coding units coded in inter prediction mode consists of following erdered steps:

1} The inter prediction process as specified in subclause 8.5.2 is invoked with thé\luma location ( xCb, yCb|) and
the luma coding block size log2CbSize as inputs, and the outputs are three afrays predSamples; , predSamglescy,
and predSamplesc,.

2| The decoding process for the residual signal of coding units codéd in inter prediction mode specified in
subclause 8.5.4 is invoked with the luma location ( XCb, yCb ) and.the luma coding block size log2CbS|ze as
inputs, and the outputs are three arrays resSamples; , resSampleSe¢,yand resSamplesc;.

3|  The reconstructed samples of the current coding unit are derived as follows:

— The picture reconstruction process prior to in-loop filtering for a colour component as specifipd in
subclause 8.6.5 is invoked with the luma coding block location ( xCb, yCb ), the variable nCurrS set equal to
nCbS,, the variable cldx set equal to 0, the (@€bS; )x(nCbS;) array predSamples set equal to predSamples;,
and the (nCbS)x(nCbS;) array resSamples\set equal to resSamples; as inputs.

— The picture reconstruction process prior to in-loop filtering for a colour component as specifipd in
subclause 8.6.5 is invoked with the-chroma coding block location ( xCb /2, yCb / 2 ), the variable nCurfS set
equal to nCbSc, the variable ,eldx set equal to 1, the (nCbS¢)x(nCbSc) array predSamples set eqyal to
predSamplescy,, and the (nCbSc)X(nCbS() array resSamples set equal to resSamplescy, as inputs.

— The picture reconstruetion process prior to in-loop filtering for a colour component as specifipd in
subclause 8.6.5 is inyoked with the chroma coding block location ( xCb /2, yCb / 2 ), the variable nCurfS set
equal to nCbSc, the. variable cldx set equal to 2, the (nCbS¢)x(nCbSc) array predSamples set eqyal to
predSamplesc,sand’the (nCbSc)x(nCbSc) array resSamples set equal to resSamplesc; as inputs.

8.5.2] Inter prediction process

This process is invoked when decoding coding unit whose CuPredMode[ xCb ][ yCb ] is not equal to MODE INTRA.

Inputp to thissprocess are:

lumanlocation ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
asample of the current picture

|
o

—_—

— avariable log2CbSize specifying the size of the current luma coding block.
Outputs of this process are:
— an (nCbSy)x(nCbSy) array predSamples; of luma prediction samples, where nCbS; is derived as specified below,

— an (nCbS¢)x(nCbSc) array predSamplesc, of chroma prediction samples for the component Cb, where nCbSc is
derived as specified below,

— an (nCbSc)x(nCbS¢) array predSamplesc, of chroma prediction samples for the component Cr, where nCbS¢ is
derived as specified below.

The variable nCbS, is set equal to 1 << log2CbSize and the variable nCbSc is set equal to nCbS; >> 1.

110 © ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=7898a76f8f8e5aa08ba9964d35874254

ISO/IEC 23008-2:2013(E)

The variable nCbS1y is set equal to nCbS; >> 1.

Depending on the value of PartMode, the following applies:

If PartMode is equal to PART 2Nx2N, the decoding process for prediction units in inter prediction mode as specified
in subclause 8.5.3 is invoked with the luma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (0, 0),
the size of the luma coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS, the height
of the luma prediction block nPbH set equal to nCbS;, and a partition index partldx set equal to 0 as inputs, and the
outputs are an (nCbS;)x(nCbS;) array predSamples; and two (nCbSc)x(nCbSc) arrays predSamplesc, and
predSamplesc,.

Otherwise, if PartMode is equal to PART _2NxN, the following ordered steps apply:

1.

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is invoked

therwise, if PartMode is equal to PART Nx2N, the following ordered steps.apply:

therwise, if PartMode is equal t"PART 2NxnU, the following ordered steps apply:

with the Tuma location ( XCb, yCb ), the luma location ( XBl, yBl') set equal to (0, 0), the size ot the
coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS,, the height of\the
prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx set equal to 0 as inputs, af
outputs are an (nCbSp)x(nCbSp) array predSamples; and two (nCbSc)x(nCbSc) arrays predSamplesg
predSamplesc;.

The decoding process for prediction units in inter prediction mode as specified in subdlause 8.5.3 is iny
with the luma location ( xCb, yCb ), the luma location ( xBI, yBI ) set equal to ( 0, nCbS;->> 1), the size
luma coding block nCbS;, the width of the luma prediction block nPbW set equal™to hCbS,, the height
luma prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx Set equal to 1 as input
the outputs are the modified (nCbSy)x(nCbS;) array predSamples; and the\two modified (nCbSc)x(n
arrays predSamplesc, and predSamplesc;.

The decoding process for prediction units in inter prediction mode. as specified in subclause 8.5.3 is iny
with the luma location ( xCb, yCb ), the luma location ( xBIyB1) set equal to (0, 0), the size of the
coding block nCbS;, the width of the luma prediction blocknPbW set equal to nCbS; >> 1, the height
luma prediction block nPbH set equal to nCbS;, and a paitition index partldx set equal to 0 as inputs, a
outputs are an (nCbSp)x(nCbSy) array predSamples;and two (nCbSc)x(nCbSc) arrays predSamplesg
predSamplesc;.

The decoding process for prediction units in -rfer prediction mode as specified in subclause 8.5.3 is iny
with the luma location ( xCb, yCb ), the luma-location ( xBI, yBI ) set equal to (nCbS; >> 1, 0), the size
luma coding block nCbS;, the width of theluma prediction block nPbW set equal to nCbS; >> 1, the hei
the luma prediction block nPbH set equal-to nCbS;, and a partition index partldx set equal to 1 as inputs, ai
outputs are the modified (nCbS;)x(nEbS,) array predSamples; and the two modified (nCbS¢)x(nCbSc¢) 4
predSamplesc, and predSamplesc;.

The decoding process forjprediction units in inter prediction mode as specified in subclause 8.5.3 is inj
with the luma location) ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (0,0 ), the size of the
coding block nCbS{, the width of the luma prediction block nPbW set equal to nCbS,, the height of the
prediction blockiPbH set equal to nCbS; >> 2, and a partition index partldx set equal to 0 as inputs, ar
outputs are~an/(nCbSp)x(nCbS;) array predSamples; and two (nCbSc)x(nCbSc) arrays predSamplesc
predSamplesc;.

Thedecoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is inj
withrthe luma location ( xCb, yCb ), the luma location ( xBl, yB1) set equal to ( 0, nCbS; >> 2), the size
luma coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS;, the height
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equal to 1 as inputs, and the outputs are the modified (nCbSy)x(nCbS;) array predSamples; and the two

modified (nCbS¢)x(nCbS¢) arrays predSamplesc, and predSamplesc,.

Otherwise, if PartMode is equal to PART 2NxnD, the following ordered steps apply:

1.

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is invoked

with the luma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (0,0 ), the size of the
coding block nCbS,, the width of the luma prediction block nPbW set equal to nCbS,, the height of the

luma
luma

prediction block nPbH set equal to (nCbS; >> 1)+ (nCbSy >> 2), and a partition index partldx set equal to
0 as inputs, and the outputs are an (nCbS;)x(nCbS;) array predSamples; and two (nCbSc)x(nCbSc) arrays

predSamplesc, and predSamplesc;.
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2.

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is invoked
with the Iuma location (xCb,yCb), the Iuma Ilocation (xBlL yBl) set equal to
(0,(nCbS; >> 1)+ (nCbS, >> 2)), the size of the luma coding block nCbS;, the width of the luma
prediction block nPbW set equal to nCbS;, the height of the luma prediction block nPbH set equal to
nCbS; >> 2, and a partition index partldx set equal to 1 as inputs, and the outputs are the modified
(nCbSL)x(nCbS;) array predSamples; and the two modified (nCbSc)x(nCbSc) arrays predSamplesc, and
predSamplesc;.

— Otherwise, if PartMode is equal to PART nLx2N, the following ordered steps apply:

112

1.

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is invoked
with the luma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (0,0 ), the size of the luma
coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS; >> 2, the height of the

luum plUL‘libLiUll ‘UlUbk ll.P‘UH SCL cqua'l w IIC‘USL, dlld d pdl LiLiUll illdC)& pdl lId)& SCL Uqudl [19) G dad> illputb, dl d the
outputs are an (nCbS;)x(nCbS;) array predSamples; and two (nCbSc)x(nCbSc) arrays predSamplesgl, and
predSamplesc;.

The decoding process for prediction units in inter prediction mode as specified in subclause 85:3 is inyoked
with the luma location ( xCb, yCb ), the luma location ( xBl, yBI ) set equal to ( nCbS, >> 2,/0'), the size pf the
luma coding block nCbS;, the width of the luma prediction block nPbW set equgl to
(nCbS; >> 1)+ (nCbS;, >> 2), the height of the luma prediction block nPbH set ‘€qual to nCbS;, ind a
partition index partldx set equal to 1 as inputs, and the outputs are the modified"(nCbS;)x(nCbS,) |array
predSamples; and the two modified (nCbSc)x(nCbS¢) arrays predSamplesc, and¢gredSamplesc;.

therwise, if PartMode is equal to PART nRx2N, the following ordered steps apply;

The decoding process for prediction units in inter prediction mode as.specified in subclause 8.5.3 is inyoked
with the luma location ( xCb, yCb ), the luma location ( xBl, yBl) det equal to (0, 0), the size of the|luma
coding block nCbS;, the width of the Iuma prediction block nPbW set equa] to
(nCbS; >> 1)+ (nCbS; >> 2), the height of the luma prediction block nPbH set equal to nCbS;, ind a
partition index partldx set equal to 0 as inputs, and the outputs are an (nCbS;)x(nCbS; ) array predSampleq; and
two (nCbS¢)x(nCbSc) arrays predSamplesc, and predSamiplesc,.

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is inyoked
with the Iuma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (nCS1; + (nCbS; >> 2|),0),
the size of the luma coding block nCbSy,. the* width of the luma prediction block nPbW set eqyal to
nCbS; >> 2, the height of the luma prediction,block nPbH set equal to nCbS;, and a partition index partl¢lx set
equal to 1 as inputs, and the outputs ar€ the modified (nCbS;)x(nCbS;) array predSamples; and th¢ two
modified (nCbSc)x(nCbSc) arrays predSamplesc, and predSamplesc;.

therwise (PartMode is equal to PART(NxN), the following ordered steps apply:

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is inyoked
with the luma location ( XCb; yCb ), the luma location ( xBl, yBl) set equal to (0,0 ), the size of the|luma
coding block nCbS;, thé width of the luma prediction block nPbW set equal to nCbS; >> 1, the height ¢f the
luma prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx set equal to 0 as input$, and
the outputs are an{mnCbS;)x(nCbS;) array predSamples; and two (nCbSc)x(nCbS() arrays predSamplesd, and
predSamplesc;.

The decodingprocess for prediction units in inter prediction mode as specified in subclause 8.5.3 is inyoked
with the.Juiha location ( xCb, yCb ), the luma location ( xBl, yBI ) set equal to ( nCbS, >> 1, 0), the size pf the
luma ‘coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS; >> 1, the height of
théJuma prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx set equal to 1 as ipputs,
and the outputs are the modified (nCbS;)x(nCbS;) array predSamples; and the two modified (nCbS¢)x(n€CbSc)

arrayvs predSamplesc, and predSamples,

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is invoked
with the luma location ( xCb, yCb ), the luma location ( xBI, yBI ) set equal to ( 0, nCbS; >> 1), the size of the
luma coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS; >> 1, the height of
the luma prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx set equal to 2 as inputs,
and the outputs are the modified (nCbS;)x(nCbS;) array predSamples; and the two modified (nCbS¢)x(nCbSc)
arrays predSamplesc, and predSamplesc;.

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 is invoked
with the luma location ( xCb, yCb ), the luma location ( xBl, yBl ) set equal to ( nCbSy >> 1, nCbS; >> 1),
the size of the luma coding block nCbS;, the width of the luma prediction block nPbW set equal to
nCbS; >> 1, the height of the luma prediction block nPbH set equal to nCbS; >> 1, and a partition index
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partldx set equal to 3 as inputs, and the outputs are the modified (nCbS;)x(nCbS;) array predSamples; and the

two modified (nCbS¢)x(nCbSc) arrays predSamplesc, and predSamplesc,.

Decoding process for prediction units in inter prediction mode

8.5.3.1 General

Inputs to this process are:

Outp

The ¥
The d

a luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left

lu

ma sample of the current picture,

a luma location ( xBl, yBl ) specifying the top-left sample of the current luma prediction block relative to the top-left
sample of the current luma coding block,

a
a
a

a

ai

at
d

all
as

1

ariable nCbS specifying the size of the current luma coding block,

ariable nPbW specifying the width of the current luma prediction block,

variable nPbH specifying the width of the current luma prediction block,

variable partldx specifying the index of the current prediction unit within the current coding unit:

its of this process are:

1 (nCbS;)x(nCbS,) array predSamples; of luma prediction samples, where nCS; is defived as specified below,

1 (nCbSc)x(nCbS¢) array predSamplesc, of chroma prediction samples for~the’component Cb, where n(
rived as specified below,

1 (nCbSc)x(nCbSc) array predSamplesc, of chroma prediction samples for the component Cr, where nCS¢ is dd
specified below.

ariable nCbS; is set equal to nCbS and the variable nCbS¢ is set'equal to nCbS >> 1.
ecoding process for prediction units in inter prediction mode censists of the following ordered steps:

The derivation process for motion vector componentsrand reference indices as specified in subclause 8.5.
invoked with the luma coding block location ( xCb, yCb ), the luma prediction block location ( xBl, yBl
luma coding block size block nCbS, the luma‘prediction block width nPbW, the luma prediction block
nPbH, and the prediction unit index partldx-as inputs, and the luma motion vectors mvL0 and mvL1, the chi
motion vectors mvCLO and mvCL1,_the-reference indices refldxLO and refldxL1, and the predictioj
utilization flags predFlagl.0 and predFlagL1 as outputs.

SC is

rived

3.2 is
), the
eight
roma
n list

2|  The decoding process for inter sample prediction as specified in subclause 8.5.3.3 is invoked with the|luma
coding block location ( xCb, ¥Cb°), the luma prediction block location ( xBl, yBl ), the luma coding block size
block nCbS, the luma prediction block width nPbW, the luma prediction block height nPbH, the luma njotion
vectors mvL0 and mvL{, the chroma motion vectors mvCL0 and mvCL1, the reference indices refldxL]P and
refldxL1, and the prediction list utilization flags predFlaglL0 and predFlagL1 as inputs, and the inter predjction
samples (predSamples) that are an (nCbS;)x(nCbS;) array predSamples; of prediction luma samples andl two
(nCbSc)x(nCbSe)yarrays predSamplesc, and predSamplesc, of prediction chroma samples, one for each ¢f the
chroma components Cb and Cr, as outputs.
For yse in derivation processes of variables invoked later in the decoding process, the following assignments are j[made
for x F xBL..xBI'nPbW — 1 and y = yBl..yBl + nPbH — 1:
M~LO[ xCb + x ][ yCb +y ] = mvLO (B-63)
Ma ] [ xCh +tx ][ }lph + y ] =mul ] (3_64)
RefldxLO[ xCb + x ][ yCb + y | = refldxL0 (8-65)
RefldxL1[ xCb + x ][ yCb +y ] = refldxL1 (8-66)
PredFlagLO[ xCb + x ][ yCb + y ] = predFlagL.0 (8-67)
PredFlagL1[ xCb + x ][ yCb + y | = predFlagL.1 (8-68)
8.5.3.2 Derivation process for motion vector components and reference indices
Inputs to this process are:
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a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left
sample of the current picture,

luma

a luma location ( xBl, yB1) of the top-left sample of the current luma prediction block relative to the top-left sample

of the current luma coding block,
a variable nCbS specifying the size of the current luma coding block,
two variables nPbW and nPbH specifying the width and the height of the luma prediction block,

a variable partldx specifying the index of the current prediction unit within the current coding unit.

Outputs of this process are:

Let (|xPb, yPb ) specify the top-left sample location of the current luma prediction block relativeyto the top-left
sample of the current picture where xPb = xCb + xBl and yPb = yCb + yBI.

Let the variable currPic and ListX be the current picture and RefPicListX, with X being 0.or 1, of the current pi
respefctively.

The flunction LongTermRefPic( aPic, aPb, refldx, LX), with X being 0 or 1, is defified-as follows:

For the derivation of the variables mvL0 and mvL1, refldxL0 and refldxL1, as well as predFlagL.0 and predFlagL
folloying applies:

114

the luma motion vectors mvL0 and mvL1,

he chroma motion vectors mvCLO and mvCL1,
he reference indices refldxL0O and refldxL1,

he prediction list utilization flags predFlagl.0 and predFlagL1.

f the picture with index refldx from reference picture list LX of the slice,containing prediction block aPb
bicture aPic was marked as "used for long term reference" at thé time when aPic was the current pi
ongTermRefPic( aPic, aPb, refldx, LX) is equal to 1.

Dtherwise, LongTermRefPic( aPic, aPb, refldx, LX) is equal to 0:

f merge flag][ xPb ][ yPb] is equal to 1, the demvation process for luma motion vectors for merge mo
bpecified in subclause 8.5.3.2.1 is invoked with theTuma location ( xCb, yCb ), the luma location ( xPb, yPb
yariables nCbS, nPbW, nPbH, and the partition index partldx as inputs, and the output being the luma nj
bectors mvLO, mvL1, the reference indices [refldxL0, refldxL1, and the prediction list utilization flags predF
hind predFlagl1.

Dtherwise, for X being replaced by either 0 or 1 in the variables predFlaglLX, mvLX, and refldxLX, in PRED]
hind in the syntax elements ref idx\1X and MvdLX, the following applies:

1. The variables refldxI'X and predFlagLX are derived as follows:
- Ifinter pred idc[ xPb ][ yPb ] is equal to PRED LX or PRED BI,
refldxLX = ref idx 1X[ xPb ][ yPb ] (
predFlagLX =1 (

=/ Otherwise, the variables refldxL.X and predFlagL.X are specified by:

luma

Cture,

n the

Cture,

|, the

de as
), the
otion
agl0

- LX,

R_69)
R-70)

refldxLX =—1 (B-71)

predFlagl X =0 (B-72)
2. The variable mvdLX is derived as follows:

mvdLX[ 0]=MvdLX[ xPb ][ yPb ][ 0] (8-73)

mvdLX[1]=MvdLX[xPb J[yPb][ 1] (8-74)

3. When predFlaglLX is equal to 1, the derivation process for luma motion vector prediction in
subclause 8.5.3.2.5 is invoked with the luma coding block location ( xCb, yCb ), the coding block size
nCbS, the luma prediction block location ( xPb, yPb ), the variables nPbW, nPbH, refldxLX, and the

partition index partldx as inputs, and the output being mvpLX.

4. When predFlagLX is equal to 1, the luma motion vector mvLX is derived as follows:
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uLX[ 0]=(mvpLX[ 0]+ mvdLX[ 0]+ 2')%2'"° (8-75)
mvLX[0]=(uLX[0] >= 2")?2(uLX[0]—2"):uLX[ 0] (8-76)
uLX[1]=(mvpLX[ 1]+ mvdLX[1]+2")%2' (8-77)
mvLX[1]=(ulLX[1] >= 2")2(uLX[1]-2"):uLX[ 1] (8-78)

NOTE — The resulting values of mvLX[ 0] and mvLX[ 1] as specified above will always be in the range of —2'°

to 2 — 1, inclusive.

When ChromaArrayType is not equal to 0 and predFlagL.X, with X being 0 or 1, is equal to 1, the derivation process for
chroma motion vectors in subclause 8.5.3.2.9 is invoked with mvLX as input, and the output being mvCLX.

8.5.3.2.1 Derivation process for luma motion vectors for merge mode

This
of thg

Input

Outp

The
( xPb

Whet
folloy

brocess is only invoked when merge flag[ xPb ][ yPb ] is equal to 1, where ( xPb, yPb ) specify the top-left’sd
current luma prediction block relative to the top-left luma sample of the current picture.

5 to this process are:

h luma location ( XCb, yCb ) of the top-left sample of the current luma coding block relative to-the top-left
sample of the current picture,

h luma location ( xPb, yPb ) of the top-left sample of the current luma prediction block-reldtive to the top-left
sample of the current picture,

h variable nCbS specifying the size of the current luma coding block,

wo variables nPbW and nPbH specifying the width and the height of the lumaprediction block,

h variable partldx specifying the index of the current prediction unit within the current coding unit.

hts of this process are:

he luma motion vectors mvL0 and mvL1,

he reference indices refldxL0O and refldxL1,

he prediction list utilization flags predFlagl.0 and predFlagl1.

location ( xOrigP, yOrigP ) and the variables -nOrigPbW and nOrigPbH are derived to store the valul

L yPb ), nPbW, and nPbH as follows:
( xOrigP, yOrigP ) is set equal to-(&Pb, yPb ) (
nOrigPbW = nPbW (
nOrigPbH = nPbH (
I Log2ParMrgLevel is greaterithan 2 and nCbS is equal to 8, ( xPb, yPb ), nPbW, nPbH, and partldx are modif]
vs:
(xPb, yPb )&(xCb, yCb ) (
nPbW =nCbS (
nPbH,= nCbS (
partldx =0 (

DTE,— When Log2ParMrgLevel is greater than 2 and nCbS is equal to 8, all the prediction units of the current coding uni

mple
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The motion vectors mvL0O and mvL1, the reference indices refldxLO and refldxL.1, and the prediction utilization flags
predFlagl0 and predFlagl1 are derived by the following ordered steps:

1.

8.5.3.2.2 is invoked with the luma coding block location ( xCb, yCb ), the coding block size nCbS, the

The derivation process for merging candidates from neighbouring prediction unit partitions in subclause

luma

prediction block location ( xPb, yPb ), the luma prediction block width nPbW, the luma prediction block height
nPbH, and the partition index partldx as inputs, and the output being the availability flags availableFlagA,,
availableFlagA,, availableFlagB,, availableFlagB;, and availableFlagB,, the reference indices refldxLXA,,
refldxLXA;, refldxLXB,, refldxLXB,;, and refldxLXB,, the prediction list utilization flags predFlagLXA,,
predFlaglL XA, predFlagLXB,, predFlagLXB,, and predFlagl. XB,, and the motion vectors mvLXA,, mvLXA,

mvLXB,, mvLXB;, and mvLXB,, with X being 0 or 1.
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The reference indices for the temporal merging candidate, refldxLXCol, with X being 0 or 1, are set equal to 0.

The derivation process for temporal luma motion vector prediction in subclause 8.5.3.2.7 is invoked with the
luma location ( xPb, yPb ), the luma prediction block width nPbW, the luma prediction block height nPbH, and
the variable refldxLOCol as inputs, and the output being the availability flag availableFlagLOCol and the
temporal motion vector mvLOCol.The variables availableFlagCol, predFlaglL0Col and predFlagL1Col are
derived as follows:

availableFlagCol = availableFlagL.0Col (8-86)
predFlagL0Col = availableFlagL.0OCol (8-87)
predFlagl.1Col =0 (8-88)

Aleh—sHee—bypeds—edud oBthe-de ationprocess—for-temporal-hnatnotion-vectorpredictioni-subglause
8.5.3.2.7 is invoked with the luma location ( xPb, yPb ), the luma prediction block width nPbW, the|luma
prediction block height nPbH, and the variable refldxL1Col as inputs, and the output being the availability flag
availableFlaglL.1Col and the temporal motion vector mvLI1Col. The variables availabl¢ElagColl and

predFlagl.1Col are derived as follows:
availableFlagCol = availableFlagL.0Col || availableFlagl.1Col (B-89)
predFlagl.1Col = availableFlagL.1Col (8-90)

The merging candidate list, mergeCandList, is constructed as follows:

i=0
if( availableFlagA, )
mergeCandList[ i++ ] = A
if( availableFlagB, )
mergeCandList[ i++ ] =B,
if( availableFlagB )
mergeCandList[ i++ ] =By (B-91)
if( availableFlagA, )
mergeCandList[ i++ ] = A,
if( availableFlagB, )
mergeCandList[ i++ ] = B,
if( availableFlagCol )
mergeCandList[ i++ ] = Col

The variable numCurrMergeCand and-numOrigMergeCand are set equal to the number of merging cand{dates
in the mergeCandList.

When slice_type is equal to B, the derivation process for combined bi-predictive merging candidates spefified
in subclause 8.5.3.2.3 is invoked with mergeCandList, the reference indices refldxLON and refldxL1Y, the
prediction list utilization flags predFlagLON and predFlagl.1N, the motion vectors mvLON and mvLIN of gvery
candidate N in mergeCandList, numCurrMergeCand, and numOrigMergeCand as inputs, and the output is
assigned to mefge€andList, numCurrMergeCand, the reference indices refldxLOcombCand,| and
refldxL1combCand,, the prediction list utilization flags predFlagl.OcombCandy and predFlagl.1combCandf, and
the motion vectors mvLOcombCand, and mvLIcombCand, of every new candidate combCand, being @added
into mergeCandList. The number of candidates being added, numCombMergeCand, is set equpl to
( numCurtMergeCand — numOrigMergeCand ). When numCombMergeCand is greater than 0, k ranges fjom 0
to numCombMergeCand — 1, inclusive.

The derivation process for zero motion vector merging candidates specified in subclause 8.5.3.2.4 is inyoked
with the mergeCandList, the reference indices refldxLON and refldxLIN, the prediction list utilization|flags

predFlagLON and predFlagLIN, the motion vectors mvLON and mvLIN of every candidate N in
mergeCandList, and numCurrMergeCand as inputs, and the output is assigned to mergeCandList,
numCurrMergeCand, the reference indices refldxLLOzeroCand,, and refldxLlzeroCand,, the prediction list
utilization flags predFlagl.0zeroCand,, and predFlaglL1zeroCand,,, and the motion vectors mvL0zeroCand,, and
mvL1zeroCand,, of every new candidate zeroCand, being added into mergeCandList. The number of
candidates being added, numZeroMergeCand, is set equal to
( numCurrMergeCand — numOrigMergeCand — numCombMergeCand ). When numZeroMergeCand is greater
than 0, m ranges from 0 to numZeroMergeCand — 1, inclusive.

The following assignments are made with N being the candidate at position merge idx[ xOrigP ][ yOrigP ] in
the merging candidate list mergeCandList ( N = mergeCandList[ merge idx[ xOrigP ][ yOrigP ]]) and X being
replaced by 0 or 1:
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For the derivation of availableFlagA, refldxILXA, predFlagL. XA, and mvLXA, the following applies:
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mvLX[ 0] =mvLXN[ 0] (8-92)
mvLX[ 1 ]=mvLXN[ 1] (8-93)
refldxL.X = refldxLXN (8-94)
predFlagl X = predFlagL XN (8-95)

10. When predFlagL0 is equal to 1 and predFlagL1 is equal to 1, and ( nOrigPbW + nOrigPbH ) is equal to 12, the
following applies:

refldxL1 = -1 (8-96)
predFlagll =0 (8-97)

h luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to the top-left|luma
sample of the current picture,

h variable nCbS specifying the size of the current luma coding block,

h luma location ( xPb, yPb ) specifying the top-left sample of the current luma predictien block relative to th¢ top-
eft luma sample of the current picture,

wo variables nPbW and nPbH specifying the width and the height of the luma pfediction block,

h variable partldx specifying the index of the current prediction unit within the\clrrent coding unit.

he availability flags availableFlagA,, availableFlagA,, availableFlagB,, availableFlagB,, and availableFlagB, of
he neighbouring prediction units,

he reference indices refldxLXA,, refldxLXA,, refldxLXB,," refldxLXB;, and refldxLXB, of the neighbquring
prediction units,

he prediction list utilization flags predFlaglX#,, predFlagLXA,, predFlagLXB,, predFlaglXB,,| and
bredFlagl. XB, of the neighbouring prediction units;

he motion vectors mvLXAy, mvLXA;, mvLXBy, mvLXB,, and mvLXB, of the neighbouring prediction units.

The luma location (xNbAj;, yNbA|) inside the neighbouring luma coding block is set equgl to
xPb—1, yPb+nPbH - 1).

The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with the|luma
location ( XCb, yCb ), the eurrent luma coding block size nCbS, the luma prediction block location ( xPb, yPb|), the
luma prediction blockiwidth nPbW, the luma prediction block height nPbH, the luma location ( xXNbA;, yNbA, ),
and the partition index partldx as inputs, and the output is assigned to the prediction block availability flag
hvailableA;.

When one or\more of the following conditions are true, availableA, is set equal to FALSE:

- xPb:>> Log2ParMrgLlevel is equal to xNbA;, >> Log2ParMrglevel and yPb >> Log2ParMrgLeyel is
equal to yYNbA,; >> Log2ParMrgLevel.

L ~PartMode of the current predir‘finn unit is eqna] to PART_NX?N PART_nT x2N _or PART_nRY? and
partldx is equal to 1.

The variables availableFlagA, refldxLXA, predFlagl. XA, and mvLXA, are derived as follows:

— IfavailableA, is equal to FALSE, availableFlagA, is set equal to 0, both components of mvLXA, are set equal
to 0, refldxL XA is set equal to —1 and predFlagL XA, is set equal to 0, with X being 0 or 1.

—  Otherwise, availableFlagA, is set equal to 1 and the following assignments are made:

mvLXA; = MvLX[ xNbA, ][ yNbA, ] (8-98)
refldxL.XA| = RefldxLX[ xNbA; ][ yNbA; ] (8-99)
predFlagL XA, = PredFlagLX[ xNbA, ][ yNbA, ] (8-100)
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For the derivation of availableFlagB, refldxLXB,, predFlagLXB;, and mvLXB; the following applies:

For the derivation of availableFlagB,, refldxLXB,, predElagl.XB,, and mvLXB, the following applies:

The Iuma location (xNbB;, yNbB;) inside the neighbouring luma coding block is set equal to
(xPb+nPbW —1, yPb—1).

The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with the luma
location ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location ( xPb, yPb ), the
luma prediction block width nPbW, the luma prediction block height nPbH, the luma location ( xNbB;, yNbB, ),
and the partition index partldx as inputs, and the output is assigned to the prediction block availability flag
availableB;.

When one or more of the following conditions are true, availableB; is set equal to FALSE:

— xPb >> Log2ParMrgLevel is equal to xXNbB; >> Log2ParMrgLevel and yPb >> Log2ParMrgLevel is equal

to yNbb, >> LogZFParMrglLevel.

- PartMode of the current prediction unit is equal to PART 2NxN, PART 2NxnU, or PART 2NxnD}, and
partldx is equal to 1.

The variables availableFlagB, refldxLXB,, predFlagLXB;, and mvLXB, are derived as follows:

- If one or more of the following conditions are true, availableFlagB, is set equal to~0, both componefts of
mvLXB, are set equal to 0, refldxLXB, is set equal to —1, and predFlagLXB, is set €gqual to 0, with X bging 0
orl:

— availableB, is equal to FALSE.

— availableA; is equal to TRUE and the prediction units covering the ‘luma locations ( xXNbA, yNbA,|) and
( xNbB, yNbB, ) have the same motion vectors and the same refetence indices.

- Otherwise, availableFlagB, is set equal to 1 and the following assighments are made:

mvLXB; = MVLX[ xNbB, ][ yNbB, ] (81101)
refldxLXB, = RefldxLX[ xNbB, ][ yNbB, ] (81102)
predFlagLXB, = PredFlaglL X[ xNbB, ][ yNbB, ] (8103)

The luma location (xNbBy, yNbB,) inside™ the neighbouring luma coding block is set equal to
xPb + nPbW, yPb—1).

The availability derivation process for -a\prediction block as specified in subclause 6.4.2 is invoked with the|luma
location ( xCb, yCb ), the current luma_coding block size nCbS, the luma prediction block location ( xPb, yPb|), the
luma prediction block width nPbW, the luma prediction block height nPbH, the luma location ( xXNbB,, yNpB, ),
and the partition index partldxas inputs, and the output is assigned to the prediction block availability flag
hvailableB,,.

When xPb >> Log2PatMrgLevel is equal to xNbBy, >> Log2ParMrgLevel and yPb >> Log2ParMrgLeyel is
cqual to yNbB, >>_Log2ParMrgLevel, availableB, is set equal to FALSE.

The variables availableFlagB,, refldxLXB,, predFlagLXB,, and mvLXB, are derived as follows:

—  If one.ormore of the following conditions are true, availableFlagB, is set equal to 0, both components of
mvLXBj are set equal to 0, refldxLXB, is set equal to —1, and predFlagLXB; is set equal to 0, with X bging 0
ol

— availableBy is equal to FALSE.

— availableB, is equal to TRUE and the prediction units covering the luma locations ( xXNbB;, yNbB; ) and
( xNbBy, yNbBy ) have the same motion vectors and the same reference indices.

—  Otherwise, availableFlagB, is set equal to 1 and the following assignments are made:

mvLXB, = MvVLX][ xNbB, ][ yNbBy ] (8-104)
refldxL.XB, = RefldxLX[ xNbB, ][ yNbBy, ] (8-105)
predFlagLXB, = PredFlaglL X[ xNbB ][ yNbBy ] (8-106)

For the derivation of availableFlagA,, refldxLXA,, predFlagLXA,, and mvLXA, the following applies:

118
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The Iuma location (xNbA,, yNbA,) inside the neighbouring luma coding block is set equal to
(xPb—1, yPb +nPbH ).

The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with the luma
location ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location ( xPb, yPb ), the
luma prediction block width nPbW, the luma prediction block height nPbH, the luma location ( XNbA,, yNbA, ),
and the partition index partldx as inputs, and the output is assigned to the prediction block availability flag
availableA,.

When xPb >> Log2ParMrglLevel is equal to xNbA, >> Log2ParMrglevel and yPb >> Log2ParMrgLevel is
equal to yAy >> Log2ParMrglLevel, availableA, is set equal to FALSE.

The variables availableFlagA,, refldxLXA,, predFlagl. XA,, and mvLXA, are derived as follows:

I onc or morc of the following conditions are true, availableFlagA, is set equal to U, both componehts of
mvLXA, are set equal to 0, refldxLXA, is set equal to —1, and predFlagLXA, is set equal to 0, with X bging 0
or 1:

— availableA, is equal to FALSE.

— availableA; is equal to TRUE and the prediction units covering the luma locations (XNbA, yNbA,|) and
( xNbA,, yNbA, ) have the same motion vectors and the same reference indices.

- Otherwise, availableFlagA, is set equal to 1 and the following assignments are made;

mvLXA,=MvLX[ xNbA, ][ yNbA ] (81107)
refldxL. XA, = RefldxLX[ xNbA, ][ yNbAy ] (8{108)
predFlagLXA, = PredFlagL X[ xNbA, ][ yNbA ] (8{109)

The luma location ( xXNbB,, yNbB, ) inside the neighbouring lunia coding block is set equal to (xPb — 1, yPb 1 1).

The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with the|luma
location ( xCb, yCb ), the current luma coding block size@CbS, the luma prediction block location ( xPb, yPb|), the
luma prediction block width nPbW, the luma prediction block height nPbH, the luma location ( xXNbB,, yNpB, ),
and the partition index partldx as inputs, and th@joutput is assigned to the prediction block availability flag
hvailableB,.

When xPb>> Log2ParMrgLevel is equal to’ xXNbB, >> Log2ParMrglevel and yPb >> Log2ParMrglLeyel is
equal to yNbB, >> Log2ParMrgLevel,:atailableB, is set equal to FALSE.

The variables availableFlagB,, refldxXB,, predFlagl.XB,, and mvLXB, are derived as follows:

— If one or more of the following conditions are true, availableFlagB, is set equal to 0, both components of
mvLXB, are set equal to 05refldxL.XB, is set equal to —1, and predFlagL.XB, is set equal to 0, with X bging 0
or 1:

— availableBsuS.equal to FALSE.

— availableA; is equal to TRUE and prediction units covering the luma locations ( XNbA,, yNbA,|) and
( xNbB3, yNbB, ) have the same motion vectors and the same reference indices.

— _“availableB, is equal to TRUE and the prediction units covering the luma locations ( xNbB;, yNbB,|) and
( xXNbB,, yNbB, ) have the same motion vectors and the same reference indices.

— availableFlagA, + availableFlagA, + availableFlagB, + availableFlagB, is equal to 4.

—  Otherwise, availableFlagB, is set equal to 1, and the following assignments are made:

mvLXB, = MVLX[ xNbB, ][ yNbB; ] (8-110)
refldxLXB, = RefldxLX[ xNbB, ][ yNbB; ] (8-111)
predFlagLXB, = PredFlaglL X[ xNbB, ][ yNbB; ] (8-112)

8.5.3.2.3 Derivation process for combined bi-predictive merging candidates

Inputs to this process are:

a merging candidate list mergeCandList,
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the reference indices refldxLON and refldxL1N of every candidate N in mergeCandList,
the prediction list utilization flags predFlagLON and predFlaglL.1N of every candidate N in mergeCandList,
the motion vectors mvLON and mvL1N of every candidate N in mergeCandList,

the number of elements numCurrMergeCand within mergeCandList,

the number of elements numOrigMergeCand within the mergeCandList after the spatial and temporal merge

candidate derivation process.

Outputs of this process are:

Whet
equal

the merging candidate list mergeCandList,

1 1 WAl | - ya) A pal 1 el o et
U TTUITIOULT UL CICITICIILS uuul\/uui‘aClgC\/auu WILLIT ulclgc\,auupmt,

mergeCandList during the invokation of this process,

combCandy added into mergeCandList during the invokation of this process,

mergeCandList during the invokation of this process.

the fqllowing steps are repeated until combStop is equal to TRUE:

1]  The variables 10CandIdx and 11CandIdx are derived using combldx as‘specified in Table 8-6.

the candidate at position 11CandIdx in the merging candidate.]ist mergeCandList:
—  10Cand = mergeCandList[ 10CandIdx ]
—  11Cand = mergeCandList[ 11CandIdx ]

3]  When all of the following conditions are true:

—  predFlagL0l0Cand ==

— predFlagL111Cand ==

—  ( DiffPicOrderCnt( RefPicList0] refldxL0l0Cand ], RefPicListl[ refldxL111Cand ]) != 0) ||
(mvLOl0Cand != mvL]l11Cand )

he reference indices refldxLOcombCand, and refldxLL.1combCand, of every new candidate combCand.addedl into
he prediction list utilization flags predFlagLOcombCand, and predFlagl.1combCandy of every new candidate
he motion vectors mvLOcombCand, and mvLIcombCand, of every new candidateycombCand, added into
I numOrigMergeCand is greater than 1 and less than MaxNumMergeCand, the variable numInputMergeCand|is set

to numCurrMergeCand, the variable combldx is set equal to 0, the variable combStop is set equal to FALSH, and

2|  The following assignments are made, with 10Cand being the canididate at position 10CandIdx and 11Cand ppeing

the candidate combCandy @with k equal to ( numCurrMergeCand — numInputMergeCand ) is added at the gnd of
mergeCandList, i.e. mergeCandList[ numCurrMergeCand | is set equal to combCandy, and the refgrence
indices, the prediction)list utilization flags, and the motion vectors of combCand are derived as followg and

numCurrMergeCand)is incremented by 1:

4.
5.

120

refldxkOcombCand, = refldxL.LOlI0Cand (81113)
fefldxL1combCandy = refldxL111Cand (81114)
predFlagLOcombCand = 1 (81115)
predFlagl.1combCandy = 1 (81116)
mvLCOcombCand,f 0 =mvLot0Cand{ 0] 8-117)
mvLOcombCand,| 1 ]=mvL0l0Cand][ 1 ] (8-118)
mvL1combCand,[ 0 ]=mvL111Cand[ 0 ] (8-119)
mvLIlcombCand,[ 1 ]=mvL111Cand[ 1 ] (8-120)
numCurrMergeCand = numCurrMergeCand + 1 (8-121)

The variable combldx is incremented by 1.
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Table 8-6 — Specification of 10CandIdx and 11CandIdx

combldx 0 1 2 3 4 5 6 7 8 9 10 | 11

10Candldx 0 1 0 2 1 2 0 3 1 3 2 3

11Candldx 1 0 2 0 2 1 3 0 3 1 3 2

8.5.3.2.4 Derivation process for zero motion vector merging candidates

Inputs to this process are:

The ¥

Whet
num(
num(

1

i merging candidate list mergeCandList,

he reference indices refldxLON and refldxL1N of every candidate N in mergeCandList,

he prediction list utilization flags predFlagLON and predFlagLIN of every candidate N in mergeCandList,
he motion vectors mvLON and mvLIN of every candidate N in mergeCandList,

he number of elements numCurrMergeCand within mergeCandList.

hts of this process are:

he merging candidate list mergeCandList,

he number of elements numCurrMergeCand within mergeCandList,

he reference indices refldxLLOzeroCand,, and refldxL10zeroCand,, of every new candidate zeroCand,, adde
mergeCandList during the invokation of this process,

he prediction list utilization flags predFlagl.OzeroCand,, and pfedFlagl.10zeroCand,, of every new can
veroCand,,, added into mergeCandList during the invokation of this process,

| into

lidate

he motion vectors mvLOzeroCand,, and mvL10zeroCaud, of every new candidate zeroCand,, added into
mergeCandList during the invokation of this process.
ariable numRefldx is derived as follows:
fslice type is equal to P, numRefldx is set equal to num_ref idx 10 active minusl + 1.
Dtherwise (slice type is equal to B), (mumRefldx is set equal to Min( num ref idx 10 active minus| + 1,
hum_ref idx 11 active minusl + 1 ).
i numCurrMergeCand is less than® MaxNumMergeCand, the variable numInputMergeCand is set equal to
lurrMergeCand, the variable~zeroldx is set equal to 0, and the following steps are repeated |until
lurrMergeCand is equal to MaxNumMergeCand:
For the derivation ef\the reference indices, the prediction list utilization flags and the motion vectors of th¢ zero
motion vector merging candidate, the following applies:
— If  slice type is equal to P, the candidate zeroCand, with m equal] to
( numiCurrMergeCand — numInputMergeCand ) is added at the end of mergeCandList,| i.e.
mergeCandList] numCurrMergeCand ] is set equal to zeroCand,,,, and the reference indices, the predjction
list utilization flags, and the motion vectors of zeroCand,, are derived as follows and numCurrMerggCand
is incremented by 1:
refldxI 0zeroCand., = ( zeroldx < numRefldx ) ? zeroldx : 0 (84122)
refldxL1zeroCand,,, = —1 (8-123)
predFlagl0zeroCand,, = 1 (8-124)
predFlagl.1zeroCand,,, = 0 (8-125)
mvL0zeroCand,,[ 0] =0 (8-126)
mvL0zeroCand, [ 1]=0 (8-127)
mvL1zeroCand,[ 0]=0 (8-128)
mvLIzeroCand,,[ 1]=0 (8-129)
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numCurrMergeCand = numCurrMergeCand + 1 (8-130)

—  Otherwise (slice type is equal to B), the candidate zeroCand, with m equal to

( numCurrMergeCand — numInputMergeCand ) is added at the end of mergeCandList,

1.e.

mergeCandList] numCurrMergeCand ] is set equal to zeroCand,,,, and the reference indices, the prediction
list utilization flags, and the motion vectors of zeroCand,, are derived as follows and numCurrMergeCand

is incremented by 1:

[\

8.5.3

Input

Outp
The 1

refldxL0zeroCand,, = ( zeroldx < numRefldx ) ? zeroldx : 0 (8-131)
refldxL1zeroCand,,, = ( zeroldx < numRefldx ) ? zeroldx : 0 (8-132)
predFlagl.0zeroCand,, = 1 (8-133)
oredElagl lzeroCandy=1 (8:134)
mvL0zeroCand,,[ 0] =0 (81135)
mvLOzeroCand,,[ 1 ]=0 (8136)
mvL1zeroCand,[ 0]=0 (8137)
mvLIzeroCand,,[ 1]=0 (81138)
numCurrMergeCand = numCurrMergeCand + 1 (81139)

The variable zeroldx is incremented by 1.

2.5 Derivation process for luma motion vector prediction
5 to this process are:

h luma location ( XCb, yCb ) of the top-left sample of the current lama coding block relative to the top-left
sample of the current picture,

h variable nCbS specifying the size of the current luma codingblock,

eft luma sample of the current picture,

wo variables nPbW and nPbH specifying the widthhand the height of the luma prediction block,

he reference index of the current prediction unit‘partition refldxLX, with X being 0 or 1,

h variable partldx specifying the index of\the current prediction unit within the current coding unit.

it of this process is the prediction mvpLX of the motion vector mvLX, with X being 0 or 1.

hotion vector predictor mvpLXis\derived in the following ordered steps:

The derivation process for motion vector predictor candidates from neighbouring prediction unit partitid
the luma prediction-block location ( xPb, yPb ), the luma prediction block width nPbW, the luma pred

block height aPbH, refldxLX, with X being 0 or 1, and the partition index partldx as inputs, and the availg
flags availableFlagL XN and the motion vectors mvLXN, with N being replaced by A or B, as output.

h luma location ( xPb, yPb ) specifying the top-left sampleof the current luma prediction block relative to th¢

luma

top-

ns in

subclause 8.5.3.2.6-is.ihvoked with the luma coding block location ( xCb, yCb ), the coding block size nCbS,

ction
bility

2| If both “availableFlagLXA and availableFlaglL.XB are equal to 1 and mvLXA is not equal to mv[LXB,
availableFlagLXCol is set equal to 0. Otherwise, the derivation process for temporal luma motion yector
prediction in subclause 8.5.3.2.7 is invoked with luma prediction block location (xPb, yPb), the [luma
prediction block width nPbW, the luma prediction block height nPbH, and refldxLX, with X being 0 o1] 1, as
MpUTs, and willt the omput being e avaiiability ffag avaiiabier [agLXCol and the emporat moton vector
predictor mvLXCol.
3. The motion vector predictor candidate list, mvpListLX, is constructed as follows:
i=0
if( availableFlagL. XA )
mvpListLX][ i++ ] = mvLXA
if( availableFlagL.XB )
mvpListLX][ i++ ] = mvLXB (8-140)
if( availableFlagL.XCol )
mvpListLX][ i++ ] = mvLXCol
4. The motion vector predictor list is modified as follows:
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—  When mvLXA and mvLXB have the same value, mvLXB is removed from the list and the variable

numMvpCandLX is set equal to the number of elements within the mvpListLX.

—  When numMvpCandLX is less than 2, the following applies repeatedly until numMvpCandLX is equal
to 2:
mvpListLX[ numMvpCandLX ][0 ]=0 (8-141)
mvpListLX[ numMvpCandLX ][ 1 ]=0 (8-142)
numMvpCandLX = numMvpCandLX + 1 (8-143)

—  When numMvpCandLX is greater than 2, all motion vector predictor candidates mvpListL X[ idx ] with

idx greater than 1 are removed from the list.

8.5.3
Input

The
speci

The motion vector of mvpListLX[ mvp 1X flag[ xPb ][ yPb ] ] is assigned to mvpLX.

2.6 Derivation process for motion vector predictor candidates
5 to this process are:

h luma location ( XCb, yCb ) of the top-left sample of the current luma coding block relatiye\to the top-left
sample of the current picture,

h variable nCbS specifying the size of the current luma coding block,

eft luma sample of the current picture,

wo variables nPbW and nPbH specifying the width and the height of the luma prediction block,
he reference index of the current prediction unit partition refldxLX, with X being 0 or 1,

h variable partldx specifying the index of the current prediction unit{within the current coding unit.
hts of this process are (with N being replaced by A or B):

he motion vectors mvLXN of the neighbouring predictign units,

he availability flags availableFlagLXN of the neighbeuring prediction units.

B, B, | By

A

Ag

Figure 8-3 — Spatial motion vector neighbours (informative)

bariableseurtPb specifies the current luma prediction block at luma location ( xPb, yPb ) and the variable cy
fies the/Current picture.

The

h luma location ( xPb, yPb ) specifying the top-left sample of the current luma prediction block relative to th¢

luma

top-

irrPic

ariable isScaledFlagl X, with X being 0 or 1, is set equal to 0

The motion vector mvLXA and the availability flag availableFlagL. XA are derived in the following ordered steps:

1.

The sample location ( XxNbA,, yNbA,) is set equal to (xPb—1,yPb+nPbH) and the sample location
( xNbA |, yNbA, ) is set equal to ( XNbA, yNbA;—1).

The availability flag availableFlagl. XA is set equal to 0 and both components of mvLXA are set equal to O.

The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with the
luma location ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block location
( xPb, yPb ), the luma prediction block width nPbW, the luma prediction block height nPbH, the luma location
(xNbY, yNbY ) set equal to ( XNbA,, yNbA, ), and the partition index partldx as inputs, and the output is
assigned to the prediction block availability flag availableA,.
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4.

The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with the
luma location ( xCb, yCb ), the current luma coding block size nCbS, the Iuma prediction block location
( xPb, yPb ), the luma prediction block width nPbW, the luma prediction block height nPbH, the luma location
(xNbY, yNbY ) set equal to ( xNbA,, yNbA, ), and the partition index partldx as inputs, and the output is
assigned to the prediction block availability flag availableA,.

When availableA, or availableA, is equal to TRUE, the variable isScaledFlagL.X is set equal to 1.
The following applies for ( xNbAy, yNbA| ) from ( xXNbA,, yNbA, ) to ( xNbA|, yNbA, ):

When availableAy is equal to TRUE and availableFlaglL. XA is equal to 0, the following applies:
- If PredFlagL X[ xNbA; ][ yNbA ] is equal to 1

and

DiffPicOrderCnt( RefPicListX[ RefldxLX[ xNbAy ][ yNbAy ] ], RefPicListX[ refldxLX ] ) is equal to

0, availableFlagl. X A 15 set equal to 1 and the tollowing applies:
mvLXA = MvLX[ xNbAy ][ yNbA ] (8144)

— Otherwise, when PredFlagLY[ xNbAy J[ yNbAy] (with Y=!X) is equal) to 1| and
DiffPicOrderCnt( RefPicListY[ RefldxLY[ xNbAy ][ yNbAy ] ], RefPicListX[ refldxl£X ] ) is eqpal to
0, availableFlagl. XA is set equal to 1 and the following applies:

mvLXA = MvLY[ xNbAy ][ yNbA ] (81145)
When availableFlagL. XA is equal to 0, the following applies for ( xXNbAy, yNbA,Y from ( xXNbA,, yNbA, ) to
( xXNbA |, yNbA, ) or until availableFlagL XA is equal to 1:
—  When availableAy is equal to TRUE and availableFlagL. XA is equal.fe”0, the following applies:

- If PredFlagL X[ xNbAy ][ yNbA ] is equal to 1 and
LongTermRefPic( currPic, currPb, refldxLX, RefPicListX) is equal to
LongTermRefPic( currPic, currPb, RefldxLX[ xNbAp[¥NbA, |, RefPicListX ), availableFlagLXA
is set equal to 1 and the following assignments are:made:

mvLXA = MvLX[ xNbAy ][ yNbA ] (81146)
refldxA = RefldxLX[ xNbAy ][ yNbA ] (81147)
refPicListA = RefPicListX (81148)

— Otherwise, when PredFlagLY{ xNbAy ][ yNbA,] (with Y=1!X) is equal to 1| and
LongTermRefPic( currPic, currPb, refldxLLX, RefPicListX ) is equal to
LongTermRefPic( currPic;.¢urtPb, RefldxLY[ xNbAy ][ yNbAy |, RefPicListY ), availableFlagLXA
is set equal to 1 and the following assignments are made:

mvLXA = MyDY[ xNbAy ][ yNbA ] (8149)
refldxA = RefldxLY[ xNbAy ][ yNbA ] (8150)
refPicListA = RefPicListY (8t151)
—  When availableFlagL XA is equal to 1,
DiffPicOrderCnt( refPicListA[ refldxA ], RefPicListX[ refldxLX ]) is not equal to 0, and | both
refPickistA[ refldxA ] and RefPicListX[ refldxLX ] are short-term reference pictures, mvLXA is dgrived
ag follows:
tx=(16384+(Abs(td) >> 1))/td (81152)
distScaleFactor = Clip3( —4096, 4095, (tb *tx +32) >> 6) (81153)
mvLXA = Clip3( —32768, 32767, Sign( distScaleFactor * mvLXA ) *
( ( Abs( distScaleFactor * mvLXA )+ 127) >> 8)) (8-154)
where td and tb are derived as follows:
td = Clip3( —128, 127, DiffPicOrderCnt( currPic, refPicListA[ refldxA ])) (8-155)
tb = Clip3( —128, 127, DiffPicOrderCnt( currPic, RefPicListX][ refldxL.X ])) (8-156)

The motion vector mvLXB and the availability flag availableFlagl. XB are derived in the following ordered steps:

1.

124

The sample locations (xXNbB,, yNbBy), (xNbB;, yNbB, ),

(xPb +nPbW, yPb— 1), (xPb+nPbW — 1, yPb — 1), and ( xPb — 1, yPb — 1 ), respectively.
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2. The availability flag availableFlagl. XB is set equal to 0 and the both components of mvLXB are set equal to 0.
3. The following applies for ( xNbBy, yNbBy ) from ( xXNbB,, yNbB ) to ( xXNbB,, yNbB; ):

— The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with
the luma location ( xCb, yCb ), the current luma coding block size nCbS, the luma prediction block
location ( xPb, yPb ), the luma prediction block width nPbW, the luma prediction block height nPbH, the
luma location ( xXNbY, yNbY ) set equal to ( xNbBy, yNbBy ), and the partition index partldx as inputs, and
the output is assigned to the prediction block availability flag availableB,.

—  When availableBy is equal to TRUE and availableFlagL.XB is equal to 0, the following applies:

- If PredFlagL X[ xNbBy ][ yNbBy ] is equal to 1, and
DiffPicOrderCnt( RefPicListX[ RefldxLX[ xNbBy ][ yNbBy | ], RefPicListX][ refldxLLX ]) is equal to
0, availableFlagl. Xb 1s set equal to 1 and the tollowing assignments are made:

mvLXB = MvLX[ xNbB, ][ yNbBy ] (81157)
refldxB = RefldxLX[ xNbBy ][ yNbBy ] (84158)

— Otherwise, when PredFlagLY[ xNbBy ][ yNbB,] (with Y=1!X) 1is equal to 1| and
DiffPicOrderCnt( RefPicListY[ RefldxLY[ xNbBy ][ yNbBy ] ], RefPicListX[xefldxLX ]) is eqpal to
0, availableFlagLXB is set equal to 1 and the following assignments are made:

mvLXB = MvLY[ xNbBy ][ yNbBy ] (81159)

refldxB = RefldxLY[ xNbBy ][ yNbBy | (81160)

4]  When isScaledFlagLX is equal to 0 and availableFlagLXB is equal to I, availableFlagl. XA is set equal to |l and
the following applies:

mvLXA = mvLXB (8t161)

5|  When isScaledFlagl X is equal to 0, availableFlagLXB «is, set equal to 0 and the following appligs for
( xNbBy, yNbBy ) from ( xXNbBy, yNbB, ) to ( xNbB,, yNbB,") or until availableFlagL. XB is equal to 1:

—  The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with
the luma location ( xCb, yCb ), the current luma coding block size nCbS, the luma location ( xPb, yPb ),
the luma prediction block width nPbW, (the luma prediction block height nPbH, the luma logation
(xNbY, yNbY ) set equal to ( xXNbBy, yNbBy ), and the partition index partldx as inputs, and the output is
assigned to the prediction block availability flag availableB,.

—  When availableBy is equal to TRUE and availableFlagL.XB is equal to 0, the following applies:

- If PredFlagL X[ xNbBy ][ yNbBy ] is equal to 1 and
LongTermRefPic(.currPic, currPb, refldxLX, RefPicListX ) is equal to
LongTermRefPic(\currPic, currPb, RefldxLX[ xNbBy ][ yNbBy ], RefPicListX ), availableFlagLXB is
set equal to 1 and the following assignments are made:

myLXB = MvLX][ xNbBy ][ yNbBy ] (8162)

tefldxB = RefldxLX[ xNbBy ][ yNbBy ] (81163)
refPicListB = RefPicListX (81164)

<\/ Otherwise, when PredFlagLY[ xNbBy ][ yNbB,] (with Y=1!X) is equal to 1| and
LongTermRefPic( currPic, currPb, refldxLLX, RefPicListX ) is equal to

LongTermRefPic( currPic, currPb, RefldxLY[ xNbBy ][ yNbBy ], RefPicListY ), availableFlagL.XB is
set equal to 1 and the following assignments are made:

mvLXB = MvLY[ xNbBy ][ yNbBy ] (8-165)
refldxB = RefldxLY[ xNbBy ][ yNbBy | (8-166)
refPicListB = RefPicListY (8-167)

—  When availableFlagLXB is equal to 1, DiffPicOrderCnt( refPicListB[ refldxB ], RefPicListX[ refldxLX ])
is not equal to 0, and both refPicListB[ refldxB ] and RefPicListX[ refldxLX ] are short-term reference
pictures, mvLXB is derived as follows;

tx = (16384 + (Abs(td) >> 1))/td (8-168)
distScaleFactor = Clip3( 4096, 4095, ( tb * tx +32) >> 6) (8-169)
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mvLXB =Clip3( —32768, 32767, Sign( distScaleFactor * mvLXB ) *

( ( Abs( distScaleFactor * mvLXB )+ 127 ) >> 8)) (8-170)

where td and tb are derived as follows:
td = Clip3( —128, 127, DiffPicOrderCnt( currPic, refPicListB[ refldxB ] ) ) (8-171)
tb = Clip3( —128, 127, DiffPicOrderCnt( currPic, RefPicListX][ refldxL.X ])) (8-172)

8.5.3.2.7 Derivation process for temporal luma motion vector prediction

Inputs to this process are:

Outpits of this process are:

The vyariable currPb specifies the current luma prediction block at luma location ( xPb, yRb):

The yariables mvLXCol and availableFlagl. XCol are derived as follows:

126

a luma location ( xPb, yPb ) specifying the top-left sample of the current luma prediction block relative to the top-
eft luma sample of the current picture

wo variables nPbW and nPbH specifying the width and the height of the luma prediction block,

h reference index refldxLX, with X being 0 or 1.

he motion vector prediction mvLXCol,

he availability flag availableFlagLXCol.

f slice temporal mvp enabled flag is equal to 0, both components -0f mvLXCol are set equal to ( and
hvailableFlagl. XCol is set equal to 0.

Dtherwise, the following ordered steps apply:

1. Depending on the values of slice type, collocated from 10> flag, and collocated ref idx, the variable cplPic,
specifying the collocated picture, is derived as follows;

— If slice type is equal to B and collocated from 10 flag is equal to 0, colPic is set equal to
RefPicList1[ collocated ref idx ].

—  Otherwise (slice_type is equal to B and-collocated from 10 flag is equal to 1 or slice type is equal fto P),
colPic is set equal to RefPicList0[ ¢olocated ref idx ].

The bottom right collocated motion ve¢tor is derived as follows:
xColBr = xPb + nPbW (81173)
yColBr = yPb +nPbH (8174)

— If yPb >> Ctbheg2SizeY is equal to yColBr >> CtbLog2SizeY, yColBr is less |than
pic_height in\luma samples, and xColBr is less than pic_width in luma samples, the follgwing
applies:

[N

— Ehe/variable colPb specifies the luma prediction block covering the modified location giv¢n by
((xColBr >> 4) << 4, (yColBr >> 4) << 4)inside the collocated picture specified by co]Pic.

=~/ The luma location ( xColPb, yColPb ) is set equal to the top-left sample of the collocated [luma
prediction block specified by colPb relative to the top-left luma sample of the collocated pjcture
specified by colPic.

—  The derivation process for collocated motion vectors as specified in subclause 8.5.3.2.8 is invoked
with currPb, colPic, colPb, ( xColPb, yColPb ), and refldxL.X as inputs, and the output is assigned to
mvLXCol and availableFlagL.XCol.

—  Otherwise, both components of mvLXCol are set equal to 0 and availableFlagL. XCol is set equal to 0.
3. When availableFlagl. XCol is equal to 0, the central collocated motion vector is derived as follows:
xColCtr = xPb + (nPbW >> 1) (8-175)
yColCtr = yPb + (nPbH >> 1) (8-176)

—  The variable colPb specifies the luma prediction block covering the modified location given by
((xColCtr >> 4) << 4, (yColCtr >> 4) << 4) inside the colPic.

© ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=7898a76f8f8e5aa08ba9964d35874254

ISO/IEC 23008-2:2013(E)

—  The luma location ( xColPb, yColPb ) is set equal to the top-left sample of the collocated luma prediction
block specified by colPb relative to the top-left luma sample of the collocated picture specified by colPic.

—  The derivation process for collocated motion vectors as specified in subclause 8.5.3.2.8 is invoked with
currPb, colPic, colPb, (xColPb, yColPb ), and refldxLX as inputs, and the output is assigned to

mvLXCol and availableFlagLXCol.
8.5.3.2.8 Derivation process for collocated motion vectors
Inputs to this process are:

— avariable currPb specifying the current prediction block,

a variable colPic specifying the collocated picture,

—  fqvariable colPb specifying the collocated prediction block inside the collocated picture specified by colPic,

—  f luma location ( xColPb, yColPb ) specifying the top-left sample of the collocated luma prediction block spe|
by colPb relative to the top-left luma sample of the collocated picture specified by colPic,

—  areference index refldxLX, with X being 0 or 1.
Outpits of this process are:

—  the motion vector prediction mvLXCol,

- he availability flag availableFlagLXCol.

The variable currPic specifies the current picture.

The frrays predFlaglLXCol[ x [[ y ], mvLXCol[ x ][ y ], and refldxLXCol[ x [)y ] are set equal to the correspo
arrayp of the collocated picture specified by colPic, PredFlaglLX[ x ][], MvLX[ x ][y ], and RefldxLX[ x
respefctively, with X being the value of X this process is invoked for.

The yariables mvLXCol and availableFlagl. XCol are derived as follows:

cified

hding
[y ],

— If colPb is coded in an intra prediction mode, both(tomponents of mvLXCol are set equal to (] and

dvailableFlaglL.XCol is set equal to 0.

- therwise, the motion vector mvCol, the reference’index refldxCol, and the reference list identifier listC¢l are
derived as follows:

+ If predFlagLOCol[ xColPb ][ yColPb ] (is* equal to 0, mvCol, refldxCol, and listCol are set equpl to
mvL1Col[ xColPb ][ yColPb ], refldxL}Col[ xColPb ][ yColPb ], and L1, respectively.

+  Otherwise, if predFlagLOCol[ xColPb ][ yColPb ] is equal to 1 and predFlagL.1Col[ xColPb ][ yColPb ] is fequal
to 0, mvCol, refldxCal, and IlistCol are set equal to mvLOCol[ xColPb ][ yCdlPb ],
refldxLOCol[ xColPb ][ yColPb ], and L0, respectively.

+  Otherwise (predFlaglQCol[ xColPb ][ yColPb ] is equal to 1 and predFlagL1Col[ xColPb ][ yColPb ] is [equal
to 1), the following assignments are made:

— If DiffPicQtderCnt( aPic, currPic ) is less than or equal to O for every picture aPic in every reference pjcture
list ofrthe/current slice, mvCol, refldxCol, and listCol are set equal to mvLXCol[ xColPb ][ yCalPDb ],
refldxLXCol[ xColPb ][ yColPb ] and LX, respectively.

— «Otherwise, mvCol, refldxCol, and IlistCol are set equal to mvLNCol[ xColPb ][ yColPb ],
refldxLNCol[ xColPb ][ yColPb ], and LN, respectively, with N being the value of
collocated from 10 flag.

and mvLXCol and availableFlagl.XCol are derived as follows:

— If LongTermRefPic( currPic, currPb, refldxL.X, LX) is not equal to LongTermRefPic( colPic, colPb, refldxCol,

listCol ), both components of mvLXCol are set equal to 0 and availableFlagL.XCol is set equal to 0.

—  Otherwise, the variable availableFlagLXCol is set equal to 1, refPicListCol[ refldxCol ] is set to be the picture
with reference index refldxCol in the reference picture list listCol of the slice containing prediction block currPb

in the picture colPic, and the following applies:

colPocDiff = DiffPicOrderCnt( colPic, refPicListCol[ refldxCol ] ) (8-177)
currPocDiff = DiffPicOrderCnt( currPic, RefPicListX][ refldxLX ] ) (8-178)
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— If RefPicListX][ refldxLX ] is a long-term reference picture, or colPocDiff is equal to currPocDiff,

mvLXCol is derived as follows:

8.5.3
Input
Outp
A chi

For the derivation of the chroma motion vector mvCLX, the following applies:

8.5.3
8.5.3

Input

|
o

mvLXCol = mvCol (8-179)
—  Otherwise, mvLXCol is derived as a scaled version of the motion vector mvCol as follows:

tx= (16384 +(Abs(td) >> 1))/td (8-180)
distScaleFactor = Clip3( —4096, 4095, (tb *tx +32) >> 6) (8-181)
mvLXCol = Clip3(—32768, 32767, Sign( distScaleFactor * mvCol ) *

( ( Abs( distScaleFactor * mvCol ) + 127 ) >> 8)) (8-182)

where td and tb are derived as follows:

td = Clip3( —128, 127, colPocDiff) (81183)
tb = Clip3( —128, 127, currPocDiff) (81184)

2.9 Derivation process for chroma motion vectors
to this process is a luma motion vector mvLX.
it of this process is a chroma motion vector mvCLX.

oma motion vector is derived from the corresponding luma motion vector.

mvCLX[ 0 ]=mvLX[ 0] 8
mvCLX[ 1 ]=mvLX[ 1] (8
3 Decoding process for inter prediction samples

3.1 General
5 to this process are:

luma location ( xCb, yCb ) specifying the top-left.§ample of the current luma coding block relative to the to
ma sample of the current picture,

luma location ( xBl, yBl) specifying the top-left sample of the current luma prediction block relative to the to
mple of the current luma coding block,

variable nCbS specifying the size of:the¢ current luma coding block,

o variables nPbW and nPbH speeifying the width and the height of the luma prediction block,
e luma motion vectors myL0-and mvL]1,

e chroma motion vectors mvCLO0 and mvCLI,

e reference indic€syrefldxL0 and refldxL1,

e prediction tistwutilization flags, predFlagl.0, and predFlagL1.

hts of this'process are:

1 (nCbS1)x(nCbS,) array predSamples; of luma prediction samples, where nCbS, is derived as specified below

185)
186)

p-left

p-left

o

1 Q ~ Q 1 P PR 1 e 1 o~ 1 ~
HTICOS)X(IILDS¢) dlTdy PITCSAHIPICSc, Ol CHIOIId PICUICUON SAHIPICS 10T UIC COHIPOICIIT LD, WIICIT TITD

derived as specified below,

SC is

— an (nCbSc)x(nCbS¢) array predSamplesc, of chroma residual samples for the component Cr, where nCbS¢ is derived
as specified below.

The variable nCbS, is set equal to nCbS and the variable nCbS¢ is set equal to nCbS >> 1.

Let predSamplesLO. and predSamplesLl; be (nPbW)x(nPbH) arrays of predicted luma sample values and
predSampleLO¢y,, predSampleL1cy,, predSampleL0¢;, and predSampleL1¢, be (nPbW / 2)x(nPbH / 2) arrays of predicted
chroma sample values.

For X being each of 0 and 1, when predFlagL.X is equal to 1, the following applies:
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— The reference picture consisting of an ordered two-dimensional array refPicLX; of luma samples and two ordered
two-dimensional arrays refPicLXc, and refPicLXc, of chroma samples is derived by invoking the process specified in
subclause 8.5.3.3.2 with refldxLX as input.

— The arrays predSamplesLX;, predSamplesL X, and predSamplesLXc, are derived by invoking the fractional sample
interpolation process specified in subclause 8.5.3.3.3 with the luma locations ( xCb, yCb ) and ( xBI, yBl ), the luma
prediction block width nPbW, the luma prediction block height nPbH, the motion vectors mvLX and mvCLX, and
the reference arrays refPicLX;, refPicLXy, and refPicLXc; as inputs.

The array predSample; of the prediction samples of luma component is derived by invoking the weighted sample
prediction process specified in subclause 8.5.3.3.4 with the luma prediction block width nPbW, the luma prediction block
height nPbH, and the sample arrays predSamplesLO; and predSamplesL1;, and the variables predFlagL0, predFlagL1,
refldxL0, refldxL1, and cldx equal to 0 as inputs.

The

predi
nPbW)
preds

The
predi
the
preds

8.5.3
Input

Outp
two-(

The
pic_h
array

The 1
and S

8.5.3
8.5.3

Input

o

— th

hrray predSamplec, of the prediction samples of component Cb is derived by invoking the weightedss
ction process specified in subclause 8.5.3.3.4 with the chroma prediction block width nPbW¢, set ‘eqy
/' / 2, the chroma prediction block height nPbHc, set equal to nPbH /2, the sample arrays predSamplesLO(d
amplesL 1y, and the variables predFlagl0, predFlagl1, refldxL0, refldxL.1, and cldx equal to 1 as inputs.

hrray predSamplec, of the prediction samples of component Cr is derived by invoking the ~weighted s
Ction process specified in subclause 8.5.3.3.4 with the chroma prediction block width nPbWgrsét equal to nPb}
hroma prediction block height nPbH¢, set equal to nPbH /2, the sample arrays, predSamplesLOc
amplesL1c,, and the variables predFlagl0, predFlagl1, refldxL0, refldxL1, and cIdx equal to 2 as inputs.

3.2 Reference picture selection process
to this process is a reference index refldxLX.

it of this process is a reference picture consisting of a two-dimensional array of luma samples refPicLX; an
imensional arrays of chroma samples refPicL X, and refPicLXc;.

output reference picture RefPicListX[ refldxLX ] consists of a pic_width in luma samples
eight in luma samples array of luma samples refPicLX; and\two PicWidthInSamplesC by PicHeightInSam
5 of chroma samples refPicL Xy, and refPicLXc,.

cference picture sample arrays refPicLX, refPicLXcy, and refPicLX(, correspond to decoded sample arrays Sy
cr derived in subclause 8.7 for a previously-decoded:picture.

3.3 Fractional sample interpolation process

3.3.1 General
5 to this process are:

luma location ( xCb, yCb ) spe€ifying the top-left sample of the current luma coding block relative to the to
ma sample of the current pigture;

luma location ( xBl, yBI) specifying the top-left sample of the current luma prediction block relative to the to
mple of the current lunmi@ coding block,

o variables nPbW and nPbH specifying the width and the height of the luma prediction block,
[uma motion‘yector mvLX given in quarter-luma-sample units,
chromasmotion vector mvCLX given in eighth-chroma-sample units,

e s€lected reference picture sample arrays refPicLX;, refPicLXcy, and refPicLXc,.

mple
al to
L, and

mple
V /2,
and

l two

by
blesC

5 SCbs

p-left

p-left

Outp

UtS OT this process arc:

— an (nPbW)x(nPbH) array predSampleLX; of prediction luma sample values,

— two (nPbW / 2)x(nPbH / 2) arrays predSampleL X, and predSampleLX¢, of prediction chroma sample values.

The location ( xPb, yPb ) given in full-sample units of the upper-left luma samples of the current prediction block
relative to the upper-left luma sample location of the given reference sample arrays is derived as follows:

xPb = xCb + xBI (8-187)
yPb = yCb + yBI (8-188)
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Let ( xInt, yInt;, ) be a luma location given in full-sample units and ( xFrac;, yFrac, ) be an offset given in quarter-
sample units. These variables are used only inside this subclause for specifying fractional-sample locations inside the
reference sample arrays refPicLX;, refPicLXcy, and refPicLXc,.

For each luma sample location (x;=0.nPbW — 1,y =0..nPbH — 1) inside the prediction luma sample array
predSampleL X, the corresponding prediction luma sample value predSampleLX, [ x;, y. ] is derived as follows:

— The variables xInt;, yInt; , xFrac;, and yFrac; are derived as follows:

xIntp =xPb+ (mvLX[ 0] >> 2)+xg (8-189)
yIntp =yPb+(mvLX[ 1] >> 2)+yp (8-190)
xFracp =mvLX[ 0] &3 (8-191)
yFrac, =mvLX[ 1] &3 (81192)
— The prediction luma sample value predSampleLX| [ x;, y. ] is derived by invoking the process specified in\subglause
8§5.3.3.3.2 with ( xInty, yInt ), ( xFracy, yFrac; ), and refPicLX{ as inputs.
Let ([xIntc, yIntc ) be a chroma location given in full-sample units and ( xFracc, yFracc ) be an offset giyen in one-¢ighth
sample units. These variables are used only inside this subclause for specifying general fractional-sample locations fnside
the rdference sample arrays refPicLXc, and refPicLX,.
For ¢ach chroma sample location (xc=0..nPbW /2 —1,yc=0..nPbH/2 — 1) inside the prediction chroma sgmple
arrayp  predSampleLXc, and predSampleLXc, the corresponding predictioni,/ chroma sample values
pred§ampleLX [ Xc, yc ] and predSampleL X[ Xc, yc ] are derived as follows:
— The variables xIntc, yIntc, XxFrace, and yFracc are derived as follows:
xIntc=(xPb/2)+ (mvCLX[ 0] >> 3)+xc (8193)
ylnte =(yPb/2)+ (mvCLX[ 1] >> 3)+yc (81194)
xFracc=mvLX[ 0] &7 (81195)
yFracc=mvLX[ 1] &7 (81196)
— The prediction sample value predSampleLXcy[ Xc, ycdhis derived by invoking the process specified in subglause
8§5.3.3.3.3 with ( xIntc, yIntc ), ( XFracc, yFracc ), andrefPicLXc, as inputs.
— The prediction sample value predSampleLX[Xc, yc ] is derived by invoking the process specified in subdlause
8

.3{3.3.2 Luma sample interpolation process

5.3.3.3.3 with ( xIntc, yIntc ), ( xFracc, yFracc ), and refPicLXc, as inputs.

5 to this process are:

[uma location in full-sample-units ( xIntg, yInt; ),

fuma location in fractiorialjsample units ( xFracy, yFracy ),
e luma reference sample array refPicLX;.

it of this proce§s.sa predicted luma sample value predSampleL X[ x;, yi ]
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A Ao-1 | Qg1 | Do1 | Cot [ A1 Az
Ao Aoo | Q0o | Poo | Coo | Arp Az
d.1p Uoo | €00 | Too | 900 | Y10 dzo
h.io hoo | Too | Joo | Koo | 1o hoo
No Noo | Poo | o0 | Yoo | N1o N2y
A Ao | Aoy | Do | Cor | Ava Az
A, Aoz | Aoz | Doz | Cool A2 Az,

Figyire 8-4 — Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shqded

In Figure 8-4, the positions labelled with uppericase letters A; ; within shaded blocks represent luma samples a
sample locations inside the given two-dimetisional array refPicLX; of luma samples. These samples may be usg
genefjating the predicted luma sample value predSampleLX|[ xi, y. ]. The locations ( XA j, yA;j) for each
correpponding luma samples A; ; inside,the given array refPicLX; of luma samples are derived as follows:

The positions labelled with~lfower-case letters within un-shaded blocks represent luma samples at quarter-pel s
fractipnal locations. Fhe-luma location offset in fractional-sample units ( xFracp, yFrac; ) specifies which @
genefjated luma samiples’ at full-sample and fractional-sample locations is assigned to the predicted luma sample
pred§ampleLX; [ Xp;~y; ]. This assignment is as specified in Table 8-7. The value of predSampleLX;[ x, y |
outpyt.

The vYariables shiftl, shift2, and shift3 are derived as follows:

blocks with lower-case letters) for.quarter sample luma interpolation

xA; j = Clip3( 0, pic_width_in)luma_samples — 1, xInt, +1i) (8

yA; ;= Clip3( 0, pic_height_in_luma_samples — 1, yInt; +j) (8

full-
d for
f the

197)
198)

mple
f the
value
s the

The wariable shiftl is set equal to BitDepthy — & the variable shift? is set equal to 6 _and the variable shiff3

is set

equal to 14 — BitDepthy.

Given the luma samples A, ; at full-sample locations ( XA, j, YA, j), the luma samples ag, to roo at fractional sample
positions are derived as follows:

— The samples labelled ag, bgo, o0, doo, hoo, and ngy are derived by applying an 8-tap filter to the nearest integer

position samples as follows:

00 = ( _A73’() +4%* Afz’() —-10* Aflq() +58 * A()‘() +17 * AI,O —5%* Azq() + A3’() ) >> shiftl (8-199)
boo=(—Asg+4%*A 0= 11% A o+40* Ago+40* A g— 11 % Ayg+4 * Ayg— Ayy) >> shiftl  (8-200)
Co0 = ( A_z,() —5% A—I,O +17 * AO,O + 58 * Al,() —-10* AZ,O +4 * A3’0 - A4’0 ) >> ghiftl (8-201)
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d(),() = ( _AO,—3 + 4 * AO,—Z - 10 * AO,—I + 58 * A0,0 + 17 * A(),] - 5 * AO,Z + A0,3 ) >> Shlftl

hoo=(—Ag3T4*Ag,—11%Ag +40% Agg+40* Ag; — 11 % Agy+4 % Ags — Agy) >> shifil

Noo = ( AO,’Z —-5%* AO,’I +17 * A(),() + 58 * AO,] —-10* AO,Z +4* A0’3 - A0’4) >> shiftl

(8-
(8-
(8-

202)
203)
204)

— The samples labelled e, 0,0, Po.0» f0.0, Jo.0» 90.0» 80,0- Ko,0, and 1o are derived by applying an 8-tap filter to the samples
a9, bo; and co; with 1 =—3..4 in the vertical direction as follows:

€00 = ( —ap,-3 +4%* a0-2 — 10 * A0 -1 + 58 * 0,0 +17 * 0,1 — 5% I + 0,3 ) >> ghift2
io,() = ( —ap,-3 +4* a0 — 11* Ao -1 +40 * 0,0 +40 * 0,1 — 11* I +4 % 203 ~ o4 ) >> ghift2

Po,o = ( ap-2 — 5% 0,1 + 17 * 0,0 +58 * a01 — 10 * 0,2 +4%* 403 — 30’4) >> shift2

% 1

(8-
(8-
(8-

tor—t b4 o0 by 58 bor b5 bor b3 shift2
Joo=("bo3+4*bg— 11 *by_; +40*bgo+40 *by; — 11 *byp+4 *by3 —bpg) >> shift2
Qoo=(bo—2—5%bo_1+ 17 *bgg+58 *by; — 10 * by +4 *bg3—bgg) >> shift2
goo=(—Co3t+t4*cop—10%co 1 +58%coo+ 17 *coy1—5*contcos3) >> shift2
koo=(—cos3+t4*copo—11*co_y +40*cop+40*co;—11*cop+4*co3—cos) >> Shift2

Too = ( Co—2 — 5 * Co,-1 +17 * Co,0 + 58 * Co,1 — 10 * Cop +4* Co3 — C0,4) >> ghift2

Table 8-7 — Assignment of the luma prediction sample predSampleLX, [ x;, y.. |

xFracL 0 0j010 (1 (1|1 |Ll4¢2T2(2]2(3]3

yFracL 0 1121301243701 (2]|3(0]1

predSampleLX; [ x,yp,] | A << shift3 |d |h |n|a|epV|p|b|f|j|lqlc|g

3.3.3 Chroma sample interpolation process

5 to this process are:

chroma location in full-sample units ( xIntc, ylntc),

chroma location in fractional-sample units‘((xFracc, yFracc ),
e chroma reference sample array refPicl;Xc.

it of this process is a predicted chtema sample value predSampleLX([ xc, yc ]

8
(8
(8
(8
(8
(8
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hag_1 |hbg.1|hco.1 [hdo.1|heo.1| hfo.4 [hGo.1|hho 4

ah_qo| Boo |aboo | @cop [adog | a@eop | afoo | @gdoo | @hoo | B1o

bh.1g] bagg | bbgo | bCoo | bdgo | bego | bfoo | bGop | bhoo | bai

ch_10| cago | cboo | CCopo | Cdoo | Ce00 | Cfop | Coo | Choo | catp

dh da db dec dd de df, dg dh da

eh_o| eago | ebpo | €Cop |€doo | €€00 | €foo | €Too | €hoo | €1,

fh_qo | fago | fboo | fCoo | fdoo | feoo | ffoo | fdoo | fhoo | fai

gh_10] 90,0 | 9boo | 9Co0 | 9doo | 9€00 | Ifoo | 9900 | Goo] 9a10

hh_1 o] hago | hbgo | hcop | hdog | hegg | hfgg | hgo oo | haq

Bo1 [abg+ | @cyq |ado |aeg4 | afgq<4adoq |ahoq | By

Figyire 8-5 — Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shqded

In Fi
samp)

genefjating the predicted chroma sample value predSampleLXc[ x¢, yc ]. The locations ( xB; j, yBi j) for each

corre

The §
fracti

genefjated chroma samples¢atfull-sample and fractional-sample locations is assigned to the predicted chroma s3

value
preds

The ¥

- T
eq

blocks with lower-case letters) for eighth sample chroma interpolation

bure 8-5, the positions labelled with upper-case lettets B; ; within shaded blocks represent chroma samples a
le locations inside the given two-dimensional array refPicLX of chroma samples. These samples may be us

sponding chroma samples B; j inside the given array refPicLX¢ of chroma samples are derived as follows:
xB; j = Clip3( 0, ( pic_width_in_luma jsamples / SubWidthC ) — 1, xIntc + i) 8
yB;, j = Clip3( 0, ( pic_height_in\luma_samples / SubHeightC ) — 1, yIntc +j ) (8

positions labelled with lower-case letters within un-shaded blocks represent chroma samples at eighth-pel s3
pnal locations. The chremalocation offset in fractional-sample units ( xFracc, yFracc ) specifies which d

predSampleLXc[Xe»yc ]. This assignment is as specified in Table 8-8. The output is the valy
ampleLX[ x¢, Yc J-
ariables shiftb;-shift2, and shift3 are derived as follows:

he variable shiftl is set equal to BitDepthc — 8, the variable shift2 is set equal to 6, and the variable shift3
ualto\l4 — BitDepthc.

Given_the chroma samples B; ; at full-sample locations ( xB; ;, vB; ;). the chroma samples aby, to hhy, at frac

sample positions are derived as follows:

full-
d for
f the

214)
215)

mple
f the
mple
e of

is set

ional

— The samples labelled ab,, acy, adg, aeop, afy o, agoo, and ahy are derived by applying a 4-tap filter to the nearest
integer position samples as follows:

abgy=(—2*B_jy+58 *Bog+ 10 *B;—2*B,,) >> shiftl (8-216)
aco=(—4*B_ g+ 54 *Bog+ 16 * By —2 * By, ) >> shiftl (8-217)
adgg=(—6 * B_; o+ 46 * Boy+28 * B,y —4 * B, ) >> shiftl (8-218)
aego=(—4*B_1g+36 *Boo+36* By —4*B,,) >> shiftl (8-219)
afoo=(—4*B_1o+28 * By +46 *B;y— 6 *B,y) >> shiftl (8-220)
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ago,0 = ( -2 * B—I,O +16* BO,O + 54 * Bl,() —4%* Bz,o ) >> shiftl
ah(),() = ( 2% Bfl’() +10* B(),() +58 * BI,O —2%* BZ,O ) >> shiftl

(8-221)
(8-222)

— The samples labelled bay, cag, dag, €aoo, fage, gao0, and hagy are derived by applying a 4-tap filter to the nearest

integer position samples as follows:

bage=(—2*By_; + 58 * Boy+ 10 * By, —2 * By, ) >> shiftl (8-223)
Cago=(—4* By + 54 *Byy+ 16 * By, — 2 * By, ) >> shiftl (8-224)
dago=(—6 *By_; + 46 * By + 28 * By, — 4 * By, ) >> shiftl (8-225)
eago=(—4 * By + 36 * Boy+36 * By, —4 *By,) >> shiftl (8-226)
for— (- By 28~ By By— 6~ Byr——shiftt (83227)
ga00=(—2*By_;+ 16 * By + 54 * By, — 4 * By, ) >> shiftl (8}228)
hago=(—2 *By_; + 10 * By + 58 * By, — 2 * By, ) >> shiftl (8}229)

— The samples labelled bX,, ¢Xo0, dXo,, €Xo,0, X0, X0, and hXg, for X being replaced by bse)d, e, f, g, 4

o

rection as follows:

rgspectively, are derived by applying an 4-tap filter to the intermediate values aX,; with i€5-1..2 in the vq

bXpo=(—2*aXo_;+58 *aXo+ 10 *aXy; —2 *aX,, ) >> shift2 8
cXpo=(—4*aXo;+54 *aXpp+ 16 *aX,; —2 *aX,, ) >> shift2 (8
dXpo=(—6 *aXy_; +46 *aX,o+ 28 *aXy; —4 *aXp, ) >> shift2 8
eXpo=(—4*aX,; +36 *aXpo+36*aX,; —4 *aX,,) >> shift2 (8
Xoo=(—4*aXo- +28 *aXgo+46 *aX,; — 6 *aXg, ) >> shift2 (8
gXoo=(—2%*aXo;+16 *aX,o+ 54 *aX,; —4 *aXp, ) >> shift2 (8
hXoo= (-2 *aXo-; + 10 * aX,o+ 58 *aXy; —2 * aXg, )7>> shift2 8
Table 8-8 — Assignment of the chroma prediction sample predSampleLX([ xc, yc | for (X, Y ) being replace
(1,b),(2,¢),(3,d),(4,e),¢5,f),(6,¢g),and (7, h), respectively
xFracC 0 0O0j(o0|0]O0O|O0O]O0]O
yFracC 0 1 {23 |4|5]|6]|7
predSampleLX¢[ xcs yc] | B << shift3 | ba | ca | da | ea | fa | ga | ha
xFraeC X X |1 XXX [|X]|X]|X
yFracC 0 1 12|34 |5]|6]|7
predSampleLXC[ x¢, yc | aY bY | cY | dY | eY | fY | gY | hY

8.5.313.4 Weighted sample prediction process

8.5.3]3(4:1 " General

nd h,
rtical

230)
231)
232)
233)
234)
235)
236)

1 by

Inputs to this process are:

— two variables nPbW and nPbH specifying the width and the height of the luma prediction block,

— two (nPbW)x(nPbH) arrays predSamplesL0 and predSamplesL1,
— the prediction list utilization flags, predFlagl.0, and predFlagL1,
— the reference indices refldxLL0 and refldxL1,

— avariable cldx specifying colour component index.

Output of this process is the (nPbW)x(nPbH) array predSamples of prediction sample values.

The variable bitDepth is derived as follows:
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— If cldx is equal to 0, bitDepth is set equal to BitDepthy.

— Otherwise, bitDepth is set equal to BitDepthc.

The variable weightedPredFlag is derived as follows:

— Ifslice type is equal to P, weightedPredFlag is set equal to weighted pred flag.

— Otherwise (slice_type is equal to B), weightedPredFlag is set equal to weighted bipred flag.
The following applies:

— If weightedPredFlag is equal to 0, the array predSample of the prediction samples is derived by invoking the default
weighted sample prediction process as specified in subclause 8.5.3.3.4.2 with the luma prediction block width nPbW,
the luma prediction block height nPbH, two (nPbW)x(nPbH) arrays predSamplesL.O and predSamplesL1, the

pediction list utilization flags predFlagl0 and predFlagl.1, and the bit depth bitDepth as inputs.

— Otherwise (weightedPredFlag is equal to 1), the array predSample of the prediction samples is derived by, invpking
the weighted sample prediction process as specified in subclause 8.5.3.3.4.3 with the luma prediction block pwidth
nPbW, the luma prediction block height nPbH, two (nPbW)x(nPbH) arrays predSamplesLO and predSamplesL|l, the
ptediction list utilization flags predFlagl.0 and predFlagL1, the reference indices refldxLO and(refldxL1, the dolour
component index cldx, and the bit depth bitDepth as inputs.

8.5.3]3.4.2 Default weighted sample prediction process

Inputk to this process are:

— two variables nPbW and nPbH specifying the width and the height of the luma grediction block,
— two (nPbW)x(nPbH) arrays predSamplesL.0 and predSamplesL1,

— tHe prediction list utilization flags, predFlagl.0, and predFlagL1,

— apit depth of samples, bitDepth.

Outpit of this process is the (nPbW)x(nPbH) array predSamples of prediction sample values.
Varigbles shiftl, shift2, offsetl, and offset2 are derived as follows:

— The variable shift] is set equal to 14 — bitDepth and. the variable shift2 is set equal to 15 — bitDepth.
— The variable offset] is derived as follows:

- If shift] is greater than 0, offsetl is set'equal to 1 << (shiftl —1).

- Otherwise (shiftl is equal to 0), offsetl is set equal to 0.

— The variable offset2 is set equal tol\'<< ( shift2 —1).

Depepding on the values of(predFlagl0 and predFlagll, the prediction samples predSamples[ x ][y ]| with
x = 0}.nPbW — 1 and y = 0..nPbH.— 1 are derived as follows:

— IflpredFlagL0 is equal to-l and predFlagL1 is equal to 0, the prediction sample values are derived as follows:
predSamples| x-|f.y ] = Clip3( 0, (1 << bitDepth ) — 1, ( predSamplesLO[ x ][ y ] + offsetl ) >> shiftl ) (8;237)

— Otherwise, if\prédFlagl0 is equal to 0 and predFlagL1 is equal to 1, the prediction sample values are derivied as
fdllows:

predSamples[ x ][ y ] = Clip3( 0, (1 << bitDepth ) — 1, ( predSamplesL1[ x ][ y ] + offsetl ) >> shiftl ) (8}238)

arunca (aradBlool O 1o oo o 1+ 1 ond e dBElagT 1 10 oo 1+ 1 tha nead

tetion comanla oliac o dogry d
THeHFWASES Feartag-v—15—CqGuar—to—1—ahaprearagor—is—CqHar—o— tHe—preaicton—Sahpre—varues—are—acttv a
AV 1<) ! 14 1<) ! VA P P S

follows:

predSamples[ x ][ y ] = Clip3( 0, (1 << bitDepth ) — 1,
( predSamplesLO[ x ][ y ] + predSamplesL1[ x ][ y ] + offset2 ) >> shift2 ) (8-239)

8.5.3.3.4.3 Explicit weighted sample prediction process

Inputs to this process are:

— two variables nPbW and nPbH specifying the width and the height of the luma prediction block,
— two (nPbW)x(nPbH) arrays predSamplesL.0 and predSamplesL1,

— the prediction list utilization flags, predFlaglL0, and predFlagl1,
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— the reference indices, refldxL0 and refldxL1,

— avariable cldx specifying colour component index,

— a bit depth of samples, bitDepth.

Output of this process is the (nPbW)x(nPbH) array predSamples of prediction sample values.

The variable shiftl is set equal to 14 — bitDepth.

The variables log2Wd, 00, o1, and w0, w1 are derived as follows:

— Ifcldx is equal to 0 for luma samples, the following applies:

log2Wd = luma_log2 weight denom + shiftl (8-240)
w0 = LumaWeightLO[ refldxLO ] (81241)
w1 = LumaWeightL1[ refldxL1 ] (81242)
00 = luma_offset 10[ refldxL0 ] * (1 << (bitDepth—8)) (8f243)
01 =luma_offset 11 refldxL1 ] * (1 << (bitDepth—8)) (8f244)
— Ofherwise (cldx is not equal to 0 for chroma samples), the following applies:
log2Wd = ChromaLog2WeightDenom + shiftl (8f245)
w0 = ChromaWeightLO[ refldxL0 J[ cIdx — 1 ] (8f246)
w1 = ChromaWeightL1[ refldxL1 J[ cIdx — 1 ] (81247)
00 = ChromaOffsetLO[ refldxLO J[ cIdx — 1] * (1 << ( bitDepth —8Y) (8248)
01 = ChromaOffsetL1[ refldxL1 J[ cIdx — 1] * (1 << ( bitDepth¢&H8v)) (81249)
The grediction sample predSamples[ x ][ y ] with x = 0.nPbW — 1 andy = 0..nPbH — 1 are derived as follows:
Iff the predFlagL0 is equal to 1 and predFlagL1 is equal to 0.‘the prediction sample values are derived as follows:
if( log2Wd >= 1)
predSamples[ x ][ y ] = Clip3( 0, (1 << bitDepth ) — 1,
( ( predSamplesLO[ x ][ y ] * w0 + 2" 1y >> 1652Wd ) + 00 ) (81250)

else
predSamples[ x ][ y ] = Clip3( 0, ( =< bitDepth ) — 1, predSamplesLO[ x ][ y ] * w0 + 00 )

therwise, if the predFlagl0 is equal to 0 and predFlagL1 is equal to 1, the prediction sample values are deriy
follows:

if( log2Wd >= 1)
predSamples[ x ][ y }=/Clip3( 0, (1 << bitDepth ) — 1,
( (predSamplesDI[ x ][y ] * wl +2"°2V4" 1) >> 1og2Wd ) + ol ) 8
else
predSamples{x ][ y ] = Clip3( 0, (1 << bitDepth ) — 1, predSamplesL1[x ][y ] * wl + 01)

therwise (predFlagl0 is equal to 1 and predFlagll is equal to 1), the prediction sample values are deriv
follows:

predSamples[ x ][ y ] = Clip3( 0, (1 << bitDepth ) — 1,
( predSamplesLO [ x ][ y ] * wO + predSamplesLI1[ x ][ y] * wl +

ed as

251)

ed as

((00+0l+1) << log2Wd)) >> (log2Wd+1)) (8

252)

8.5.4  Decoding process for the residual signal of coding units coded in inter prediction mode

8.5.4.1 General

Inputs to this process are:

— a luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma sample of the current picture,

— avariable log2CbSize specifying the size of the current luma coding block.

Outputs of this process are:

136
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an (nCbS; )x(nCbS;) array resSamples; of luma residual samples, where nCbS; is derived as specified below,

an (nCbSc)x(nCbS¢) array resSamplesc, of chroma residual samples for the component Cb, where nCbS¢ is derived

as specified below,

an (nCbSc)x(nCbSc¢) array resSamplesc, of chroma residual samples for the component Cr, where nCbS¢ is derived

as specified below.

The variable nCbS, is set equal to 1 << log2CbSize and the variable nCbSc is set equal to nCbS; >> 1.

Let resSamples; be an (nCbS;)x(nCbS;) array of luma residual samples and let resSamplesc, and resSamplesc, be two
(nCbS¢)x(nCbSc) arrays of chroma residual samples.

Depending on the value of rqt_root cbf, the following applies:

8.5.4]2 Decoding process for luma residual blocks

Inputk to this process are:

Outppit of this-process is a modified version of the (nCbS)x(nCbS) array of luma residual samples.

Depending on the value of split_transform_flag[ xCb + xB0 ][ yCb + yBO0 ][ trafoDepth ], the following applies:

If rqt_root_cbf is equal to 0 or skip_flag[ xCb ][ yCb ] is equal to 1, all samples of the (nCbS;)x(nCbSy,)
fesSamples; and all samples of the two (nCbS¢)x(nCbSc) arrays resSamplesc, and resSamples;, are set equal t0

therwise (rqt_root_cbfis equal to 1), the following ordered steps apply:

1. The decoding process for luma residual blocks as specified in subclause 8.5.4.2 below is invoked with the
location ( xCb, yCb ), the luma location ( xB0, yB0 ) set equal to ( 0, 0 ), the variable log2TrafoSize set eq|
log2CbSize, the variable trafoDepth set equal to 0, the variable nCbS set egqual to nCbS;, an
(nCbSp)x(nCbS;) array resSamples; as inputs, and the output is a modified version 6f the (nCbSp)x(n
array resSamples; .

2. The decoding process for chroma residual blocks as specified in subclausg 8,5.4.3 below is invoked wi
luma location ( xCb, yCb ), the luma location ( xB0, yB0 ) set equal to«(“0,0 ), the variable log2TrafoSi
equal to log2CbSize, the variable trafoDepth set equal to 0, the variable cldx set equal to 1, the variable
set equal to nCbSc, and the (nCbSc)x(nCbS() array resSamplescy, as inputs, and the output is a modified vg
of the (nCbSc)x(nCbSc) array resSamplescy.

3. The decoding process for chroma residual blocks as specified“in subclause 8.5.4.3 below is invoked wi
luma location ( xCb, yCb ), the luma location ( xB0, yB0Y_set equal to ( 0, 0 ), the variable log2TrafoSi
equal to log2CbSize, the variable trafoDepth set equal ¢o 0, the variable cldx set equal to 2, the variable
set equal to nCbSc, and the (nCbSc)x(nCbSc) array resSamplesc, as inputs, and the output is a modified v4
of the (nCbS¢)x(nCbS¢) array resSamplesc;.

o

luma location ( xCb, yCb ) specifying-the top-left sample of the current luma coding block relative to the tq
ma sample of the current picture,

—
o

luma location ( xBO0, yB0 ) speeifying the top-left sample of the current luma block relative to the top-left sam
he current luma coding block;

=&o®

o

ariable log2 TrafoSize specifying the size of the current luma block,
a [variable trafoDepthspecifying the hierarchy depth of the current luma block relative to the luma coding block,
a [variable nCbS&pecifying the size of the current luma coding block,

anp (nCbS)x(nCbS) array resSamples of luma residual samples.

array
0.

luma
hal to
i the
CbS;)

h the
ve set
nCbs
rsion

h the
ve set
nCbs
rsion

p-left

ble of

If split_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 1, the following ordered steps apply:
1. The variables xB1 and yB1 are derived as follows:

— The variable xB1 is set equal to xB0 + (1 << (log2TrafoSize —1)).

— The variable yBl1 is set equal to yBO + (1 << (log2TrafoSize—1)).

The decoding process for luma residual blocks as specified in this subclause is invoked with the luma location
( xCb, yCb ), the luma location ( xB0, yB0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable nCbS, and the (nCbS)x(nCbS) array resSamples as
inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.
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3.

The decoding process for luma residual blocks as specified in this subclause is invoked with the luma location
(xCb, yCb ), the luma location ( xBl, yB0), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable nCbS, and the (nCbS)x(nCbS) array resSamples as
inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

The decoding process for luma residual blocks as specified in this subclause is invoked with the luma location
(xCb, yCb ), the luma location ( xB0, yB1), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable nCbS, and the (nCbS)x(nCbS) array resSamples as
inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

The decoding process for luma residual blocks as specified in this subclause is invoked with the luma location
(xCb, yCb ), the luma location ( xB1, yB1), the variable log2TrafoSize set equal to log2TrafoSize — 1, the
variable trafoDepth set equal to trafoDepth + 1, the variable nCbS, and the (nCbS)x(nCbS) array resSamples as

)
Outp
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\
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therwise (split_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 0), the following ordered|steps
ply:
The variable nTbS is set equal to 1 << log2TrafoSize.
The scaling and transformation process as specified in subclause 8.6.2 is invoked with”the luma logation
(xCb + xB0, yCb + yB0 ), the variable trafoDepth, the variable cldx set equal to 0y ahd the transforn} size
trafoSize set equal to nTbS as inputs, and the output is an (nTbS)x(nTbS) array transformBlock.
The (nCbS)x(nCbS) residual sample array of the current coding block resSamples'is modified as follows:
resSamples[ xB0 + i, yB0O + j ] = transformBlock] i, j ], with i = 0..nTbSG1;j = 0.nTbS — 1 (8§253)
3 Decoding process for chroma residual blocks

5 to this process are:

luma location ( xCb, yCb ) specifying the top-left sample of thé\current luma coding block relative to the top-left
ma sample of the current picture,

luma location ( xB0, yB0 ) specifying the top-left luma sample of the current chroma block relative to the top-left
mple of the current luma coding block,

variable log2 TrafoSize specifying the size of the current chroma block in luma samples,
ariable trafoDepth specifying the hierarchy depth of the current chroma block relative to the chroma coding bjock,
ariable cldx specifying the chroma comipenent of the current block,

variable nCbS specifying the size of'the current chroma coding block,

) (nCbS)x(nCbS) array resSamples of chroma residual samples.

it of this process is a modified version of the (nCbS)x(nCbS) array of chroma residual samples.
ariable splitChromaFlag@is derived as follows:

split_transform<{flag] xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 1 and log2TrafoSize is greater than 3,
litChromaFlagds-set equal to 1.

therwise(split_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 0 or log2TrafoSize is eqgpal to
, splitChromaFlag is set equal to 0.

Depe

hding'on the value of splitChromaFlag, the following applies:

— If splitChromaFlag is equal to 1, the following ordered steps apply:

1.

138

The variables xB1 and yB1 are derived as follows:
— The variable xB1 is set equal to xB0O + (1 << (log2TrafoSize —1)).
— The variable yBl1 is set equal to yBO + (1 << (log2TrafoSize —1)).

The decoding process for residual chroma blocks as specified in this subclause is invoked with the luma
location ( xCb, yCb ), the luma location ( xB0, yBO0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1,
the variable trafoDepth set equal to trafoDepth + 1, the variable cldx, the variable nCbS, and the (nCbS)x(nCbS)
array resSamples as inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

© ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=7898a76f8f8e5aa08ba9964d35874254

ISO/IEC 23008-2:2013(E)

The decoding process for residual chroma blocks as specified in this subclause is invoked with the luma
location ( xCb, yCb ), the luma location ( xB1, yBO0 ), the variable log2TrafoSize set equal to log2TrafoSize — 1,
the variable trafoDepth set equal to trafoDepth + 1, the variable cldx, the variable nCbS, and the (nCbS)x(nCbS)
array resSamples as inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

The decoding process for residual chroma blocks as specified in this subclause is invoked with the luma
location ( xCb, yCb ), the luma location ( xB0, yB1 ), the variable log2TrafoSize set equal to log2TrafoSize — 1,
the variable trafoDepth set equal to trafoDepth + 1, the variable cldx, the variable nCbS, and the (nCbS)x(nCbS)
array resSamples as inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

The decoding process for residual chroma blocks as specified in this subclause is invoked with the luma
location ( xCb, yCb ), the luma location ( xB1, yB1 ), the variable log2TrafoSize set equal to log2TrafoSize — 1,
the variable trafoDepth set equal to trafoDepth + 1, the variable cldx, the variable nCbS, and the (nCbS)x(nCbS)

— Otherwise (splitChromaFlag is equal to 0), the following ordered steps apply:

8.6
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The variable nTbS is set equal to 1 << (log2TrafoSize — 1).

The scaling and transformation process as specified in subclause 8.6.2 is invoked with.the luma logation
( xCb + xB0, yCb + yB0 ), the variable trafoDepth, the variable cIdx, and the transform §iz¢ trafoSize set jequal
to nTbS as inputs, and the output is an (nTbS)x(nTbS) array transformBlock.

The (nCbS)x(nCbS) residual sample array of the current coding block resSamples.is modified as follows, for
i=0.nTbS —1,j=0.nTbS — I:

resSamples[ (xCb +xB0)/2+1, (yCb+yB0)/2+j]=transformBlock{, j ] (8f254)
Scaling, transformation and array construction process prior-to deblocking filter process

Derivation process for quantization parameters

to this process is a luma location ( xCb, yCb ) specifying thertop-left sample of the current luma coding plock
ve to the top-left luma sample of the current picture.

s process, the variable Qpy, the luma quantization patameter Qp'y, and the chroma quantization parameters
p'c; are derived.

uma location (xQg, yQg ), specifies the topiléft luma sample of the current quantization group relative f{
ft luma sample of the current picture. The horizontal and vertical positions xQg and yQg are set equ
- (XCb & ((1 << Log2MinCuQpDeltaSize) — 1)) and yCb — (yCb & ( (1 << Log2MinCuQpDeltaSize)
ctively. The luma size of a quantizatien' group, Log2MinCuQpDeltaSize, determines the luma size of the sm

Qp'cy

o the
al to

1)),

allest

nside a coding tree block that shates the same qPy prep.
redicted luma quantization parameter qPy prep is derived by the following ordered steps:

.

The variable qPy prgf is derived as follows:

— If one or more of the following conditions are true, qPy prgy is set equal to SliceQpy:
— The,current quantization group is the first quantization group in a slice.
— /Fhe current quantization group is the first quantization group in a tile.

<> The current quantization group is the first quantization group in a coding tree block row and
entropy _coding sync enabled flag is equal to 1.

—Otherwise, qPy prev 15 Set equat to tie [Uma quantiZation parameter QPy Of the tast coding umt the
previous quantization group in decoding order.

The availability derivation process for a block in z-scan order as specified in subclause 6.4.1 is invoked with the
location ( xCurr, yCurr ) set equal to ( xCb, yCb ) and the neighbouring location ( xXNbY, yNbY ) set equal to
(xQg— 1, yQg) as inputs, and the output is assigned to availableA. The variable qPy 4 is derived as follows:

— If one or more of the following conditions are true, qPy 4 is set equal to qPy prgv:
— availableA is equal to FALSE.

— the coding tree block address ctbAddrA of the coding tree block containing the luma coding block
covering the luma location ( xQg — 1, yQg ) is not equal to CtbAddrInTs, where ctbAddrA is derived as
follows:
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xTmp =(xQg— 1) >> Log2MinTrafoSize
yTmp =yQg >> Log2MinTrafoSize
minTbAddrA = MinTbAddrZs[ xTmp ][ yTmp ]

ctbAddrA = ( minTbAddrA >> 2) * (CtbLog2SizeY — Log2MinTrafoSize) (8-255)

— Otherwise, qPy , is set equal to the luma quantization parameter Qpy of the coding unit containing the
coding block covering ( xQg — 1, yQg ).

luma

3. The availability derivation process for a block in z-scan order as specified in subclause 6.4.1 is invoked with the
location ( xCurr, yCurr ) set equal to ( xCb, yCb ) and the neighbouring location ( xXNbY, yNbY ) set equal to
(xQg, yQg — 1) as inputs, and the output is assigned to availableB. The variable qPy g is derived as follows:

— If one or more of the following conditions are true, qPy g is set equal to qPy prev:

The ¥

The |

The Y
qPicy

The d

— availableb 1s equal to FALSE.

— the coding tree block address ctbAddrB of the coding tree block containing the luma coding
covering the luma location ( xQg, yQg — 1) is not equal to CtbAddrInTs, where ctbAddrB is deriy
follows:

xTmp = xQg >> Log2MinTrafoSize

yTmp =(yQg—1) >> Log2MinTrafoSize

minTbAddrB = MinTbAddrZs[ xTmp ][ yTmp ]

ctbAddrB = ( minTbAddrB >> 2) * (CtbLog2SizeY — Log2MinTrafoSize) (8

— Otherwise, qPy  is set equal to the luma quantization parameter Qpy of the'\coding unit containing the
coding block covering ( xQg, yQg—1).

. The predicted luma quantization parameter Py prgp is derived as follows:
Py prep = (qPy o+ qPy g+ 1) > 1 (8
ariable Qpy is derived as follows:

Qpy = ((gPy prep + CuQpDeltaVal + 52 + 2 * QpBdOffsety)%( 52 + QpBdOffsety ) ) — QpBdOffsety (8

uma quantization parameter Qp'y is derived as follows:

Qp'y = Qpy + QpBdOffsety (8

rariables qPc, and qPc, are set equal to the (value of Qpc as specified in Table 8-9 based on the index qPieq

and qPic,, respectively, and qPic, and gRigyare derived as follows:
qPicy, = Clip3( —QpBdOffsetc, 57, Qpy + pps_cb_qp_offset + slice_cb_qp_offset ) (8
qPic, = Clip3( —QpBdOffsete57, Qpy + pps_cr_qp_offset + slice_cr_qp_offset ) (8
hroma quantization parameters for the Cb and Cr components, Qp'c, and Qp'c;, are derived as follows:
Qp'cy = qP¢p + QpBdOffsetc &
Qp'c: = qPc: + QpBdOffsetc @

Table 8-9 — Specification of Qpc as a function of qPi

gPi | <30 |30 |31 323334 [35]36]37 383940414243 |>43

block
ed as

256)

luma

257)

258)

259)

hal to

260)
261)

262)
263)

Qpc | =qPi |29 30|31 3233 |33)34|34|35|35[36[36|37]|37|=qPi—6

8.6.2

Scaling and transformation process

Inputs to this process are:

— a luma location (xTbY, yTbY ) specifying the top-left sample of the current luma transform block relative to the
top-left luma sample of the current picture,

— avariable trafoDepth specifying the hierarchy depth of the current block relative to the coding block,

— avariable cldx specifying the colour component of the current block,

— avariable nTbS specifying the size of the current transform block.

140
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Output of this process is the (n'TbS)x(nTbS) array of residual samples r with elements r[ x ][ y ].
The quantization parameter qP is derived as follows:
— Ifcldxis equal to 0,
qP =Qp'y
— Otherwise, if cldx is equal to 1,
qP=Qp'cy
— Otherwise (cldx is equal to 2),
qP =Qp'cy

(8-264)

(8-265)

(8-266)

The (nTbS)x(nTbS) array of residual samples r is derived as follows:

— Iffcu_transquant bypass flag is equal to 1, the (nTbS)x(nTbS) array r is set equal to the (nTbS)x(nTbS) arfay of

transform coefficients TransCoeffLevel[ xXTbY ][ yTbY ][ cldx ].

— Otherwise, the following ordered steps apply:

coefficients d.

The (nTbS)x(nTbS) array of residual samples r is derived as follows:

[N

with x = 0..nTbS — 1, y = 0..nTbS — 1 are derived as follows:
x][yl=0d[x][y] <<7)

array of residual samples .

J. The variable bdShift is derived as follows:

bdShift = (cldx == 0) ? 20 = BitDepthy : 20 — BitDepthc

4. The residual sample values r[ x ][ y-] with x =0..nTbS — 1, y = 0..nTbS — 1 are modified as follows:
ffx][y]=(r[x][ y3+(1 << (bdShift—1))) >> bdShift

8.6.3] Scaling process for transform coefficients

Inputk to this process are;

— a|luma location (XTbY, yTbY ) specifying the top-left sample of the current luma transform block relative

tgp-left luma sample of the current picture,
— a/variable nTbS specifying the size of the current transform block,

— avaridble cldx specifying the colour component of the current block,

1. The scaling process for transform coefficients as specified in subclause 8.6.3 is inyoked with the tran
block location ( xTbY, yTbY ), the size of the transform block nTbS, the colour compenent variable cId3
the quantization parameter qP as inputs, and the output is an (nTbS)x(nTbS)_array of scaled tran

= If transform_skip flag[ xTbY ][ yTbY ][ cldx ] is equal to 1, theresidual sample array values 1| X

—  Otherwise (transform_skip flag[ xTbY ][ yTbY ][ éldx ] is equal to 0), the transformation proce
scaled transform coefficients as specified in subclapse 8.6.4 is invoked with the transform block lo
(xTbY, yTbY ), the size of the transform bloek nTbS, the colour component variable cldx, an
(nTbS)x(nTbS) array of scaled transform coefficients d as inputs, and the output is an (nTbS)x(1

(8

(8

(8

sform
, and
sform

Ily]

267)

s for
ation
d the
TbS)

268)

269)

0 the

—  alaridble qP specifying the quantization parameter
Output of this process is the (nTbS)x(nTbS) array d of scaled transform coefficients with elements d[ x ][ y ].
The variable bdShift is derived as follows:
— Ifcldx is equal to O,

bdShift = BitDepthy + Log2( nTbS ) — 5
— Otherwise,

bdShift = BitDepth¢ + Log2( nTbS ) — 5
The list levelScale[ ] is specified as levelScale[ k ] = { 40, 45, 51, 57, 64, 72 } withk=0..5.
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For the derivation of the scaled transform coefficients d[ x ][ y ] with x =0..nTbS — 1, y = 0..nTbS — 1, the following
applies:

— The scaling factor m[ x ][ y ] is derived as follows:
— Ifscaling_list enabled flag is equal to 0,
m[x][y]=16 (8-272)
— Otherwise (scaling_list_enabled flag is equal to 1),
m[ x ][ y ] = ScalingFactor[ sizeld ][ matrixId ][ x ][ v ] (8-273)

Where sizeld is specified in Table 7-3 for the size of the quantization matrix equal to (nTbS)x(nTbS) and matrixId is
specified in Table 7-4 for sizeld, CuPredMode[ xTbY ][ yTbY ], and cIdx, respectively.

— The scaled transform coefficient d[ x ][ y ] is derived as follows:
d[ x ][ y ] = Clip3( —32768, 32767, ( ( TransCoeffLevel[ xTbY J[ yTbY ][ cldx ][ x ][y ] * m[ x ][ y{q*
levelScale[ qP%6 ] << (qP/6) )+ (1 << (bdShift—1))) >> bdShift) (81274)

8.6.4] Transformation process for scaled transform coefficients

8.6.4{1 General
Inputk to this process are:

— a(luma location (xTbY, yTbY ) specifying the top-left sample of the current Juma transform block relative fo the
tgp-left luma sample of the current picture,

— a/variable nTbS specifying the size of the current transform block,

— a/variable cldx specifying the colour component of the current blocks

— af (nTbS)x(nTbS) array d of scaled transform coefficients with el¢ments d[ x ][ y ].

Outppit of this process is the (nTbS)x(nTbS) array r of residual samples with elements [ x ][ y ].
Depepding on the values of CuPredMode[ xTbY ][ yTbY 1,2TbS, and cldx, the variable trType is derived as follow:

—  [Iif CuPredMode[ xTbY ][ yTbY ] is equal to MODE INTRA, nTbS is equal to 4, and cldx is equal to 0, trType is
set equal to 1.

—  [Otherwise, trType is set equal to 0.
The (nTbS)x(nTbS) array r of residual samplés is derived as follows:

1. HKach (vertical) column of scaled transform coefficients d[ xJ[y] with x=0..nTbS—1, y=0..nTbS 11 is
transformed to e[ x ][ y] with X =0..nTbS — 1, y=0..nTbS — 1 by invoking the one-dimensional transfornjation
Arocess as specified in subclause 8.6.4.2 for each column x = 0..nTbS — 1 with the size of the transform block §TbS,
the list d[ x ][ y ] with y'=0..nTbS — 1, and the transform type variable trType as inputs, and the output is the list
q[ x ][ y ] with y = 0,.nTbS — 1.

2.  The intermediate sample values g[ x ][ y ] with x =0..nTbS — 1, y = 0..nTbS — 1 are derived as follows:
gl x 'y 1= Clip3( —32768, 32767, (e[ x ][y ]+ 64) >> 7) (81275)

ach (horizontal) row of the resulting array g[ x ][ y ] with x=0..nTbS — 1, y=0..nTbS — 1 is transformed to
x M y¢] with x =0..nTbS — 1, y = 0..nTbS — | by invoking the one-dimensional transformation process as spefified
ihsubclause 8.6.4.2 for each row y = 0..nTbS — 1 with the size of the transform block nTbS, the list g[ x ][ y | with
X=0.1 =1, an v 1 with
x=0.nTbS — 1.

8.6.4.2 Transformation process

Inputs to this process are:

— avariable nTbS specifying the sample size of scaled transform coefficients,

— alist of scaled transform coefficients x with elements X[ j ], with j = 0..nTbS — 1.
— atransform type variable trType

Output of this process is the list of transformed samples y with elements y[ i ], with i = 0..nTbS — 1.
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Depending on the value of trType, the following applies:

—  IftrType is equal to 1, the following transform matrix multiplication applies:

nTbS-1
y[i]= ZtransMatrix[i][ 71*x[j] withi=0.nTbS — 1 (8-
j=0
where the transform coefficient array transMatrix is specified as follows:

transMatrix = (8-
{
{29 55 74 84}
{74 74 0 -74}
{84 —29 -74 55}
{55 -84 74 -29}
}

—  [Otherwise (trType is equal to 0), the following transform matrix multiplication applies:
nTbS-1
y[i]= ZtransMatrix[i][ #2537 Loe2@TOS) 1 3 [ 71 with i = 0..nTbS — 1, 8
j=0
where the transform coefficient array transMatrix is specified as follows:

transMatrix[ m ][ n ] = transMatrixColOto15[ m ][ n ] with m = 0..15,n=0,,.31 8

transMatrixColOto15 = 8
{
{64 64 64 64 64 64 64 64 64 64 64 64 64 64" 64 64}
{90 90 88 85 82 78 73 67 61 54 46 38 31y 22 13 4}
{90 87 80 70 57 43 25 9 -9 -25 -43 -57 _£70°-80 -87 -90}
{90 82 67 46 22 -4 -31 -54 -73 -85 -90 -88,/-78 -61 -38 -13}
{89 75 50 18 -18 -50 -75 -89 -89 -75 -50 <18 18 50 75 89}
{88 67 31 -13 -54 -82 -90 -78 -46 -4 38.y3 90 85 61 22}
{87 57 9 -43 -80 -90 -70 -25 25 70 90" 80 43 -9 -57 -87}
{85 46 -13 -67 -90 -73 -22 38 82 8854 -4 -61 -90 -78 -31}
{83 36 -36 -83 -83 -36 36 83 83 36.-36 -83 -83 -36 36 83}
{82 22 -54 -90 -61 13 78 85 31.%46 -90 -67 4 73 88 38}
{80 9 -70 -87 -25 57 90 43 -43/+90 -57 25 87 70 -9 -80}
{78 -4 -82 -73 13 85 67 -22 =88 -61 31 90 54 -38 -90 -46}
{75 -18 -89 -50 50 89 18 -75)-75 18 89 50 -50 -89 -18 75}
{73 -31 -90 -22 78 67 -38 ~90 -13 82 61 -46 -88 -4 85 54}
{70 -43 -87 9 90 25 -8@,~57 57 80 -25 -90 -9 87 43 -70}
{67 -54 -78 38 85 -2290° 4 90 13 -88 -31 82 46 -73 -61}
{64 -64 -64 64 64 -64.964 64 64 -64 -64 64 64 -64 -64 64}
{61 -73 -46 82 31,-88 -13 90 -4 -90 22 85 -38 -78 54 67}
{57 -80 -25 90 -9.\'87 43 70 -70 -43 87 9 -90 25 80 -57}
{54 -85 -4 88 £45°-61 82 13 -90 38 67 -78 -22 90 -31 -73}
{50 -89 18 7§ 575 -18 89 -50 -50 89 -18 -75 75 18 -89 50}
{46 -90 38 ,547-90 31 61 -88 22 67 -85 13 73 -82 4 78}
{43 -90 5%#\25 -87 70 9 -80 80 -9 -70 87 -25 -57 90 -43}
{38 -88_3J -4 -67 90 -46 -31 85 -78 13 61 -90 54 22 -82}
{36 -83“"83 -36 -36 83 -83 36 36 -83 83 -36 -36 83 -83 36}
{31 =98) 90 -61 4 54 -88 82 -38 -22 73 -90 67 -13 -46 85}
{25470 90 -80 43 9 -57 87 -87 57 -9 -43 80 -90 70 -25}
{297~61 85 -90 73 -38 -4 46 -78 90 -82 54 -13 -31 67 -88}
{8 -50 75 -89 89 -75 50 -18 -18 50 -75 89 -89 75 -50 18}
(13 -38 61 -78 88 -90 85 -73 54 -31 4 22 -46 67 -82 90}
{9 -25 43 -57 70 -80 87 -90 90 -87 80 -70 57 -43 25 -9}
{ 4 -13 22 -31 38 -46 54 -61 67 -73 78 -82 85 -88 90 -90}
3,
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transMatrix|[ m ][ n ] = transMatrixCol16to31[{ m — 16 ][ n ] with m = 16..31, n=0..31, (8-281)
transMatrixCol16to31 = (8-282)

{

{ 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64}
{ -4 -13 -22 -31 -38 -46 -54 -61 -67 -73 -78 -82 -85 -88 -90 -90}
{-90 -87 -80 -70 -57 -43 -25 -9 9 25 43 57 70 80 87 90}
{13 38 61 78 88 90 85 73 54 31 4 -22 -46 -67 -82 -90}
{8 75 50 18 -18 -50 -75 -89 -89 -75 -50 -18 18 50 75 89}
{-22 -61 -85 -90 -73 -38 4 46 78 90 82 54 13 -31 -67 -88}
{-87 -57 -9 43 80 90 70 25 -25 -70 -90 -80 -43 9 57 87}
{31 78 90 61 4 -54 -88 -82 -38 22 73 90 67 13 -46 -85}
{ 83 36 -36 -83 -83 -36 36 83 83 36 -36 -83 -83 -36 36 83}
{-38 -88 -73 -4 67 90 46 -31 -85 -78 -13 61 90 54 -22 -82}
{-80 -9 70 87 25 -57 -90 -43 43 90 57 -25 -87 -70 9 80}
{ 46 90 38 -84 00 31 &l 22 22 07 285 13 73 22 4 -7

8.6.5

Input

|
o

- 0O

{75 -18 -89 -50 50 89 18 -75 -75 18 89 50 -50 -89 -18 75}
{-54 -85 4 88 46 -61 -82 13 90 38 -67 -78 22 90 31 -73}
{-70 43 87 -9 -90 -25 80 57 -57 -80 25 90 9 -87 -43 70}
{ 61 73 -46 -82 31 88 -13 -90 -4 90 22 -85 -38 78 54 -67}
{ 64 -64 -64 64 64 -64 -64 64 64 -64 -64 64 64 -64 -64 64}
{-67 -54 78 38 -85 -22 90 4 -90 13 88 -31 -82 46 73 -61}
{-57 80 25 -90 9 87 -43 -70 70 43 -87 -9 90 -25 -80 57}
{73 31 -90 22 78 -67 -38 90 -13 -82 61 46 -88 4 85 -54}
{50 -89 18 75 -75 -18 89 -50 -50 89 -18 -75 75 18 -89 50}
{-78 -4 82 -73 -13 85 -67 -22 88 -61 -31 90 -54 -38 90 -46%
{-43 90 -57 -25 87 -70 -9 80 -80 9 70 -87 25 57 -90 434
{ 82 -22 -54 90 -61 -13 78 -85 31 46 -90 67 4 =73 885387}
{ 36 -83 83 -36 -36 83 -83 36 36 -83 83 -36 -36 83 -83\\36}
{-85 46 13 -67 90 -73 22 38 -82 88 -54 -4 61 -90(_ 78" -31}
{-25 70 -90 80 -43 -9 57 -87 87 -57 9 43 -80 90\~70 25}
{ 88 -67 31 13 -54 82 -90 78 -46 4 38 -73 90 =85 61 -22}
{18 -50 75 -89 89 -75 50 -18 -18 50 -75 89 -89 5 -50 18}
{-90 82 -67 46 -22 -4 31 -54 73 -85 90 -88_,~/8 -61 38 -13}
{ -9 25 -43 57 -70 80 -87 90 -90 87 -80 70ys57 43 -25 9}
{ 90 -90 88 -85 82 -78 73 -67 61 -54 46 <38 31 -22 13 -4}
}

Picture construction process prior to in-loop filter.precess
5 to this process are:

location ( xCurr, yCurr ) specifying the top-left sample of the current block relative to the top-left sample
jrrent picture component,

ariable nCurrS specifying the size of the Current block,

ariable cldx specifying the colour component of the current block,

) (nCurrS)x(nCurrS) array predSamples specifying the predicted samples of the current block,
| (nCurrS)x(nCurrS) array resSamples specifying the residual samples of the current block.
nding on the value of the colour component cldx, the following assignments are made:

cldx is equal to @;recSamples corresponds to the reconstructed picture sample array S; and the function clip
rresponds to Cliply.

therwise, 4T\cldx is equal to 1, recSamples corresponds to the reconstructed chroma sample array Sc, an
nction elipCidx1 corresponds to Cliplc.

therwise (cIdx is equal to 2), recSamples corresponds to the reconstructed chroma sample array S¢; and the fug

clipGidx1 corresponds to Clipl¢

f the

Cidx1

d the

ction

The (nCurrS)x(nCurrS) block of the reconstructed sample array recSamples at location ( xCurr, yCurr ) is derived as

follows:
recSamples[ xCurr + i ][ yCurr +j | = clipCidx1( predSamples[ i ][ j ] + resSamples[i ][] ]) (8-283)
with i =0..nCurrS — 1, j = 0..nCurrS — 1
8.7 In-loop filter process

8.7.1

General

The two in-loop filters, namely deblocking filter and sample adaptive offset filter, are applied as specified by the
following ordered steps:

144
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1. For the deblocking filter, the following applies:

The deblocking filter process as specified in subclause 8.7.2 is invoked with the reconstructed picture sample

arrays Sp, Scp, and S, as inputs, and the modified reconstructed picture sample arrays S't, S'cy, and S'c,
deblocking as outputs.

respectively.

2. When sample adaptive offset enabled flag is equal to 1, the following applies:

after

The arrays S, S'cp, S'c; are assigned to the arrays S;, Scp, Scr (which represent the decoded picture),

The sample adaptive offset process as specified in subclause 8.7.3 is invoked with the reconstructed picture

sample arrays S;, Scp, and Sc; as inputs, and the modified reconstructed picture sample arrays S';, S'cy,, and S'c,

after sample adaptive offset as outputs.

8.7.2
8.7.2

Input
recPi

Outp
and r

The Y
by th
tree
filter
hand
filter
codin

N

in

dg
The
edges
slice |
equal
equal
horiz

The 4

The arrays S'i, S'cp, S'c; are assigned to the arrays Sp, Scp, Scr (which represent the decoded ig
respectively.

Deblocking filter process

1 General

5 to this process are the reconstructed picture sample arrays prior to deblocking recPicture;, recPicturecy
Cturec,.

hts of this process are the modified reconstructed picture sample arrays after deblocking recPicture;, recPict
bcPicturec,.

ertical edges in a picture are filtered first. Then the horizontal edges in a picture are filtered with samples mo
b vertical edge filtering process as input. The vertical and horizontal edges’in the coding tree blocks of each ¢
Init are processed separately on a coding unit basis. The vertical edges of the coding blocks in a coding un
bd starting with the edge on the left-hand side of the coding blocks¢proceeding through the edges towards the
side of the coding blocks in their geometrical order. The horjzontal edges of the coding blocks in a coding ur
bd starting with the edge on the top of the coding blocks proceeding through the edges towards the bottom

g blocks in their geometrical order.

DTE — Although the filtering process is specified on acpicture basis in this specification, the filtering process d
iplemented on a coding unit basis with an equivalentresult, provided the decoder properly accounts for the prog
pendency order so as to produce the same output values)

leblocking filter process is applied to all predietion block edges and transform block edges of a picture, exce

that are at the boundary of the (picture, for which the deblocking filter process is disable
[deblocking_filter disabled flag, that(ceincide with tile boundaries when loop filter across_tiles enabled f]
to 0, or that coincide with upper or-left slice boundaries of slices with slice loop filter across_slices enabled
to 0. For the transform units and\prediction units with luma block edges less than 8 samples in either verti
bntal direction, only the edges\lying on the 8x8 sample grid are filtered.

dge type, vertical or horiZontal, is represented by the variable edgeType as specified in Table 8-10.

Table 8-10 — Name of association to edgeType

edgeType Name of edgeType
0 (vertical edge) EDGE_VER
1 (horizontal edge) EDGE HOR

ture),

, and

NIy,

Hified
bding
it are
right-
it are
f the

an  be
Pssing

pt the
1 by
ag is
|_flag
cal or

When slice_deblocking filter disabled flag of the current slice is equal to 0, for each coding unit with luma coding
block size log2CbSize and location of top-left sample of the luma coding block ( xCb, yCb ), the vertical edges are
filtered by the following ordered steps:

1.
2.

The luma coding block size nCbS is set equal to 1 << log2CbSize.
The variable filterLeftCbEdgeFlag is derived as follows:
—  If one or more of the following conditions are true, filterLeftCbEdgeFlag is set equal to 0:

—  The left boundary of the current luma coding block is the left boundary of the picture.

—  The left boundary of the current luma coding block is the left boundary of the tile and

loop_filter across_tiles enabled flag is equal to O.

© ISO/IEC 2013 — All rights reserved
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Whet

—  The left boundary of the current luma coding block is the left boundary of the slice and
slice_loop_filter across_slices enabled flag is equal to 0.

—  Otherwise, filterLeftCbEdgeFlag is set equal to 1.
All elements of the two-dimensional (nCbS)x(nCbS) array verEdgeFlags are initialized to be equal to zero.

The derivation process of transform block boundary specified in subclause 8.7.2.2 is invoked with the luma
location ( xCb, yCb ), the luma location ( xB0, yB0 ) set equal to ( 0, 0 ), the transform block size log2TrafoSize
set equal to log2CbSize, the variable trafoDepth set equal to 0, the variable filterLeftCbEdgeFlag, the array
verEdgeFlags, and the variable edgeType set equal to EDGE VER as inputs, and the modified array
verEdgeFlags as output.

The derivation process of prediction block boundary specified in subclause 8.7.2.3 is invoked with the luma

coding block size TogZTbsize, the prediction partition mode PartMode, the array verEdgeFlags, and the vafiable
edgeType set equal to EDGE_VER as inputs, and the modified array verEdgeFlags as output.

The derivation process of the boundary filtering strength specified in subclause 8.7.2.4 is invoked with the
reconstructed luma picture sample array prior to deblocking recPicture;, the luma location (x€b, yCb|), the
luma coding block size log2CbSize, the variable edgeType set equal to EDGE VER) and the |array
verEdgeFlags as inputs, and an (nCbS)x(nCbS) array verBs as output.

The vertical edge filtering process for a coding unit as specified in subclause 8.7.215.1 is invoked with the
reconstructed picture sample arrays prior to deblocking recPicture;, recPicturggp,—and recPicturec,, the|luma
location ( xCb, yCb ), the luma coding block size 1og2CbSize, and the array verBS as inputs, and the moglified
reconstructed picture sample arrays recPicturey, recPicturecy, and recPictured, as outputs.

 slice_deblocking_filter disabled flag of the current slice is equal to 0,¢or each coding unit with luma cpding

blocH size log2CbSize and location of top-left sample of the luma coding block ( xCb, yCb ), the horizontal edggs are
filter

1
2

bd by the following ordered steps:

The luma coding block size nCbS is set equal to 1 << log2CbSize.

The variable filterTopCbEdgeFlag is derived as follows:
—  If one or more of the following conditions are true, the variable filterTopCbEdgeFlag is set equal to {:
—  The top boundary of the current luma;¢oding block is the top boundary of the picture.

— The top boundary of the current luma coding block is the top boundary of the tilq and
loop filter across tiles enabled flag is equal to 0.

—  The top boundary of-the” current luma coding block is the top boundary of the slicg and
slice loop filter across—slices_enabled flag is equal to 0.

—  Otherwise, the variabl&filterTopCbEdgeFlag is set equal to 1.
All elements of the two‘dimensional (nCbS)x(nCbS) array horEdgeFlags are initialized to zero.

The derivation process of transform block boundary specified in subclause 8.7.2.2 is invoked with the[luma
location ( xCb, yCb"), the luma location ( xB0, yBO ) set equal to ( 0, 0 ), the transform block size log2TrafoSize
set equal to 40g2CbSize, the variable trafoDepth set equal to O, the variable filterTopCbEdgeFlag, the |array
horEdgeFlags; and the variable edgeType set equal to EDGE HOR as inputs, and the modified |array
horEdgeFlags as output.

The derivation process of prediction block boundary specified in subclause 8.7.2.3 is invoked with the[luma
¢oding block size 1og2CbSize, the prediction partition mode PartMode, the array horEdgeFlags, and the vafiable
edgeType set equal to EDGE_HOR as inputs, and the modified array horEdgeFlags as output.

The derivation process of the boundary filtering strength specified in subclause 8.7.2.4 is invoked with the
reconstructed luma picture sample array prior to deblocking recPicture;, the luma location ( xCb, yCb ), the
luma coding block size log2CbSize, the variable edgeType set equal to EDGE HOR, and the array
horEdgeFlags as inputs, and an (nCbS)x(nCbS) array horBs as output.

The horizontal edge filtering process for a coding unit as specified in subclause 8.7.2.5.2 is invoked with the
modified reconstructed picture sample arrays recPicture;, recPicturecy,, and recPicturec,, the luma location
(xCb, yCb ), the luma coding block size log2CbSize and the array horBs as inputs, and the modified
reconstructed picture sample arrays recPicturey, recPicturecy, and recPicturec, as outputs.

8.7.2.2 Derivation process of transform block boundary

Inputs to this process are:
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Outppit of this process is the modified two-dimensional (nCbS)x(nCbS) array edgeFlags.
Depepding on the value of split_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ], the following applies:

ISO/IEC 23008-2:2013(E)

a luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left

luma sample of the current picture,

a luma location ( xB0, yBO ) specifying the top-left sample of the current luma block relative to the top-left sample of

the current luma coding block,

a variable log2TrafoSize specifying the size of the current block,

a variable trafoDepth,

a variable filterEdgeFlag,

a two-dimensional (nCbS)x(nCbS) array edgeFlags,

a variable edgeType specifying whether a vertical (EDGE VER) or a horizontal (EDGE HOR) edge is filtered.

If|split_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 1, the following ordered steps apply:
1} The variables xB1 and yB1 are derived as follows:

—  The variable xBl1 is set equal to xB0O + (1 << (log2TrafoSize —1)).

—  The variable yBl1 is set equal to yBO + (1 << (log2TrafoSize —1)).

2| The derivation process of transform block boundary as specified in this-subclause is invoked with the
location ( xCb, yCb ), the luma location ( xB0, yBO0 ), the variable log2TrafoSize set equal to log2TrafoSiz
the variable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag, the array edgeFlags, ar
variable edgeType as inputs, and the output is the modified version‘ef array edgeFlags.

3] The derivation process of transform block boundary as specified in this subclause is invoked with the
location ( xCb, yCb ), the luma location ( xB1, yB0 ), the vatiable log2TrafoSize set equal to log2TrafoSiz
the variable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag, the array edgeFlags, ar
variable edgeType as inputs, and the output is the modified version of array edgeFlags.

4f  The derivation process of transform block boundary as specified in this subclause is invoked with the
location ( xCb, yCb ), the luma location ( xBO,yB'1 ), the variable log2TrafoSize set equal to log2TrafoSiz
the variable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag, the array edgeFlags, an
variable edgeType as inputs, and the outputis the modified version of array edgeFlags.

5| The derivation process of transformblock boundary as specified in this subclause is invoked with the
location ( xCb, yCb ), the luma location ( xB1, yB1 ), the variable log2TrafoSize set equal to log2TrafoSiz
the variable trafoDepth set equal® to trafoDepth + 1, the variable filterEdgeFlag, the array edgeFlags, an
variable edgeType as inputsyand the output is the modified version of array edgeFlags.

Ottherwise (split_transform_flag[ xCb + xBO0 ][ yCb + yBO ][ trafoDepth ] is equal to 0), the following applies:

- If edgeType .“1s equal to EDGE VER, the wvalue of edgeFlags[xB0][ yBO+k]
k=0..(1 << log2TrafoSize ) — 1 is derived as follows:

— IfxB0/is'equal to 0, edgeFlags[ xBO ][ yBO + k ] is set equal to filterEdgeFlag.
—  Otherwise, edgeFlags[ xBO ][ yBO + k ] is set equal to 1.
- Otherwise (edgeType is equal to EDGE HOR), the value of edgeFlags[ xBO+k][yBO ]

for

for

k=0..(1 << log2TrafoSize ) — 1 is derived as follows:

— IfyBOis equal to 0, edgeFlags[ xBO + k ][ yBO ] is set equal to filterEdgeFlag.
—  Otherwise, edgeFlags[ xBO + k ][ yBO ] is set equal to 1.

8.7.2.3 Derivation process of prediction block boundary

Inputs to this process are:

a variable 1og2CbSize specifying the luma coding block size,

a prediction partition mode PartMode,

a two-dimensional (nCbS)x(nCbS) array edgeFlags,

a variable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered.
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Output of this process is the modified two-dimensional (nCbS)x(nCbS) array edgeFlags.

Depending on the values of edgeType and PartMode, the following applies fork =0..( 1 << log2CbSize ) — 1:

8.7.214 Derivation process of boundary filtering strength

Inputk to this process are:

Outppt of this process is a two-dimensional (nCbS)x(nCbS) array’bS specifying the boundary filtering strength.
The variables xD;, yDj, XN, and yN are derived as follows:

For xD; with 1= 0..xN and yD; with j =0..yN, the following applies:
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—| When PartMode is equal to PART 2NxnU, edgeFlags[ k ][ | << (log2CbSize — 2 ) ] is set equal to(].
—| When PartMode is equal to PART 2NxnD, edgeFlags[ k][ 3 * (1 << (log2CbSize —2)) ] is-set equal to 1}.

If edgeType is equal to EDGE VER, the following applies:

to 1.

— When PartMode is equal to PART nLx2N, edgeFlags[ 1 << (1og2CbSize —2 ) ][ k] is set equal to 1.
— When PartMode is equal to PART nRx2N, edgeFlags[ 3 * (1 << (1log2CbSize —2)) ][ k] is set equal to 1

Otherwise (edgeType is equal to EDGE_HOR), the following applies:

When PartMode is equal to PART Nx2N or PART NxN, edgeFlags[ 1 << (1og2CbSize — 1) ][ k ] is set equal
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to 1.

a luma picture sample array recPicturey,

a[luma location ( xCb, yCb ) specifying the top-left sample of the current luma ceding block relative to the tg
lyma sample of the current picture,

a fvariable 1og2CbSize specifying the size of the current luma coding blogk,
a[variable edgeType specifying whether a vertical (EDGE_VER) or@hetizontal (EDGE_HOR) edge is filtered,
a fwo-dimensional (nCbS)x(nCbS) array edgeFlags.

If edgeType is equal to EDGE_VER, xD; is set equal to (i << 3), yD; is set equal to (j << 2), xN is set eq
(1 << (log2CbSize —3))—1,and yN is setequal to (1 << (log2CbSize—2))— 1.

Otherwise (edgeType is equal to EDGE_HOR), xD; is set equal to (i << 2), yD; is set equal to (j << 3),
set equal to (1 << (log2CbSize —2(),;= 1, and yN is set equal to ( 1 << (log2CbSize—3))— 1.

- IfedgeFlags[ xD; ][ yD;\is’equal to 0, the variable bS[ xD; ][ yD; ] is set equal to 0.
- Otherwise (edgeFlags| xD; ][ yDj ] is equal to 1), the following applies:
—  The sample values p, and q are derived as follows:

—  JMfiedgeType is equal to EDGE_VER, p, is set equal to recPicture; [ XCb + xD; — 1 ][ yCb + yD;
o is set equal to recPicture [ xCb + xD; ][ yCb + yDj ].

=¥ Otherwise  (edgeType is equal to EDGE HOR), p, is set equal
recPicture [ XCb + xD; ][ yCb + yD; — 1] and Jo is set equal

ual

p-left

pal to

XN is

] and

to
to

recPicture [ XCb + xD; ][ yCb + yDj ].

—  The variable bS[ xD; ][ yD; ] is derived as follows:

—  If the sample p, or qp is in the luma coding block of a coding unit coded with intra prediction mode,

bS[ xD; ][ yD; ] is set equal to 2.

—  Otherwise, if the block edge is also a transform block edge and the sample py or q, is in a

luma

transform block which contains one or more non-zero transform coefficient levels, bS[ xD; ][ yD; ] is

set equal to 1.
—  Otherwise, if one or more of the following conditions are true, bS[ xD; ][ yD; ] is set equal to 1:

—  For the prediction of the luma prediction block containing the sample p, different refe
pictures or a different number of motion vectors are used than for the prediction of the
prediction block containing the sample q.

rence
luma
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NOTE 1 — The determination of whether the reference pictures used for the two luma prediction
blocks are the same or different is based only on which pictures are referenced, without regard to
whether a prediction is formed using an index into reference picture list 0 or an index into reference
picture list 1, and also without regard to whether the index position within a reference picture list is
different.

NOTE 2 — The number of motion vectors that are used for the prediction of a luma prediction block

with top-left luma sample covering (xPb,yPb), is equal to PredFlagLO[ xPb][yPb] +
PredFlagL1[ xPb ][ yPb ].

—  One motion vector is used to predict the luma prediction block containing the sample p, and one
motion vector is used to predict the luma prediction block containing the sample qo, and the
absolute difference between the horizontal or vertical component of the motion vectors used is
greater than or equal to 4 in units of quarter luma samples.

—  Two motion vectors and two different reference pictures are used to predict the luma predjction
block containing the sample p,, two motion vectors for the same two reference pictures\arg used
to predict the luma prediction block containing the sample qg, and the absolute-diffgrence
between the horizontal or vertical component of the two motion vectors used in the-predictjon of
the two luma prediction blocks for the same reference picture is greater than/or equal t¢ 4 in
units of quarter luma samples.

—  Two motion vectors for the same reference picture are used to predict the’luma prediction plock
containing the sample po, two motion vectors for the same referencejpicture are used to pfedict
the luma prediction block containing the sample qo, and both-of the following conditions are
true:

— The absolute difference between the horizontal er‘wertical component of list 0 njotion
vectors used in the prediction of the two luma prediction blocks is greater than or equdl to 4
in quarter luma samples, or the absolute difference between the horizontal or vgrtical
component of the list 1 motion vectors used. in the prediction of the two luma predjction
blocks is greater than or equal to 4 in units of quarter luma samples.

— The absolute difference between theévhorizontal or vertical component of list 0 njotion
vector used in the prediction of theduma prediction block containing the sample py arjd the
list 1 motion vector used in_the-prediction of the luma prediction block containing the
sample qq is greater than orequal to 4 in units of quarter luma samples, or the abgolute
difference between the hotizontal or vertical component of the list 1 motion vector uged in
the prediction of the, l[uma prediction block containing the sample py and list 0 njotion
vector used in the fprediction of the luma prediction block containing the sample|qq is
greater than or equal to 4 in units of quarter luma samples.

—  Otherwise, the variable bS[ xD; ][ yD; ] is set equal to 0.
5 Edge filtering process
5.1 Vertical edge filtering process
5 to this process are:
e picture sample arrays recPicture;, recPicturecy, and recPicturec,,

luma location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
ma sample‘of the current picture,

variable log2CbSize specifying the size of the current luma coding block,

— ar

affa-bS-specifne-the-boundar—filterinestrensth
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Outputs of this process are the modified picture sample arrays recPicturer, recPicturecy, and recPicturec,.

The filtering process for edges in the luma coding block of the current coding unit consists of the following ordered
steps:

1.
2.

The variable nD is set equal to 1 << (1og2CbSize — 3 ).

For xDy equal to k << 3 with k=0..nD — 1 and yD,, equal to m << 2 with m=0..nD * 2 — 1, the following
applies:

—  When bS[ xDy ][ yD,, ] is greater than 0, the following ordered steps apply:
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a. The decision process for luma block edges as specified in subclause 8.7.2.5.3 is invoked with the
luma picture sample array recPicture;, the location of the luma coding block ( xCb, yCb ), the
luma location of the block ( xDy, yD,, ), a variable edgeType set equal to EDGE VER, and the
boundary filtering strength bS[ xDy ][ yD,, ] as inputs, and the decisions dE, dEp, and dEq, and the
variables B and tc as outputs.

b. The filtering process for luma block edges as specified in subclause 8.7.2.5.4 is invoked with the
luma picture sample array recPicture;, the location of the luma coding block ( xCb, yCb ), the
luma location of the block (xDy, yD,,), a variable edgeType set equal to EDGE_VER, the
decisions dE, dEp, and dEq, and the variables § and tc as inputs, and the modified luma picture

sample array recPicture, as output.

The filtering process for edges in the chroma coding blocks of current coding unit consists of the following ordered

steps
1
2

8.7.2
Input

|
= &

— ai
Outp

The
steps

The variable nD is set equal to 1 << (1og2CbSize — 3 ).

For xDy equal to k << 2 with k=0.n1D—1 and yD,, equal to m << 2 with m=0..nD — }5°th¢ foll
applies:

—  When bS[xDy *2][yDyy*2] is equal to 2 and (((xCb/2+xDy) >> 3)X< 3) is equ
xCb / 2 + xDy, the following ordered steps apply:

a. The filtering process for chroma block edges as specified in subclause 8.7.2.5.5 is invoked wi
chroma picture sample array recPicturecy, the location of the chroma ‘Ceding block ( xCb /2, yCh
the chroma location of the block ( xDy, yDy, ), a variable edgeType set equal to EDGE VER,
variable cQpPicOffset set equal to pps cb qp offset as inputs,/and the modified chroma p
sample array recPicturec, as output.

b. The filtering process for chroma block edges as specified. in subclause 8.7.2.5.5 is invoked wi
chroma picture sample array recPicturec,, the locatiod ofthe chroma coding block ( xCb /2, yCh
the chroma location of the block ( xDy, yDy, ), a vatiable edgeType set equal to EDGE VER,
variable cQpPicOffset set equal to pps_cr_qp_offset as inputs, and the modified chroma picture s{
array recPicturec, as output.

5.2 Horizontal edge filtering process
5 to this process are:
e picture sample arrays recPicture;, recPictureey, and recPicturec,,

luma location ( xCb, yCb ) specifying-thetop-left sample of the current luma coding block relative to the to
ma sample of the current picture,

variable log2CbSize specifying.the size of the current luma coding block,
| array bS specifying the boundary filtering strength.
hts of this process are the 'modified picture sample arrays recPicture, recPicturecy,, and recPicturec,.

iltering process fer-edges in the luma coding block of the current coding unit consists of the following of

The variable nD is set equal to 1 << (1og2CbSize — 3 ).

ForyyD,, equal to m << 3 with m=0..nD — 1, and xDy equal to k << 2 with k=0..nD * 2 — 1, the foll
applies:

wing

hl to

h the
12),
hnd a
cture

h the
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hnd a
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dered

wing
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= When bS[ XDy [ yDn, ] is greater than U, the following ordered steps apply:

a. The decision process for luma block edges as specified in subclause 8.7.2.5.3 is invoked with the

luma

picture sample array recPicture;, the location of the luma coding block ( xCb, yCb ), the luma location
of the block ( xDy, yDy, ), a variable edgeType set equal to EDGE _HOR, and the boundary filtering

strength bS[ xDy ][ yDy, ] as inputs, and the decisions dE, dEp, and dEq, and the variables  and
outputs.

b. The filtering process for luma block edges as specified in subclause 8.7.2.5.4 is invoked with the

tc as

luma

picture sample array recPicture;, the location of the luma coding block ( xCb, yCb ), the luma location
of the block ( xDy, yDy, ), a variable edgeType set equal to EDGE_HOR, the decisions dEp, dEp, and
dEq, and the variables § and tc as inputs, and the modified luma picture sample array recPicture; as

output.
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The filtering process for edges in the chroma coding blocks of current coding unit consists of the following ordered
steps:

1.
2.

The variable nD is set equal to 1 << (1og2CbSize —3).

applies:

For yD,, equal to m << 2 with m=0..nD — 1 and xDy equal to k << 2 with k=0..nD — 1, the following

—  When bS[xDy*2][yD,*2] is equal to 2 and (((yCb/2+yD,) >> 3) << 3) is equal to

yCb / 2 + yD,,, the following ordered steps apply:

a. The filtering process for chroma block edges as specified in subclause 8.7.2.5.5 is invoked with the
chroma picture sample array recPicturecy, the location of the chroma coding block ( xCb /2, yCb/2),

the chroma location of the block ( XDy, yD,, ), a variable edgeType set equal to EDGE_HOR,

and a

8.7.2
Input

|
o

variable cQpPicOtiset set equal to pps _cb_qp ofiset as iputs, and the modified chroma.p
sample array recPicturec, as output.

b. The filtering process for chroma block edges as specified in subclause 8.7.2.5.5 is invoked wi
chroma picture sample array recPicturec,, the location of the chroma coding block ( xCb'/ 2, yCh
the chroma location of the block ( XDy, yD, ), a variable edgeType set equal to-EDGE HOR,
variable cQpPicOffset set equal to pps_cr_qp_offset as inputs, and the modified Chroma picture s:
array recPicturec, as output.

5.3 Decision process for luma block edges
5 to this process are:
[uma picture sample array recPicturey,

luma location ( xCb, yCb ) specifying the top-left sample of the currefit [ima coding block relative to the to

cture

h the
12),
and a
mple

p-left

Iyma sample of the current picture,
— aluma location ( xBl, yBl ) specifying the top-left sample of the current luma block relative to the top-left sample of
the current luma coding block,
— a|variable edgeType specifying whether a vertical (EDGE,VER) or a horizontal (EDGE_HOR) edge is filtered,
— alvariable bS specifying the boundary filtering strength:
Outphits of this process are:
— the variables dE, dEp, and dEq containing dedisions,
— the variables B and tc.
If edgeType is equal to EDGE_VER, the sample values p;x and q; with i = 0..3 and k = 0 and 3 are derived as follojvs:
qix = recPicture; [ xCb +#xBl +1 ][ yCb + yBl + k ] (81284)
pix = recPicture [ xCby+ xBl—i—1 ][ yCb + yBl + k ] (8§285)
Othegwise (edgeType is equdl to EDGE_HOR), the sample values p;y and q; with i = 0..3 and k =0 and 3 are derivpd as
folloyvs:
qix = reéPicturer [ xCb + xBl+ k ][ yCb + yBl +1i ] (81286)
pix=xecPicture [ xCb + xBl+k J[ yCb + yBl—i—1] (81287)
The variables Qpq and Qpp are set equal to the Qpy values of the coding units which include the coding blocks
contdining the sample gy and py g, respectively.
A variable qP; is derived as follows:
qPL=((Qpo+Qpp+1) >> 1) (8-288)
The value of the variable ' is determined as specified in Table 8-11 based on the luma quantization parameter Q derived
as follows:
Q=Clip3(0, 51, gP + (slice_beta_offset div2 << 1)) (8-289)

where slice beta offset div2 is the value of the syntax element slice beta offset div2 for the slice that contains sample

Jo.0-
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The variable B is derived as follows:

B=p *(1 << (BitDepthy —8))

(8-290)

The value of the variable tc' is determined as specified in Table 8-11 based on the luma quantization parameter Q derived

as follows:

Q=Clip3(0,53,qP. +2*(bS— 1)+ (slice tc offset div2 << 1))

(8-291)

where slice_tc_offset div2 is the value of the syntax element slice_tc_offset div2 for the slice that contains sample qq .

The variable tc is derived as follows:

te=tc" * (1 << (BitDepthy —8)) (8-292)
Depeprdmgormrthevatueofedgetype;thefoltowmgapptres:
— IffedgeType is equal to EDGE_VER, the following ordered steps apply:
I}  The variables dpq0, dpq3, dp, dq, and d are derived as follows:
dp0 = Abs( p2o =2 * pio+ Poo ) (81293)
dp3 = Abs(p2s—2 * pi3+ Pos) (81294)
dq0 = Abs( q20—2 *q10+ qoo ) (81295)
dq3 =Abs(q23—2 *qi13+ o3 ) (81296)
dpq0 = dp0 + dq0 (81297)
dpq3 =dp3 +dq3 (81298)
dp = dp0 + dp3 (81299)
dq=dq0 +dq3 (81300)
d =dpq0 + dpq3 (81301)

2| The variables dE, dEp, and dEq are set equal to 0.
3] When d is less than B, the following ordered stepsapply:

a. The variable dpq is set equal to 2 * dpq0.

b. For the sample location ( xCb + xBI, yCb + yBl ), the decision process for a luma sample as speciffed in
subclause 8.7.2.5.6 is invoked with sample values pio, q;o With i=0..3, the variables dpq, B, and|tc as
inputs, and the output is assignéd to the decision dSam0.

c. The variable dpq is setequal to 2 * dpq3.

d. For the sample locatien ( xCb + xBl, yCb + yBI + 3 ), the decision process for a luma sample as speciffed in
subclause 8.7,2.5.6 is invoked with sample values p;s, q;3 with i=0..3, the variables dpq, B, and|tc as
inputs, and the eutput is assigned to the decision dSam3.

e. The variable dE is set equal to 1.

f.  When' dSamO is equal to 1 and dSam3 is equal to 1, the variable dE is set equal to 2.

g. . Whendpislessthan (f+ (B >> 1)) >> 3, the variable dEp is set equal to 1.

h.> When dq is less than (B + (B >> 1)) >> 3, the variable dEq is set equal to 1.

— Otherwise (edgeType is equal to EDGE_HOR), the following ordered steps apply:
1. The variables dpq0, dpq3, dp, dq, and d are derived as follows:
dp0 = Abs( p2o—2 * p1.o+ Poo ) (8-302)
dp3 = Abs( P23 —2 * pi3+ Pos) (8-303)
dq0 = Abs( q20~2 * qi,0 + oo ) (8-304)
dg3=Abs(q23—2* Q13+ qo3) (8-305)
dpq0 = dp0 + dq0 (8-3006)
dpq3 =dp3 +dq3 (8-307)
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dp = dp0 + dp3 (8-308)
dq =dq0 +dq3 (8-309)
d =dpq0 + dpq3 (8-310)

2. The variables dE, dEp, and dEq are set equal to 0.
3. When d is less than B, the following ordered steps apply:
a. The variable dpq is set equal to 2 * dpqO.

b. For the sample location ( xCb + xBl, yCb + yBl ), the decision process for a luma sample as specified in

subclause 8.7.2.5.6 is invoked with sample values poo, P30, oo, and qso, the variables dpq, B, and
inputs, and the output is assigned to the decision dSam0.

tc as

c. The variable dpq is set equal to 2 * dpq3.

d. For the sample location ( xCb + xBIl + 3, yCb + yBl), the decision process for a luma sample a3 speciffed in
subclause 8.7.2.5.6 is invoked with sample values py3, P33, o3, and qs3, the variables dpg, B, and|tc as
inputs, and the output is assigned to the decision dSam3.

e. The variable dE is set equal to 1.

f.  When dSam0 is equal to 1 and dSam3 is equal to 1, the variable dE is set equaltq 2.

g. Whendpislessthan (f+ (B >> 1)) >> 3, the variable dEp is set equakto.

h. Whendqis less than (B + (B >> 1)) >> 3, the variable dEq is set €qual to 1.

Table 8-11 — Derivation of threshold variables B’ and-tc’ from input Q
Q|| O 1 2 3 4 5 6 7 8 9 |10 | 12 | 13| 14 | 15 | 16 | 17 ||18
B'|| O 0 0 0 0 0 0 0 0 0 0 0 0 8
tc'{| O 0 0 0 0 0 0 0 0 0 0 0 0 1
Q|| 19 |20 |21 | 22 |23 |24 |25 |26 |27428 |29 30|31 |32 |33 |34 35|36 |37
Byl 9 |10 | 11 [ 12 | 13 | 14 | 15 | 16 | | 18 | 20 | 22 | 24 | 26 | 28 | 30 | 32 | 34 ||36
t'|| 1 1 1 1 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4
Q|| 38 | 39|40 | 41 |42 | 43 | 44,45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53
B'|| 38|40 | 42 | 44 | 46 | 48 |(50°| 52 | 54 | 56 | 58 | 60 | 62 | 64 | - -
tc'|| S 5 6 6 7 8 9 |10 | 11 | 13 | 14| 16 | 18 | 20 | 22 | 24

8.7.2|5.4 Filtering processforluma block edges

Inputk to this process aré:

a luma picture sample array recPicturey,

a[luma locdtion ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the to
Iyma sampl€ of the current picture,

o

p-left

ble of

luma location ( xBl, yBl ) specifying the top-left sample of the current luma block relative to the top-left sam

the-etrrentluma-—eedingbleelk;
a variable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered,
the variables dE, dEp, and dEq containing decisions,

the variables  and tc.

Output of this process is the modified luma picture sample array recPicture; .

Depending on the value of edgeType, the following applies:

If edgeType is equal to EDGE_VER, the following ordered steps apply:

1. The sample values p;x and q; with 1= 0..3 and k = 0..3 are derived as follows:

© ISO/IEC 2013 — All rights reserved
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2.

— Otherwise (edgeType is equal to EDGE_HOR), the following ordered steps apply:

—_—

qix = recPicture [ xCb + xBl +1 ][ yCb + yBl + k ] (8-311)
pix = recPicture [ xCb +xBl—i1—1 ][ yCb + yBl + k ] (8-312)

When dE is not equal to 0, for each sample location ( xCb + xBI, yCb +yBl + k), k=0..3, the following

ordered steps apply:

a.

The filtering process for a luma sample as specified in subclause 8.7.2.5.7 is invoked with the sample
values pix, qix With 1=0..3, the locations ( xP;, yP;) set equal to (xCb+xBl—i—1,yCb+yBl+k) and
(xQ;, vQ;) set equal to (xCb +xBl+1, yCb + yBl + k) with i=0..2, the decision dE, the variables dEp
and dEq, and the variable t¢ as inputs, and the number of filtered samples nDp and nDq from each side of
the block boundary, and the filtered sample values p;' and g;' as outputs.

When nDp is greater than 0, the filtered sample values p;' with i = 0..nDp — 1 replace the corresponding

samples inside the sample array recPicturer, as tollows:
recPicture [ XCb +xBl—i—1 ][ yCb + yBl + k ] =p{ (8

c.  When nDq is greater than 0, the filtered sample values gi' with j = 0..nDq — 1 replace the) correspo
samples inside the sample array recPicture; as follows:

recPicture [ XCb +xBl+j ][ yCb +yBl +k ] =g} 8

The sample values pix and q;x with 1= 0..3 and k = 0..3 are derived as follows:
qix = recPicture [ xCb + xBl + k ][ yCb + yBl +1] @3
pix = recPicture [ XCb + xBl + k ][ yCb + yBl —i—1] @3

313)
hding

314)

315)
316)

2|  When dE is not equal to 0, for each sample location ( xCb #xBI +k, yCb +yBl1), k=0..3, the follqgwing
ordered steps apply:
a. The filtering process for a luma sample as specified ‘in subclause 8.7.2.5.7 is invoked with the sample
values pix, qix With 1= 0..3, the locations ( xP;, yP;;) set equal to (xCb +xBl +k, yCb +yBl—i— 1) and
(xQ;, vQ;) set equal to (xCb +xBl + k, yCb £ yBlI'+ 1) with i=0..2, the decision dE, the variables dEp
and dEq, and the variable tc as inputs, and the\number of filtered samples nDp and nDq from each sjde of
the block boundary and the filtered sample values p;' and q;' as outputs.
b. When nDp is greater than 0, the filtered sample values p;' with i =0..nDp — 1 replace the correspohding
samples inside the sample array recPicture; as follows:
recPicture; [ XCb + xBl +k yCb + yBl—i—1 ] =p/ (8317)
c.  When nDq is greater than 0; the filtered sample values gi' with j =0..nDq — 1 replace the correspohding
samples inside the sample-array recPicture; as follows:
recPicture; [ xCb.# xBl+k ][ yCb + yBl +j ] =q; (81318)
8.7.2]5.5 Filtering process-for chroma block edges
Input to this process dre;
— afphroma pictute-sample array s’,
— alchromadlecdtion ( xCb, yCb ) specifying the top-left sample of the current chroma coding block relative to th¢ top-
leift chroma sample of the current picture,
— a|chrema location ( xBl, yBIl) specifying the top-left sample of the current chroma block relative to the tap-left
sample of the current chroma coding block,
— avariable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered,
— avariable cQpPicOffset specifying the picture-level chroma quantization parameter offset.
Output of this process is the modified chroma picture sample array s'.
If edgeType is equal to EDGE VER, the values p; and q; withi = 0..1 and k = 0..3 are derived as follows:
Qix=s[xCb+xBl+1i][ yCb+yBl+k] (8-319)
pPix=s[xCb+xBl—-i1—1][yCb+yBl+k] (8-320)
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Otherwise (edgeType is equal to EDGE_HOR), the sample values p; and q; with i=0..1 and k=0..3 are derived as
follows:

qix=S[xCb+xBl+k ][ yCb+yBl+1i] (8-321)
pix=sT[xCb+xBl+k]J[yCb+yBl-i—1] (8-322)

The variables Qpq and Qpp are set equal to the Qpy values of the coding units which include the coding blocks
containing the sample qg and po, respectively.

The variable Qpc is determined as specified in Table 8-9 based on the index qPi derived as follows:

qPi=((Qpg+Qpp+1) >> 1)+ cQpPicOffset (8-323)
NOTE — The varlable chPlcOffset prov1des an adjustment for the value of pps cb qp offset or pps cr qp offset according to
Wi ed—ch o ot s vor ametrt—of the
adjustment within the plcture the filtering process does not 1nclude an ad_]ustment for the value of slice _cb_qp ‘offset or
sljce_cr_qp_offset.

The Value of the variable t¢' is determined as specified in Table 8-11 based on the chroma quantization paramgter Q
derivgd as follows:

Q=Clip3(0, 53, Qpc + 2 + (slice_tc_offset div2 << 1)) (8-324)
wherg slice_tc_offset_div2 is the value of the syntax element slice_tc_offset_div2 for the slice that contains sample | .

The variable tc is derived as follows:
te=tc' * (1 << (BitDepthc —8)) (8-325)
Depending on the value of edgeType, the following applies:

— IfledgeType is equal to EDGE VER, for each sample location ( xCb,£XBI, yCb + yBl + k), k =0..3, the follgwing
otdered steps apply:

1}  The filtering process for a chroma sample as specified in,subclause 8.7.2.5.8 is invoked with the sample yalues
Pix» Qix» With 1=0..1, the locations ( xCb +xBl1—1, yCb +yBl+ k) and ( xCb + xBl, yCb + yBl + k), arjd the
variable t¢ as inputs, and the filtered sample values py'cand g’ as outputs.

2|  The filtered sample values p," and qo’ replace the edtresponding samples inside the sample array s’ as folloys:
sTxCb+xBl][ yCb+yBl+k]=q, (81326)
s'[ xCb+xBl—1 ][ yCb + yBl + k| =o' (81327)

—  Otherwise (edgeType is equal to EDGE- HOR), for each sample location ( xCb + xBl + k, yCb + yBl1 ), k= 0..p, the
dllowing ordered steps apply:

—

1}  The filtering process for a.chtoma sample as specified in subclause 8.7.2.5.8 is invoked with the sample Values
Pix Qix, With 1=0..1, the lecations ( xCb + xBl +k, yCb+ yBl — 1) and ( xCb + xBl + k, yCb + yBl ), aijd the
variable tc as inputs, and the filtered sample values py’ and q,’ as outputs.

2|  The filtered sample-values p,' and qo’ replace the corresponding samples inside the sample array s’ as folloys:
sTxCb% xBl+k ][ yCb + yBl ] =qq’ (81328)
s'x€b+xBl+k ][ yCb+yBl—1]=py (81329)

8.7.2]5.6 Decision process for a luma sample

Inputk to-this process are:

— the sample values po, ps, qo, and qs,

— the variables dpq, B, and tc.

Output of this process is the variable dSam containing a decision.
The variable dSam is specified as follows:

— If dpqis less than (f >> 2), Abs(p; —po )+ Abs(qo—q3) is less than ( >> 3 ), and Abs( py— qo ) is less than
(5*tc+1) >> 1,dSamis set equal to 1.

— Otherwise, dSam is set equal to 0.
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8.7.2.5.7 Filtering process for a luma sample

Inputs to this process are:

— the luma sample values p; and q; with i =0..3,

— the luma locations of p; and q;, ( xP;, yP; ) and ( xQ;, yQ; ) withi=0..2,

— avariable dE,

— the variables dEp and dEq containing decisions to filter samples p1 and ql respectively,

— avariable tc.

Outputs of this process are:

— th
— th
Depe

e number of filtered samples nDp and nDq,
e filtered sample values p;’ and gj withi=0..nDp — 1, j=0..nDq — 1.

nding on the value of dE, the following applies:

po' =Clip3(po—2*te, pot 2 *te, (P2 +2*p1 +2*¥pp+t2*qotq+4) >> 3)
p!' =Clip3(p; =2 *te, p1 t 2 *te, (P2t p1tpot qo+2) >> 2)
p2' =Clip3(p2 =2 *te, p2 + 2%tc, (2*p3 +3 *pa+tprtpotqot4) >> 3)
Qo' =Clip3(qo—2*te, Qo +2 *te, (pr+2*po+2*q+2*q +q+4) >>3)
Q'=Clip3(q =2 *te, 1 +2 *te, (Ppo+ Qo+ Q1+ +2) >> 2)
Q@=Clip3(qa =2 *te, @2+ 2 *te, (po+ Qo+ Q1 +3 * @ +2 * q3s¢Hd) >> 3)
therwise, nDp and nDq are set both equal to 0, and the following weak filtering applies:
- The following applies:
A=(9%(qo= po) = 3*(qi—p1)+8) >4
- When Abs(A) is less than t¢ * 10, the following ordered steps apply:
— The filtered sample values p,’ and qo"are specified as follows:
A =Clip3(—tc, tc, A)
po' = Cliply(po+A)
qo' =Cliply(qo =)
When dEp is equal to 1, the filtered sample value p,’ is specified as follows:

Ap =Clip3(—(tc >> 1),tc >> L (((p2tpot1) >>1)=—p +A)>>1)
pi’&Cliply(pi+Ap)
— When dEq is equal to 1, the filtered sample value q," is specified as follows:

Aq=Clip3(~(tc >> 1),tc >> L (((Q@2+q+1) >> 1)-q-A) >>1)

q' =Cliply(q; + Aq)

the variable dE is equal to 2, nDp and nDq are both set equal to 3, and the following strong filtering applies:

(8
(8
(8
(8
(8
(8

8

8
8

(8

(8
8

330)
331)
332)
333)
334)
335)

336)

337)
338)
339)

340)
341)

342)

343)

When nDp is greater than 0 and one or more of the following conditions are true, nDp is set equal to 0:

When nDq is greater than 0 and one or more of the following conditions are true, nDq is set equal to 0:
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— nDpis set equal to dEp + 1 and nDq is set equal to dEq + 1.

pcm _loop filter disabled flag is equal to 1 and pcm_flag[ xP, ][ yP, ] is equal to 1.

cu_transquant bypass flag of the coding unit that includes the coding block containing the sample py is

to 1.

pcm _loop filter disabled flag is equal to 1 and pcm_flag[ xQp ][ yQy ] is equal to 1.

equal
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— cu_transquant_bypass_flag of the coding unit that includes the coding block containing the sample qq is

to 1.

8.7.2.5.8 Filtering process for a chroma sample

Inputs to this process are:

the chroma sample values p; and q; with i = 0..1,
the chroma locations of py and qq, ( xPy, yPy ) and ( xQ,, yQy ),

a variable tc.

Outputs of this process are the filtered sample values p," and qq'.

The fiiftered sample values py and (, arc derived as Tollows:

Wh

input{sample value py:

Wh

input{sample value qy:

8.7.

8.7.3]1 General

Inputp to this process are the reconstructed picture sample arrays prior to sample adaptive offset recPicture, recPict]

and

Outppits of this process are the modified reconstructed picture sample arrays after sample adaptive offset saoPig
saoPicturecy,, and saoPicturec,.

Thi

decodled picture.

The g$ample values inthe modified reconstructed picture sample arrays saoPicture;, saoPicturec,, and saoPicture
initially set equal 40 ‘the sample values in the reconstructed picture sample arrays recPicture;, recPicturecy)
recPifturec,.

For

ry = (..PieHeightInCtbsY — 1, the following applies:

Ol

—| pcm_loop filter disabled flag is equal to 1 and pcm_flag[ 2 * xP, ][ 2 * yP, ] is ¢qual to 1.

—| cu_transquant_bypass_flag of the coding unit that includes the coding bloCk containing the sample py is

—| pem_loop filter disabled flag is equal to 1 and pcm_flag[ 2 ®xQ, ][ 2 * yQo ] is equal to 1.

equal

A=Clip3(~te, te, ((((qo—po) << 2)+pi—q+4) >> 3)) (8
po’ = Cliplc(po+A) (8
qo' =Cliplc(qo—A) 8

el one or more of the following conditions are true, the filtered sample value, p,’ is substituted by the correspo

to 1.

el one or more of the following conditions are true, the filtered sample«alue, q¢’ is substituted by the correspo

cu_transquant bypass flag of the coding unit that includes the coding block containing the sample g is
to 1.

3| Sample adaptive offset process

recPicturec,.

s [process is performed on~a coding tree block basis after the completion of the deblocking filter process fi

bvery eoding tree unit with coding tree block location (rx,ry), where rx=0..PicWidthInCtbsY — 1

344)
345)
346)
hding

equal

hding

equal

PNy,

turey ,

r the

- are
and

and

When'slice_sao_luma_flag of the current slice is equal to 1, the coding tree block modification process as specif

ed in

subclause 8.7.3.2 is invoked with recPicture set equal to recPicture;, cldx set equal to 0, ( rx, ry ), and nCtbS set

equal to CtbSizeY as inputs, and the modified luma picture sample array saoPicture; as output.

When slice sao _chroma_flag of the current slice is equal to 1, the coding tree block modification process as specified
in subclause 8.7.3.2 is invoked with recPicture set equal to recPicturecy,, cldx set equal to 1, (rx, ry ), and nCtbS set
equal to (1 << (CtbLog2SizeY — 1)) as inputs, and the modified chroma picture sample array saoPicturec, as

output.

When slice sao chroma_flag of the current slice is equal to 1, the coding tree block modification process as specified
in subclause 8.7.3.2 is invoked with recPicture set equal to recPicturec,, cldx set equal to 2, (rx, ry ), and nCtbS set
equal to (1 << (CtbLog2SizeY — 1)) as inputs, and the modified chroma picture sample array saoPicturec, as

output.
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8.7.3.2 Coding tree block modification process

Inputs to this process are:

— th

e picture sample array recPicture for the colour component cldx,

— avariable cldx specifying the colour component index,

— apair of variables ( rx, ry ) specifying the coding tree block location,

— th

e coding tree block size nCtbS.

Output of this process is a modified picture sample array saoPicture for the colour component cldx.

The variable bitDepth is derived as follows:

- I
- 0O

The ]
relati

The 3

For 4ll sample locations ( xS;, yS;) and ( xY;, yY;) with i =0..nCtbS — 1 and j5'0..nCtbS — 1, depending on the ¥

of p
inclu

- 1If

cldx is equal to 0, bitDepth is set equal to BitDepthy.
therwise, bitDepth is set equal to BitDepthc.

pcation ( xCtb, yCtb ), specifying the top-left sample of the current coding tree block for the colour‘cormponen
Ve to the top-left sample of the current picture component cldx, is derived as follows:

( xCtb, yCtb ) = ( rx * nCtbS, ry * nCtbS ) 8
ample locations inside the current coding tree block are derived as follows:

(xS;, yS;) = (xCtb +1, yCtb +j ) 8

(xXY;, yYj)=(cldx == 0)?7(xS;,ySj): (xS; << 1,y§; << 1) 8

m_loop_filter_disabled_flag, pcm_flag[ xY; ][ yY;], and cu_transquaht bypass flag of the coding unit J
es the coding block covering recPicture[ xS; ][ yS; ], the following-applies:

one or more of the following conditions are true, saoPicture[ XxS{f yS; ] is not modified:
— pem_loop_filter_disabled_flag and pecm_flag[ xY; JEyY; ] are both equal to 1.
— cu_transquant bypass flag is equal to 1.
—  SaoTypeldx[ cldx ][ rx ][ ry ] is equal to O\

therwise, if SaoTypeldx[ cldx ][ rx ][ ry ] is equal to 2, the following ordered steps apply:

The wvalues of hPos[k] and\vPos[k] for k=0.1 are specified in Table8-12 based
SaoEoClass[ cldx ][ rx ][ 1y ].

The variable edgeldx is derived as follows:

= The modified sample locations ( xSy, ySii' ) and (XY, yYji' ) are derived as follows:
(xSi, yS)= (xS; + hPos[ k |, yS; + vPos[ k ] ) 8
(XY, ¥ ) = (eldx == 0) 7 (xS, ySi" ) : (xS << 1L ySy’ << 1) (8

= If one or more of the following conditions for all sample locations ( xSi/, ySic' ) and ( xYi', yYjk' ) wit
k&001 are true, edgeldx is set equal to 0:

=  The sample at location ( xS;’, ySi' ) is outside the picture boundaries.

cldx

347)

348)
349)

alues
which

on

350)
351)

=2

- The sample at location ( xS;i’, ySj' ) belongs to a different slice and one of the following two

158

conditions 1s true:

= MinTbAddrZs[ xY;' >> Log2MinTrafoSize ][ yYj,' >> Log2MinTrafoSize ] is less
MinTbAddrZs[ xY; >> Log2MinTrafoSize ][ yY; >> Log2MinTrafoSize ]

than
and

slice_loop_filter_across_slices_enabled_flag in the slice which the sample recPicture[ xS; ][ yS; ]

belongs to is equal to 0.

= MinTbAddrZs[ xY; >> Log2MinTrafoSize ][ yY; >> Log2MinTrafoSize ] is less
MinTbAddrZs[ xY; >> Log2MinTrafoSize ][ yYj,’ >> Log2MinTrafoSize ]

than
and

slice_loop_filter_across_slices_enabled_flag in the slice which the sample recPicture[ xS;" ][ ySjk’ ]

belongs to is equal to 0.
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— loop_filter_across_tiles_enabled_flag is equal to 0 and the sample at location ( xS;', ySj" ) belongs to a
different tile.

—  Otherwise, edgeldx is derived as follows:
- The following applies:

edgeldx = 2 + Sign( recPicture[ xS; ][ yS; ] — recPicture[ xS; + hPos[ 0 ] ][ yS; + vPos[0]]) +
Sign( recPicture[ xS; ][ yS; ] — recPicture[ xS; + hPos[ 1 ] ][ yS;+vPos[ 1]]) (8-352)

—  When edgeldx is equal to 0, 1, or 2, edgeldx is modified as follows:
edgeldx = (edgeldx == 2)?0:(edgeldx+1) (8-353)

3 The modified picture sample array saoPicture[ xS, 1] VSJ» 1is derived as follows:

saoPicture[ xS; ][ yS; ] = Clip3( 0, (1 << bitDepth ) — 1, recPicture[ xS; ][ yS; ] +
SaoOffsetVal[ cldx ][ rx ][ ry ][ edgeldx ]) (81354)
- Dtherwise (SaoTypeldx[ cldx ][ rx ][ ry ] is equal to 1), the following ordered steps apply:

1] The variable bandShift is set equal to bitDepth — 5.
2] The variable saoLeftClass is set equal to sao_band_position[ cldx J[ rx ][ ry ].

3] The list bandTable is defined with 32 elements and all elements are initially set(equal to 0. Then, four |of its
elements (indicating the starting position of bands for explicit offsets) are modified,as follows:

for(k=0; k <4; k++)
bandTable[ ( k + saoLeftClass ) & 31 ]=k+ 1 (81355)

4]  The variable bandldx is set equal to bandTable[ recPicture[ xS; ][ yS;,] >> bandShift ].

5] The modified picture sample array saoPicture[ xS; ][ yS; ] is deriyed as follows:

saoPicture[ xS; ][ yS; ] = Clip3( 0, (1 << bitDepth ) < IyrecPicture[ xS; ][ yS; ] +
SaoOffsetVal[ cldx |[ rx ][ ry ][ bandIdx ]) (81356)

Table 8-12 — Specification of hPos and vPos'according to the sample adaptive offset class

SaoEoClass[ cldx J[\wx J[ry] | O 1 213
hPos['07] -1 0]-1 1
hPos[ 1] 1) 0] 1/-1
vPos[ 0 ] 0j-1]-1|-1
vPos[ 1] 0 1] 1 1

9 Parsing process

9.1 General

Inputp tothis process are bits from the RBSP.

Outpttsofthis-process-are-syntax—element-values
HS-oHHHSprocessare-Syhtax—erement-vattes:

This process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is equal to ue(v),
se(Vv) (see subclause 9.2), or ae(v) (see subclause 9.3).
9.2 Parsing process for 0-th order Exp-Golomb codes

9.2.1 General

This process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is equal to ue(v) or
se(V).

Inputs to this process are bits from the RBSP.
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Outputs of this process are syntax element values.

Syntax elements coded as ue(v) or se(v) are Exp-Golomb-coded. The parsing process for these syntax elements begins
with reading the bits starting at the current location in the bitstream up to and including the first non-zero bit, and
counting the number of leading bits that are equal to 0. This process is specified as follows:

leadingZeroBits = —1
for( b = 0; !b; leadingZeroBits++ ) 9-1)
b =read bits( 1)

The variable codeNum is then assigned as follows:
codeNum = 2'e4ingZeroBits _ 1 4 read bits( leadingZeroBits ) (9-2)

whereg—the—wvaluereturned—from—read bits(lead
integgr with most significant bit written first.

Tablg 9-1 illustrates the structure of the Exp-Golomb code by separating the bit string into "prefix" and "suffix” bit4. The
"pref]x" bits are those bits that are parsed as specified above for the computation of leadingZeroBits, and are shopn as
eithet 0 or 1 in the bit string column of Table 9-1. The "suffix" bits are those bits that are parsed in ¢he computation of
codelNum and are shown as x; in Table 9-1, with i in the range of 0 to leadingZeroBits — 1, inclusive.)Each x; is eqpal to
eithet 0 or 1.

Table 9-1 — Bit strings with "prefix'" and "suffix" bits and assignment to codeNum-ranges (informative)

Bit string form Range of codeNum
1 0
01xo 1.2
001 x; X% 346
000 1x, % X 7..14
0000 1x3%;X; X 15..30
000001 x4x3 XXX 31..62

Tablg 9-2 illustrates explicitly the assignment of bit strings to codeNum values.

Table 9-2 — Exp-Golomb 'bit strings and codeNum in explicit form and used as ue(v) (informative)

Bit string codeNum
1 0
010 1
011 2
00100 3
00101 4
00110 5
00111 6
0001000 7
0001001 8
0001010 9
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Depending on the descriptor, the value of a syntax element is derived as follows:
—  Ifthe syntax element is coded as ue(v), the value of the syntax element is equal to codeNum.

—  Otherwise (the syntax element is coded as se(v)), the value of the syntax element is derived by invoking the
mapping process for signed Exp-Golomb codes as specified in subclause 9.2.2 with codeNum as input.

9.2.2  Mapping process for signed Exp-Golomb codes
Input to this process is codeNum as specified in subclause 9.2.
Output of this process is a value of a syntax element coded as se(v).

The syntax element is assigned to the codeNum by ordering the syntax element by its absolute value in increasing order
and representing the positive value for a given absolute value with the lower codeNum. Table 9-3 provides the
assighment rule.

Table 9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax elements se(Y)
codeNum | syntax element value
0 0
1 1
2 -1
3 2
4 -2
5 3
6 -3
k DS Ceil(k+2)

9.3 CABAC parsing process for slice.segment data

9.3.1f General

This process is invoked when parsing syntax elements with descriptor ae(v) in subclauses 7.3.8.1 through 7.3.8.11.
Inputp to this process are a request-for'a value of a syntax element and values of prior parsed syntax elements.
Outpfit of this process is the value of the syntax element.

The {nitialization process.of the CABAC parsing process as specified in subclause 9.3.2 is invoked when startinjg the
parsifg of one or mor€ of the following:

—  the slice segnment data syntax specified in subclause 7.3.8.1
— the coding-tree unit syntax specified in subclause 7.3.8.2 and the coding tree unit is the first coding tree unit in g tile

— the-Coding tree unit syntax specified in subclause 7.3.8.2, entropy coding_sync_enabled flag is equal to 1, arjd the
dssociated luma coding tree block is the first luma coding tree block in a coding tree unit row

The parsing of syntax elements proceeds as follows:
For each requested value of a syntax element a binarization is derived as specified in subclause 9.3.3.

The binarization for the syntax element and the sequence of parsed bins determines the decoding process flow as
described in subclause 9.3.4.

In case the request for a value of a syntax element is processed for the syntax element pcm_flag and the decoded value of
pcm_flag is equal to 1, the decoding engine is initialized after the decoding of any pem alignment zero bit and all
pcm_sample luma and pcm_sample chroma data as specified in subclause 9.3.2.5.
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The

The

162

storage process for context variables is applied as follows:

When ending the parsing of the coding tree unit syntax in subclause 7.3.8.2, entropy coding sync enabled flag is
equal to 1 and CtbAddrInRs % PicWidthInCtbsY is equal to 1, the storage process for context variables as specified
in subclause 9.3.2.3 is invoked with TableStateIdxWpp and TableMpsValWpp as outputs.

When ending the parsing of the general slice segment data syntax in subclause 7.3.8.1,
dependent slice segments enabled flag is equal to 1 and end of slice segment flag is equal to 1, the storage
process for context variables as specified in subclause 9.3.2.3 is invoked with TableStateldxDs and TableMpsValDs
as outputs.

whole CABAC parsing process for a syntax element synEl is illustrated in Figure 9-1.

CABACParsimg(SyntD)

First synEl in:
a slice segment | |
atile]| |
a CTU row?

Yes—¢

Initialization

No |

Get Binarization(synEl)

binldx =— 1

binldx++

Get ctxTable, ctxIdx, and bypassFlag fop
binldx

+ No

DecodeBin(ctxTable, ctxIdXsbypassFlag)

(bOa X -abbinldx) in
Bimarization(synEl)?

synEl == pcm_flag &&
bo ==1?

Yes—¢

Initialization of
decoding engine

No |

Last synEl in CTU

or slice segment? Yes
\‘/ Storage

No |

&
<

Done

Figure 9-1 — Illustration of CABAC parsing process for a syntax element synEl (informative)
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9.3.2 Initialization process
9.3.2.1 General

Outputs of this process are initialized CABAC internal variables.

Two coding tree blocks
O

Current
coding tree
block

Left edge of picture Right edge of picture

|

igure 9-2 — Spatial neighbour T that is used to invoke the coding tree block availability derivation process
relative to the current coding tree'block (informative)

The dontext variables of the arithmetic decoding engingare initialized as follows:

— Iff the coding tree unit is the first coding tree unit in a tile, the initialization process for context variables is inyoked
gs specified in subclause 9.3.2.2.

- therwise, if entropy coding sync enabled flag is equal to 1 and CtbAddrInRs % PicWidthInCtbsY is equal to 0,
the following applies:

— The location ( xNbT, yNbT)*of the top-left luma sample of the spatial neighbouring block T (Figure %2) is
derived using the locatién (%0, y0 ) of the top-left luma sample of the current coding tree block as follows:

( xXNbT, yNbT )= (X0 + CtbSizeY, y0 — CtbSizeY ) 9-3)

— The availability-derivation process for a block in z-scan order as specified in subclause 6.4.1 is invoked with the
location ( x€urt, yCurr ) set equal to (x0,y0) and the neighbouring location ( xNbY, yNbY ) set eqyal to
( xXNbT, y\NbT ) as inputs, and the output is assigned to availableFlagT.

— Thesynchronization process for context variables is invoked as follows:

2. If availableFlagT is equal to 1, the synchronization process for context variables as specifigd in
subclause 9.3.2.4 is invoked with TableStateldxWpp and TableMpsValWpp as inputs.

— Otherwise, the initialization process for context variables is invoked as specified in subclause 9.3.2.2.

—  Otherwise, if CtbAddrInRs is equal to slice segment address and dependent slice_segment flag is equal to 1, the
synchronization process for context variables as specified in subclause 9.3.2.4 is invoked with TableStateldxDs and
TableMpsValDs as inputs.

—  Otherwise, the initialization process for context variables is invoked as specified in subclause 9.3.2.2.
The initialization process for the arithmetic decoding engine is invoked as specified in subclause 9.3.2.5.

The whole initialization process for a syntax element synEl is illustrated in the flowchart of Figure 9-3.
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decoding engine
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Figure 9:3 — Illustration of CABAC initialization process (informative)

9.3.212 Initialization process for context variables
Outppits of thisprocess are the initialized CABAC context variables indexed by ctxTable and ctxIdx.

Tablg 9-5,.to’Table 9-31 contain the values of the 8 bit variable initValue used in the initialization of context varjables

that fire .assigned to all syntax elements in subclauses 7.3.8.1 through 7.3.8.11, except end of slice segment)| flag,
end £ sl ctrana ~no it o d oo

OT—Sto—Str oo OnC— oG ot poTrh—Tra s

For each context variable, the two variables pStateldx and valMps are initialized.

NOTE 1 — The variable pStateldx corresponds to a probability state index and the variable valMps corresponds to the value of the
most probable symbol as further described in subclause 9.3.4.3.

From the 8 bit table entry initValue, the two 4 bit variables slopeldx and offsetldx are derived as follows:

slopeldx = initValue >> 4
offsetldx = initValue & 15 9-4)

The variables m and n, used in the initialization of context variables, are derived from slopeldx and offsetldx as follows:

m = slopeldx * 5 — 45
n = (offsetldx << 3)—16 (9-5)
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The two values assigned to pStateldx and valMps for the initialization are derived from SliceQpy, which is derived in
Equation 7-40. Given the variables m and n, the initialization is specified as follows:

preCtxState = Clip3( 1, 126, (( m * Clip3( 0, 51, SliceQpy)) >> 4)+n)
valMps = ( preCtxState <= 63)?0:1
pStateldx = valMps ? ( preCtxState — 64 ) : ( 63 — preCtxState ) (9-6)

In Table 9-4, the ctxIdx for which initialization is needed for each of the three initialization types, specified by the
variable initType, are listed. Also listed is the table number that includes the values of initValue needed for the
initialization. For P and B slice types, the derivation of initType depends on the value of the cabac init flag syntax
element. The variable initType is derived as follows:

if( slice type == 1)
mitType =0

else if( slice_type == P)
initType = cabac_init flag?2:1 (9-7)

else
initType = cabac _init flag? 1:2
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Table 9-4 — Association of ctxIdx and syntax elements for each initializationType in the initialization process

initType
Syntax structure Syntax element ctxTable
0 1 2
sao_merge left flag Table 9-5
0 1 2
sao_merge up flag
sao( )
sao_type idx_luma Table 9-6
. 0 1 2
sao_type idx chroma
coding_quadtree( ) split cu flag[ ][ ] Table 9-7 0.2 3.5 6..8
cu_transquant_bypass flag Table 9-8 0 1 2
TU_SKIp_f1ag Tabic9-9 o= 35
pred mode flag Table 9-10 0 1
coding_unit( ) part_mode Table 9-11 0 1.4 5.8
prev_intra_luma pred flag[ ][ ] Table 9-12 0 1 2
intra_chroma pred mode[ ][ ] Table 9-13 0 1 2
rqt root _cbf Table 9-14 0 1
merge_flag[ ][ ] Table 9-15 0 1
merge idx[ ][] Table 9-16 0 1
prediction_unit( ) inter_pred idc[ ][ ] Table 9-17 0.4 5.9
ref idx 10[ ][ ], ref idx 11[ ][] Table 9-18 0..1 2.3
mvp_lO_flag[ ][ ], Table 9-19 0 '
mvp_I1 flag[ ][ ]
split_transform flag[ ][ ][ ] Table 9-20, 0.2 3.5 6..8
transform_tree( ) cbf luma[ ][ ][] Table 9-21 0.1 2.3 4.5
cbf cb[ J[1[ 1, cbf e[ 1[1[] Table 9-22 0.3 4.7 8..11
abs_mvd greaterQ flag] ] Table 9-23 0 2
mvd_coding( )
abs mvd greaterl flag[ ] Table 9-23 1 3
transform_unit( ) cu_qgp delta abs Table 9-24 0..1 2.3 4.5
transform skip flag[}][ ][ 0] Table 9-25 0 1 2
transform_skip, flag[ J[1[ 1] Table 9-25 3 4 5
transforptskip flag[ [ ][ 2]
last_sig/coeff x prefix Table 9-26 0..17 18..35 36..53
residual_coding( ) last”sig coeff y prefix Table 9-27 0..17 18..35 36..53
coded sub block flag[ ][ ] Table 9-28 0.3 4.7 8..11
sig_coeff flag[ ][ ] Table 9-29 0.41 42..83 84..125
coeft abs level greaterl flag[ ] | Table 9-30 0..23 24.47 48..71
coeff abs level greater2 flag[] | Table 9-31 0.5 6..11 12..17

NOTE 2 — ctxTable equal to 0 and ctxIdx equal to 0 are associated with end_of slice segment flag, end of sub_stream one bit,
and pcm_flag. The decoding process specified in subclause 9.3.4.3.5 applies to ctxTable equal to 0 and ctxIdx equal to 0. This
decoding process, however, may also be implemented by using the decoding process specified in subclause 9.3.4.3.2. In this case,
the initial values associated with ctxTable equal to 0 and ctxIdx equal to O are specified to be pStateldx =63 and valMps =0,
where pStateldx = 63 represents a non-adapting probability state.
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Table 9-5 — Values of initValue for ctxIdx of sao_merge_left flag and sao_merge_up_flag

ctxIdx of
Initialization sa(;;?e;lgei—l:fz—ﬂ?aa“d
variable _merge_up_tlag
0 1 2
initValue 153 153 153

Table 9-6 — Values of initValue for ctxIdx of sao_type_idx_luma and sao_type_idx_chroma

ctxIdx of
Initialization s:;;tgegl?:;h:hmrix;d
variable _ype_1ax_
0 1 2
initValue 200 185 160

Table 9-7 — Values of initValue for ctxIdx of split_cu~flag

Initialization ctxIdx of split_cu_flag
variable 0 1 2 3 4 5 6 7 8
initValue 139 141 157 107 139 126 107 139 126

Table 9-8 — Values of initValue for ctxIdx of cu_transquant_bypass_flag

ctxldx of
Initializatiom~| cu_transquant_bypass_{flag
variable
0 1 2
initValue 154 154 154

Table 9-9 — Values of initValue for ctxIdx of cu_skip_flag

Initialization ctxldx of cu_skip_flag
variable
0 1 2 3 4 5
initValue 197 185 201 197 185 201

Table 9-10 — Values of initValue for ctxIdx of pred_mode_flag

Initialization ctxldx of pred_mode_flag
iabl
variable 0 1
initValue 149 134

© ISO/IEC 2013 — All rights reserved 167


https://standardsiso.com/api/?name=7898a76f8f8e5aa08ba9964d35874254

168

ISO/IEC 23008-2:2013(E)

Table 9-11 — Values of initValue for ctxIdx of part_mode

Initialization ctxldx of part_mode
iabl
variable 0 1 2 3 4 5 6 7 8
initValue 184 154 139 154 154 154 139 154 154

Table 9-12 — Values of initValue for ctxIdx of prev_intra_luma_pred_flag

Initialization ctxIdx of prev_intra_luma_pred_flag
iabl
variable 0 1 2
initValue 184 154 183

Table 9-13 — Values of initValue for ctxIdx of intra_chroma_pred_meode

ctxldx of
Initialization intra_chroma_pred_mode
variable
0 1 2
initValue 63 152 152

Table 9-14 — Values of initValue fok etxIdx of rqt_root_cbf

ctxIdx of
Initialization rqt_root_cbf
variable
0 1
initValue 79 79

Table 9-15 — Value of initValue for ctxIdx of merge flag

Initialization ctxldx of merge_flag
variable
0 1
initValue 110 154

Table 9-16 — Values of initValue for ctxIdx of merge_idx

etxddxofmerge—idx
Initialization -
variable

0 1

initValue 122 137
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Table 9-17 — Values of initValue for ctxIdx of inter_pred_idc

Initialization ctxldx of inter_pred_idc
variable o | 1| 2|3 |4 |5]|6|7|8]|09
initValue 95 79 63 31 31 |95 (79| 63 | 31| 31

Table 9-18 — Values of initValue for ctxIdx of ref idx_10 and ref idx_I1

TR ctxIdx of ref_idx 10 and ref_idx_I1
Initialization - = — =
iabl
variable 0 1 2 3
initValue 153 153 153 153

Table 9-19 — Values of initValue for ctxIdx of mvp _10_flag and mvp_l1-flag

ctxldx of mvp_l0_flag
Initialization and mvp_11_flag
variable
0 1
initValue 168 168

Table 9-20 — Values of initValue for ctXIdx of split_transform_flag

Initialization ctxldx of split_transform_flag
iabl
variable 0 1 2 3 4 5 6 7 8
initValue 153 138 138 124 138 94 224 167 122

Table 9-21.— Values of initValue for ctxIdx of chf luma

{nitialization ctxIdx of cbf_luma
variable 0 1 5 3 4 5
initValue 111 | 141 | 153 | 111 | 153 | 111

Table 9-22 — Values of initValue for ctxIdx of cbf_cb and cbf _cr

TR ctxIdx of cbf_cb and cbf _cr
Initialization - -
variable
0 1 2 3 4 5 6 7 8 9 10 11
initValue 94 138 | 182 | 154 | 149 | 107 | 167 | 154 | 149 | 92 167 | 154
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Table 9-23 — Values of initValue for ctxIdx of abs_mvd_greater0_flag and abs_mvd_greater1_flag

ctxldx of abs_mvd_greater(_flag
Initialization and abs_mvd_greaterl_flag
variable
0 1 2 3
initValue 140 198 169 198

Table 9-24 — Values of initValue for ctxIdx of cu_qp_delta_abs

Initialization ttxtdxof tu—qp_detta—abs
iabl.
vartable 0 1 2 3 4 5
initValue 154 | 154 | 154 | 154 | 154 | 154

Table 9-25 — Values of initValue for ctxIdx of transform_skip_flag

Initialization ctxIdx of transform_skip_flag
iabl
variable 0 1 2 3 4 p
initValue 139 | 139 | 139 | 139 | 139 {139

Table 9-26 — Values of initValue for ctxIdxof last_sig_coeff x_prefix

Initialization ctxldx ofdast_sig_coeff x_prefix
variable
0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17
initValue 110 | 110 | 124 | 125 | 140 | 153 | 125%| 127 | 140 | 109 | 111 | 143 | 127 | 111 | 79 | 108 | 123 | 63
18 | 19 | 20 | 21 | 22 | 23 |~24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35
initValue 125 | 110 | 94 | 110 | 954879 | 125 | 111 | 110 | 78 | 110 | 111 [ 111 | 95 | 94 | 108 | 123 | 108
36 | 37 | 38 | 39 | 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53
initValue 125 | 110 | 124 | LION 95 | 94 [ 125 {111 | 111 | 79 [ 125 | 126 | 111 [ 111 | 79 | 108 | 123 | 93
Table9-27 — Values of initValue for ctxIdx of last_sig_coeff y prefix
Initialization ctxldx of last_sig_coeff y_prefix
variable
0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17
initValue 110 | 110 | 124 | 125 | 140 | 153 | 125 | 127 | 140 | 109 | 111 | 143 | 127 | 111 | 79 | 108 | 123 | 63
18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 |27 | 28 |29 | 30 | 31 | 32 |33 |34 | 35
initValue 125 | 110 | 94 [ 110 | 95 | 79 | 125 | 111 | 110 | 78 | 110 | 111 [ 111 | 95 | 94 | 108 | 123 | 108
30 37 33 39 40 41 42 43 44 45 40 47 43 49 S0 S 52 33
initValue 125 | 110 | 124 [ 110 | 95 | 94 [ 125 {111 | 111 | 79 [ 125 | 126 | 111 [ 111 | 79 | 108 | 123 | 93
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Table 9-28 — Values of initValue for ctxIdx of coded_sub_block_flag

Initialization ctxldx of coded_sub_block_flag
variable 0 oy L2 3 {4 s e | 7| 8|9 w0|n
initValue 91 171 | 134 | 141 | 121 | 140 | 61 154 | 121 | 140 | 61 154

Table 9-29 — Values of initValue for ctxIdx of sig_coeff flag

Initialization ctxIdx of sig_coeff flag
Yariabte

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 LS
linitYalue 111 111 125 110 110 94 124 108 124 107 125 141 179 153 125 07
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 B1
linitYalue 125 141 179 153 125 107 125 141 179 153 125 140 139 182 182 52
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 7
linitValue 136 152 136 153 136 139 111 136 139 111 155 154 139 153 139 23
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 b3
linitYalue 123 63 153 166 183 140 136 153 154 166 183 140 136 153 154 66
64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 /9
linitYalue 183 140 136 153 154 170 153 123 123 107 121 107 121 167 151 83
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 DS
linitValue 140 151 183 140 170 154 139 153 139 123 123 63 124 166 183 40
96 97 98 99 100 | 101 102 | 103 104£] 105 | 106 107 | 108 | 109 | 110 | 311
linitYalue 136 153 154 166 183 140 136 153 154 166 183 140 136 153 154 70

112 | 113 | 114 | 115 | 116 | 117 | 118 | 119, 120 | 121 122 123 124 | 125

linitYalue 153 138 138 122 121 122 121 167 151 183 140 151 183 140

Table 9-30 — Values of initValue for ctxIdx of coeff_abs_level greaterl_flag

Inikialization ctxldx of coeff_abs_level greaterl_flag
ariable
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
inifValue 140 92 137 138 140 152 | 138 139 | 153 74 149 92 139 | 107 122 52
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 B1
|_inifValue 140 | 179 | W66 | 182 140 | 227 122 | 197 154 | 196 196 167 154 | 152 167 82
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 17
inifValue 182 K 134 | 149 136 153 121 136 | 137 169 | 194 166 167 154 | 167 137 82
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 b3
inifValue 154 | 196 | 167 167 154 152 | 167 | 182 | 182 | 134 149 136 | 153 121 136 22
64 65 66 67 68 69 70 71
|_initValue 169 | 208 166 | 167 154 152 167 | 182

Table 9-31 — Values of initValue for ctxIdx of coeff_abs_level greater2 flag

Initialization ctxldx of coeff_abs_level_greater2_flag
variable
0 1 2 3 4 5 6 7 8
initValue 138 | 153 | 136 | 167 | 152 | 152 | 107 | 167 91
9 10 11 12 13 14 15 16 17
initValue 122 | 107 | 167 | 107 | 167 91 107 | 107 167
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9.3.2.3 Storage process for context variables
Inputs to this process are the CABAC context variables indexed by ctxTable and ctxIdx.

Outputs of this process are variables tableStateSync and tableMPSSync containing the values of the variables pStateldx
and valMps used in the initialization process of context variables that are assigned to all syntax elements in subclauses
7.3.8.1 through 7.3.8.11, except end_of slice_segment flag, end of sub stream one bit, and pcm flag.

For each context variable, the corresponding entries pStateldx and valMps of tables tableStateSync and tableMPSSync
are initialized to the corresponding pStateldx and valMps.

The storage process for context variables is illustrated in the flowchart of Figure 9-4.

Storage

Second CTU in row &&
entropy_coding_sync_enabled_flag?

Ye51

Storage of context variableg’in.
TableStateldxWpp ard
TableMpsValWpp

No |

end of slice segment flag &&
dependent_slice_segments_enabled flag?

Yesn

Storage of context variables in
TableStateldxDs and
TableMpsValDs

No |

Figure 9-4 = IHustration of CABAC storage process (informative)

9.3.2}4 Synchronization(process for context variables

Inputp to this process atévariables tableStateSync and tableMPSSync containing the values of the variables pStgteldx
and valMps used in¢thé+storage process of context variables that are assigned to all syntax elements in subclauses 7}3.8.1
throulgh 7.3.8.11, exeept end_of slice segment flag, end of sub_stream one bit, and pcm_flag.

Outppits of this-process are the initialized CABAC context variables indexed by ctxTable and ctxIdx.

For epch context variable, the corresponding context variables pStateldx and valMps are initialized to the correspopding
entrids pStateldx and valMps of tables tableStateSync and tableMPSSync

9.3.2.5 Initialization process for the arithmetic decoding engine

Outputs of this process are the initialized decoding engine registers ivlCurrRange and ivlOffset both in 16 bit register
precision.

The status of the arithmetic decoding engine is represented by the variables ivlCurrRange and ivlOffset. In the
initialization procedure of the arithmetic decoding process, ivlCurrRange is set equal to 510 and ivlOffset is set equal to
the value returned from read bits( 9 ) interpreted as a 9 bit binary representation of an unsigned integer with the most
significant bit written first.

The bitstream shall not contain data that result in a value of ivlOffset being equal to 510 or 511.
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NOTE — The description of the arithmetic decoding engine in this Specification utilizes 16 bit register precision. However, a
minimum register precision of 9 bits is required for storing the values of the variables iviCurrRange and ivlOffset after invocation
of the arithmetic decoding process (DecodeBin) as specified in subclause 9.3.4.3. The arithmetic decoding process for a binary
decision (DecodeDecision) as specified in subclause 9.3.4.3.2 and the decoding process for a binary decision before termination
(DecodeTerminate) as specified in subclause 9.3.4.3.5 require a minimum register precision of 9 bits for the variables
ivlCurrRange and ivlOffset. The bypass decoding process for binary decisions (DecodeBypass) as specified in subclause 9.3.4.3.4
requires a minimum register precision of 10 bits for the variable ivlOffset and a minimum register precision of 9 bits for the
variable ivlCurrRange.

9.3.3  Binarization process

9.3.3.1 General

Input to this process is a request for a syntax element.

Outppit of this process is the binarization of the syntax element.
Tablg 9-32 specifies the type of binarization process associated with each syntax element and correspondinginputs.
The ppecification of the truncated Rice (TR) binarization process, the k-th order Exp-Golomb (EGk) binarization
procdss, and the fixed-length (FL) binarization process are given in subclauses 9.3.3.2 through 9:3.3.4, respectjively.
Othet binarizations are specified in subclauses 9.3.3.5 through 9.3.3.9.
Table 9-32 — Syntax elements and associated binarizations
$yntax structure Syntax element Binarization
Process Input parameters
slige segment data() | end of slice segment flag FL cMax =1
end of sub_stream one bit FL cMax =1
saq( ) sao_merge_left flag FL cMax =
sao_merge up_flag FL cMax =1
sao_type_idx_luma TR cMax =2, cRiceParam =0
sao_type idx chroma TR cMax =2, cRiceParam =0
sao_offset_abs[ ][ ][ [ ] TR cMax = (1 << (Min( bitDepth, 10 ) —5) ) — 1, cRiceParam =
sao_offset sign[ ][ ][ [ ] FL cMax =1
sao_band_positienf ][ ][ ] FL cMax =31
sao_eo_class~luma FL cMax =3
$a0.¢0_class_chroma FL cMax =3
coding quadtree( ) split_cu_flag[ ][ ] FL cMax =1
codling_unit( ) cu_transquant_bypass flag FL cMax =1
cu_skip flag FL cMax =1
pred_mode flag FL cMax =1
part_mode 9335 (xCb, yCb ) = ( x0, y0), log2CbSize
pem _flag[ ][ ] FL cMax =1
prev_intra luma pred flag[ ][ ] FL cMax =1
mpm_idx[ ][ ] TR cMax =2, cRiceParam = 0
rem_intra_luma pred mode[ ][ ] FL cMax =31
intra_chroma pred_mode[ ][ ] 9.3.3.6 -
rqt_root_cbf FL cMax =1
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Table 9-32 — Syntax elements and associated binarizations

Syntax structure

Syntax element

Binarization

Process Input parameters
prediction_unit( ) merge_flag[ ][ ] FL cMax =1
merge idx[ ][ ] TR cMax = MaxNumMergeCand — 1, cRiceParam = 0
inter_pred_idc[ x0 ][ yO ] 9.3.3.7 nPbW, nPbH
ref idx 10[ ][ ] TR cMax =num_ref idx 10 active minusl, cRiceParam = 0
mvp_ 10 flag[ ][ ] FL cMax =1
ref idx 11[ ][ ] TR cMax =num_ref idx 11 active_minusl, cRiceParam = 0,
mvp_l11_flag[ ][ ] FL cMax = 1
trapsform_tree( ) split_transform flag[ ][ ][ ] FL cMax =1
cbf luma[ ][ ][] FL cMax =1
cbf eb[ [ ][] FL cMax =1
cbf e[ ][ ][] FL cMax =1
mvd_coding( ) abs mvd_greater0_flag] ] FL cMax =1
abs mvd_greaterl flag] ] FL cMax =1
abs mvd_minus2[ ] EGI -
mvd_sign flag][ ] FL cMax =1
trapsform_unit( ) cu_gp_delta_abs 9.3.38 -
cu_gp_delta sign flag FL cMax =1
resjdual coding( ) transform_skip flag[ ][ ][ ] FL cMax =1
last_sig_coeff x_prefix TR cMax = ( log2TrafoSize << 1)— 1, cRiceParam =0
last_sig_coeff y~prefix TR cMax = (log2TrafoSize << 1)— 1, cRiceParam =0
last_sig_coeff-/x suffix FL cMax = (1 << ((last_sig coeff x _prefix >> 1)—-1)—1)
lastysig)coeff y suffix FL cMax = (1 << ((last_sig _coeff y prefix >> 1)—-1)—-1)
coded sub_block flag[ ][ ] FL cMax =1
sig_coeff flag[ ][ ] FL cMax =1
coeff abs level greaterl flag[ ] FL cMax =1
coeft abs level greater2 flag] ] FL cMax =1
coeff abs level remaining] ] 9339 current sub-block scan index i, baseLevel
coeff sign_flag[ ] FL cMax = 1

9.3.3.2 Truncated Rice (TR) binarization process

Input to this process is a request for a TR binarization for a syntax element with value synVal, cMax, and cRiceParam.

Output of this process is the TR binarization of the syntax element.

A TR bin string is a concatenation of a prefix bin string and, when present, a suffix bin string.
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For the derivation of the prefix bin string, the following applies:
—  The prefix value of synVal, prefixVal, is derived as follows:

prefixVal = synVal >> cRiceParam (9-8)
—  The prefix of the TR bin string is specified as follows:

— If prefixVal is less than cMax >> cRiceParam, the prefix bin string is a bit string of length prefixVal + 1
indexed by binldx. The bins for binldx less than prefixVal are equal to 1. The bin with binldx equal to prefixVal
is equal to 0. Table 9-33 illustrates the bin strings of this unary binarization for prefixVal.

— Otherwise, the bin string is a bit string of length cMax >> cRiceParam with all bins being equal to 1.

Table933— Bi . £ binarization-Gnf ive)
prefixVal Bin string
0 0
1 110
2 1{1]0
3 1{1]1}0
4 1{1]1]1]0
5 I{1j1{1(1]0
binldk [0 |1 [2]|3]%]|5

When cMax is greater than synVal, the suffix of the TR bin string is present and it is derived as follows:
—  [The suffix value of synVal, suffixVal, is derived asfollows:
suffixVal = synVal — ( ( prefixVal ) << cRiceParam ) 9-9)

—  [Fhe suffix of the TR bin string is specified by the binary representation of suffixVal.

NPTE - For the input parameter cRiceParam= 0 the TR binarization is exactly a truncated unary binarization and it is glways
nvoked with a cMax value equal to the latgest possible value of the syntax element being decoded.

—-

9.3.313 k-th order Exp-Golomb/{(EGK) binarization process
Inputk to this process is a request for an EGk binarization for a syntax element.
Outppit of this process is the EGk binarization of the syntax element.

The Bbin string of the-EGk binarization process of a syntax element synVal is specified as follows, where each call pf the
functjon put( X ), with X being equal to 0 or 1, adds the binary value X at the end of the bin string:

absVa=/Abs( synVal )

stopLoop =0
do {
if(absV >= (1 << k)){
put( 1)
absV =absV—(1 << k)
k++
} else {
put( 0) (9-10)
while( k——)
put( (absV >> k) & 1)
stopLoop =1

} while( !stopLoop )

NOTE — The specification for the k-th order Exp-Golomb (EGk) code uses 1's and 0's in reverse meaning for the unary part of the
Exp-Golomb code of 0-th order as specified in subclause 9.2.
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9.3.3.4 Fixed-length (FL) binarization process
Inputs to this process are a request for a FL binarization for a syntax element and cMax.
Output of this process is the FL binarization of the syntax element.

FL binarization is constructed by using a fixedLength-bit unsigned integer bin string of the syntax element value, where
fixedLength = Ceil( Log2( cMax + 1) ). The indexing of bins for the FL binarization is such that the binldx = 0 relates to
the most significant bit with increasing values of binldx towards the least significant bit.

9.3.3.5 Binarization process for part_mode

Inputs to this process are a request for a binarization for the syntax element part mode a luma location ( xCb, yCb ),
specifying the top-left sample of the current luma coding block relative to the top-left luma sample of the current picture,

d LI T IO JaVai ek LA +1 1 1. 1.1 1 .
an vAdlTdUITTUEZCUSIZTU SPUUIL yIITE UIT TUITTUIIL TUITId COULTE UTUUK SIZT.

Outppit of this process is the binarization of the syntax element.

The |binarization for the syntax element part mode is specified in Table 9-34 depending onthe” valugs of
CuPrpdMode[ xCb ][ yCb ] and log2CbSize.

Table 9-34 — Binarization for part_mode

Bin string
CuPredMode[ xCb ][ yCb ]|part_mode| PartMode Mliigczbil;zi;g;w [0g2CbSize == MinCbLog2SizeY
lamp_enabled flag| amp enabled\flag | 1og2CbSize == 3 | log2CbSizd> 3
0 PART 2Nx2N | - - 1 1
MODE INTRA

1 PART NxN - - 0 0

0 PART 2Nx2N | 1 1 1 1

1 PART 2NxN | 01 011 01 01

2 PART Nx2N | 00 001 00 001

3 PART NxN - - - 000

MODE_INTER

4 PART\2NxnU | - 0100 - -

5 PART 2NxnD| - 0101 - -

6 PART nLx2N | - 0000 - -

7 PART nRx2N | - 0001 - -

9.3.3]6 Binarization process for intra_chroma_pred_mode
Inpufto this proeess is a request for a binarization for the syntax element intra_chroma pred mode.

Outppit ofithis process is the binarization of the syntax element.

The Binarizationforthe syntax-clementintrachroma pred modeisspecified-in Table 9-35
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Table 9-35 — Binarization for intra_chroma_pred_mode

. Value of Bin string
intra_chroma pred mode

4 0

0 100

1 101

2 110

3 111

ISO/IEC 23008-2:2013(E)

9.3.3

Input

7 Binarization process for inter_pred_idc

blocK width nPbW, and the current luma prediction block height nPbH.

Outp
The 1

it of this process is the binarization of the syntax element.

inarization for the syntax element inter pred idc is specified in Table 9-36.

Table 9-36 — Binarization for inter_pred_idc

Value of Name of Bin string
inter_pred_idc inter_pred_idc (nPbW +nPbH ) != 12+ nPbW +nPbH) == 12
0 PRED_LO 00 0
1 PRED L1 01 1
2 PRED_BI 1 -

5 to this process are a request for a binarization for the syntax element inter pred idc, the current luma predjction

9.3.318 Binarization process for cu_qp_delta_abs
Inputfto this process is a request for a binarization for'the syntax element cu_qp_delta abs.
Outppit of this process is the binarization of the'syntax element.

The binarization of the syntax element cu qp_delta abs is a concatenation of a prefix bin string and (when pres¢nt) a
suffiy bin string.

For the derivation of the prefix bin string, the following applies:
—  The prefix value of cu,qp_delta abs, prefixVal, is derived as follows:
prefixVal = Min()cu qgp delta abs, 5) (p-11)

— The prefix binistring is specified by invoking the TR binarization process as specified in subclause 9.3.3]2 for
prefixVal with’éMax = 5 and cRiceParam = 0.

Wher prefixVial'is greater than 4, the suffix bin string is present and it is derived as follows:

—  Thesuffix value of cu_qgp delta abs, suffixVal, is derived as follows:

suffixVal =cu_qp_delta abs—5 (9-12)

— The suffix bin string is specified by invoking the EGk binarization process as specified in subclause 9.3.3.3 for
suffixVal with the Exp-Golomb order k set equal to 0.

9.3.3.9 Binarization process for coeff abs_level remaining

Input to this process is a request for a binarization for the syntax element coeff abs level remaining[ n ], the current
sub-block scan index i, and baseLevel.

Output of this process is the binarization of the syntax element.

The variables cLastAbsLevel and cLastRiceParam are derived as follows:
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— If this process is invoked for the first time for the current sub-block scan index i, cLastAbsLevel and
cLastRiceParam are set equal to 0.

—  Otherwise (this process is not invoked for the first time for the current sub-block scan index i), cLastAbsLevel and
cLastRiceParam are set equal to the values of cAbsLevel and cRiceParam, respectively, that have been derived
during the last invocation of the binarization process for the syntax element coeff abs level remaining as specified
in this subclause.

The variable cAbsLevel is set equal to baseLevel + coeff abs level remaining[ n ].
The variable cRiceParam is derived from cLastAbsLevel and cLastRiceParam as:

cRiceParam = Min( cLastRiceParam + ( cLastAbsLevel > (3 * (1 << cLastRiceParam))?1:0),4) (9-13)

The ariable eMax is derived from-cRiceParam as-

tMax =4 << cRiceParam 9-14)

The Binarization of the syntax element coeff abs level remaining[ n ] is a concatenation of a prefix bin string and (when
present) a suffix bin string.

For the derivation of the prefix bin string, the following applies:
—  [he prefix value of cu_qp_delta_abs, prefixVal, is derived as follows:
prefixVal = Min( cMax, coeff abs level remaining[ n]) (p-15)

—  The prefix bin string is specified by invoking the TR binarization process as_specified in subclause 9.3.3]2 for
prefixVal with the variables cMax and cRiceParam as inputs.

Wher the prefix bin string is equal to the bit string of length 4 with all bits equal to 1, the suffix bin string is present and
it is derived as follows:

—  Trhe suffix value of cu_gp delta abs, suffixVal, is derived as follows:
suffixVal = coeff abs_level remaining[ n ] — cMax (p-16)

—  The suffix bin string is specified by invoking the EGk<binarization process as specified in subclause 9.3.3|3 for
quffixVal with the Exp-Golomb order k set equal to cRiceParam + 1.

9.3.4| Decoding process flow
9.3.4{1 General

Inputs to this process are all bin strings,\of the binarization of the requested syntax element as specifigd in
subclpuse 9.3.3.

Outppit of this process is the value of'the syntax element.

This process specifies how each bin of a bin string is parsed for each syntax element. After parsing each bin, the resplting
bin sfring is compared to all-bin/strings of the binarization of the syntax element and the following applies:

— |fthe bin string is equal to one of the bin strings, the corresponding value of the syntax element is the output.
—  Dtherwise (the'bin string is not equal to one of the bin strings), the next bit is parsed.
Whilg parsing.8ach bin, the variable binldx is incremented by 1 starting with binldx being set equal to 0 for the first|bin.

The parsing\ot each bin is specified by the following two ordered steps:

1/ The derivation process for ctxTable, ctxIdx, and bypassFlag as specified in subclause 9.3.4.2 is invoked with
binldx as input and ctxTable, ctxIdx, and bypassFlag as outputs.

2. The arithmetic decoding process as specified in subclause 9.3.4.3 is invoked with ctxTable, ctxldx, and
bypassFlag as inputs and the value of the bin as output.

9.3.4.2 Derivation process for ctxTable, ctxIdx and bypassFlag

9.3.4.2.1 General
Input to this process is the position of the current bin within the bin string, binldx.

Outputs of this process are ctxTable, ctxIdx, and bypassFlag.
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The values of ctxTable, ctxldx, and bypassFlag are derived as follows based on the entries for binldx of the
corresponding syntax element in Table 9-37:

If the entry in Table 9-37 is not equal to "bypass", "terminate", and "na", the values of binldx are decoded by

invoking the DecodeDecision process as specified in subclause 9.3.4.3.2 and the following applies:

— ctxTable is specified in Table 9-4.

—  The variable ctxInc is specified by the corresponding entry in Table 9-37 and when more than one value is
listed in Table 9-37 for a binldx, the assignment process for ctxInc for that binldx is further specified in the

subclauses given in parenthesis.

—  The variable ctxIdxOffset is specified by the lowest value of ctxldx in Table 9-4 depending on the current

value of initType.

- ctxIdx is set equal to the sum of ctxInc and ctxIdxOffset.
- bypass Flag is set equal to 0.

Dtherwise, if the entry in Table 9-37 is equal to "bypass", the values of binldx are decoded by’ invokin
DecodeBypass process as specified in subclause 9.3.4.3.4 and the following applies:

- ctxTable is set equal to 0.
- ctxIdx is set equal to 0.
- bypassFlag is set equal to 1.

Dtherwise, if the entry in Table 9-37 is equal to "terminate", the values of binldx are decoded by invokirn
DecodeTerminate process as specified in subclause 9.3.4.3.5 and the following applies:

- ctxTable is set equal to 0.
- ctxIdx is set equal to 0.
- bypassFlag is set equal to 0.

Dtherwise (the entry in Table 9-37 is equal to "na"), thexyalues of binldx do not occur for the corresponding s
element.

Table 9-37 — Assignment of ctxIncto syntax elements with context coded bins

o the

g the

yntax

binldx
Syntax element
0 1 2 3 4 >= 5
erjd of slice segment flag terminate na na na na na
efjd of sub_stream one bit terminate na na na na na
sqo_merge left flag 0 na na na na na
sqo_merge up flag 0 na na na na na
sqo_type idx luma 0 bypass na na na na
sqo_type idx chroma 0 bypass na na na na
sqo_offset .abs[N{ 1[ 1[ ] bypass bypass bypass bypass bypass bypass
sdo_offset(sign[ J[1[ ][ ] bypass na na na na na
sdo_band position[ ][ 1[ ] bypass bypass bypass bypass bypass bypass
sao_eo_class luma bypass bypass bypass na na na
sao_eo class chroma bypass bypass bypass na na na
spliceu Mgl 1] (subc1a1?§e1 ’92.3 422) na na na na na
cu_transquant_bypass_flag 0 na na na na na
cu_skip flag 0,1,2
(subclause 9.3.4.2.2) na na na na na
pred mode flag 0 na na na na na
E)zgtagé?fee= = MinCbLog2SizeY 0 ! 2 bypass na na
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Table 9-37 — Assignment of ctxInc to syntax elements with context coded bins

binldx
Syntax element
0 1 2 3 4 >= 5
ﬂgé?s?ff > MinCbLog2SizeY 0 1 3 bypass na na
pem_flag[ 1[ ] terminate na na na na na
prev_intra luma pred flag[ ][ ] 0 na na na na na
mpm _idx[ ][ ] bypass bypass na na na na
rgm _1intra_luma pred mode| [[ | bypass bypass bypass bypass bypass bypass
intra_chroma pred mode[ ][ ] 0 bypass bypass na na na
rqt_root_cbf 0 na na na na na
merge flag[ ][ ] 0 na na na na na
merge idx[ ][ ] 0 bypass bypass bypass na na
i i 1=
inter_pred_idc[ x0 ][ yO ] rE ?:It’]lgz\l]) ;}: [n:(?lﬁ ;0 : li 4 na na na na
reff idx 10[ ][] 0 1 bypass bypass bypass bypass
reff idx 1] ][] 0 1 bypass bypass bypass bypass
mvp 10 flag[ ][ ] 0 na na na na na
myvp 11 flag[ ][] 0 na na na na na
split transform flag[ ][ ][ ] 5 — log2TrafoSize na fa na na na
chf cb[1[1[] trafoDepth na na na na na
chf e[ J[1[] trafoDepth na na na na na
chf luma[ ][ ][ ] trafoDepth==07?1:0 na na na na na
al}s mvd greaterQ flag][ ] 0 na na na na na
al}s mvd greater] flag[ ] 0 na na na na na
al}s mvd minus2[ ] bypass bypass bypass bypass bypass bypass
myvd sign flag[ ] bypass na na na na na
cy gp delta abs 0 1 1 1 1 bypass
cy qgp delta sign flag bypass na na na na na
trgnsform_skip flag[ ][ ][ ] 0 na na na na na
lapt _sig _coeff x prefix 0..17 (subclause 9.3.4.2.3)
laLt_sig_coeff_y - prefix 0..17 (subclause 9.3.4.2.3)
lapt sig_coeff x_suffix bypass bypass bypass bypass bypass bypass
lapt sig coeffiay” suffix bypass bypass bypass bypass bypass bypass
cqded”subs block flag[ ][ ] 0.3 na na na na na
(subclause 9.3.4.2.4)
sig_coeff flag[ ][ ] 0..41 na na na na na
(subclause 9.3.4.2.5)
coeft abs level greaterl flag] ] 0.23 na na na na na
(subclause 9.3.4.2.6)
coeft abs level greater2 flag] ] 0.5 na na na na na
(subclause 9.3.4.2.7)
coeff abs level remaining] ] bypass bypass bypass bypass bypass bypass
coeff sign flag[ ] bypass na na na na na
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9.3.4.2.2 Derivation process of ctxInc using left and above syntax elements

Input to this process is the luma location ( x0, y0 ) specifying the top-left luma sample of the current luma block relative
to the top-left sample of the current picture.

Output of this process is ctxInc.

The location ( xNbL, yNbL ) is set equal to ( x0 — 1, y0 ) and the variable availableL, specifying the availability of the
block located directly to the left of the current block, is derived by invoking the availability derivation process for a
block in z-scan order as specified in subclause 6.4.1 with the location ( xCurr, yCurr ) set equal to ( x0, y0 ) and the
neighbouring location ( xNbY, yNbY ) set equal to ( xXNbL, yNbL ) as inputs, and the output is assigned to availableL.

The location ( xXNbA, yNbA ) is set equal to ( x0, y0 — 1) and the variable availableA specifying the availability of the
coding block located directly above the current block, is derived by invoking the availability derivation process for a
bloc 1n z-scan order as specitied 1 subclause 06.4.1 with the location ( XCurr, yCurr ) set equal to ( XU, y0 ) and the
neighbouring location ( xXNbY, yNbY ) set equal to ( xNbA, yNbA ) as inputs, and the output is assigned to availablgA.

The gssignment of ctxInc for the syntax elements split cu flag[ x0 ][ yO ] and cu_skip flag[ x0 ][ yO ] is|speciffed in
Tablg 9-38.

Table 9-38 — Specification of ctxInc using left and above syntax element§

Syntax element condL condA ctxInc

splft_cu_flag[ x0 ][ y0 ] CtDepth[ xNbL ][ yNbL ] > cqtDepth CtDepth[ xXNbA ][ yNbA ] > cqtDepth (condL && availableL ) 1
(condA && availableA )

| |skip_flag[ x0 ][ yO ] cu_skip_flag[ xNbL ][ yNbL ] cu_skip_flag[ xNbA ][ yNbA\] (condL && availableL ) {
(condA && availableA )

C

e

9.3.4]2.3 Derivation process of ctxInc for the syntax elements last:sig_coeff x_ prefix and last_sig_coeff y prefix

Inputp to this process are the variable binldx, the colour component index cldx, and the transform blocl size
log2TrafoSize.

Outppit of this process is the variable ctxInc.
The Yariables ctxOffset and ctxShift are derived as follows:

- f cldx is equal to 0, ctxOffset is set equal to 3* ( log2TrafoSize — 2 ) + ( ( log2TrafoSize — 1) >> 2 ) and ctxShift
s set equal to ( log2TrafoSize + 1) >> 2(

—  Ptherwise (cldx is greater than 0), ctxOffset is set equal to 15 and ctxShift is set equal to log2TrafoSize — 2.
The Yariable ctxInc is derived as follows:

ctxInc = ( binldx'\>> ctxShift ) + ctxOffset P-17)

9.3.4{2.4 Derivation procéss)of ctxInc for the syntax element coded_sub_block flag

Inputp to this processdiethe colour component index cldx, the current sub-block scan location ( xS, yS ), the previously
decodled bins of thesyntax element coded sub_block flag, and the transform block size log2TrafoSize.

Outppit of this progess is the variable ctxInc.

The yariableresbfCtx is derived using the current location ( xS, yS ), two previously decoded bins of the syntax el¢gment
coded sub®block flag in scan order, and the transform block size log2TrafoSize, as follows:

—  ¢sbfCtx is initialized with O as follows:

csbfCtx =0 (9-18)
—  When xS is less than ( 1 << (log2TrafoSize —2)) — 1, csbfCtx is modified as follows:

csbfCtx += coded sub_block flag[ xS+ 1][yS] (9-19)
—  When ySisless than (1 << (log2TrafoSize —2) ) — 1, csbfCtx is modified as follows:

csbfCtx += coded sub block flag[ xS][yS+1] (9-20)
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The context index increment ctxInc is derived using the colour component index cldx and csbfCtx as follows:

— Ifcldx is equal to 0, ctxInc is derived as follows:
ctxInc = Min( csbfCtx, 1)
—  Otherwise (cldx is greater than 0), ctxInc is derived as follows:

ctxInc =2 + Min( csbfCtx, 1)

9.3.4.2.5 Derivation process of ctxInc for the syntax element sig_coeff flag

(9-21)

(9-22)

Inputs to this process are the colour component index cldx, the current coefficient scan location ( xC, yC ), the scan order

index scanldx, and the transform block size log2TrafoSize.

Outpfit of this process is the variable cixInc.

The Yariable sigCtx depends on the current location ( XC, yC ), the colour component index cldx, the transform plock
size, [and previously decoded bins of the syntax element coded sub block flag. For the derivation ¢f] sigCtx, the

folloywing applies:

—  [flog2TrafoSize is equal to 2, sigCtx is derived using ctxIdxMap] ] specified in Table 9-39 as-fellows:

sigCtx = ctxIdxMap[ (yC << 2)+xC]
—  Ptherwise, if xC + yC is equal to 0, sigCtx is derived as follows:

sigCtx =0

—  Ptherwise, sigCtx is derived using previous values of coded_sub_block flag asfollows:

+  The sub-block location ( xS, yS ) is set equal to ( xC >> 2, yC >>/2):

+  The variable prevCsbf is set equal to 0.

prevCsbf += coded sub block flag[ xS + 1 |[ y&]

prevCsbf += (coded sub block flag[xST[yS+1] << 1)

-+  The inner sub-block location ( xP, yP ) is set'equal to (xC & 3, yC & 3 ).

+  The variable sigCtx is derived as follows:

— If prevCsbfis equal to 0, the following applies:
sigCtx=(xP+yP ¥50)?2:(xP+yP<3)?1:0

—  Otherwise, if prevCsbf is equal to 1, the following applies:
sigCtx=(yP==0)?2:(yP==1)71:0

—  Otherwise,)if prevCsbf is equal to 2, the following applies:
sigltx=(xP == 0)?2:(xP ==1)71:0

— _“Otherwise (prevCsbf is equal to 3), the following applies:
sigCtx =2

+  When xS is less than (1 << (log2TrafoSize —2)) — 1, the\following applies:

+  When yS s less than ( 1 << (log2TrafoSize — 2 )J),— 1, the following applies:

($-23)

(p-24)

($-25)

(h-26)

$h-27)

($-28)

(h-29)

($-30)

—  The variable s1gCtx 1s moditied as follows:
— Ifcldx is equal to 0, the following applies:
—  When (xS + yS) is greater than 0, the following applies:
sigCtx += 3
—  The variable sigCtx is modified as follows:
— Iflog2TrafoSize is equal to 3, the following applies:
sigCtx += (scanldx == 0)?79:15

182

(9-31)

(9-32)
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—  Otherwise, the following applies:

sigCtx += 21 (9-33)
—  Otherwise (cldx is greater than 0), the following applies:
— Iflog2TrafoSize is equal to 3, the following applies:
sigCtx += 9 (9-34)
—  Otherwise, the following applies:
sigCtx += 12 (9-35)
The context index increment ctxInc is derived using the colour component index cldx and sigCtx as follows:
- f cldx is equal to 0, ctxInc is derived as follows:
ctxInc = sigCtx (p-36)
—  Dtherwise (cldx is greater than 0), ctxInc is derived as follows:
ctxInc =27 + sigCtx »-37)
Table 9-39 — Specification of ctxIdxMap|[ i ]
i 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
cfxIdxMap[ i | 0 1 4 5 2 3 4 5 6 6 8 8 7 7

9.3.4]12.6 Derivation process of ctxInc for the syntax element coeff_abs, level greaterl_flag

Inputk to this process are the colour component index cldx, the current'sub-block scan index i, and the current coeffficient

scan |ndex n within the current sub-block.

Outppit of this process is the variable ctxInc.

The Yariable ctxSet specifies the current context set and fot-its derivation the following applies:

- f this process is invoked for the first time for the current sub-block scan index i, the following applies:
+  The variable ctxSet is initialized as follows:

—  If'the current sub-block scan index i is equal to 0 or cldx is greater than 0, the following applies:

+  The variable lastGreater1 Ctx is derived as follows:

transforim block, the variable lastGreater1 Ctx is set equal to 1.

— _“Otherwise, the following applies:

ctxSet =0 (P-38)
—  Otherwise (i is greaterrthan 0 and cldx is equal to 0), the following applies:
ctxSet =2 (P-39)

—  If the Currént sub-block with scan index 1 is the first one to be processed in this subclause for the cyurrent

—  The variable lastGreater1 Ctx is set equal to the value of greater]Ctx that has been derived durir)g the
last invocation of the process specified in this subclanse for a previous sub-hlock

—  When lastGreater1 Ctx is greater than 0, the variable lastGreater1Flag is set equal to the value of the
syntax element coeff abs level greater]l flag that has been used during the last invocation of the
process specified in this subclause for a previous sub-block and lastGreater1 Ctx is modified as follows:

— IflastGreater1Flag is equal to 1, lastGreater1Ctx is set equal to 0.
—  Otherwise (lastGreater1Flag is equal to 0), lastGreater Ctx is incremented by 1.
When lastGreater1Ctx is equal to 0, ctxSet is incremented by one as follows:
ctxSet = ctxSet + 1 (9-40)

The variable greater1 Ctx is set equal to 1.
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—  Otherwise (this process is not invoked for the first time for the current sub-block scan index i), the following

applies:

— The variable ctxSet is set equal to the variable ctxSet that has been derived during the last invocation of the
process specified in this subclause.

—  The variable greater1Ctx is set equal to the variable greater]Ctx that has been derived during the last invocation
of the process specified in this subclause.

—  When greaterlCtx is greater than 0, the variable lastGreaterlFlag is set equal to the syntax element
coeff abs level greaterl flag that has been used during the last invocation of the process specified in this
subclause and greater1Ctx is modified as follows:

— IflastGreater1Flag is equal to 1, greater1Ctx is set equal to O.
—  Otherwise (lastGreater1Flag is equal to 0), greater1Ctx is incremented by 1.
The dontext index increment ctxInc is derived using the current context set ctxSet and the current context greater1(tx as
folloyvs:
ctxInc = (ctxSet * 4 ) + Min( 3, greater1Ctx ) (p-41)
Wher cldx is greater than 0, ctxInc is modified as follows:
ctxInc = ctxlnc + 16 (p-42)

9.3.4

Input
scan

Outp

The 1
deriv

The d

Whet

9.3.4
9.3.4

Input
ivlCy

Outp

Figure 9-5 illustrates. the)whole arithmetic decoding process for a single bin. For decoding the value of a bin, the ¢

index
iS Spe¢

2.7 Derivation process of ctxInc for the syntax element coeff _abs_level_greater2_flag

ndex n within the current sub-block.
ht of this process is the variable ctxInc.

rariable ctxSet specifies the current context set and is set equal to the value of the variable ctxSet that has
ed in subclause 9.3.4.2.6 for the same subset i.

ontext index increment ctxInc is set equal to the variable.ctxSet as follows:
ctxInc = ctxSet (
| cldx is greater than 0, ctxInc is modified as follows:

ctxInc = ctxInc +4 (
3 Arithmetic decoding process

3.1 General

5 to this process are ctxTable;/ctxIdx, and bypassFlag, as derived in subclause 9.3.4.2, and the state var
rrRange and ivlOffset of-the arithmetic decoding engine.

it of this process is the value of the bin.

table ctxTabledand the ctxIdx are passed to the arithmetic decoding process DecodeBin( ctxTable, ctxIdx ),
cified as follows:

f bypassFlag is equal to 1, DecodeBypass( ) as specified in subclause 9.3.4.3.4 is invoked.

Dtherwise, if bypassFlag is equal to 0, ctxTable is equal to 0, and ctxIdx is equal to 0, DecodeTerminatg

5 to this process are the colour component index cldx, the current sub-block scan index i, and the current coeffiicient

been

h-43)

D-44)

ables

ntext
which

() as

Speciticd T subctause 973435 isimvoked:

—  Otherwise (bypassFlag is equal to 0 and ctxTable is not equal to 0), DecodeDecision() as specified in
subclause 9.3.4.3.2 is invoked.
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@codeBin(cthable, ctxIdx, bypassFl@

9.34

9.34
Input

bypassFlag == 1? Yes
A 4
No DecodeBypass
ctxTable ==
S8 ctelde==02 Yes *
DecodeTerminate
No
DecodeDecision(ctxTable, ctxIdx, bypassFlag)
< A 4

«

\ 4

Done

Figure 9-5 — Overview of the arithmetic decoding process for a single bin (informative)

DTE — Arithmetic coding is based on the principle of recursive intervahsubdivision. Given a probability estimation p( (}
1)=1-p(0) of a binary decision ( 0, 1), an initially given code Sub-interval with the range ivlCurrRange will be subd}
to two sub-intervals having range p( 0 ) * iviCurrRange and iylCurrRange — p( 0 ) * iviCurrRange, respectively. Depend
e decision, which has been observed, the corresponding sub-initerval will be chosen as the new code interval, and a binar)
[ing pointing into that interval will represent the sequence. of observed binary decisions. It is useful to distinguish betwe]
pst probable symbol (MPS) and the least probable symbol(LPS), so that binary decisions have to be identified as either M
PS, rather than 0 or 1. Given this terminology, each context is specified by the probability p; ps of the LPS and the value o
alMps), which is either 0 or 1. The arithmetic corexengine in this Specification has three distinct properties:

- The probability estimation is performed by-mieans of a finite-state machine with a table-based transition process betw
different representative probability states { pps( pStateldx ) |0 <= pStateldx <64 } for the LPS probability p;p
numbering of the states is arranged inssuch a way that the probability state with index pStateldx = 0 corresponds to a
probability value of 0.5, with decteasing LPS probability towards higher state indices.

- The range ivlCurrRange repfésenting the state of the coding engine is quantized to a small set {Qy,...,Q4} of |
quantization values prior fo the calculation of the new interval range. Storing a table containing all 64x4 pre-con
product values of~Q;* prps( pStateldx ) allows a multiplication-free  approximation of the p
iviCurrRange * py ps(pStateldx ).

- For syntax elemeits*or parts thereof for which an approximately uniform probability distribution is assumed to be g
separate simplifiédencoding and decoding bypass process is used.

3.2 Arithmetic decoding process for a binary decision

3.2.1 ._General

) and
vided
ng on
i code
en the
PS or
FMPS

ben 64
. The
h LPS

re-set
puted
oduct

lven a

5 t0-this process are the variables ctxTable, ctxIdx, ivlCurrRange, and ivlOffset.

Outputs of this process are the decoded value binVal, and the updated variables ivlCurrRange and ivlOffset.

Figure 9-6 shows the flowchart for decoding a single decision (DecodeDecision):

1.

The value of the variable ivlLpsRange is derived as follows:

—  Given the current value of ivlCurrRange, the variable qRangeldx is derived as follows:

gqRangeldx =( ivlCurrRange >> 6) & 3 (9-45)

—  Given qRangeldx and pStateldx associated with ctxTable and ctxIdx, the value of the variable rangeTabLps

as specified in Table 9-40 is assigned to ivlLpsRange:

ivlLpsRange = rangeTabLps[ pStateldx ][ qRangeldx ] (9-46)
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2.

The variable ivlCurrRange is set equal to ivlCurrRange — ivlLpsRange and the following applies:

—  IfivlOffset is greater than or equal to ivlCurrRange, the variable binVal is set equal to 1 — valMps, ivIOffset

is decremented by ivlCurrRange, and ivlCurrRange is set equal to ivlILpsRange.

—  Otherwise, the variable binVal is set equal to valMps.

Given the value of binVal, the state transition is performed as specified in subclause 9.3.4.3.2.2. Depending on the
current value of ivlCurrRange, renormalization is performed as specified in subclause 9.3.4.3.3.

9.3.4.3.2.2 State transition process

Inputs to this process are the current pStateldx, the decoded value binVal and valMps values of the context variable
associated with ctxTable and ctxIdx.

Outp

Depe
deriv

Tablg
1-v

hts of this process are the updated pStateldx and valMps of the context variable associated with ctxIdx.

hding on the decoded value binVal, the update of the two variables pStateldx and valMps associated with ctx
ed as follows:

if( binVal == valMps)
pStateldx = transIdxMps( pStateldx )
else { (
if( pStateldx == 0)
valMps = 1 — valMps
pStateldx = transIdxLps( pStateldx )
H

9-41 specifies the transition rules transldxMps() and transIdxLps() after decoding the value of valMp

h1Mps, respectively.
<DecodeDecision(cthable, ctxldx))

v
qRangeldx = (ivlCutrtRange >> 6) & 3
ivlLpsRange = rangeTabL'ps[pStateldx][qRangeldx]
ivlCurrRange = ivi€urrRange - ivILpsRange

Yes ivlOffset >=
£ ivlCurrRange?
binVal = valMps
ivlOffset = ivlOffsete< ivlCurrRange
ivlCurrRange & iylLpsRange

“

binVal = valMps
pStateldx = transIdxMps[pStateldx]

pStateldx == 0?

Y651

valMps = 1 — valMps

No

A

BStateldx = transldx] nslnStateldx]
r roLE T

[dx is

D-47)

5 and

186

v

RenormD

Done

Figure 9-6 — Flowchart for decoding a decision
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Table 9-40 — Specification of rangeTabLps depending on the values of pStateldx and qRangeldx

qRangeldx qRangeldx
pStateldx pStateldx

0 1 2 3 0 1 2 3
0 128 176 208 240 32 27 33 39 45
1 128 167 197 227 33 26 31 37 43
2 128 158 187 216 34 24 30 35 41
3 123 150 178 205 35 23 28 33 39
4 116 142 169 195 36 22 27 32 3
& 111 135 160 185 37 21 26 30 35
6 105 128 152 175 38 20 24 29 33
7 100 122 144 166 39 19 23 27 3]
8 95 116 137 158 40 18 22 26 30
9 90 110 130 150 41 17 21 25 28
10 85 104 123 142 42 16 20 23 27
11 81 99 117 135 43 15 19 22 25
12 77 94 111 128 44 14 18 21 24
13 73 89 105 122 45 14 17 20 23
14 69 85 100 116 46 13 16 19 22
15 66 80 95 110 47 12 15 18 21
16 62 76 90 104 48 12 14 17 20)
|7 59 72 86 99 49 11 14 16 19
18 56 69 81 94 50 11 13 15 18
19 53 65 77 89 51 10 12 15 17
0 51 62 73 85 52 10 12 14 16
1 48 59 69 80 53 9 11 13 15
P2 46 56 66 76 54 9 11 12 14
3 43 53 63 72 55 8 10 12 14
P4 41 50 59 69 56 8 9 11 13
S 39 48 56 65 57 7 9 11 124
26 37 45 54 62 58 7 9 16 12
27 35 43 51 59 59 7 8 10 11
28 33 41 48 56 60 6 8 9 11
29 32 39 46 53 61 6 7 9 10
30 30 37 43 50 62 6 7 8 9
31 29 35 41 48 63 2 2 2 2
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Table 9-41 — State transition table

pStateldx 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
transldxLps 0 0 1 2 2 4 4 5 6 7 8 9 9 11 11 12
transldxMps 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
pStateldx 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

transldxLps 13 13 15 15 16 16 18 18 19 19 21 21 22 22 23 24

transldxMps 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

pSt:

teldx 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 7

tral]sIdXLps 24 25 26 26 27 27 28 29 29 30 30 30 31 32 32 3

trarlsldprs 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 &

pStdteldx 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 b3

tral]sIdXLps 33 33 34 34 35 35 35 36 36 36 37 37 37 38 38 3

trarlsldprs 49 50 51 52 53 54 55 56 57 58 59 60! 61 62 62 3
9.3.4{3.3 Renormalization process in the arithmetic decoding engine

Input
Outp

A flo
and f]

The 1
comp

5 to this process are bits from slice segment data and the variables iviICurrRange and ivlOffset.

hts of this process are the updated variables ivlCurrRange and ivlOffset.

wchart of the renormalization is shown in Figure 9-7. The-eurrent value of iviCurrRange is first compared tp 256

irther steps are specified as follows:

fivlCurrRange is greater than or equal to 256, no refiormalization is needed and the RenormD process is finisled;

Dtherwise (ivlCurrRange is less than 256), the tenormalization loop is entered. Within this loop, the value of

vlCurrRange is doubled, i.e. left-shifted by 1 ‘and a single bit is shifted into ivlOffset by using read_bits( 1 ).

itstream shall not contain data that result;in a value of ivlOffset being greater than or equal to ivlCurrRange|upon

letion of this process.

ivlCurrRange < 256?

Yes
v

ivlCurrRange = ivlCurrRange << 1
ivlOffset = ivlOffset << 1
ivlOffset = ivlOffset | read_bits(1)

T No

Done

Figure 9-7 — Flowchart of renormalization

9.3.4.3.4 Bypass decoding process for binary decisions

Inputs to this process are bits from slice segment data and the variables ivlCurrRange and ivlOffset.

188
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Outputs of this process are the updated variable ivlOffset and the decoded value binVal.

The bypass decoding process is invoked when bypassFlag is equal to 1. Figure 9-8 shows a flowchart of the
corresponding process.

First, the value of ivlOffset is doubled, i.e. left-shifted by 1 and a single bit is shifted into ivIOffset by using
read bits( 1 ). Then, the value of ivlOffset is compared to the value of ivlCurrRange and further steps are specified as
follows:

— If ivlOffset is greater than or equal to ivlCurrRange, the variable binVal is set equal to 1 and ivlOffset is
decremented by iviCurrRange.

—  Otherwise (ivlOffset is less than ivlCurrRange), the variable binVal is set equal to 0.

The bitstream-shall not contain-data that result 1n-a value of V10 ffset beina oreater than or caual toidCureRanae
o O e | i)

comp

9.3.4
Input
Outp

This
COITE]
deco

First,
1vlCy

letion of this process.

DecodeBypass

ivlOffset = ivlOffset << 1
ivlOffset = ivlOffset | read_bits(1)

ivlOffset >=
ivlCurrRange?

NOj

binVal =0

rYes
binVal = 1
ivlOftset = ivlOffset — ivICurrRange

Done

Figure 9-8 — Flowchart of bypass decoding process

3.5 Decoding process for binary decisions before termination
5 to this process are bits from slice segment data and the variables ivlCurrRange and ivlOffset.
hts of this process are the updatedsvariables iviCurrRange and ivlOffset, and the decoded value binVal.

decoding process applies to.decoding of end of slice segment flag, end of sub stream one bit and pcnj
sponding to ctxTable equal.fo 0 and ctxIdx equal to 0. Figure 9-9 shows the flowchart of the correspo
ling process, which is specified as follows:

the value of ivlCurRange is decremented by 2. Then, the value of ivlOffset is compared to the val
rrRange and further steps are specified as follows:

f ivlOffset.is’greater than or equal to ivlCurrRange, the variable binVal is set equal to 1, no renormalizat
tarried outy,and CABAC decoding is terminated. The last bit inserted in register ivlOffset is equal to 1.

Hecodingrend of slice segment flag, this last bit inserted in register ivlOffset is interpreted as rbsp stop on|
When, ‘decoding end of sub stream one bit, this last bit inserted in register ivlOffset is interpretd

upon

_flag
hding

e of

on is
When
e bit.
d as

lignment_bit_equal to_one.

—  Otherwise (ivlOffset is less than ivlCurrRange), the variable binVal is set equal to 0 and renormalization is
performed as specified in subclause 9.3.4.3.3.

NOTE - This procedure may also be implemented using DecodeDecision( ctxTable, ctxIdx, bypassFlag) with ctxTable =0,
ctxldx =0 and bypassFlag=0. In the case where the decoded value is equal to 1, seven more bits would be read by
DecodeDecision( ctxTable, ctxldx, bypassFlag ) and a decoding process would have to adjust its bitstream pointer accordingly to
properly decode following syntax elements.
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9.3.5] Arithmetic encoding process (informative)

9.3.5]1 General

This pubclause does not form an integral part of this Specification.
Inputk to this process are decisions that are to be encoded and written.
Outplits of this process are bits that are written to the RBSP.

This [informative subclause describes an arithmetic encoding engine that matches the arithmetic decoding e
descrfibed in subclause 9.3.4.3. The encoding engine is essentially symmetric with the decoding engine, i.e. procd
are cplled in the same order. The following procedures.are described in this subclause: InitEncoder, EncodeDeg
EncofleBypass, EncodeTerminate, which correspond to InitDecoder, DecodeDecision, DecodeBypass,
DecofdeTerminate, respectively. The state of the arithmetic encoding engine is represented by a value of the val
ivlLgw pointing to the lower end of a sub-interval and a value of the variable ivlCurrRange specifying the correspo
rangg of that sub-interval.

9.3.5]2 Initialization process for the arithmetic encoding engine (informative)
This pubclause does not form an integral part of this Specification.

This | process is invoked ,jbefore encoding the first coding block of a slice segment, and after encoding
pcm Jalignment zero bit-and-all pcm sample luma and pcm_sample chroma data for a coding unit with pcm_flag
to 1.

Outppits of this precess are the values ivlLow, ivlCurrRange, firstBitFlag, bitsOutstanding, and BinCountsInNalUr]
the atithmetic encpding engine.

In thq initialization procedure of the encoder, ivlLow is set equal to 0, and ivlCurrRange is set equal to 510. Further
firstHitElag is set equal to 1 and the counter bitsOutstanding is set equal to 0.

DecodeTerminate

ivlCurrRange = ivlCurrRange — 2

ivlOffset >=
ivlCurrRange?

rYes Noj

binVal =1 binVal =0
RenormD

Figure 9-9 — Flowchart of decoding a decision before terminatien

ngine
dures
ision,
and
Fiable
hding

any
equal

its of

more,

Depending on whether the current slice segment 1s the first slice segment of a coded picture, the following applies:

If the current slice segment is the first slice segment of a coded picture, the counter BinCountsInNalUnits
equal to 0.

is set

Otherwise (the current slice segment is not the first slice segment of a coded picture), the counter

BinCountsInNalUnits is not modified. The value of BinCountsInNalUnits is the result of encoding all the

slice

segments of a coded picture that precede the current slice segment in decoding order. After initializing for the first
slice segment of a coded picture as specified in this subclause, BinCountsInNalUnits is incremented as specified in

subclauses 9.3.5.3, 9.3.5.5, and 9.3.5.6.

NOTE - The minimum register precision required for storing the values of the variables ivlLow and ivlCurrRange after invocation
of any of the arithmetic encoding processes specified in subclauses 9.3.5.3, 9.3.5.5, and 9.3.5.6 is 10 bits and 9 bits, respectively.
The encoding process for a binary decision (EncodeDecision) as specified in subclause 9.3.5.3 and the encoding process for a
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binary decision before termination (EncodeTerminate) as specified in subclause 9.3.5.6 require a minimum register precision of
10 bits for the variable ivlLow and a minimum register precision of 9 bits for the variable ivlCurrRange. The bypass encoding
process for binary decisions (EncodeBypass) as specified in subclause 9.3.5.5 requires a minimum register precision of 11 bits for
the variable ivlLow and a minimum register precision of 9 bits for the variable iviCurrRange. The precision required for the
counters bitsOutstanding and BinCountsInNalUnits should be sufficiently large to prevent overflow of the related registers. When
maxBinCountInSlice denotes the maximum total number of binary decisions to encode in one slice segment and
maxBinCountInPic denotes the maximum total number of binary decisions to encode a picture, the minimum register precision
required for the variables bitsOutstanding and BinCountsInNalUnits is given by Ceil( Log2( maxBinCountInSlice + 1)) and

Ceil( Log2( maxBinCountInPic + 1) ), respectively.

9.3.5.3 Encoding process for a binary decision (informative)

This subclause does not form an integral part of this Specification.

L

Input
ivlLo

Outp

tatlas +la. + VRPN | v = | £l 1 £l o 1 dad J 4+l +alal e ral R o
COITS  PTUCTSS dIT I CUTIIU AT TITU U AT CTATUAS HIC varat OT onr v dar tO- OCU CTIICUUC U Ao e var TavTe S TV ICUTTT unge,

w and BinCountsInNalUnits.

hts of this process are the variables iviCurrRange, iviILow, and BinCountsInNalUnits.

Figute 9-10 shows the flowchart for encoding a single decision. In a first step, the variable ivILpsRange is derived as

folloy

VS:

Give

i the current value of iviCurrRange, iviCurrRange is mapped to the index qRangeldxyofa quantized value of

iviCyrrRange by using Equation 9-45. The value of qRangeldx and the value of pStateldx associated with ctxIdx are
used [to determine the value of the variable rangeTabLps as specified in Table 9-40, which 1S assigned to ivILpsRlange.

The yalue of ivlCurrRange — ivlLpsRange is assigned to ivlCurrRange.

In a pecond step, the value of binVal is compared to valMps associated with etxIdx. When binVal is different|from

val

decis
iviCuy
is ing

s, ivlCurrRange is added to ivlLow and ivlCurrRange is set equal to the‘value ivlLpsRange. Given the eng¢oded
on, the state transition is performed as specified in subclause 9.3.4,3.272. Depending on the current valpe of
rrRange, renormalization is performed as specified in subclause 9.3¢574: Finally, the variable BinCountsInNa}Units
remented by 1.
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(EncodeDecision(cthable, ctxIdx, binVal))

v

qRangeldx = (ivlCurrRange >> 6) & 3
ivlLpsRange = rangeTabL ps[pStateldx][qRangeldx]
ivlCurrRange = ivlCurrRange — ivlLpsRange

binVal != valMps?

9.3.5
This
Input

Outp
firstH

£Yes
ivilLow = ivlLow + ivlCurrRange
ivlCurrRange = ivlLpsRange
No
pStateldx !=0? N01
valMps = 1 — valMps
Yes
A Y.
pStateldx = transIdxLps[pStateldx] | pStateldx = transtdxMps[pStateldx]
[ |
RenormE
v

| BinCountsInNalUnits++ |

Figure 9-10.— Flowchart for encoding a decision

4 Renormalization process in‘the arithmetic encoding engine (informative)
subclause does not form an integtral part of this Specification.
5 to this process are the vaniables ivlCurrRange, ivlLow, firstBitFlag, and bitsOutstanding.

hts of this processcare zero or more bits written to the RBSP and the updated variables ivlCurrRange, iv
itFlag, and bitsQgtstanding.

192

Low,
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Renormalization is illustrated in Figure 9-11.

ivlCurrRange < 2567

-No

ivlLow >= 5127

Yesl

The 1
write
the e
enco

ivlLow = ivlLow — 256
bitsOutstanding++

Y v
PutBit(0) PutBit(1)
No |

iviILow = ivlLow — 512

A

ivlCurrRange = ivlCurrRange << 1
ivlLow = ivlLow << 1

[
Done

Figure 9-11 — Flowchart of renormalization in the encoder

utBit( ) procedure described in Figure 9-12 provides catty over control. It uses the function WriteBits( B, N
5 N bits with value B to the bitstream and advances the bitstream pointer by N bit positions. This function ass
kistence of a bitstream pointer with an indication of¢he position of the next bit to be written to the bitstream
ling process.

PutBit(B)

firstBitFlag != 0?

rYes NOW

firstBitFlag = 0 WriteBits(B, 1)

bitsOutstanding > 0?

Yesl

) that
umes
y the

WriteBits(1 — B, 1)

P i
O brtsOutstarmdmmz=—

|

Figure 9-12 — Flowchart of PutBit(B)

9.3.5.5 Bypass encoding process for binary decisions (informative)

This subclause does not form an integral part of this Specification.

Input

s to this process are the variables binVal, ivlLow, ivlCurrRange, bitsOutstanding, and BinCountsInNalUnits.
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Output of this process is a bit written to the RBSP and the updated variables ivlLow, bitsOutstanding, and
BinCountsInNalUnits.

This encoding process applies to all binary decisions with bypassFlag equal to 1. Renormalization is included in the
specification of this process as given in Figure 9-13.

EncodeBypass(binVal)

ivlLow = ivlLow << 1

N

Yes binVal !=0?
v

ivlLow = ivlLow + ivlCurrRange

L No

No ivlILow >= 1024? Yesl
Yes PutBit(1)
y No 3
PutBit(0) l ivlILowy=ivlLow — 1024

ivlLow = ivlLow 4512
bitsOutstanding++

A

BinCountsInNalUnits++

Figure 9-13 — Flowchart of encoding bypass

9.3.5/6 Encoding process for,a binary decision before termination (informative)
This pubclause does not formran integral part of this Specification.
Inputp to this process.are' the variables binVal, ivlCurrRange, ivlLow, bitsOutstanding, and BinCountsInNalUnits.

Outppts of thisprocess are zero or more bits written to the RBSP and the updated variables ivlLow, ivICurrRiange,
bitsOutstanding,and BinCountsInNalUnits.

This| encoding routine shown in Figure 9-14 applies to encoding of end of slice segment| flag,
end ¢f-sub stream one bit, and pcm_flag, all associated with ctxIdx equal to 0.
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GncodeTerminate(binVaD

v

ivlCurrRange = ivlCurrRange — 2

binVal !=0?

rYes NOT

ivlLow = ivlLow + ivlCurrRange RenormE
v
EncodeFlush
[

v

BinCountsInNalUnits++

Figure 9-14 — Flowchart of encoding a decision before termination

Wher the value of binVal to encode is equal to 1, CABAC encoding is terminated and the flushing procedure shopvn in
Figute 9-15 is applied. In this flushing procedure, the last bit written by WriteBits( B, N ) is equal to 1. When encpding
end of slice segment flag, this last bit is interpreted </as” rbsp stop one bit. = When encpding
end ¢f sub stream one bit, this last bit is interpreted as alignment bit. equal to_one.

( EncodeFlush )

ivICurrRange =2

v

RenormE

v

PutBit((ivlLow >>9) & 1)

v

WriteBits(((ivlILow >>7) & 3) | 1, 2)

Done

Figure 9-15 — Flowchart of flushing at termination

9.3.5.7 Byte stuffing process (informative)
This subclause does not form an integral part of this Specification.
This process is invoked after encoding the last coding block of the last slice segment of a picture and after encapsulation.

Inputs to this process are the number of bytes NumBytesInVclNalUnits of all VCL NAL units of a picture, the number of
minimum CUs PicSizeInMinCbsY in the picture, and the number of binary symbols BinCountsInNalUnits resulting from
encoding the contents of all VCL NAL units of the picture.
NOTE — The value of BinCountsInNalUnits is the result of encoding all slice segments of a coded picture. After initializing for the
first slice segment of a coded picture as specified in subclause 9.3.5.2, BinCountsInNalUnits is incremented as specified in
subclauses 9.3.5.3,9.3.5.5, and 9.3.5.6.
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Outputs of this process are zero or more bytes appended to the NAL unit.

Let the variable k be set equal to Ceil( ( Ceil( 3 * (32 * BinCountsInNalUnits — RawMinCuBits * PicSizeInMinCbsY )
+ 1024 ) — NumBytesInVclNalUnits ) + 3 ). Depending on the value of k the following applies:

— Ifkis less than or equal to 0, no cabac_zero_word is appended to the NAL unit.

—  Otherwise (k is greater than 0), the 3-byte sequence 0x000003 is appended k times to the NAL unit after
encapsulation, where the first two bytes 0x0000 represent a cabac_zero _word and the third byte 0x03 represents an
emulation_prevention_three byte.

10

Input
layer

Outp

Itis 4
in thi
layer
N
T

The ¢

Sub-bitstream extraction process

5 to this process are a bitstream, a target highest Temporalld value tIdTarget, and a target layer identifig
dListTarget.

it of this process is a sub-bitstream.

requirement of bitstream conformance for the input bitstream that any output sub-bitstream of the process spe
s subclause with tldTarget equal to any value in the range of 0 to 6, inclusive, and layerldListTarget equal
identifier list associated with a layer set specified in the active video parameter set shall beya.¢onforming bitstr

DTE 1 — A conforming bitstream contains one or more coded slice segment NAL units with nuh layer id equal to
pmporalld equal to 0.

utput sub-bitstream is derived as follows:

When one or more of the following two conditions are true, remove all SEIXNAL units that have nuh_layer id
o 0 and that contain a non-nested buffering period SEI message, a non-nestéd picture timing SEI message, or &
hested decoding unit information SEI message:

- layerldListTarget does not include all the values of nuh_layer “id in all NAL units in the bitstream.

- tldTarget is less than the greatest Temporalld in all NAL*units in the bitstream.

NOTE 2 — A "smart" bitstream extractor may include appropriate non-nested buffering picture SEI messages, non-
picture timing SEI messages, and non-nested decoding Unit information SEI messages in the extracted sub-bits
provided that the SEI messages applicable to thesuib-bitstream were present as nested SEI messages in the o
bitstream.

Remove all NAL units with Temporalld greater than tldTarget or nuh_layer id not among the values includ
ayerldListTarget.
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Annex A

Profiles, tiers and levels

(This annex forms an integral part of this Recommendation | International Standard)

Al Overview of profiles, tiers and levels

Profiles, tiers and levels specify restrictions on bitstreams and hence limits on the capabilities needed to decode the

bitstrgams—Pro
implgmentations.

NPTE 1 — This Specification does not include individually selectable "options" at the decoder, as this wauld " in|
interoperability difficulties.

Each|profile specifies a subset of algorithmic features and limits that shall be supported by all decodefs conformf
that grofile.

NPTE 2 — Encoders are not required to make use of any particular subset of features supported in a prefile.

Eachllevel of a tier specifies a set of limits on the values that may be taken by the syntax.elements of this Specific
The dame set of tier and level definitions is used with all profiles, but individual implementations may support a dif]
tier gnd within a tier a different level for each supported profile. For any given (profile, a level of a tier gen|
correpponds to a particular decoder processing load and memory capability.

The grofiles that are specified in subclause A.3 are also referred to as the profilés)specified in Annex A.

A2 Requirements on video decoder capability

Capapilities of video decoders conforming to this Specification @rerspecified in terms of the ability to decode
streans conforming to the constraints of profiles, tiers and levels specified in this annex. When expressin|
capalbpilities of a decoder for a specified profile, the tier and lewel supported for that profile should also be expressed

Specific values are specified in this annex for the¢syntax elements general profile idc, general tier flag
genefal level idc. All other values of general profile, idc, general tier flag, and general level idc are reservd
futur¢ use by ITU-T | ISO/IEC.

TE — Decoders should not infer that a reserved;value of general profile idc between the values specified in this Specifi
thiat this indicates intermediate capabilities between the specified profiles, as there are no restrictions on the method to be g
by ITU-T | ISO/IEC for the use of such\future reserved values. However, decoders should infer that a reserved va
ggneral level idc associated with a partieular value of general tier flag between the values specified in this Specifi
indicates intermediate capabilities between the specified levels of the tier.

A3 Profiles

A.3.1 General

All cpnstraints for PPSs"that are specified are constraints for PPSs that are activated when the bitstream is decode
constfaints for SPSs-that are specified are constraints for SPSs that are activated when the bitstream is decoded.

The variable RawCtuBits is derived as follows:

RawCtuBits = CtbSizeY * CtbSizeY * BitDepthy +

oder
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2 * (CthWidthC * CthHeightC ) * BitDepthe

A-1)

A.3.2 Main profile

Bitstreams conforming to the Main profile shall obey the following constraints:

—  SPSs shall have chroma_format idc equal to 1 only.

—  SPSs shall have bit depth luma minus8 equal to 0 only.

—  SPSs shall have bit_depth chroma minus8 equal to 0 only.

—  CtbLog2SizeY shall be in the range of 4 to 6, inclusive.

—  When a PPS has tiles_enabled flag is equal to 1, it shall have entropy coding sync enabled flag equal to 0.
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When a PPS has tiles_enabled flag is equal to 1, ColumnWidthInLumaSamples| i ] shall be greater than or equal to
256 for all values of i in the range of 0 to num_tile columns_minusl, inclusive, and RowHeightInLumaSamples| j ]
shall be greater than or equal to 64 for all values of j in the range of 0 to num_tile rows minusl, inclusive.

The number of times read bits( 1) is called in subclauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding_tree unit( )
data for any coding tree unit shall be less than or equal to 5 * RawCtuBits / 3.

The level constraints specified for the Main profile in subclause A.4 shall be fulfilled.

Conformance of a bitstream to the Main profile is indicated by general profile idc being equal to 1 or
general profile compatibility flag[ 1 ] being equal to 1.

NOTE — When general profile compatibility flag[ 1] is equal to 1, general profile compatibility flag[ 2 ] should also be equal
to 1.

Decofders conforming to the Main profile at a specific Tevel (identified by a specific value of general Tevel idc) of a
specific tier (identified by a specific value of general tier flag) shall be capable of decoding all bitstreams forrwhigh all

of th¢ following conditions apply:

A.3.3 Main 10 profile

Bitstjeams conforming to the Main 10 profile shall obey the following constraints:

beneral _profile compatibility flag[ 1 ]is equal to 1.
peneral level idc represents a level lower than or equal to the specified level.

beneral tier flag represents a tier lower than or equal to the specified tier.

SPSs shall have chroma_format idc equal to 1 only.

SPSs shall have bit_depth luma minus8 in the range of 0 to 2, inclusive:

BPSs shall have bit_depth_chroma minus8 in the range of 0 to 2, inclusive.

CtbLog2SizeY shall be in the range of 4 to 6, inclusive.

When a PPS has tiles_enabled flag is equal to 1, it shall have entropy coding sync enabled flag equal to 0.

When a PPS has tiles_enabled flag is equal to 1, ColumnWidthInLumaSamples][ i ] shall be greater than or eqpal to
56 for all values of i in the range of 0 to num_tilex¢olumns minusl, inclusive, and RowHeightInLumaSamplps] j ]
hall be greater than or equal to 64 for all values-of j in the range of 0 to num_tile rows minusl, inclusive.

720 N5

[he number of times read bits( 1) is called-in subclauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding_tree ynit( )
data for any coding tree unit shall be less\than or equal to 5 * RawCtuBits / 3.

[he level constraints specified forithe.Main 10 profile in subclause A.4 shall be fulfilled.

Confprmance of a bitstream to (the® Main 10 profile is indicated by general profile idc being equal to |2 or

genefjal profile compatibility flag] 2 ] being equal to 1.

Dec
bec

A3.

ers conforming to theZ\Main 10 profile at a specific level (identified by a specific value of general level idc) shall
able of decoding allbitstreams for which all of the following conditions apply:

eneral_profile compatibility flag[ 1 ]is equal to 1 or general profile compatibility flag[ 2 ] is equal to 1.
eneral leyel'idc represents a level lower than or equal to the specified level.

eneralytier flag represents a tier lower than or equal to the specified tier.

Main Still Picture profile

Bitstreams conforming to the Main Still Picture profile shall obey the following constraints:

198

The bitstream shall contain only one picture.

SPSs shall have chroma format idc equal to 1 only.

SPSs shall have bit_depth luma_minus8 equal to 0 only.

SPSs shall have bit depth chroma minus8 equal to 0 only.

SPSs shall have sps max_dec_pic_buffering_ minusl[ sps_max_sub layers minusl ]| equal to 0 only.

CtbLog2SizeY shall be in the range of 4 to 6, inclusive.
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—  When a PPS has tiles_enabled flag is equal to 1, it shall have entropy coding sync enabled flag equal to 0.

—  When a PPS has tiles_enabled_ flag is equal to 1, ColumnWidthInLumaSamples[ i ] shall be greater than or equal to
256 for all values of i in the range of 0 to num_tile columns_minusl, inclusive, and RowHeightInLumaSamples| j ]
shall be greater than or equal to 64 for all values of j in the range of 0 to num_tile rows_minusl, inclusive.

—  The number of times read_bits( 1) is called in subclauses 9.3.4.3.3 and 9.3.4.3.4 when parsing coding_tree unit( )
data for any coding tree unit shall be less than or equal to 5 * RawCtuBits / 3.

—  The level constraints specified for the Main Still Picture profile in subclause A.4 shall be fulfilled.

Conformance of a bitstream to the Main Still Picture profile is indicated by general profile idc being equal to 3 or
general profile compatibility flag[ 3 ] being equal to 1.

ale of

aforming he Mai il Pict orofile neci el (identified—b Be

Decoders—conforming to S HR—S wre—profile—ataspecific—leve de od—by—aspecific
genefal level idc) shall be capable of decoding all bitstreams for which all of the following conditions apply:

—  peneral profile compatibility flag[ 3 ]is equal to 1.
—  peneral level idc represents a level lower than or equal to the specified level.

—  peneral tier flag represents a tier lower than or equal to the specified tier.

A4 Tiers and levels

A.4.1 General tier and level limits

For pgurposes of comparison of tier capabilities, the tier with general tier flag equalto 0 is considered to be a lowgr tier
than the tier with general tier flag equal to 1.

For purposes of comparison of level capabilities, a particular level of a speeific tier is considered to be a lower leve| than
some| other level of the same tier when the value of the general level ddcvof the particular level is less than that ¢f the
other|level.

The following is specified for expressing the constraints in this apnex:

—  Let access unit n be the n-th access unit in decoding order; with the first access unit being access unit 0 (i.e. thg 0-th
dccess unit).

—  Let picture n be the coded picture or the corresponding decoded picture of access unit n.
—  Let the variable CpbBrVclFactor be equal t9-1000.
—  Let the variable CpbBrNalFactor be equal to 1100.

Bitstfeams conforming to a profile at @ specified tier and level shall obey the following constraints for each bitsfream
confdrmance test as specified in Anfiex C:

—_—

)  PicSizeInSamplesY shall-be less than or equal to MaxLumaPs, where MaxLumaPs is specified in Table A
b) The value of pic.width in luma samples shall be less than or equal to Sqrt( MaxLumaPs * 8 ).
£)  The value ofipic height in luma samples shall be less than or equal to Sqrt( MaxLumaPs * 8 ).

1) The valuerof sps max_dec pic_buffering minus1[ HighestTid ] + 1 shall be less than or equal to MaxDpbSize,
whicliis/derived as follows:

if( PicSizeInSamplesY <= ( MaxLumaPs >> 2))
MaxDpbSize = Min( 4 * maxDpbPicBuf, 16 )

1 MR » SN @ B4 h Pl 1 N LNA I D 1\
CISU IL\ I 1bolLClllellllJle I e \ IVIAALUIIAar S I } )
MaxDpbSize = Min( 2 * maxDpbPicBuf, 16 ) (A-2)

else if( PicSizeInSamplesY <= ( (3 * MaxLumaPs) >> 2))
MaxDpbSize = Min( ( 4 * maxDpbPicBuf) /3, 16)

else
MaxDpbSize = maxDpbPicBuf

where MaxLumaPs is specified in Table A-1 and maxDpbPicBuf is equal to 6.
e) Forlevel 5 and higher levels, the value of CtbSizeY shall be equal to 32 or 64.
f) The value of NumPocTotalCurr shall be less than or equal to 8.
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g)

h)

)

The value of num_tile columns_minus] shall be less than MaxTileCols and num_tile rows minus! shall be
less than MaxTileRows, where MaxTileCols and MaxTileRows are specified in Table A-1.

For the VCL HRD parameters, CpbSize[ i ] shall be less than or equal to CpbBrVclFactor * MaxCPB for at
least one value of i in the range of 0 to cpb_cnt_minus1[ HighestTid ], inclusive, where CpbSize[ i ] is specified
in subclause E.2.3 based on parameters selected as specified in subclause C.1 and MaxCPB is specified in
Table A-1 in units of CpbBrVclFactor bits.

For the NAL HRD parameters, CpbSize[ i ] shall be less than or equal to CpbBrNalFactor * MaxCPB for at
least one value of i in the range of 0 to cpb_cnt_minus1[ HighestTid ], inclusive, where CpbSize[ i ] is specified
in subclause E.2.3 based on parameters selected as specified in subclause C.1 and MaxCPB is specified in
Table A-1 in units of CpbBrNalFactor bits.

Table A-1 specifies the limits for each level of each tier

A tigr and level to which the bitstream conforms are indicated by the syntax elements general tierpflag and

genefal level idc as follows:

—  general tier flag equal to 0 indicates conformance to the Main tier, and general tier flag equdl)to 1 indjcates
onformance to the High tier, according to the tier constraints specified in Table A-1. general/tier flag shall be
bqual to 0 for levels below level 4 (corresponding to the entries in Table A-1 marked with "-"):

—  general level idc shall be set equal to a value of 30 times the level number specified in Table’A-1.

Table A-1 — General tier and level limits
& == == == =1 2=
< IR w & 2 IR & IR
) A ~— [ollLal il (ol
. S F Q0 L2 ® | D=
=~ e & =] & S
b g3 9% = | "
E: : 2: | & ¢
5 e = = @ E
S e .2
g8 z 5 f¥| 5| °
= 5| g% =
=3 =1 £ 3 2
= & = = ~
= - o = 5]
® =
1 36 864 350 - 16 1 1
2 122 880 1500 - 16 1 1
2.1 245760 3000 - 20 1 1
3 552 960 6 000 - 30 2 2
3.1 983 040 10 000 - 40 3 3
4 2228224 12 000 30 000 75 5 5
44 2228224 20 000 50 000 75 5 5
5 8912 896 25000 | 100 000 200 11 10
5.1 8912 896 40000 | 160 000 200 11 10
5.2 8912 896 60 000 | 240 000 200 11 10
6 35651 584 60 000 | 240 000 600 22 20
6.1 35651584 | 120000 | 480 000 600 22 20
6.2 35651584 | 240000 | 800 000 600 22 20

Informative subclause A.4.3 shows the effect of these limits on picture rates for several example picture formats.

A4.2

Profile-specific level limits for the Main and Main 10 profiles

The following is specified for expressing the constraints in this annex:

—  Let the variable fR be set equal to 1 + 300.

200
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Bitstreams conforming to the Main or Main 10 profile at a specified tier and level shall obey the following constraints for
each bitstream conformance test as specified in Annex C:

a)

b)

The nominal removal time of access unit n (with n greater than 0) from the CPB, as specified in
subclause C.2.3, shall satisfy the constraint that AuNominalRemovalTime[ n ] — AuCpbRemovalTime[ n— 1 ]
is greater than or equal to Max( PicSizeInSamplesY + MaxLumaSr, fR ) for the value of PicSizeInSamplesY of
picture n — 1, where MaxLumaSr is the value specified in Table A-2 that applies to picture n — 1.

The difference between consecutive output times of pictures from the DPB, as specified in subclause C.3.3,
shall ~ satisfy the constraint that DpbOutputinterval[n] is greater than or equal to
Max( PicSizeInSamplesY + MaxLumaSr, fR ) for the value of PicSizeInSamplesY of picture n, where
MaxLumaSr is the value specified in Table A-2 for picture n, provided that picture n is a picture that is output
and is not the last picture of the bitstream that is output.

1)

)

The removal time of access unit 0 shall satisfy the constraint that the number of slice segments in picturg 0 is
less than or equal to Min( MaxSliceSegmentsPerPicture * MaxLumaSr / MaxLumaPs *
( AuCpbRemovalTime[ 0 ] — AuNominalRemovalTime[ 0 ] ) + MaxSliceSegmentsPerPicture *
PicSizeInSamplesY / MaxLumaPs, MaxSliceSegmentsPerPicture ), for the value of PicSizelnSampleq§Y of
picture 0, where MaxSliceSegmentsPerPicture, MaxLumaPs and MaxLumaSr are the~values specifipd in
Table A-1 and Table A-2, respectively, that apply to picture 0.

The difference between consecutive CPB removal times of access units n and n — 1. (with n greater than 0) shall
satisfy the constraint that the number of slice segments in picture w \is/ less than or equpl to
Min( MaxSliceSegmentsPerPicture * MaxLumaSr / MaxLumaPs * ( AuCpbRemovalTime[ n ] —
AuCpbRemovalTime[n—1]), MaxSliceSegmentsPerPicture ), = whete )' MaxSliceSegmentsPerPicture,
MaxLumaPs and MaxLumaSr are the values specified in Table A-1 and,Table A-2, respectively, that apply to
picture n.

For the VCL HRD parameters, BitRate[ i ] shall be less than or equal to CpbBrVclFactor * MaxBR for af least
one value of i in the range of 0 to cpb_cnt minus1[ HighestTid"}, inclusive, where BitRate[ i ] is speciffed in
subclause E.2.3 based on parameters selected as specified in subclause C.1 and MaxBR is specifipd in
Table A-2 in units of CpbBrVclFactor bits/s.

For the NAL HRD parameters, BitRate[ i ] shall be }éssthan or equal to CpbBrNalFactor * MaxBR for af least
one value of i in the range of 0 to cpb_cnt minusl| HighestTid ], inclusive, where BitRate[ i ] is specififed in
subclause E.2.3 based on parameters selected’as specified in subclause C.1 and MaxBR is specifipd in
Table A-2 in units of CpbBrNalFactor bits/s.

The sum of the NumBytesInNalUnit “variables for access unit 0 shall be less than or equpl to
1.5 * ( Max( PicSizeInSamplesY, fR.* MaxLumaSr ) + MaxLumaSr * ( AuCpbRemovalTime[ 0 ] —
AuNominalRemovalTime[ 0 | ) )& MinCr for the value of PicSizeInSamplesY of picture 0, where MaxLymaSr
and MinCr are the values specified in Table A-2 that apply to picture 0.

The sum of the NumBytésInNalUnit variables for access unit n (with n greater than 0) shall be less than or
equal to 1.5 * MaxLumaSr * ( AuCpbRemovalTime[ n | — AyCpbRemovalTime[ n—1 ] ) + MinCr, where
MaxLumaSr and MinCr are the values specified in Table A-2 that apply to picture n.

The removal time ot access unit 0 shall satisfy the constraint that the number of tiles in picture 0 is less than or
equal to Min( MaxTileCols * MaxTileRows * 120 * ( AuCpbRemovalTime[ 0 | —
AuNominalRemovalTime[ 0 | ) + MaxTileCols * MaxTileRows * PicSizeInSamplesY / MaxLumaPs,
MaxT#e€ols * MaxTileRows ), for the value of PicSizeInSamplesY of picture 0, where MaxTileCols and
MaxTiléRows are the values specified in Table A-1 that apply to picture 0.

The difference between consecutive CPB removal times of access units n and n — 1 (with n greater than 0)(shall
satisfy the constraint that the number of tiles in picture n is less than or equal to

Min( MaxTileCols * MaxTileRows * 120 * ( AuCpbRemovalTime[ n | — AuCpbRemovalTime[ n—1 ]),
MaxTileCols * MaxTileRows ), where MaxTileCols and MaxTileRows are the values specified in Table A-1
that apply to picture n.
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k)

Table A-2 — Tier and level limits for the Main and Main 10 profiles

AA4.3
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<] z

1 552 960 128 - 2
2 3686 400 1 500 - 2
2.1 7372 800 3000 - 2
3 16 588 800 6 000 - 2
3.1 33 177 600 10 000 - 2
4 66 846 720 12 000 30 000 4
4.1 133 693 440 20 000 50 000 4
5 267 386 880 25000 | 100 000 6
5.1 534 773 760 40 000 | 160 000 8
5.2 1 069 547 520 60 000 | 240000 8
6 1 069 547 520 60 000 | 240000 8
6.1 2139095040 | 120000 | 480000 8
6.2 4278190 080 | 240 000¢p 800 000 6

Effect of level limits on picture rate for the Main and Main 10 profiles (informative)

This pubclause does not form an integral part of this Specification.

Inforpnative Tables A-3 and A-4 provide examples of maximum picture rates for the Main and Main 10 profilgs for

variopis picture formats when MinCbSizeY isequal to 64.
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Table A-3 — Maximum picture rates (pictures per second) at level 1 to 4.3 for some example picture sizes
when MinCbSizeY is equal to 64

Level: 1 2 2.1 3 3.1 4 4.1
Max luma picture

size (samples): 36 864 122 880 245760 552 960 983 040 2228224 2228224
Max luma sample

rate (samples/sec) 552 960 3 686 400 7372800 | 16588800 | 33177600 | 66846720 | 133 693 440

Luma Luma Luma

Format nickname width height | picture size

SQCIF 128 96 16 384 33.7 225.0 300.0 300.0 300.0 300.0 300.0
QCIF 176 144 36 864 15.0 100.0 200.0 300.0 300.0 300.0 300.0
QVGA 320 240 81920 - 45.0 90.0 202.5 300.0 300.0 300.0
525 BIF 352 240 98 304 - 375 75.0 168.7 300.0 300.0 00.0
CIF 352 288 122 880 - 30.0 60.0 135.0 270.0 300.0 00.0
525 HHR 352 480 196 608 - - 375 84.3 168.7 300.0 00.0
625 HHR 352 576 221184 - - 333 75.0 150.0 300.0 00.0
Q729p 640 360 245760 - - 30.0 67.5 135.0 272.0 00.0
VGA 640 480 327 680 - - - 50.6 101.2 204.0 00.0
525 4SIF 704 480 360 448 - - - 46.0 92.0 185.4 00.0
525 8D 720 480 393216 - - - 42.1 84.3 170.0 00.0
4CIN 704 576 405 504 - - - 40.9 81.8 164.8 00.0
625 D 720 576 442 368 - - - 375 75.0 151.1 00.0
4809 (16:9) 864 480 458 752 - - - 36.1 72.3 145.7 91.4
SVGQA 800 600 532480 - - - 31.1 62.3 125.5 51.0
QHIp 960 540 552 960 - - - 30.0 60.0 120.8 41.7
XGA 1024 768 786 432 - - - - 42.1 85.0 70.0
7204 HD 1280 720 983 040 - - - - 33.7 68.0 36.0
4VGA 1280 960 1228 800 - - - - - 54.4 08.8
SXGA 1280 1024 1310 720 - - - - - 51.0 02.0
525 J6SIF 1408 960 1351 680 - - - - - 49.4 98.9
16CIF 1408 1152 1622016 - - - - - 41.2 82.4
4SVGA 1600 1200 1945 600 3 - - - - 343 68.7
1080 HD 1920 1080 2088 960 - - - - - 32.0 64.0
2Kx]K 2048 1024 2097 152 - - - - - 31.8 63.7
2Kx] 080 2048 1080 2228224 - - - - - 30.0 60.0
4XGA 2048 1536 3145728 - - - - - - -
16VGA 2560 1920 4915200 - - - - - - -
3614x1536 (2.35:1) 3616 1536 5603 328 - - - - - - -
3672x1536 (2.39:1) 3680 1536 5701 632 - - - - - - -
384(1x2160 (4*HD) 3840 2160 8355 840 - - - - - - -
4KxPK 4096 2048 8388 608 - - - - - - -
4094x2160 4096 2160 8912 896 - - - - - - -
4094x2304 (16:9) 4096 2304 9437 184 - - - - - - -
768(x4320 7680 4320 33423 360 - - - - - - -
81924x4096 8192 4096 33 554 432 - - - - - - -
8192x4320 8192 4320 35651 584 - - - - - - -
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Table A-4 — Maximum picture rates (pictures per second) at level 5 to 6.2 for some example picture sizes
when MinCbSizeY is equal to 64

Level: 5 5.1 5.2 6 6.1 6.2
Max luma picture
size (samples): 8912 896 8912 896 8912 896 35651 584 35651 584 35651 584
Max luma sample 267 386 8
rate (samples/sec) 80 534 773 760 1069 547 520 1069 547 520 | 2139095040 | 4278190 080
Luma Luma Luma
Format nickname width height picture size
SQCIF 128 96 16 384 300.0 300.0 300.0 300.0 300.0 300.0
QCIF 176 144 36 864 300.0 300.0 300.0 300.0 300.0 300.0
QVGA 320 240 81920 300.0 300.0 300.0 300.0 300.0 300.0
525 $IF 352 240 98 304 300.0 300.0 300.0 300.0 300.0 00.0
CIF 352 288 122 880 300.0 300.0 300.0 300.0 300.0 00.0
525 HHR 352 480 196 608 300.0 300.0 300.0 300.0 300.0 00.0
625 HHR 352 576 221 184 300.0 300.0 300.0 300.0 300.0 00.0
Q729p 640 360 245 760 300.0 300.0 300.0 300.0 360.0 00.0
VGA 640 480 327 680 300.0 300.0 300.0 300.0 300.0 00.0
525 4SIF 704 480 360 448 300.0 300.0 300.0 300.0 300.0 00.0
525 $D 720 480 393216 300.0 300.0 300.0 300.0 300.0 00.0
4CIH 704 576 405 504 300.0 300.0 300.0 300.0 300.0 00.0
625 $D 720 576 442 368 300.0 300.0 300.0 300.0 300.0 00.0
480p (16:9) 864 480 458 752 300.0 300.0 300.0 300.0 300.0 00.0
SVGA 800 600 532 480 300.0 300.0 300.0 300.0 300.0 00.0
QHI 960 540 552 960 300.0 300.0 300.0 300.0 300.0 00.0
XGA 1024 768 786 432 300.0 300.0 300.0 300.0 300.0 00.0
720 HD 1280 720 983 040 272.0 300.0, 300.0 300.0 300.0 00.0
4VGA 1280 960 1228 800 217.6 3000 300.0 300.0 300.0 00.0
SXGA 1280 1024 1310720 204.0 300.0 300.0 300.0 300.0 00.0
525 16SIF 1408 960 1351 680 197.8 300.0 300.0 300.0 300.0 00.0
16CIF 1408 1152 1622016 164.8 300.0 300.0 300.0 300.0 00.0
4SVEGA 1600 1200 1 945 600 1374 274.8 300.0 300.0 300.0 00.0
1080 HD 1920 1080 2 088 960 128.0 256.0 300.0 300.0 300.0 00.0
2Kx}K 2048 1024 2097 152 127.5 255.0 300.0 300.0 300.0 00.0
2Kx} 080 2048 1080 2228224 120.0 240.0 300.0 300.0 300.0 00.0
4XGA 2048 1536 3145728 85.0 170.0 300.0 300.0 300.0 00.0
16VGA 2560 1920 4915200 54.4 108.8 217.6 217.6 300.0 00.0
36161536 (2.35:1) 3616 1536 5603 328 477 95.4 190.8 190.8 300.0 00.0
3672x1536 (2.39:1) 3680 1536 5701632 46.8 93.7 187.5 187.5 300.0 00.0
38401x2160 (4*HD) 3840 2160 8355 840 32.0 64.0 128.0 256.0 300.0 00.0
4Kx2K 4096 2048 8388 608 31.8 63.7 127.5 127.5 255.0 00.0
4096x2160 4096 2160 8912 896 30.0 60.0 120.0 120.0 240.0 00.0
4096x2304 (16:9) 4096 2304 9437 184 - - - 113.3 226.6 00.0
4096x3072 4096 3072 12582912 - - - 85.0 170.0 00.0
76804320 7680 4320 33423 360 - - - 32.0 64.0 28.0
81924x4096 8192 4096 33 554432 - - - 31.8 63.7 27.5
8192x4320 8192 4320 35651 584 - - - 30.0 60.0 120.0

The following should be noted in regard to the examples shown in Tables A-3 and A-4:

—  This Specification is a variable-picture-size specification. The specific listed picture sizes are illustrative examples
only.

—  The example luma picture sizes were computed by rounding up the luma width and luma height to multiples of 64
before computing the product of these quantities, to reflect the potential use of MinCbSizeY equal to 64 for these
picture sizes, as pic_width in luma samples and pic_height in luma samples are each required to be a multiple of
MinCbSizeY. For some illustrated values of luma width and luma height, a somewhat higher number of pictures per
second can be supported when MinCbSizeY is less than 64.
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— As used in the examples, "525" refers to typical use for environments using 525 analogue scan lines (of which
approximately 480 lines contain the visible picture region), and "625" refers to environments using 625 analogue
scan lines (of which approximately 576 lines contain the visible picture region).

—  XGA is also known as (aka) XVGA, 4SVGA aka UXGA, 16XGA aka 4Kx3K, CIF aka 625 SIF, 625 HHR aka
2CIF aka half 625 D-1, aka half 625 ITU-R BT.601, 525 SD aka 525 D-1 aka 525 ITU-R BT.601, 625 SD aka 625
D-1 aka 625 ITU-R BT.601.
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Annex B

Byte stream format

(This annex forms an integral part of this Recommendation | International Standard)

B.1 General

This annex specifies syntax and semantics of a byte stream format specified for use by applications that deliver some or
all of the NAL unit stream as an ordered stream of bytes or bits within which the locations of NAL unit boundaries need
to be identifiable from patterns inthe data_such as Rec ITIL.T H222 Q0 1 ISOAEC 13818-1 systems or Rec ITIL-T H.320
systems. For bit-oriented delivery, the bit order for the byte stream format is specified to start with the MSB of the first
byte, [proceed to the LSB of the first byte, followed by the MSB of the second byte, etc.

The Byte stream format consists of a sequence of byte stream NAL unit syntax structures. Each byte stréam NAIL unit
syntai structure contains one start code prefix followed by one nal unit( NumBytesInNalUnit ) syntax stfucture. If may
(and pnder some circumstances, it shall) also contain an additional zero byte syntax element. It may_ also contain qne or
more|additional trailing zero 8bits syntax elements. When it is the first byte stream NAL unit‘in-the bitstream, i} may
also ¢ontain one or more additional leading zero 8bits syntax elements.

B.2 Byte stream NAL unit syntax and semantics

B.2.1 Byte stream NAL unit syntax

byte stream nal unit( NumBytesInNalUnit ) { Descriptor
while( next_bits( 24 ) != 0x000001 && next bits( 32 ) !=_.0x00000001 )
leading_zero_8bits /* equal to 0x00 */ f(8)
if( next bits( 24 ) != 0x000001 )
zero_byte /* equal to 0x00 */ f(8)
start_code_prefix_one_3bytes /* equal to 0x000001 */ f(24)

nal_unit( NumBytesInNalUnit )

while( more data in byte stream() &&_neéxt bits(24) != 0x000001 &&
next_bits( 32 ) != 0x00000001.)
trailing_zero_8bits /* equal to'0x00 */ f(8)

B.2.2l Byte stream NAL-unit semantics

The grder of byte streamNAL units in the byte stream shall follow the decoding order of the NAL units contained |n the
byte ptream NAL units.(see subclause 7.4.2.4). The content of each byte stream NAL unit is associated with the|same
access unit as the NAL unit contained in the byte stream NAL unit (see subclause 7.4.2.4.4).

leadipg zero_8bits is a byte equal to 0x00.

TE The leading_: Zero_ 8bits syntax element can only be present in the first byte stream NAL unit of the bitstream, becayse (as
de the
vill be

cons1dered to be tralllng Zero_ 8b1ts syntax elements that are part of the precedmg byte stream NAL umt

zero_byte is a single byte equal to 0x00.
When one or more of the following conditions are true, the zero_byte syntax element shall be present:
—  Thenal unit type within the nal unit( ) syntax structure is equal to VPS NUT, SPS NUT or PPS_NUT.

—  The byte stream NAL unit syntax structure contains the first NAL unit of an access unit in decoding order, as
specified in subclause 7.4.2.4.4.

start_code_prefix_one_3bytes is a fixed-value sequence of 3 bytes equal to 0x000001. This syntax element is called a
start code prefix.

trailing_zero_8bits is a byte equal to 0x00.
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B.3 Byte stream NAL unit decoding process

Input to this process consists of an ordered stream of bytes consisting of a sequence of byte stream NAL unit syntax
structures.

Output of this process consists of a sequence of NAL unit syntax structures.

At the beginning of the decoding process, the decoder initializes its current position in the byte stream to the beginning
of the byte stream. It then extracts and discards each leading zero 8bits syntax element (when present), moving the
current position in the byte stream forward one byte at a time, until the current position in the byte stream is such that the
next four bytes in the bitstream form the four-byte sequence 0x00000001.

The decoder then performs the following step-wise process repeatedly to extract and decode each NAL unit syntax
structure in the byte stream until the end of the byte stream has been encountered (as determined by unspecified means)
and the last NAL unit 1n the byte stream has been decoded:

1. When the next four bytes in the bitstream form the four-byte sequence 0x00000001, the next byte in thg byte
stream (which is a zero byte syntax element) is extracted and discarded and the current positionin thq byte
stream is set equal to the position of the byte following this discarded byte.

The next three-byte sequence in the byte stream (which is a start code prefix one 3bytes) is extractefl and
discarded and the current position in the byte stream is set equal to the position of the byte following this
three-byte sequence.

[N

3. NumBytesInNalUnit is set equal to the number of bytes starting with the byte at\the current position in th¢ byte
stream up to and including the last byte that precedes the location of one or more of the following conditioxs:

— A subsequent byte-aligned three-byte sequence equal to 0x000000,
— A subsequent byte-aligned three-byte sequence equal to 0x000001)
—  The end of the byte stream, as determined by unspecified means.

4. NumBytesInNalUnit bytes are removed from the bitstream and the current position in the byte stregm is

advanced by NumBytesInNalUnit bytes. This sequence~of bytes is nal unit( NumBytesInNalUnit ) and is
decoded using the NAL unit decoding process.

D

. When the current position in the byte stream is not, at'the end of the byte stream (as determined by unspefified
means) and the next bytes in the byte stream do-iot start with a three-byte sequence equal to 0x000001 ard the
next bytes in the byte stream do not start withya four byte sequence equal to 0x00000001, the decoder extracts
and discards each trailing_zero 8bits syntax element, moving the current position in the byte stream fofward
one byte at a time, until the current position in the byte stream is such that the next bytes in the byte stream| form
the four-byte sequence 0x00000001~of the end of the byte stream has been encountered (as determing¢d by
unspecified means).

B.4 Decoder byte-alignmeént recovery (informative)
This pubclause does not form@n,integral part of this Specification.

Many applications provide\data to a decoder in a manner that is inherently byte aligned, and thus have no need fpr the
bit-otiented byte aligntfent detection procedure described in this subclause.

A deg¢oder is said te-have byte alignment with a bitstream when the decoder has determined whether or not the posjitions
of dafa in the bitstream are byte-aligned. When a decoder does not have byte alignment with the bitstream, the decoder
may pxaminéthe incoming bitstream for the binary pattern '00000000 00000000 00000000 00000001' (31 consegutive
bits dqualtol 0 followed by a bit equal to 1). The bit immediately following this pattern is the first bit of an aligned byte
folloying a start code prefix. Upon detecting this pattern, the decoder will be byte-aligned with the bitstrearh and
positioned at the start of @ NAL unit in the bitstream.

Once byte aligned with the bitstream, the decoder can examine the incoming bitstream data for subsequent three-byte
sequences 0x000001 and 0x000003.

When the three-byte sequence 0x000001 is detected, this is a start code prefix.

When the three-byte sequence 0x000003 is detected, the third byte (0x03) is an emulation_prevention_three byte to be
discarded as specified in subclause 7.4.2.

When an error in the bitstream syntax is detected (e.g. a non-zero value of the forbidden zero bit or one of the
three-byte or four-byte sequences that are prohibited in subclause 7.4.2), the decoder may consider the detected condition
as an indication that byte alignment may have been lost and may discard all bitstream data until the detection of byte
alignment at a later position in the bitstream as described above in this subclause.
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C1

Annex C

Hypothetical reference decoder

(This annex forms an integral part of this Recommendation | International Standard)

General

This annex specifies the hypothetical reference decoder (HRD) and its use to check bitstream and decoder conformance.

Two types of bitstreams or bitstream subsets are subject to HRD conformance checking for this Specification. The first
type,|called a Type I bitstream, is a NAL unit stream containing only the VCL NAL units and NAL_umnits| with
nal_ynit_type equal to FD NUT (filler data NAL units) for all access units in the bitstream. The second ¢type, called a
Type| Il bitstream, contains, in addition to the VCL NAL units and filler data NAL units for all aceess units fn the
bitstrpam, at least one of the following:
- hdditional non-VCL NAL units other than filler data NAL units,
—  gll leading zero 8bits, zero byte, start code prefix one 3bytes, and trailing zero 8bits ‘syntax elements that| form
h byte stream from the NAL unit stream (as specified in Annex B).
Figure C-1 shows the types of bitstream conformance points checked by the HRD.
Nom:VCL NAL units other
VCL NAL units than filler data NAL units
Filler data NAL units
p A A 4 ! !
Byte stream format
encapsulation
(see Annex B)
A v v A4 A J,
Type I HRD Type I HRD Type Il HRD
conformance point conformance point when conformance point when
not using using
byte stream format byte stream format
Figure C-1 — Structure of byte streams and NAL unit streams for HRD conformance checks
The dyntax elements of Mon-VCL NAL units (or their default values for some of the syntax elements), required fpr the
HRD]J are specified in the semantic subclauses of clause 7, Annexes D and E.
Two fypes of HRD parameter sets (NAL HRD parameters and VCL HRD parameters) are used. The HRD parametqr sets
are sjgnalled<through the hrd parameters( ) syntax structure, which may be part of the SPS syntax structure or thg VPS
syntai structure.
Multiple tests may be needed for checking the conformance of a bitstream, which is referred to as the bitstream linder
test. For each test, the following steps apply in the order listed:

1. An operation point under test, denoted as TargetOp, is selected. The layer identifier list OpLayerldList of
TargetOp consists of the list of nuh_layer id values, in increasing order of nuh layer id values, present in the
bitstream subset associated with TargetOp, which is a subset of the nuh_layer id values present in the bitstream
under test. The OpTid of TargetOp is equal to the highest Temporalld present in the bitstream subset associated
with TargetOp.

2. TargetDecLayerldList is set equal to OpLayerldList of TargetOp, HighestTid is set equal to OpTid of TargetOp,
and the sub-bitstream extraction process as specified in clause 10 is invoked with the bitstream under test,
HighestTid, and TargetDecLayerldList as inputs, and the output is assigned to BitstreamToDecode.

3. The hrd parameters( ) syntax structure and the sub_layer hrd parameters() syntax structure applicable to
TargetOp are selected. If TargetDecLayerldList contains all nuh layer id values present in the bitstream under
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test, the hrd parameters( ) syntax structure in the active SPS (or provided through an external means not
specified in this Specification) is selected. Otherwise, the hrd parameters( ) syntax structure in the active VPS
(or provided through some external means not specified in this Specification) that applies to TargetOp is
selected. Within the selected hrd parameters( ) syntax structure, if BitstreamToDecode is a Type I bitstream, the
sub_layer hrd parameters( HighestTid ) syntax structure that immediately follows the condition
"if( vel _hrd parameters present flag )" is selected and the variable NalHrdModeFlag is set equal to O;
otherwise (BitstreamToDecode is a Type II bitstream), the sub layer hrd parameters( HighestTid ) syntax
structure that immediately follows either the condition "if( vel hrd parameters present flag )" (in this case the
variable NalHrdModeFlag is set equal to 0) or the condition "if( nal hrd parameters present flag )" (in this
case the variable NalHrdModeFlag is set equal to 1) is selected. When BitstreamToDecode is a Type II
bitstream and NalHrdModeFlag is equal to 0, all non-VCL NAL units except filler data NAL units, and all
leading_zero 8bits, zero byte, start code prefix one 3bytes, and trailing_zero 8bits syntax elements that form
a—byte—stream—from—the—NAL—unit—stream—(as—speeified—n—AnnexBy—when—present—are—disearded, from
BitstreamToDecode, and the remaining bitstream is assigned to BitstreamToDecode.

An access unit associated with a buffering period SEI message (present in BitstreamToDecode er) avajlable
through external means not specified in this Specification) applicable to TargetOp is selected .as the [HRD
initialization point and referred to as access unit 0.

For each access unit in BitstreamToDecode starting from access unit 0, the buffering~period SEI mdssage
(present in BitstreamToDecode or available through external means not specified in-this Specification) that is
associated with the access unit and applies to TargetOp is selected, the picture timing'SEI message (presgnt in
BitstreamToDecode or available through external means not specified in this Speeification) that is asso¢iated
with the access unit and applies to TargetOp is selected, and when SubPi¢cHrdFlag is equal to ] and
sub_pic_cpb _params_in pic_timing sei_flag is equal to 0, the decoding unit\information SEI messages (pfesent
in BitstreamToDecode or available through external means not specified in this Specification) thdt are
associated with decoding units in the access unit and apply to TargetOp-are selected.

A value of SchedSelldx is selected. The selected SchedSelldx shall be in the range of |0 to
cpb_cnt_minusl[ HighestTid ], inclusive, where cpb_ctp minusl[ HighestTid] is found in| the
sub_layer hrd parameters( HighestTid ) syntax structure as'selected above.

When the coded picture in access unit 0 has nal unit type equal to CRA NUT or BLA W LP| and
irap_cpb_params_present_flag in the selected bufferingperiod SEI message is equal to 1, either of the follgwing
applies for selection of the initial CPB removal delay and delay offset:

— If NalHrdModeFlag is equal to 1, the defatlt initial CPB removal delay and delay offset representpd by
nal_initial cpb_removal delay[ SchedSetldx ] and nal_initial cpb_removal offset[ SchedSelldx ],
respectively, in the selected buffering period SEI message are selected. Otherwise, the default initiall CPB
removal delay and delay offset~represented by vcl initial cpb removal delay[ SchedSelldx ]| and
vel initial cpb removal offsetf\SchedSelldx ], respectively, in the selected buffering period SEI mdssage
are selected. The variable DefatltInitCpbParamsFlag is set equal to 1.

— If NalHrdModeFlag is.&gqual to 1, the alternative initial CPB removal delay and delay offset represented by
nal_initial alt cpb_removal delay[ SchedSelldx ] and nal initial alt cpb removal offset] SchedSelldx ],
respectively, in the-selected buffering period SEI message are selected. Otherwise, the alternative |nitial
CPB removal.delay and delay offset represented by vcl initial alt cpb_removal delay[ SchedSelldx|] and
vel initial alt-¢pb_removal offset] SchedSelldx ], respectively, in the selected buffering period SEI
message-ate-selected. The variable DefaultInitCpbParamsFlag is set equal to 0, and the RASL access|units
associated” with access unit 0 are discarded from BitstreamToDecode and the remaining bitstregm is
assigned to BitstreamToDecode.

When>stb_pic_hrd params present flag in the selected hrd parameters( ) syntax structure is equal to |, the
¢PB-is scheduled to operate either at the access unit level (in which case the variable SubPicHrdFlag fis set
equal to 0) or at the sub-picture level (in which case the variable SubPicHrdFlag is set equal to 1).

For each operation point under test, the number of bitstream conformance tests to be performed is equal to
n0 *nl * (n2 * 2 + n3 ) * n4, where the values of n0, n1, n2, n3, and n4 are specified as follows:

nO0 is derived as follows:

If BitstreamToDecode is a Type I bitstream, n0 is equal to 1.

Otherwise (BitstreamToDecode is a Type II bitstream), n0 is equal to 2.

nl is equal to cpb_cnt minusl[ HighestTid ] + 1.

n2 is the number of access units in BitstreamToDecode that each is associated with a buffering period SEI message
applicable to TargetOp and for each of which both of the following conditions are true:

— nal unit type is equal to CRA NUT or BLA W _LP for the VCL NAL units;
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—  The associated buffering period SEI message applicable to TargetOp has irap cpb_params present flag
equal to 1.

— n3 is the number of access units in BitstreamToDecode BitstreamToDecode that each is associated with a buffering
period SEI message applicable to TargetOp and for each of which one or both of the following conditions are true:

— nal unit type is equal to neither CRA NUT nor BLA W_LP for the VCL NAL units;

—  The associated buffering period SEI message applicable to TargetOp has irap cpb params present flag
equal to 0.

—  n4is derived as follows:

— If sub _pic_hrd params present flag in the selected hrd parameters( ) syntax structure is equal to 0, n4 is
equal to 1;

= OUTWISE, T {5 equal 1o
When BitstreamToDecode is a Type II bitstream, the following applies:

- f the sub layer hrd parameters( HighestTid ) syntax structure that immediately follows - the” conglition
'if( vel hrd parameters present flag )" is selected, the test is conducted at the Type I conformance point shopvn in
Figure C-1, and only VCL and filler data NAL units are counted for the input bit rate and CPB Sterage.

—  ODtherwise (the sub layer hrd parameters( HighestTid ) syntax structure that immediately~follows the conglition
'if( nal hrd parameters present flag )" is selected), the test is conducted at the Type II conformance point shown
n Figure C-1, and all bytes of the Type II bitstream, which may be a NAL unit stream‘er'a byte stream, are counted
for the input bit rate and CPB storage.

NPTE 1 — NAL HRD parameters established by a value of SchedSelldx for the Type Il-coenformance point shown in Figufe C-1
are sufficient to also establish VCL HRD conformance for the Type I conformance point-shown in Figure C-1 for the same falues
of InitCpbRemovalDelay[ SchedSelldx ], BitRate[ SchedSelldx ], and CpbSize[ SchedSelldx ] for the VBR/| case
(cbr_flag[ SchedSelldx ] equal to 0). This is because the data flow into the Typ€ ]l conformance point is a subset of the datp flow
info the Type I conformance point and because, for the VBR case, the CPB i§ allowed to become empty and stay empty urtil the
tijne a next picture is scheduled to begin to arrive. For example, when decéding a CVS conforming to one or more of the pfofiles
sfjecified in Annex A using the decoding process specified in clauses 2 through 10, when NAL HRD parameters are provided for
the Type II conformance point that not only fall within the bounds setfor/NAL HRD parameters for profile conformance in ftem f)
of subclause A.4.2 but also fall within the bounds set for VCE, HRD parameters for profile conformance in itemje) of
sybclause A.4.2, conformance of the VCL HRD for the Type & ‘eonformance point is also assured to fall within the boupds of
it¢m e) of subclause A.4.2.

PSs, SPSs and PPSs referred to in the VCL NAL\umiits, and the corresponding buffering period, picture timinjg and

when| those NAL units (or just some ofithem) are conveyed to decoders (or to the HRD) by other means not speciffed in
pecification. For the purpose 0f counting bits, only the appropriate bits that are actually present in the bitstrean are

ODTE 2 — As an example, synchronization of such a non-VCL NAL unit, conveyed by means other than presence in the bitsfream,
wjth the NAL units that at€ present in the bitstream, can be achieved by indicating two points in the bitstream, between which the

When the content d6f such a non-VCL NAL unit is conveyed for the application by some means other than pregence
the bitstream, the representation of the content of the non-VCL NAL unit is not required to use the same synax as

DTE¢3 ¥ When HRD information is contained within the bitstream, it is possible to verify the conformance of a bitstream|to the
reqquirements of this subclause based solely on information contained in the bitstream. When the HRD information is not pregent in
i e i i ta are

e-bitstream.—as—1s-the-casefor-a stand-alone pe—l bitstreams, conformance—can—only bevenfied when the HRD d
supplied by some other means not specified in this Specification.

The HRD contains a coded picture buffer (CPB), an instantaneous decoding process, a decoded picture buffer (DPB),
and output cropping as shown in Figure C-2.
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Output cropping

lOutput cropped pictures
Figure C-2 — HRD buffer model

pach bitstream conformance test, the CPB size (number of bits) is A£pbSize[ SchedSelldx | as specifi

bd in

subclpuse E.2.3, where SchedSelldx and the HRD parameters are specified above in this subclause. The DPH size

(numper of picture storage buffers) is sps_ max dec pic_buffering minusi| HighestTid ] + 1.

The yariable SubPicHrdPreferredFlag is either specified by external nieans, or when not specified by external meay}s, set

equal to 0.

Wher the value of the variable SubPicHrdFlag has not been set.by step 8 above in this subclause, it is derived as fol

SubPicHrdFlag = SubPicHrdPreferredFlag && $ub pic_hrd params present flag

OWS!

C-1)

If SubPicHrdFlag is equal to 0, the HRD operates at.access unit level and each decoding unit is an access unit. Othgrwise

the HRD operates at sub-picture level and each decoding unit is a subset of an access unit.

The following is specified for expressing the constraints in this annex:

The

NOTE 4 — If the HRD operates at access(unit level, each time a decoding unit that is an entire access unit is remove
the CPB. Otherwise (the HRD operates at sub-picture level), each time a decoding unit that is a subset of an access
removed from the CPB. In both cases, each time an entire decoded picture is output from the DPB, though the j
output time is derived based on the differently derived CPB removal times and the differently signalled DPB output d|

Fach access unit is referfed)to as access unit n, where the number n identifies the particular access unit. Acces
is selected per step 4.above. The value of n is incremented by 1 for each subsequent access unit in decoding o

Fach decoding ufit)is referred to as decoding unit m, where the number m identifies the particular decoding
The first decoding unit in decoding order in access unit 0 is referred to as decoding unit 0. The value of]
ihcremented by 1 for each subsequent decoding unit in decoding order.

NOTE'S — The numbering of decoding units is relative to the first decoding unit in access unit 0.

Ricture n refers to the coded picture or the decoded picture of access unit n.

from
Lnit is
icture
plays.

5 unit
rder.

unit.
m is

RD operates as follows:

The HRD is initialized at decoding unit 0, with the both the CPB and the DPB being set to be empty (the
fullness is set equal to 0).

NOTE 6 — After initialization, the HRD is not initialized again by subsequent buffering period SEI messages.

DPB

Data associated with decoding units that flow into the CPB according to a specified arrival schedule are delivered by

the HSS.

The data associated with each decoding unit are removed and decoded instantaneously by the instantaneous

decoding process at the CPB removal time of the decoding unit.

Each decoded picture is placed in the DPB.
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— A decoded picture is removed from the DPB when it becomes no longer needed for inter prediction reference and no
longer needed for output.

For each bitstream conformance test, the operation of the CPB is specified in subclause C.2, the instantaneous decoder
operation is specified in clauses 2 through 10, the operation of the DPB is specified in subclause C.3, and the output
cropping is specified in subclause C.3.3 and subclause C.5.2.2.

HSS and HRD information concerning the number of enumerated delivery schedules and their associated bit rates and
buffer sizes is specified in subclauses E.1.2 and E.2.2. The HRD is initialized as specified by the buffering period SEI
message specified in subclauses D.2.2 and D.3.2. The removal timing of decoding units from the CPB and output timing
of decoded pictures from the DPB is specified using information in picture timing SEI messages (specified in
subclauses D.2.3 and D.3.3) or in decoding unit information SEI messages (specified in subclauses D.2.21 and D.3.21).
All timing information relating to a specific decoding unit shall arrive prior to the CPB removal time of the decoding
unit.

The fequirements for bitstream conformance are specified in subclause C.4, and the HRD is used to check cenformance
of bitstreams as specified above in this subclause and to check conformance of decoders as specified in subclause {.5.

TE 7 — While conformance is guaranteed under the assumption that all picture-rates and clocks used to generate the bitjtream
tch exactly the values signalled in the bitstream, in a real system each of these may vary from the signalled-op specified vdlue.

All the arithmetic in this annex is performed with real values, so that no rounding errors can propagate. For example, the
number of bits in a CPB just prior to or after removal of a decoding unit is not necessarily an integer.

The variable ClockTick is derived as follows and is called a clock tick:
ClockTick = vui_num_units_in_tick + vui_time scale C-2)
The yariable ClockSubTick is derived as follows and is called a clock sub-tick:

ClockSubTick = ClockTick + ( tick divisor minus2 + 2 ) C-3)

C.2 Operation of coded picture buffer (CPB)

C.2.1 General

The gpecifications in this subclause apply independently te\each set of CPB parameters that is present and to both the
Type|l and Type II conformance points shown in Figuré-1, and the set of CPB parameters is selected as specifled in
subclpuse C.1.

C.2.2 Timing of decoding unit arrival

If SupPicHrdFlag is equal to 0, the variable“subPicParamsFlag is set equal to 0, and the process in specified fn the
remajnder of this subclause is invoked with a decoding unit being considered as an access unit, for derivation ¢f the
initia] and final CPB arrival times fortacdcess unit n.

Othefwise (SubPicHrdFlag is eq@alyto 1), the process in specified in the remainder of this subclause is first invoked with
the viriable subPicParamsFlag set equal to 0 and a decoding unit being considered as an access unit, for derivation pf the
initia] and final CPB arrivahtimes for access unit n, and then invoked with subPicParamsFlag set equal to 1 pnd a
decodling unit being conSidered as a subset of an access unit, for derivation of the initial and final CPB arrival timgs for
the d¢coding units in-access unit n.

The |variables InitCpbRemovalDelay[ SchedSelldx ] and InitCpbRemovalDelayOffset] SchedSelldx | are derivgd as
folloyvs:

- f Ane or more of the following conditions are true, InitCpbRemovalDelay[ SchedSelldx || and
nitGpbRemovalDelayOffset[ SchedSelldx ] are set equal to the values of the buffering period SEI message syntax
elements nal _inifial_alt cpb_removal delay[ SchedSelldx | and nal_initial_alt cpb_removal offsef] SchedSelldx ],
respectively, when NalHrdModeFlag is equal to 1, or vcl initial alt cpb removal delay[ SchedSelldx ] and
vel initial_alt cpb_removal offset] SchedSelldx ], respectively, when NalHrdModeFlag is equal to 0, where the
buffering period SEI message syntax elements are selected as specified in subclause C.1:

— Access unit 0 is a BLA access unit for which the coded picture has nal unit type equal to BLA W RADL or
BLA N_LP, and the value of irap_cpb_params_present flag of the buffering period SEI message is equal to 1.

— Access unit 0 is a BLA access unit for which the coded picture has nal unit type equal to BLA W LPorisa
CRA access unit, and the value of irap_cpb params_present flag of the buffering period SEI message is equal
to 1, and one or more of the following conditions are true:

— UseAltCpbParamsFlag for access unit 0 is equal to 1.
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— DefaultlnitCpbParamsFlag is equal to 0.
—  The value of subPicParamsFlag is equal to 1.

Otherwise, InitCpbRemovalDelay[ SchedSelldx ] and InitCpbRemovalDelayOffset] SchedSelldx | are set equal to
the values of the buffering period SEI message syntax elements nal initial cpb _removal delay[ SchedSelldx ] and
nal_initial cpb_removal offset[ SchedSelldx ], respectively, when NalHrdModeFlag is equal to 1, or
vcl initial cpb_removal delay[ SchedSelldx ] and vcl initial cpb removal offset[ SchedSelldx ], respectively,
when NalHrdModeFlag is equal to 0, where the buffering period SEI message syntax elements are selected as
specified in subclause C.1.

The time at which the first bit of decoding unit m begins to enter the CPB is referred to as the initial arrival time
initArrivalTime[ m ].

The ipitial arrival time of decoding unit m 1s derived as Tollows:

f the decoding unit is decoding unit 0 (i.e. m = 0), initArrivalTime[ 0 ] =0,
Dtherwise (the decoding unit is decoding unit m with m > 0), the following applies:

- If cbr_flag[ SchedSelldx ] is equal to 1, the initial arrival time for decoding unit m is equalte the final drrival
time (which is derived below) of decoding unit m — 1, i.e.

if( !subPicParamsFlag )
initArrivalTime[ m ] = AuFinalArrivalTime[ m — 1 ] C-4)
else
initArrivalTime[ m ] = DuFinalArrivalTime[ m — 1 ]

- Otherwise (cbr_flag[ SchedSelldx ] is equal to 0), the initial arrival ‘time for decoding unit m is derivied as
follows:

if( IsubPicParamsFlag )
initArrivalTime[ m | = Max( AuFinalArrivalTimef.mr— 1 ], initArrivalEarliestTime[ m ] ) C-5)
else
initArrivalTime[ m ] = Max( DuFinalArrivalBime[ m — 1 ], initArrivalEarliestTime[ m ] )

where initArrivalEarliestTime[ m ] is derived as follows:
—  The variable tmpNominalRemovalTime is‘derived as follows:

if( !subPicParamsFlag )
tmpNominalRemovalTime:= AuNominalRemovalTime[ m ] C-6)
else
tmpNominalRemoyalPime = DuNominalRemovalTime[ m ]

where AuNominalRemfevalTime[ m ] and DuNominalRemovalTime[ m ] are the nominal CPB refnoval
time of access unit-m.and decoding unit m, respectively, as specified in subclause C.2.3.

— If decoding (upit m 1is not the first decoding unit of a subsequent buffering pegriod,
initArrivalEarliestTime[ m ] is derived as follows:

initAyrivalEarliestTime[ m ] = tmpNominalRemovalTime — ( InitCpbRemovalDelay[ SchedSellldx ]
+ InitCpbRemovalDelayOffset[ SchedSelldx ] ) + 90000 C-7)

— Otherwise (decoding unit m is the first decoding unit of a subsequent buffering pdriod),
initArrivalEarliestTime[ m ] is derived as follows:

initArrivalEarliestTime[ m ] = tmpNominalRemovalTime —
(InitCpbRemovatDetayf SchedSetidx =+900007) C-8)

The final arrival time for decoding unit m is derived as follows:

if( IsubPicParamsFlag )

AvuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizelnbits[ m ] + BitRate[ SchedSelldx ] (C-9)
else

DuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizelnbits[ m | + BitRate[ SchedSelldx ]

where sizelnbits[ m ] is the size in bits of decoding unit m, counting the bits of the VCL NAL units and the filler data
NAL units for the Type I conformance point or all bits of the Type II bitstream for the Type II conformance point, where
the Type I and Type II conformance points are as shown in Figure C-1.

The values of SchedSelldx, BitRate[ SchedSelldx ], and CpbSize[ SchedSelldx ] are constrained as follows:
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If the content of the selected hrd parameters( ) syntax structures for the access unit containing decoding unit m and
the previous access unit differ, the HSS selects a value SchedSelldx1 of SchedSelldx from among the values of
SchedSelldx provided in the selected hrd parameters( ) syntax structures for the access unit containing decoding
unit m that results in a BitRate[ SchedSelldx1 ] or CpbSize[ SchedSelldx1 ] for the access unit containing decoding
unit m. The value of BitRate[ SchedSelldx1 ] or CpbSize[ SchedSelldxl | may differ from the value of
BitRate[ SchedSelldx0 ] or CpbSize[ SchedSelldx0 ] for the value SchedSelldx0 of SchedSelldx that was in use for

the previous access unit.

Otherwise, the HSS continues to operate with the previous values of SchedSelldx, BitRate[ SchedSelldx ] and

CpbSize[ SchedSelldx ].

When the HSS selects values of BitRate[ SchedSelldx ] or CpbSize[ SchedSelldx ] that differ from those of the previous
access unit, the following applies:

C.2.3 Timing of decoding unit removal and decoding of decoding unit

The yariables InitCpbRemovalDelay[ SchedSelldx ], InitCpbRemovalDelayOffsetf SchedSelldx ], CpbDelayOffse
DpblIpelayOffset are derived as follows:

The rjominal removal time of the access unit n from the CPB is specified as follows:

214

[he variable BitRate[ SchedSelldx ] comes into effect at the initial CPB arrival time of the current access umit,
[he variable CpbSize[ SchedSelldx ] comes into effect as follows:

- If the new value of CpbSize[ SchedSelldx ] is greater than the old CPB size, it comes into effeet at the
CPB arrival time of the current access unit.

- Otherwise, the new value of CpbSize[ SchedSelldx | comes into effect at the CPB remeoyal time of the ¢
access unit.

f one or more of the following conditions are true, CpbDelayOffset is¢Set €qual to the value of the buffering g
BEI message syntax element cpb_delay offset, DpbDelayOffset is sét equal to the value of the buffering perio|
message syntax element dpb_delay_offset, and InitCpbRemovalDelay[ SchedSelldx ]

nitCpbRemovalDelayOffset[ SchedSelldx ] are set equal to the.values of the buffering period SEI message s

respectively, when NalHrdModeFlag is equal to 1, ser*vcl initial alt cpb removal delay[ SchedSelldx
bcl initial alt cpb_removal offset] SchedSelldx ], respectively, when NalHrdModeFlag is equal to 0, whel
puffering period SEI message containing the syntax elements is selected as specified in subclause C.1:

—  Access unit 0 is a BLA access unit for which the coded picture has nal unit type equal to BLA W _RAI
BLA N_LP, and the value of irap_cpb, params_present flag of the buffering period SEI message is equall

—  Access unit 0 is a BLA access unit\for which the coded picture has nal unit type equal to BLA W _LP ¢
CRA access unit, and the value ofiirap cpb params_present flag of the buffering period SEI message is
to 1, and one or more of the following conditions are true:

— UseAltCpbParamsFlag for access unit 0 is equal to 1.
— DefaultlnitCpbParamsFlag is equal to 0.

Dtherwise, InitCpbRemovalDelay[ SchedSelldx ] and InitCpbRemovalDelayOffset] SchedSelldx ] are set eq
he values of the buffering period SEI message syntax elements nal_initial cpb_removal delay[ SchedSelldx
hal initial cpb/removal offset] SchedSelldx ], respectively, when NalHrdModeFlag is equal to 1
bcl initial cpb~removal delay[ SchedSelldx ] and vcl initial cpb removal offset] SchedSelldx ], respect
when NalHrdModeFlag is equal to 0, where the buffering period SEI message containing the syntax eleme
belected as specified in subclause C.1, CpbDelayOffset and DpbDelayOffset are both set equal to 0.

nitial

irrent

, and
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d SEI
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yntax

blements nal_initial alt cpb_removal delay[ SchedSelldx ] and nal initial alt cpb_removal offset[ SchedSelldx ],
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If access unit n is the access unit with n equal to 0 (the access unit that initializes the HRD), the nominal removal

time of the access unit from the CPB is specified by:

AuNominalRemovalTime[ 0 | = InitCpbRemovalDelay[ SchedSelldx ] + 90000 (C-10)

Otherwise, the following applies:

—  When access unit n is the first access unit of a buffering period that does not initialize the HRD, the following

applies:
The nominal removal time of the access unit n from the CPB is specified by:

if( lconcatenationFlag ) {
baseTime = AuNominalRemovalTime[ firstPicInPrevBuffPeriod ]
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tmpCpbRemovalDelay = AuCpbRemovalDelayVal

} else {
baseTime = AuNominalRemovalTime[ prevNonDiscardablePic ]
tmpCpbRemovalDelay =
Max( ( auCpbRemovalDelayDeltaMinus1 + 1), (C-11)
Ceil( ( InitCpbRemovalDelay[ SchedSelldx ] + 90000 +
AuFinalArrivalTime[ n — 1 ] — AuNominalRemovalTime[ n — 1 ] ) + ClockTick )
H

AuNominalRemovalTime( n ) = baseTime + ClockTick * ( tmpCpbRemovalDelay — CpbDelayOffset )

where AuNominalRemovalTime][ firstPicInPrevBuffPeriod ] is the nominal removal time of the first access
unit of the previous buffering period, AuNominalRemovalTime[ prevNonDiscardablePic | is the nominal
removal time of the preceding picture in decoding order with Temporalld equal to 0 that is not a RAST.. RADL
or sub-layer non-reference picture, AuCpbRemovalDelayVal is the value of AuCpbRemovalDelayVal-dgrived
according to au cpb_removal delay minusl in the picture timing SEI message, selected as speeified in
subclause C.1, associated with access unit n, and concatenationFlag and auCpbRemovalDelayDeltaMinu$! are
the values of the syntax elements concatenation_flag and au_cpb_removal delay delta minus], respectjvely,
in the buffering period SEI message, selected as specified in subclause C.1, associated with @ecess unit n.

After the derivation of the nominal CPB removal time and before the derivation of the/DPB output tijne of
access unit n, the values of CpbDelayOffset and DpbDelayOffset are updated as follows?

— If one or more of the following conditions are true, CpbDelayOffset is_s¢t equal to the value ¢f the
buffering period SEI message syntax element cpb_delay offset, and DpbDelayOffset is set equal fo the
value of the buffering period SEI message syntax element dpb_delay.-effset, where the buffering period
SEI message containing the syntax elements is selected as specified itr'subclause C.1:

— Access unit n is a BLA access unit for which the/coded picture has nal unit type eqyal to
BLA W _RADL or BLA N LP, and the value of itap ‘cpb_params present flag of the buffering
period SEI message is equal to 1.

— Access unit n is a BLA access unit for wihich the coded picture has nal unit type eqyal to
BLA W _LP or is a CRA access unit, and the value of irap cpb params present flag qf the
buffering period SEI message is equal to 1,;and UseAltCpbParamsFlag for access unit n is equaj to 1.

—  Otherwise, CpbDelayOffset and DpbDelayOffset are both set equal to 0.

- When access unit n is not the first accessunit of a buffering period, the nominal removal time of the gccess
unit n from the CPB is specified by:

AuNominalRemovalTime[ n J="AuNominalRemovalTime[ firstPicInCurrBuffPeriod ] +
ClockTick ¥ (*AuCpbRemovalDelayVal — CpbDelayOffset ) (€-12)

where AuNominalRemoyalTime] firstPicInCurrBuffPeriod ] is the nominal removal time of the first gccess
unit of the current buffering period, and AuCpbRemovalDelayVal is the value of AuCpbRemovalDelgyVal
derived according te~au cpb_removal delay minusl in the picture timing SEI message, selected as spefified
in subclause C.1,@ssociated with access unit n.

When SubPicHrdFlag is €qual to 1, the following applies:
—  The variable duCpbRemovalDelaylnc is derived as follows:

- If sub\pic_cpb params_in pic timing sei flag is equal to 0, duCpbRemovalDelaylnc is set equal to the [value
of-du_spt cpb removal delay increment in the decoding unit information SEI message, selected as spefified
in'subclause C.1, associated with decoding unit m.

= Otherwise, if du_common_cpo_removal_delay ttag is equal 1o U, duCpbRemovaiDetaylnc 15 set equal to the
value of du cpb removal delay increment minusl[i]+ 1 for decoding unit m in the picture timing SEI
message, selected as specified in subclause C.1, associated with access unit n, where the value of i is 0 for the
first num_nalus_in _du minus1[ 0 ]+ 1 consecutive NAL units in the access unit that contains decoding unit
m, 1 for the subsequent num nalus in du minusl[ 1]+ 1 NAL units in the same access unit, 2 for the
subsequent num_nalus_in_du minusl[ 2 ]+ 1 NAL units in the same access unit, etc.

—  Otherwise, duCpbRemovalDelaylnc is set equal to the value of
du_common_cpb_removal delay increment minusl + 1 in the picture timing SEI message, selected as
specified in subclause C.1, associated with access unit n.

— The nominal removal time of decoding unit m from the CPB is specified as follows, where
AuNominalRemovalTime[ n | is the nominal removal time of access unit n:
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IfS

DuNominalRemovalTime[ m ] is set equal to AuNominalRemovalTime[ n ].

decoding unit m DuNominalRemovalTime[ m ] is derived as follows:

if( sub_pic_cpb params in pic timing sei flag)
DuNominalRemovalTime[ m ] = DuNominalRemovalTime[ m+ 1 ] —

If decoding unit m is the last decoding unit in access unit n, the nominal removal time of decoding unit m

Otherwise (decoding unit m is not the last decoding unit in access unit n), the nominal removal time of

ClockSubTick * duCpbRemovalDelaylnc (C-13)

else
DuNominalRemovalTime[ m ] = AuNominalRemovalTime(n ) —
ClockSubTick * duCpbRemovalDelaylnc

bPicHrdFlag is equal to 0, the removal time of access unit n from the CPB is specified as follows, 1

where

AuFi
time,
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C3

C.3.1

The
subcll

halArrivalTime[ n ] and AuNominalRemovalTime[ n ] are the final CPB arrival time and nominal CPB ref
respectively, of access unit n:

if( low_delay hrd flag[ HighestTid ] || AuNominalRemovalTime[ n] >= AuFinalArrivalTimefn.})
AuCpbRemovalTime[ n ] = AuNominalRemovalTime[ n ]
else
AuCpbRemovalTime[ n ] = AuNominalRemovalTime[ n ] + ClockTick *
Ceil( ( AuFinalArrivalTime[ n ] — AuNominalRemovalTime[ n ] ) + ClockTick )

DTE 1 — When low_delay hrd flag[ HighestTid] is equal to 1 and AuNominalRemevalTime[n] is Iess
hFinal ArrivalTime[ n ], the size of access unit n is so large that it prevents removal at the nothindl removal time.

~

wise (SubPicHrdFlag is equal to 1), the removal time of decoding unit m front’the’CPB is specified as follows

if( low_delay hrd flag[ HighestTid ] || DuNominalRemovalTime[ m }~>»= DuFinalArrivalTime[ m ] )
DuCpbRemovalTime[ m ] = DuNominalRemovalTime[ m ]

else (
DuCpbRemovalTime[ m ] = DuFinalArrivalTime[ m ]

ODTE 2 — When low delay hrd flag[ HighestTid ] is equal to,s 1" and DuNominalRemovalTime[ m] is less
FinalArrivalTime[ m ], the size of decoding unit m is so large that)it prevents removal at the nominal removal time.

bPicHrdFlag is equal to 0, at the CPB removal time of aceess unit n, the access unit is instantaneously decoded

wise (SubPicHrdFlag is equal to 1), at the CPB removal time of decoding unit m, the decoding u
itaneously decoded, and when decoding unit m is the last decoding unit of access unit n, the following applies:

Picture n is considered as decoded.

[he final CPB arrival time of access gnitn, i.e. AuFinalArrivalTime[ n ], is set equal to the final CPB arriva
bf the last decoding unit in access unit n, i.e. DuFinal ArrivalTime[ m ].

[he nominal CPB removal time'of access unit n, i.e. AuNominalRemovalTime[ n ], is set equal to the nominal
removal time of the last decodifig unit in access unit n, i.e. DuNominalRemovalTime[ m ].

[he CPB removal time-of-access unit n, i.e. AuCpbRemovalTime[ m ], is set equal to the CPB removal time
ast decoding unit in-aeeess unit n, i.e. DuCpbRemovalTime[ m ].

Operation of the decoded picture buffer (DPB)

General

specifications in this subclause apply independently to each set of DPB parameters selected as specifi
puse' C. 1.

hoval
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The decoded picture buffer contains picture storage buffers. Each of the picture storage buffers may contain a decoded
picture that is marked as "used for reference" or is held for future output. The processes specified in subclauses C.3.2,

C33

and C.3.4 are sequentially applied as specified below.

C.3.2 Removal of pictures from the DPB

The removal of pictures from the DPB before decoding of the current picture (but after parsing the slice header of the
first slice of the current picture) happens instantaneously at the CPB removal time of the first decoding unit of access
unit n (containing the current picture) and proceeds as follows:

—  The decoding process for RPS as specified in subclause 8.3.2 is invoked.

216
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—  When the current picture is an IRAP picture with NoRaslOutputFlag equal to 1 that is not picture 0, the following
ordered steps are applied:

1.

The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as follows:

—  If the current picture is a CRA picture, NoOutputOfPriorPicsFlag is set equal to 1 (regardless of the value
of no_output_of prior pics flag).

—  Otherwise, if the value of pic width in luma samples, pic_height in luma samples, or
sps_max_dec_pic_buffering minus1[ HighestTid ] derived from the active SPS is different from the value
of pic_width in luma samples, pic_height in luma samples, or
sps_max_dec pic_buffering minus1[ HighestTid ], respectively, derived from the SPS active for the
preceding picture, NoOutputOfPriorPicsFlag may (but should not) be set to 1 by the decoder under test,

regardless of the value of no output of prior pics flag

C.3.3

The
AuCj

Whet
varial
other]

wher
acces
deco
pictu
assog
pic_s

NOTE - Although setting NoOutputOfPriorPicsFlag equal to no_output of prior pics_flag is preferred
these conditions, the decoder under test is allowed to set NoOutputOfPriorPicsFlag to 1 in this case:

—  Otherwise, NoOutputOfPriorPicsFlag is set equal to no_output_of prior pics flag.

15

The value of NoOutputOfPriorPicsFlag derived for the decoder under test is applied for-the HRD, suc

without output of the pictures they contain, and the DPB fullness is set equal to 0.

When both of the following conditions are true for any pictures k in the DPB, all sucl/pictures k in the DP|
femoved from the DPB:

- picture k is marked as "unused for reference"

- picture k has PicOutputFlag equal to 0 or its DPB output time is less ¢han or equal to the CPB removal ti
the first decoding unit (denoted as decoding unit m) of the curréat picture n; i.e. DpbOutputTime[ k ] i
than or equal to CpbRemovalTime( m )

For each picture that is removed from the DPB, the DPB fullness\is decremented by one.

Picture output

processes specified in this subclause happen instantaneously at the CPB removal time of access uj
bRemovalTime[ n ].

| picture n has PicOutputFlag equal to 1, its DPB output time DpbOutputTime[ n ] is derived as follows, whe
ple firstPicInBufferingPeriodFlag is equal.to 1" if access unit n is the first access unit of a buffering period
wise:

if( !SubPicHrdFlag ) {
DpbOutputTime[ n ] = Au€pbRemovalTime[ n | + ClockTick * picDpbOutputDelay
if( firstPicInBufferingPefiodFlag )
DpbOutputTime[ n.] )—= ClockTick * DpbDelayOffset

~

} else
DpbOutputTime[D] = AuCpbRemovalTime[ n ] + ClockSubTick * picSptDpbOutputDuDelay

b picDpbOutputBDelay is the value of pic_dpb_output delay in the picture timing SEI message associated|
s unit n, and\picSptDpbOutputDuDelay is the value of pic spt dpb output du delay, when present, i
ling unit information SEI messages associated with access unit n, or the value of pic_dpb output du delay
e timing“SEI message associated with access unit n when there is no decoding unit information SEI me
iated ‘With access unit n or no decoding unit information SEI message associated with access unit 1
pt-dpb output du_delay present.

under

h that

when the value of NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in the DPB are enjptied

B are
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TE=Wien the symtaxctement pic—spt_dpb_output dudetay Ts ot present i any decodimg it informatiomr SEfmessage

associated with access unit n, the value is inferred to be equal to pic_dpb_output du delay in the picture timing SEI message
associated with access unit n.

The output of the current picture is specified as follows:

—  If PicOutputFlag is equal to 1 and DpbOutputTime[ n ] is equal to AuCpbRemovalTime[ n ], the current picture is
output.

—  Otherwise, if PicOutputFlag is equal to 0, the current picture is not output, but will be stored in the DPB as specified
in subclause C.3.4.

—  Otherwise (PicOutputFlag is equal to 1 and DpbOutputTime[ n ] is greater than AuCpbRemovalTime[ n] ), the
current picture is output later and will be stored in the DPB (as specified in subclause C.3.4) and is output at time
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DpbOutputTime[ n ] unless indicated not to be output by the decoding or inference of no_output of prior pics flag
equal to 1 at a time that precedes DpbOutputTime[ n ].

When output, the picture is cropped, using the conformance cropping window specified in the active SPS for the picture.

When picture n is a picture that is output and is not the last picture of the bitstream that is output, the value of the
variable DpbOutputInterval[ n ] is derived as follows:

DpbOutputlnterval[ n ] = DpbOutputTime[ nextPicInOutputOrder | — DpbOutputTime[ n ] (C-17)

where nextPicInOutputOrder is the picture that follows picture n in output order and has PicOutputFlag equal to 1.

C.3.4 Current decoded picture marking and storage

=.

The process specified in this subclause happens instantaneously at the CPB removal time of access u
CpbHemovalTime[ n ].

t n,

The ¢urrent decoded picture is stored in the DPB in an empty picture storage buffer, the DPB fullness is inetemented by
one, gnd the current picture is marked as "used for short-term reference".

C4 Bitstream conformance
A bitptream of coded data conforming to this Specification shall fulfil all requirements specified [in this subclause.

The bitstream shall be constructed according to the syntax, semantics, and constraints{specified in this Specifi¢ation
outsidle of this annex.

The flirst coded picture in a bitstream shall be an IRAP picture, i.e. an IDR picture;a:CRA picture or a BLA picture.
The bitstream is tested by the HRD for conformance as specified in subclause C.1.

For dach current picture, let the variables maxPicOrderCnt and minPicOrderCnt be set equal to the maximum anjd the
minithum, respectively, of the PicOrderCntVal values of the following pictures:

—  [he current picture.

—  Trhe previous picture in decoding order that has Temporalld equal to 0 and that is not a RASL picture, a RADL
bicture, or a sub-layer non-reference picture.

—  The short-term reference pictures in the RPS of the,current picture.

— Al pictures n that have PicOutputFlag equal to 1, AuCpbRemovalTime[n] less | than
AuCpbRemovalTime[ currPic |, and DpbOutputTime[ n | greater than or equal to AuCpbRemovalTime[ curgPic ],
Where currPic is the current picture.

All of the following conditions shall befulfilled for each of the bitstream conformance tests:

1| For each access unit n, with-n greater than 0, associated with a buffering period SEI message, let the vafiable
deltaTime90k[ n ] be specified as follows:

deltaTime90kDn ] = 90000 * ( AuNominalRemovalTime[ n ] — AuFinalArrivalTime[n—1]) (€-18)
The value of IfitCpbRemovalDelay[ SchedSelldx ] is constrained as follows:
—  If cbrflag[ SchedSelldx ] is equal to 0, the following condition shall be true:
InitCpbRemovalDelay[ SchedSelldx | <= Ceil( deltaTime90k[ n ])
—A_\Otherwise (cbr_flag[ SchedSelldx ] is equal to 1), the following condition shall be true:

~

°-19)

Floor( deltaTime90kfn 1) <= Tnif(“thPmnvn]ﬂP]nv[ SchedSelldx ] <= Ceil( deltaTime90k[ n 1)} (-20)

NOTE 1 — The exact number of bits in the CPB at the removal time of each picture may depend on which buffering
period SEI message is selected to initialize the HRD. Encoders must take this into account to ensure that all specified
constraints must be obeyed regardless of which buffering period SEI message is selected to initialize the HRD, as the
HRD may be initialized at any one of the buffering period SEI messages.

2. A CPB overflow is specified as the condition in which the total number of bits in the CPB is greater than the CPB
size. The CPB shall never overflow.

3. A CPB underflow is specified as the condition in which the nominal CPB removal time of decoding unit m
DuNominalRemovalTime(m) is less than the final CPB arrival time of decoding unit m
DuFinalArrivalTime( m ) for at least one value of m. When low_delay hrd flag[ HighestTid ] is equal to 0, the
CPB shall never underflow.
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When SubPicHrdFlag is equal to 1, low_delay hrd flag[ HighestTid ] is equal to 1, and the nominal removal
time of a decoding unit m of access unit n is less than the final CPB arrival time of decoding unit m (i.e.
DuNominalRemovalTime[ m | < DuFinalArrivalTime[ m ]), the nominal removal time of access unit n shall be
less than the final CPB arrival time of access unit n (i.e.
AuNominalRemovalTime[ n | < AuFinalArrivalTime[ n ]).

. The nominal removal times of pictures from the CPB (starting from the second picture in decoding order) shall

satisfy the constraints on AuNominalRemovalTime[n] and AuCpbRemovalTime[n] expressed in
subclauses A.4.1 through A.4.2.

For each current picture, after invocation of the process for removal of pictures from the DPB as specified in
subclause C.3.2, the number of decoded pictures in the DPB, including all pictures n that are marked as "used for
reference", or that have PicOutputFlag equal to 1 and AuCpbRemovalTime[n] Iless than

Cs

C.5.1
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provi
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shall
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sps_max_dec pic buffering minus1[ HighestTid ].

All reference pictures shall be present in the DPB when needed for prediction. Each picture’ thaf has
PicOutputFlag equal to 1 shall be present in the DPB at its DPB output time unless it is removéd from thel DPB
before its output time by one of the processes specified in subclause C.3.

For each current picture, the value of maxPicOrderCnt— minPicOrderCnt rshall be less | than
MaxPicOrderCntLsb / 2.

The value of DpbOutputlnterval[ n ] as given by Equation C-17, which is the differefice between the outpug time
of a picture and that of the first picture following it in output order and having PicOutputFlag equal to 1, shall
satisfy the constraint expressed in subclause A.4.1 for the profile, tier anddevel specified in the bitstream Jusing
the decoding process specified in clauses 2 through 10.

). For each current picture, when sub pic _cpb params in piC timing sei flag is equal to 1] let
tmpCpbRemovalDelaySum be derived as follows:

tmpCpbRemovalDelaySum = 0
for(1=0; 1 <num_decoding units_minusl; i++)
tmpCpbRemovalDelaySum += du_cpb renmioval delay increment minusl[i]+ 1

~

[21)

The value of ClockSubTick * tmpCpbRemovalDelaySum shall be equal to the difference between the nomital
CPB removal time of the current access unit and flie nominal CPB removal time of the first decoding unit infthe
current access unit in decoding order.

Decoder conformance

General
oder conforming to this Specification shall fulfil all requirements specified in this subclause.

toder claiming conformance-to a specific profile, tier and level shall be able to successfully decode all bitstfeams
onform to the bitstream ‘conformance requirements specified in subclause C.4, in the manner specified in Annex A,
ded that all VPSs, SPSs’and PPSs referred to in the VCL NAL units, and appropriate buffering period and pjcture
o SEI messages are conveyed to the decoder, in a timely manner, either in the bitstream (by non-VCL NAL ynits),
external meang not specified in this Specification.

| a bitstreaim\ocontains syntax elements that have values that are specified as reserved and it is specified that dedoders
ignore values of the syntax elements or NAL units containing the syntax elements having the reserved value$, and
tstregan s otherwise conforming to this Specification, a conforming decoder shall decode the bitstream in the|same
ef_as it would decode a conforming bitstream and shall ignore the syntax elements or the NAL units containifjg the

synta

clemments raving the Teserved vatues as specitied:

There are two types of conformance that can be claimed by a decoder: output timing conformance and output order
conformance.

To check conformance of a decoder, test bitstreams conforming to the claimed profile, tier and level, as specified in
subclause C.4 are delivered by a hypothetical stream scheduler (HSS) both to the HRD and to the decoder under test
(DUT). All cropped decoded pictures output by the HRD shall also be output by the DUT, each cropped decoded picture
output by the DUT shall be a picture with PicOutputFlag equal to 1, and, for each such cropped decoded picture output
by the DUT, the values of all samples that are output shall be equal to the values of the samples produced by the
specified decoding process.

For output timing decoder conformance, the HSS operates as described above, with delivery schedules selected only

from

the subset of values of SchedSelldx for which the bit rate and CPB size are restricted as specified in Annex A for
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the specified profile, tier and level, or with "interpolated" delivery schedules as specified below for which the bit rate and
CPB size are restricted as specified in Annex A. The same delivery schedule is used for both the HRD and the DUT.

When the HRD parameters and the buffering period SEI messages are present with cpb_cnt minusl| HighestTid ]
greater than 0, the decoder shall be capable of decoding the bitstream as delivered from the HSS operating using an
"interpolated" delivery schedule specified as having peak bit rate r, CPB size c¢(r), and initial CPB removal delay
(f(r)=+r) as follows:

o = ( r — BitRate[ SchedSelldx — 1 ]) + ( BitRate[ SchedSelldx ] — BitRate[ SchedSelldx — 1 ]), (C-22)
c(r)=a* CpbSize[ SchedSelldx |+ ( 1 —a) * CpbSize[ SchedSelldx — 1 ], (C-23)

f( r ) = o * InitCpbRemovalDelay[ SchedSelldx ] * BitRate[ SchedSelldx ] +
(1 — o) * InitCpbRemovalDelay[ SchedSelldx — 1 ] * BitRate[ SchedSelldx — 1 ] (C-24)

for any SchedSelldx > 0 and r such that BitRate[ SchedSelldx — 1] <= r <= BitRate[ SchedSelldx | such jthatfr and
c( r)[are within the limits as specified in Annex A for the maximum bit rate and buffer size for the specified\profil, tier
and lgvel.

NPTE 1 - InitCpbRemovalDelay[ SchedSelldx ] can be different from one buffering period to anothercand”have to pe re-
cglculated.

For agutput timing decoder conformance, an HRD as described above is used and the timing (relative to the delivery time
of thg first bit) of picture output is the same for both the HRD and the DUT up to a fixed delay,

For output order decoder conformance, the following applies:

—  The HSS delivers the bitstream BitstreamToDecode to the DUT "by demand! @rem the DUT, meaning that thdg HSS
Helivers bits (in decoding order) only when the DUT requires more bits to ptoceed with its processing.

NOTE 2 — This means that for this test, the coded picture buffer of the DUF could be as small as the size of the Jargest
decoding unit.

— A modified HRD as described below is used, and the HSS delivers the bitstream to the HRD by one ¢f the
tchedules specified in the bitstream BitstreamToDecode suchy'that the bit rate and CPB size are restricted as
specified in Annex A. The order of pictures output shall be the same for both the HRD and the DUT.

—  The HRD CPB size is given by CpbSize[ SchedSelldx ] as specified in subclause E.2.3, where SchedSelldx and the
HRD parameters are selected as specifieds~in  subclause C.1. The DPB size is givery by
sps_max_dec_pic_buffering minus1[ HighestTid }*+ 1. Removal time from the CPB for the HRD is the final bit
hrrival time and decoding is immediate. The operation of the DPB of this HRD is as described in subclauses|C.5.2
hrough C.5.2.3.

C.5.1 Operation of the output order DPB
C.5.2.1 General

The flecoded picture buffer contains’ picture storage buffers. Each of the picture storage buffers contains a de¢oded
pictufe that is marked as "used~for reference" or is held for future output. The process for output and removal of pi¢tures
from|the DPB as specified-in”subclause C.5.2.2 is invoked, followed by the invocation of the process for pjcture
decodling, marking, additional bumping, and storage as specified in subclause C.5.2.3. The "bumping" procg¢ss is
specified in subclause{C)5.2.4 and is invoked as specified in subclauses C.5.2.2 and C.5.2.3.

C.5.2.2 Output-and removal of pictures from the DPB

The ¢utput.and removal of pictures from the DPB before the decoding of the current picture (but after parsing thq slice
headg¢r ofithe first slice of the current picture) happens instantaneously when the first decoding unit of the accesp unit
conta'ining the current picture is removed from the CPB and proceeds as follows:

—  The decoding process for RPS as specified in subclause 8.3.2 is invoked.

— If the current picture is an IRAP picture with NoRaslOutputFlag equal to 1 that is not picture 0, the following
ordered steps are applied:

1. The variable NoOutputOfPriorPicsFlag is derived for the decoder under test as follows:

—  Ifthe current picture is a CRA picture, NoOutputOfPriorPicsFlag is set equal to 1 (regardless of the value
of no_output_of prior pics_flag).

—  Otherwise, if the value of pic width in luma samples, pic_height in luma samples, or
sps_max_dec pic_buffering minus1[ HighestTid ] derived from the active SPS is different from the value
of pic_width_in_luma_samples, pic_height in luma_samples, or
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sps_max_dec pic_buffering minus1[ HighestTid ], respectively, derived from the SPS active for the
preceding picture, NoOutputOfPriorPicsFlag may (but should not) be set to 1 by the decoder under test,

regardless of the value of no_output of prior pics flag.

NOTE - Although setting NoOutputOfPriorPicsFlag equal to no_output of prior pics flag is preferred
these conditions, the decoder under test is allowed to set NoOutputOfPriorPicsFlag to 1 in this case.

—  Otherwise, NoOutputOfPriorPicsFlag is set equal to no_output_of prior pics flag.

under

The value of NoOutputOfPriorPicsFlag derived for the decoder under test is applied for the HRD as follows:

—  If NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in the DPB are emptied without

output of the pictures they contain, and the DPB fullness is set equal to 0.

—  Otherwise (NoOutputOfPriorPicsFlag is equal to 0), all picture storage buffers containing a picture t

hat is

C.5.2

The processes specified in this subclause happen instantaneously when the last decoding unit of access unit n contg

the ct

For ¢
to Piq

The ¢
pictu

The d

Whet
repea

empty picture storage buffers in the DPB are emptied by repeatedly invoking the "bumping! p
specified in subclause C.5.2.4, and the DPB fullness is set equal to 0.

Dtherwise (the current picture is not an IRAP picture with NoRaslOutputFlag equal to 1), all picturestorage b
Containing a picture which are marked as "not needed for output" and "unused for reference" are_emptied (w
butput). For each picture storage buffer that is emptied, the DPB fullness is decremented by.dne-"When one or
bf the following conditions are true, the "bumping" process specified in subclause C.5¢2.4”is invoked reped
hile further decrementing the DPB fullness by one for each additional picture storage buffer that is emptied
none of the following conditions are true:

— The number of pictures in the DPB that are marked as "needed) for output" is greater
sps_max_num_reorder pics[ HighestTid ].

sps_max_latency_increase plusl[ HighestTid ] is not equal to 0 and there is at least one picture in the DPI
is marked as "needed for output" for which the associated variable PicLatencyCount is greater than or eq
SpsMaxLatencyPictures[ HighestTid ].

— The number of pictures in the DPB is greater than or equal
sps_max_dec pic buffering minus1[ HighestTid ] + 1.

.3 Picture decoding, marking, additional bumping,\and storage

irrent picture is removed from the CPB.

ach picture in the DPB that is marked as "needed for output”, the associated variable PicLatencyCount is set
LatencyCount + 1.

urrent picture is considered as decoded after the last decoding unit of the picture is decoded. The current de
e is stored in an empty picture-storage buffer in the DPB, and the following applies:

f the current decoded picture jhas PicOutputFlag equal to 1, it is marked as "needed for output” and its asso
bariable PicLatencyCounfis set equal to 0.

Dtherwise (the current décoded picture has PicOutputFlag equal to 0), it is marked as "not needed for output".
urrent decoded.picfure is marked as "used for short-term reference".

I one or more/of the following conditions are true, the "bumping" process specified in subclause C.5.2.4 is iny
tedly until'none of the following conditions are true:

[he number of pictures in the DPB that are marked as '"needed for output" is greater
pS-max_num_reorder pics[ HighestTid ].

marked as "not needed for output” and "unused for reference” are emptied (without output), and.all non-
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— sps_max latency increase plusl| HighestTid ] is not equal to 0 and there is at least one picture in the DPB that is
marked as "needed for output" for which the associated variable PicLatencyCount that is greater than or equal to
SpsMaxLatencyPictures| HighestTid ].

C.5.2.4 "Bumping" process

The "bumping" process consists of the following ordered steps:

1.

The picture that is first for output is selected as the one having the smallest value of PicOrderCntVal
pictures in the DPB marked as "needed for output".

of all

2. The picture is cropped, using the conformance cropping window specified in the active SPS for the picture, the

cropped picture is output, and the picture is marked as "not needed for output".

© ISO/IEC 2013 — All rights reserved

221


https://standardsiso.com/api/?name=7898a76f8f8e5aa08ba9964d35874254

ISO/IEC 23008-2:2013(E)

3.  When the picture storage buffer that included the picture that was cropped and output contains a picture marked
as "unused for reference", the picture storage buffer is emptied.
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Annex D

Supplemental enhancement information

(This annex forms an integral part of this Recommendation | International Standard)

General

This annex specifies syntax and semantics for SEI message payloads.

for ¢

SEI thessages assist in processes related to decoding, display or other purposes. However, SEI messages are not rejuired

nstructing the luma or chroma samples by the decoding process. Conforming decoders are not required to_pijocess

this ipformation for output order conformance to this Specification (see Annex C for the specification of ¢onformgnce).

Somg

SEI message information is required to check bitstream conformance and for output timing decodericonformance.

In supclause C.5.2, specification for presence of SEI messages are also satisfied when those messages. (or some subket of

them

are conveyed to decoders (or to the HRD) by other means not specified in this Specificatign.)When present |n the

bitstrpam, SEI messages shall obey the syntax and semantics specified in subclause 7.3.5 and-this annex. When the
contgnt of an SEI message is conveyed for the application by some means other than presénce within the bitstrearp, the
reprepentation of the content of the SEI message is not required to use the same syntax ‘specified in this annex. For the

purp

se of counting bits, only the appropriate bits that are actually present in the bitstream are counted.
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D.2 SEI payload syntax

D.2.1  General SEI message syntax

sei_payload( payloadType, payloadSize ) { Descriptor
if( nal_unit_type == PREFIX SEI NUT)
if( payloadType == 0)

buffering period( payloadSize )

else if( payloadType == 1)

pic_timing( payloadSize )

else 11( payloadlype == 2')

pan_scan_rect( payloadSize )

else if( payloadType == 3)

filler payload( payloadSize )

else if( payloadType == 4)

user data registered itu t t35( payloadSize )

else if( payloadType == 5)

user_data unregistered( payloadSize )

else if( payloadType == 6)

recovery point( payloadSize )

else if( payloadType == 9)

scene_info( payloadSize )

else if( payloadType == 15)

picture_snapshot( payloadSize )

else if( payloadType == 16)

progressive_refinement segment_start( payloadSize )

else if( payloadType == 17)

progressive refinement segment end((payloadSize )

else if( payloadType == 19)

film_grain characteristics( payloadSize )

else if( payloadType == 22)

post_filter hint( payleadSize )

else if( payloadType == 23)

tone_mapping~info( payloadSize )

else if( paylodddype == 45)

frame packing arrangement( payloadSize )

else if( payloadType == 47)

display orientation( payloadSize )

else if( payloadType == 128)

structure of pictures info( payloadSize )

else if( payloadType == 129)

active_parameter_sets( payloadSize )

else if( payloadType == 130)

decoding_unit_info( payloadSize )

else if( payloadType == 131)

temporal sub_layer zero index( payloadSize )

else if( payloadType == 133)

scalable nesting( payloadSize )

else if( payloadType == 134)
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region_refresh_info( payloadSize )

else

reserved_sei_message( payloadSize )
else /* nal unit type == SUFFIX SEI NUT */
if( payloadType == 3)

filler payload( payloadSize )

else if( payloadType == 4)

user data registered itu t t35( payloadSize )

else if( payloadType == 5)

user data unregistered( payloadSize )

else if( payloadType == 17)

progressive refinement segment end( payloadSize )

else if( payloadType == 22)

post_filter hint( payloadSize )

else if( payloadType == 132)

decoded picture hash( payloadSize )

else

reserved_sei_message( payloadSize )

if( more_data_in payload() ) {

if( payload extension_present( ) )

reserved_payload_extension_data u(v)
payload_bit_equal_to_one /* equal to 1 */ f(1)
while( !byte aligned( ) )

payload_bit_equal_to_zero /* equal to 0 */ f(1)
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D.2.2 Buffering period SEI message syntax

buffering period( payloadSize ) { Descriptor

bp_seq_parameter_set_id ue(v)

if( !sub_pic_hrd params present flag)

irap_cpb_params_present_flag u(l)
if( irap_cpb_params_present flag) {

cpb_delay_offset u(v)

dpb_delay_offset u(v)
j
concatenation_flag u(l)
au_cpb_removal_delay_delta_minusl u(v)

if( NalHrdBpPresentFlag ) {
for(1=0;1 <= CpbCnt; i++) {

nal_initial_cpb_removal_delay][ i ] u(v)

nal_initial cpb_removal_offset[ i ] u(v)

if( sub_pic_hrd params present flag || irap cpb params present flag)~{

nal_initial_alt_cpb_removal_delay] i | u(v)

nal_initial_alt_cpb_removal_offset| i | u(v)

}
if( VclHrdBpPresentFlag ) {

for(1=0;1 <= CpbCnt; i++) {

vel_initial_cpb_removal_delay| i ] u(v)

vel_initial_cpb_removal_offset][ i | u(v)

if( sub_pic_hrd params present flag || irap cpb params present flag) {

vel_initial_alt_cpb_remoyal delay] i | u(v)

vel_initial_alt_cpb_removal_offset[ i | u(v)

226 © ISO/IEC 2013 — All rights reserved


https://standardsiso.com/api/?name=7898a76f8f8e5aa08ba9964d35874254

ISO/IEC 23008-2:2013(E)

D.2.3  Picture timing SEI message syntax

pic_timing( payloadSize ) { Descriptor
if( frame_field info present flag) {
pic_struct u(4)
source_scan_type u(2)
duplicate_flag u(l)
H
if( CpbDpbDelaysPresentFlag ) {
—au_cpb_removal_delay_minusl )
pic_dpb_output_delay u(v)

if( sub_pic_hrd_params_present_flag )

pic_dpb_output_du_delay u(y)

if( sub_pic_hrd params present flag &&
sub_pic cpb params in pic timing sei flag) {
num_decoding_units_minus1 ue(v)

du_common_cpb_removal_delay_flag u(1)

if( du_common_cpb_removal delay flag)

du_common_cpb_removal_delay_increment_minusl u(v)

for(1=0;1 <= num_decoding_units minusl; i++) {

num_nalus_in_du_minus1[ 1] ue(v)

if( !du_common_cpb_removal delay flag && i<nu/décoding units minusl )

du_cpb_removal_delay_increment_minusl1[ i ] u(v)

D.2.4 Pan-scan rectangle SEI message'syntax

pan_scan_rect( payloadSize) Descriptor
pan_scan_rect_id ue(v)
pan_scan_rect_cancel flag u(l)

if( !pan_scan rect/cancel flag) {

pan_scan/cnt_minusl ue(v)

for({=)0; i <= pan_scan_cnt minusl;i++) {

pan_scan_rect_left offset[ i ] se(v)
pan_scan_rect_right_offset[ i | se(v)
pan_scan_rect_top_otfset[ 1] Se(V)
pan_scan_rect_bottom_offset[ i ] se(v)
}
pan_scan_rect_persistence_flag u(l)
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D.2.5 Filler payload SEI message syntax

filler_payload( payloadSize ) { Descriptor
for( k = 0; k < payloadSize; k++)
ff_byte /* equal to OXFF */ f(8)
}
D.2.6  User data registered by Rec. ITU-T T.35 SEI message syntax
user_data_registered_itu_t_t35( payloadSize ) { Descriptox
itu_t_t35_country_code b(8)
if( itu_t_t35_country_code != OxFF)
i=1
else {
itu_t_t35_country_code_extension_byte b(8)
i=2
}
do {
itu_t_t35_payload_byte b(8)
i++
} while( i < payloadSize )
b
D.2.7] User data unregistered SEI message syntax
user_data_unregistered( payloadSize ) { Descriptor
uuid_iso_iec_11578 u(128)
for(i=16; i < payloadSize; i++ )
user_data_payload_byte b(8)
i
D.2.§ Recovery point'SEI message syntax
recovery_oint( payloadSize ) { Descriptor
recovery_poc_cnt se(v)
exact_match_flag u(l)
broken—tink—flag uth
i
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D.2.9 Scene information SEI message syntax

scene_info( payloadSize ) { Descriptor

scene_info_present_flag u(l)

if( scene_info_present_flag ) {

prev_scene_id_valid_flag u(l)
scene_id ue(v)
scene_transition_type ue(v)

if( scene_transition_type > 3 )
seeend secene 1d ITYATAY
- AN

D.2.10 Picture snapshot SEI message syntax

picture_snapshot( payloadSize ) { Descriptor

snapshot_id ue(v)

D.2.11 Progressive refinement segment start SEI message syntax

progressive_refinement_segment_start( payloadSize ) { Descriptor
progressive_refinement_id ue(v)
pic_order_cnt_delta ue(v)

i

D.2.12 Progressive refinement segment'erid SEI message syntax

progressive_refinement_segment_end( payloadSize ) { Descriptor

progressive_refinement_id ue(v)
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D.2.13 Film grain characteristics SEI message syntax

film_grain characteristics( payloadSize ) { Descriptor
film_grain_characteristics_cancel_flag u(l)
if( !film_grain_characteristics cancel flag) {
film_grain_model_id u(2)
separate_colour_description_present_flag u(l)
if( separate colour description present flag) {
film_grain_bit_depth_luma_minus8 u(3)
film grain bit depth chroma minus8 u(3)
film_grain_full range flag u(l)
film_grain_colour_primaries u(8)
film_grain_transfer_characteristics u(®)
film_grain_matrix_coeffs 1(8)
}
blending_mode_id u(2)
log2_scale_factor u(4)
for(c=0;c<3;ct+t+)
comp_model present_flag[ c ] u(l)

for(c=0;c<3;ct+)
if( comp_model present flag[c]) {

num_intensity_intervals_minusl1| c | u(8)

num_model_values_minus1|[ c | u(3)

for(1=0;1 <= num_intensity intervals minusl[ c‘[; i++) {

intensity_interval_lower_bound[c ][ 1] u(8)
intensity_interval_upper_bound] c ][] u(8)
for(j=0;j <= num_model values\minusl[ c ]; j++)
comp_model value[ c ][ i][%} se(v)
§
}
film_grain_characteristicstpersistence_flag u(1)

D.2.14 Post-filter hint'SEI message syntax

post_filter hint( payloadSize ) { Descriptor
filter _hint_size_y ue(v)
filter_hint_size x ue(v)
filter_hint_type u(2)

for( cIdx = 0; cIdx < ( chroma_format idc == 0?1 :3); cldx++)
for( cy = 0; cy < filter_hint_size_y; cy ++)

for( cx = 0; cx < filter_hint_size_x; cX ++ )

filter_hint_value[ cIdx ][ cy ][ cx ] se(v)
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D.2.15 Tone mapping information SEI message syntax

tone_mapping_info( payloadSize ) { Descriptor
tone_map_id ue(v)
tone_map_cancel_flag u(l)

if( 'tone_map_cancel flag) {

tone_map_persistence_flag u(l)
coded_data_bit_depth u(8)
target_bit_depth u(8)
__ tone map meodel id ue(v)
if( tone_map model id == 0) {
min_value u(32)
max_value u(32)
} else if( tone_map model id == 1) {
sigmoid_midpoint u(32)
sigmoid_width u(32)

} else if( tone_map model id == 2)
for(1i=0;1<(1 << target bit depth);i++)

start_of coded_interval[ i ] u(v)
else if( tone map model id == 3) {
num_pivots u(16)

for(1=0; 1 <num_ pivots; i++) {

coded_pivot_value[ i ] u(v)

target_pivot_value[ i ] u(v)
}

} else if( tone_map model id == 4) {

camera_iso_speed_idc u(8)
if( camera_iso speed idc == EXTENDED ISO)

camera_iso_speed_value u(32)
exposure_index_idc u(8)
if( exposure index idc =5 EXTENDED ISO )

exposure_index/value u(32)
exposure_compensation_value_sign_flag u(l)
exposure_compensation_value_numerator u(16)
exposur€_compensation_value_denom_idc u(16)
ref_screen_luminance_white u(32)
extended_range_white_level u(32)
nominal_black_level_code_value u(16)
nominal_white_level_code_value u(16)
extended_white_level code_value u(lo)
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D.2.16 Frame packing arrangement SEI message syntax

frame packing arrangement( payloadSize ) { Descriptor
frame_packing_arrangement_id ue(v)
frame_packing_arrangement_cancel_flag u(l)

if( frame packing arrangement cancel flag) {

frame_packing_arrangement_type u(7)
quincunx_sampling_flag u(l)
content_interpretation_type u(6)
spatial flipping flag u(l)
frame(_flipped_flag u(1)
field_views_flag u(1)
current_frame_is_frame0_flag u(l)
frame(_self contained_flag u(l)
framel_self contained_flag u(l)

if( !quincunx_sampling flag && frame packing arrangement type != 5) {

frame0_grid_position_x u(4)
frame(_grid_position_y u(4)
framel_grid_position_x u(4)
framel_grid_position_y u(4)
H
frame_packing_arrangement_reserved_byte u(8)
frame_packing_arrangement_persistence_flag u(l)
}
upsampled_aspect_ratio_flag u(1)

D.2.17 Display orientation SEI message syntax

display orientation( payloadSize. ) Descriptor
display orientation_canecel_flag u(l)
if( !display_orientatiom~cancel flag) {
hor_flip u(l)
ver_flip u(l)
anticlockwise rotation u(16)
display ‘orientation_persistence_flag u(l)
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D.2.18 Structure of pictures information SEI message syntax

structure_of pictures_info( payloadSize ) { Descriptor
sop_seq_parameter_set_id ue(v)
num_entries_in_sop_minusl ue(v)

for(i=0;1 <= num_entries_in_sop minusl; i++) {

sop_vel_nut[i] u(6)
sop_temporal_id[ i ] u(3)
if( sop_vel nut[i] != IDR W _RADL && sop vcl nut[i] != IDR N LP)

sop_short term_rps idx[i] ue(v)
if(i>0)

sop_poc_delta[ i ] se(y)

D.2.19 Decoded picture hash SEI message syntax

decoded picture hash( payloadSize ) { Descriptor
hash_type u(g)
for( cIdx = 0; cldx < ( chroma_format idc == 07?1 :3); cldx++,)

if( hash type == 0)
for(1=0;1<16;i++)

picture_md5[ cldx ][ 1] b(8)
else if( hash type == 1)
picture_crc[ cldx ] u(16)
else if( hash type == 2)
picture_checksum| cldx | u(32)

D.2.20 Active parameter sets SEI message syntax

active parameter sets(-payloadSize ) { Descriptor
active_video_parameter_set_id u(4)
self contaified”’cvs_flag u(l)
no_parvanieter_set_update_flag u(l)
num=ssps_ids_minus1 ue(v)

for(i=0;1 <= num_sps_ids minusl; i++)
active seq pal:amnfnv setidl 11 uelsn)
— - -— — L I AN
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D.2.21 Decoding unit information SEI message syntax

decoding unit_info( payloadSize ) { Descriptor

decoding_unit_idx ue(v)

if( !'sub_pic_cpb_params_in_pic_timing_sei_flag )

du_spt_cpb_removal_delay_increment u(v)

dpb_output_du_delay_present_flag u(1)

if( dpb_output_du_delay_present_flag )

pic_spt_dpb_output_du_delay u(v)

D.2.22 Temporal sub-layer zero index SEI message syntax

temporal_sub layer zero_ index( payloadSize ) { Descriptor
temporal_sub_layer_zero_idx u(8)
irap_pic_id u(8)

|

D.2.23 Scalable nesting SEI message syntax

scalable nesting( payloadSize ) { Descriptor
bitstream_subset_flag u(l)
nesting_op_flag u(l)
if( nesting_op_flag) {
default_op_flag u(l)
nesting_num_ops_minusl ue(v)

for( 1= default op flag;i <= nesting, 'num ops minusl; i++) {

nesting_max_temporal_id_plus1[ i ] u(3)
nesting_op_idx[ i ] ue(v)
}
} else {
all_layers_flag u(l)
if( lall layersflag ) {
nesting/no_op_max_temporal_id_plusl u(3)
nesting_num_layers_minusl ue(v)

for(1=0;1 <= nesting num_layers minusl; i++)

nesting_layer_id[ i ] u(6)
;
}
while( !byte aligned( ) )
nesting_zero_bit /* equal to 0 */ u(l)
do

sei_message( )

while( more rbsp data( ) )
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D.2.24 Region refresh information SEI message syntax

region_refresh_info( payloadSize ) { Descriptor

refreshed_region_flag u(1)

D.2.25 Reserved SEI message syntax

reserved sei_message( payloadSize ) { Descriptor
for(i=0; i < payloadSize; i++ )
reserved_sei_message payload_byte b(8)
b

D.3 SEI payload semantics

D.3.1 General SEI payload semantics

resenjved_payload_extension_data shall not be present in bitstreams conforming-to this version of this Specificption.
Howgver, decoders conforming to this version of this Specification shall ignore the presence and valge of
reseryed payload extension data. When present, the length, in bits, of reserved payload extension data is eqyal to
8 * ppyloadSize — nEarlierBits — nPayloadZeroBits — 1, where nEarlierBits\is the number of bits in the sei paylpad( )
syntai structure that precede the reserved payload extension data syntax €lement, and nPayloadZeroBits is the nymber
of pajyload bit equal to zero syntax elements at the end of the sei payload( ) syntax structure.

paylead_bit_equal_to_one shall be equal to 1.

payload_bit_equal_to_zero shall be equal to 0.

NPTE 1 — SEI messages with the same value of payloadTyp¢'are conceptually the same SEI message regardless of whethdr they
aie contained in prefix or suffix SEI NAL units.

NPTE 2 — For SEI messages with payloadType insthe range of 0 to 47, inclusive, that are specified in this Specificatidn, the
p3yloadType values are aligned with similar SEI miessages specified in Rec. ITU-T H.264 | ISO/IEC 14496-10.

The demantics and persistence scope for eaCh,SEI message are specified in the semantics specification for each partjcular
SEI rhessage.
NPTE 3 — Persistence information fof"SEI messages is informatively summarized in Table D-1.
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