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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.

The main task of the joint technical committee is to prepare International Standards. Draft International Standards
ernational

Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention |s drawn to the possibility that some of the elements of this document may be the subject of patent fights. ISO
and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/TEC 23008-2 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, in collaboration
with ITU-[.

This part pf ISO/IEC 23008 is technically aligned with Rec. ITU-T H.265 (04/2013) but is not published ak identical
text.
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0 Introduction

0.1 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
video representation with substantially increased coding efficiency and enhanced robustness to network environments.
Toward these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group

(MPEG) formed a Joint Collaborative Team on Video Coding (JCT-VC) in 2010 for development
Recommepdation | International Standard. This Recommendation | International Standard was developed.iinthg

0.3 H

urpose

of a new
JCT-VC.

This Recommendation | International Standard was developed in response to the growing need-for higher compression of

moving p

internet stfeaming, and communications. It is also designed to enable the use of the-coded video represen|

flexible m|

and decodjing devices. The use of this Recommendation | International Standard allews motion video to be nj

as a form
networks 3

0.4 A

This Recd
including

ctures for various applications such as videoconferencing, digital storage media, television br
anner for a wide variety of network environments as well as to enable the’use’ of multi-core paralle

pf computer data and to be stored on various storage media, transmitted’and received over existing
nd distributed on existing and future broadcasting channels.

(pplications

mmendation | International Standard is designed to cover a broad range of applications for vid
but not limited to the following:

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

Content production and distribution

Digital cinema

Home cinema

nternet streaming, dowfiload and play

Medical imaging

Mobile streaming; broadcast and communications

Real-timg(conversational services (videoconferencing, videophone, telepresence, etc.)

Remote)video surveillance

adcasting,
ation in a
| encoding
anipulated
and future

PO content

Rtorage media (ontical disks digital video tane recorder. _etc)
(=] AN i v [=) r b 7

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.
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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 "profile" is a subset of the entire bitstream syntax that is specified in this Recommendation | International Standard.
Within the bounds imposed by the syntax of a given profile it is still possible to require a very large variation in the
performan oders—andc ders dmre vattes—ts y-symta s ttstreatmrguch as the
specified gize of the decoded pictures. In many applications, it is currently neither practical nor economic to Tmplement a
decoder cqpable of dealing with all hypothetical uses of the syntax within a particular profile.

In order td deal with this problem, "tiers" and "levels" are specified within each profile. A level of 4 tier is a sfecified set
of constrajnts imposed on values of the syntax elements in the bitstream. These constraints may be simpl¢ limits on
values. Alternatively they may take the form of constraints on arithmetic combinations of~values (e.g. pidture width
multiplied| by picture height multiplied by number of pictures decoded per second). A levelspecified for a Iqwer tier is
more consfrained than a level specified for a higher tier.

Coded video content conforming to this Recommendation | International Standard\dsés a common syntax. In order to
achieve a pubset of the complete syntax, flags, parameters, and other syntax elgments are included in the bitdtream that
signal the presence or absence of syntactic elements that occur later in the bitstream.

0.7 verview of the design characteristics

The coded representation specified in the syntax is designed to enable’a high compression capability for a desfired image
or video quality. The algorithm is typically not lossless, as the\exact source sample values are typically not| preserved
through the encoding and decoding processes. A number“of techniques may be used to achieve highly efficient
compressipn. Encoding algorithms (not specified in this Rééommendation | International Standard) may sele¢t between
inter and fntra coding for block-shaped regions of each ‘picture. Inter coding uses motion vectors for block-ased inter
prediction| to exploit temporal statistical dependencies between different pictures. Intra coding uses varigus spatial
prediction|modes to exploit spatial statistical depéndencies in the source signal for a single picture. Motion vectors and
intra prediction modes may be specified for a wariety of block sizes in the picture. The prediction residual mpy then be
further compressed using a transform to remove spatial correlation inside the transform block before it is [quantized,
producing|a possibly irreversible process.that typically discards less important visual information while forming a close
approximgtion to the source samplés.)Finally, the motion vectors or intra prediction modes may also [be further
compressdd using a variety of prediction mechanisms, and, after prediction, are combined with the quantized transform
coefficienf information and encoded using arithmetic coding.

0.8 How to read this'Specification

It is sugggsted that/the reader starts with clause 1 (Scope) and moves on to clause 3 (Definitions). Clause 6{should be
read for the geometrical relationship of the source, input, and output of the decoder. Clause 7 (Syntax and pemantics)
specifies the ordér to parse syntax elements from the bitstream. See subclauses 7.1-7.3 for syntactical ordpr and see
subclause [7:4<for semantics; e.g. the scope, restrictions, and conditions that are imposed on the syntax elethents. The
actual parsing for most synfax elements 1s specified in clause 9 (Parsing process). Clause 10 (Sub-bitstream extraction
process) 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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INTERNATIONAL STANDARD

1

heterogeneous environments —

Part 2: High efficiency video coding

Scope

This document specifies High efficiency video coding.

2

2.1

The folloying Recommendations and International Standards contain provisions which, through feference i
constitute [provisions of this Recommendation | International Standard. At the time of publication;jthe edition
were valigl. All Recommendations and Standards are subject to revision, and parties toCagreements bas
Recommepdation | International Standard are encouraged to investigate the possibility~0f)applying the nj
edition of|the Recommendations and Standards listed below. Members of IEC and ISO mfaintain registers o
valid Intefnational Standards. The Telecommunication Standardization Bureau of the'FI'U maintains a list o
valid ITU{T Recommendations.

2.2

2.3

2.4

3

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

31

3.2

3.3

34
3.5

Normative references

ISO/IEC 23008-2:2013(E)

Information technology — High efficiency coding and media delivery in

General

Iflentical Recommendations | International Standards

+ None.

Haired 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 no
facilities.

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

+ ISO 11664-1: in force, Colorimetry — Part 1: CIE standard colorimetric observers.

+ ISO 12232: in ferce, Photography — Digital still cameras — Determination of exposure index,
ratings, standard-output sensitivity, and recommended exposure index.

+ IETF RFC1321 (in force), The MD5 Message-Digest Algorithm.

Definitions

) this text,

indicated
bd on this
ost recent
[ currently
[ currently

h-standard

Procedure

/SO speed

access unit: A set of NAL units that are associated with each other according to a specified classification rule,

are consecutive in 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 ¢
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
dimensions is non-zero.

ontain non-

of the two

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
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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
two motion vectors and reference indices to predict the sample values of each block.

m: A sequence of bits, in the form of a NAL uni eqm o resentation

f 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 picturées in decogling order
may contain serious visual artefacts due to unspecified operations performed in the generation of the pitstream.

broken link access (BLA) access unit: An access unit in which the coded picturé’is-a BLA picture.

broken link access (BLA) picture: An /RAP picture for which each VCL NAL unit has nal unit_type equal 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 decodifig order, or
may appear later in the bitstream. Each BLA picture begins a new, EV)S, and has the same effect on tlie decoding
process as an IDR picture. However, a BLA picture contains syntax elements that specify a non-empty RPS. When a
BLA picture for which each VCL NAL unit has nal unit type equal to BLA W _LP, it may have assoclated RASL
pictures, which are not output by the decoder and may not beddecodable, as they may contain referenceq to pictures
that are not present in the bitstream. When a BLA pictureyfop’ which each VCL NAL unit has nal unit_type equal to
BLA_ W_LP, it may also have associated RADL pictures, which are specified to be decoded. When a BLA picture for
which each VCL NAL unit has nal unit_type equal. te\BLA_ W_RADL, it does not have associated RASL pictures
but may have associated RADL pictures. When a BLA picture for which each VCL NAL unit has nal uni{ type equal
to BLA N_LP, it does not have any associated.Jeading pictures.

buffering period: The set of access units. starting with an access unit that contains a buffering period SEI
message and containing all subsequent @cééss units in decoding order up to but not including the rfext access
nit (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 leff-most and
ight-most bits represent the most’and least significant bits, respectively.

hyte-aligned: A position in a bitstream is byte-aligned when the position is an integer multiple of § bits from
he position of the firstibit in the bitstream, and a bit or byte or syntax element is said to be byte-aligned when
he position at which.it/appears in a bitstream is byte-aligned.

hyte stream: Amencapsulation of a NAL unit stream containing start code prefixes and NAL units ap specified
n Annex B:

fan: A<enm used to refer to behaviour that is allowed, but not necessarily required.

thfoma: An adjective, represented by the symbols Cb and Cr, specifying that a sample array or single sample
Wﬁ*‘ﬂn@_@iﬂ;@_tmglgupdﬁfgr@nﬂp cigna]c related to the. pr%mqry colours

NOTE 3 — The term chroma is used rather than the term chrominance in order to avoid the implication of the use of
linear light transfer characteristics that is often associated with the term chrominance.

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 5 — An IRAP access unit may be an IDR access unit, a BLA access unit, or a CRA access unit. The value of
NoRaslOutputFlag is equal to 1 for each IDR access unit, each BLA access unit, and each CRA access unit that is the
st-aeeess-titH-the-bitstreamin-decoding-order—is-the aeeess-tit-thatfolewsanend-ofsequenee NAL unit in
decoding order, or has HandleCraAsBlaFlag equal to 1.

foding block: An NxN block of samples for some value of N such that the division of a coding)treel block into
oding blocks is a partitioning.

toding tree block: An NxN block of samples for some value of N such that the division of a compgonent into

Foding tree blocks is a partitioning.

oding tree unit: A coding tree block of luma samples, two corresponding coding tree blocks pf chroma
amples of a picture that has three sample arrays, or a coding tree block of,samples of a monochrome picture
r a picture that is coded using three separate colour planes and syntax stiuctures used to code the saI‘nples.

oding unit: A coding block of luma samples, two corresponding~coding blocks of chroma sampples of a
picture that has three sample arrays, or a coding block of samples«of*a monochrome picture or a picfure that is
oded using three separate colour planes and syntax structures used to code the samples.

omponent: An array or single sample from one of the-thtee arrays (luma and two chroma) that ompose 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 composg a picture
n monochrome format.

ontext variable: A variable specified for the~adaptive binary arithmetic decoding process of a|bin by an
bquation containing recently decoded bins.

ropped decoded picture: The result efcropping a decoded picture based on the conformanc¢ cropping
window specified in the SPS that is referted to by the corresponding coded picture.

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

ecoded picture buffer (DPB): A buffer holding decoded pictures for reference, output reordering, or output
lelay specified for the hypothetical reference decoder in Annex C.

Eecoder: An embodiment of a decoding process.

ecoder undervtest (DUT): A decoder that is tested for conformance to this Specification by opgrating the
iypothetical~stream scheduler to deliver a conforming bitstream to the decoder and to the hypothetical
eferencedecoder and comparing the values and timing or order of the output of the two decoders.

ecoding process: The process specified in this Specification that reads a bitstream and derivds decoded
pictures from it.

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

decoding unit: An access unit if SubPicHrdFlag is equal to 0 or a subset of an access unit 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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3.62
3.63
3.64
3.65

3.66
3.67

3.68

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

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.

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

requency index: A one-dimensional or two-dimensional index associated with a transform coeffici¢nt prior to
in inverse transform part of the decoding process.

hypothetical reference decoder (HRD): A hypothetical decoder model that specifics constraipts on the
ariability of conforming NAL unit streams or conforming byte streams that an encoding process may produce.

hypothetical stream scheduler (HSS): A hypothetical delivery mechanism~used for chdcking the
onformance of a bitstream or a decoder with regards to the timing and data. flow of the input of 4 bitstream
nto the hypothetical reference decoder.

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

]:formative: A term used to refer to content provided in this* Specification that does not estpblish any
andatory requirements for conformance to this Specificatiofivand thus is not considered an integral part of this
Bpecification.

nstantaneous decoding refresh (IDR) access unit:\An access unit in which the coded picture|is an IDR
picture.

nstantaneous decoding refresh (IDR) pieture: An /RAP picture for which each VCL NAL unit has
nal_unit type equal to IDR. W_RADL or IDR N LP.

NOTE 7 — An IDR picture contains only.¥ slices, and may be the first picture in the bitstream in decodipg order, or
may appear later in the bitstream. Each IDR picture is the first picture of a CVS in decoding order. When an IDR
picture for which each VCL NAL unit has nal unit type equal to IDR_ W _RADL, it may have associpted RADL
pictures. When an IDR picture-for which each VCL NAL unit has nal_unit_type equal to IDR_N_LP, it ddes not have
any associated leading pictures. An IDR picture does not have associated RASL pictures.

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

nter prediction: A(prediction derived in a manner that is dependent on data elements (e.g. sampl¢ values or
otion vectors) of pictures other than the current picture.

ntra coding?)Coding of a coding block, slice, or picture that uses intra prediction.
ntra prediction: A prediction derived from only data elements (e.g. sample values) of the same decpded slice.

ntra‘random access point (IRAP) access unit: An access unit in which the coded picture is an IRAP picture.

i i : z " unit_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.

evel: A defined set of constraints on the values that may be taken by the syntax elements and variables of this
Bpecification, 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 6f each lejvel being in
common across different profiles. Individual implementations may, within the specified' ¢onstraints} support a
different level for each supported profile.

list 0 (list 1) motion vector: A motion vector associated with a reference index polnting into referefce picture
ist 0 (list 1).

list 0 (list 1) prediction: Inter prediction of the content of a slice using-a reference index pojnting into
eference picture list 0 (list 1).

ong-term reference picture: A picture that is marked as "used forlong-term reference".
ong-term reference picture set: The two RPS lists that may contain long-term reference pictures.
Juma: An adjective, represented by the symbol or subsctipt) Y or L, specifying that a sample arra} or single

ample is representing the monochrome signal related to the primary colours.

NOTE 11 — The term luma is used rather than the term)jluminance in order to avoid the implication of the yse of linear
light transfer characteristics that is often associated with the term luminance. The symbol L is sometimes fised instead
of the symbol Y to avoid confusion with the syifibol y as used for vertical location.

may: A term that is used to refer to behavioui‘that is allowed, but not necessarily required.
NOTE 12 — In some places where the 'optional nature of the described behaviour is intended to be emphasized, the
phrase "may or may not" is used to provide emphasis.

motion vector: A two-dimensional~vector used for inter prediction that provides an offset from the doordinates
n the decoded picture to the-coordinates in a reference picture.

ust: A term that is used in expressing an observation about a requirement or an implication of a r¢quirement
hat is specified elsewhere in this Specification (used exclusively in an informative context).

ested SEI message: An SEI message that is contained in a scalable nesting SEI message.

etwork ahstraction layer (NAL) unit: A syntax structure containing an indication of the type|of data to
ollow and Ybyfes containing that data in the form of an RBSP interspersed as necessary with|emulation
revention bytes.

etwork 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", it can
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).

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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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
arrays of chroma samples in 4:2:0, 4:2:2, and 4:4:4 colour format.

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.

bicture parameter set (PPS): A syntax structure containing syntax elements that apply to zere, Or thore entire
oded pictures as determined by a syntax element found in each slice segment header.

bicture order count: A variable that is associated with each picture, uniquely identifi€s.the associated picture
imong all pictures in the CVS, and, when the associated picture is to be output from-the decoded picture buffer,
ndicates the position of the associated picture in output order relative to the outpiit-prder positions df the other
pictures in the same CVS that are to be output from the decoded picture buffer.

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

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

brediction unit: A prediction block of luma samples, two, eorresponding prediction blocks of chronpa samples
f a picture that has three sample arrays, or a prediction. block of samples of a monochrome picture qr a picture
that is coded using three separate colour planes and»$yntax structures used to predict the predidtion block
amples.

bredictive (P) slice: A sl/ice that may be decoded using intra prediction or inter prediction using af most one
notion vector and reference index to prediot the sample values of each block.

bredictor: A combination of specified values or previously decoded data elements (e.g. sampl¢ value or
motion vector) used in the decoding process of subsequent data elements.

brefix SEI message: An SEL-hiessage that is contained in a prefix SEI NAL unit.
brefix SEI NAL unit: An'SEI NAL unit that has nal unit type equal to PREFIX SEI NUT.
profile: A specified Subset of the syntax of this Specification.

quadtree: A trée 17 which a parent node can be split into four child nodes, each of which may becqme parent
hode for another split into four child nodes.

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

random access: The act of starting the decoding process for a bitstream at a point other than the beginning of
the.stream.

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

raw byte sequence payload (RBSP) stop bit: A bit equal to 1 present within a raw byte sequence payload
RBSP) after a string of data bits, for which the location of the end within an RBSP can be Ad¢ntified by
earching 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/represgntation 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-termlyéference picture.

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

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

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

reference picture list 0: The reference picture list used for inter prediction of a P or the first referefce picture
ist 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 referénce pictures associated with a picture, consisting of al] reference
pictures that are prior to the associated picture in decoding order, that may be used for inter predidtion of the
issociated picture or any picture following the associated picture in decoding order.

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

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

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

ample aspect ratio: The ratio between the intended horizontal distance between the columns and the intended
bertical distance between the rows of the luma sample array in a picture, which is specified for agsisting the
lisplayprocess (not specified in this Specification) and expressed as A:v, where 4 is the horizontal width and v
s the\vertical height, in arbitrary units of spatial distance.

1 Tl £ i P P £ £ {5 ad 4] Lo lo foat 14s 1aa £ £ ; t
L.~ TTC PIrUOCUSS UT OO PT y IS 7 AriS jOT I COTICITHTIT VS Uy d TaCtO TOUSUTUIITE T 7 UTiS JOT 17T UT wcients.

sequence parameter set (SPS): A synfax structure containing syntax elements that apply to zero or more
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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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
coding tree units represented in the slice segment.

_ Fro-deseribe-tie-vid o o o et e

tart code prefix: A unique sequence of three bytes equal to 0x000001 embedded in the byte stream|as a prefix
o each NAL unit.
NOTE 22 — The location of a start code prefix can be used by a decoder to identify the beginning of a nefw NAL unit
and the end of a previous NAL unit. Emulation of start code prefixes is prevented within-NAL units by the inclusion
of emulation prevention bytes.

tep-wise temporal sub-layer access (STSA) access unit: An access unit in' which the coded pigture is an
NTSA picture.

tep-wise temporal sub-layer access (STSA) picture: A coded picture or which each VCL NAlL unit has
hal 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 intdr prediction
reference. Pictures following an STSA picture in decoding orderwith the same Temporalld as the STSA picture do
not use pictures prior to the STSA picture in decoding order-with the same Temporalld as the STSA pictfire for inter
prediction reference. An STSA picture enables up-switching, at the STSA picture, to the sub-layer coptaining the
STSA picture, from the immediately lower sub-layer. STSA pictures must have Temporalld greater than 0

tring of data bits (SODB): A sequence of some ntimber of bits representing syntax elements presept within a
aw byte sequence payload prior to the raw byte sequence payload stop bit, where the left-mhost bit is
onsidered to be the first and most significant bit, and the right-most bit is considered to be the last and least
ignificant bit.

ub-bitstream extraction process: A specified process by which NAL units in a bitstream that do hot belong
o0 a target set, determined by a target’highest Temporalld and a target layer identifier list, are rempved from
the bitstream, with the output sub=bitstream consisting of the NAL units in the bitstream that belpng to the
arget set.

ub-layer: A temporal scalable layer of a temporal scalable bitstream, consisting of VCL NAL ugits with a
particular value of the~Femporalld variable and the associated non-VCL NAL units.

ub-layer non-reference 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-24 — Samples of a sub-layer non-reference picture may be used for inter prediction in the decoding process of
subsequent pictures of higher sub-layers in decoding order.

ub-layer reference picture: A picture that contains samples that may be used for inter predicfion in the
lecoding 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 process of
subsequent pictures of higher sub-layers in decoding order.

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 fier and level would be

capable of decoding all bitstreams that conform to the same tier or the lower fier of that level or any level
helow it

ile: A rectangular region of coding tree blocks within a particular tile column and a particuldr #lp row in a
picture.

ile column: A rectangular region of coding tree blocks having a height equal to the heightlef the pi¢ture and a
idth specified by syntax elements in the picture parameter set.

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

ile scan: A specific sequential ordering of coding tree blocks partitioning a picture in which the doding tree
blocks are ordered consecutively in coding tree block raster scan in a file'whereas tiles in a picture dre ordered
onsecutively in a raster scan of the tiles of the picture.

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

NOTE 27 — Trailing pictures associated with an IRAP pjetute also follow the IRAP picture in decdding order.
Pictures that follow the associated IRAP picture in output'order and precede the associated IRAP picture jin decoding
order are not allowed.

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

ransform 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 th¢ decoding
process.

ransform coefficient level: An.integer quantity representing the value associated with a| particular
wo-dimensional frequency indexi-in the decoding process prior to scaling for computation of a|tzransform
oefficient value.

ransform unit: A transform block of luma samples of size 8x8, 16x16, or 32x32 or four transforn} blocks of
uma samples of size 4x4; two corresponding transform blocks of chroma samples of a picture that has three
ample arrays, or a.fransform block of luma samples of size 8x8, 16x16, or 32x32 or four transformy blocks of
uma samples of size 4x4 of a monochrome picture or a picture that is coded using three separate colour planes
ind syntax strdictures used to transform the transform block samples.

ree: A tree is a finite set of nodes with a unique root node.

nique identifiers.

Fniversal unique identifier (UUID): An identifier that is unique with respect to the space of al| universal

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

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 Deceder
HSS Hypothetical Stream Scheduler
I Intra

IDR Instantaneous, Decoding Refresh
IRAP Intra Randem Access Point
LPS Least-Probable Symbol

LSB Least 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)

10 © ISO/IEC 2013 — All rights reserved
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RBSP Raw Byte Sequence Payload
RPS Reference Picture Set
SEI Supplemental Enhancement Information
SODB String Of Data Bits
SPS Sequence Parameter Set
STSA Step-wise Temporal Sub-layer Access
TB Transform Block
TR Truncated Rice
TSA Temporal Sub-layer Access
TU Transform Unit
UUID Universal Unique Identifier
VBR Variable Bit Rate
VCL Video Coding Layer
VPS Video Parameter Set
VUI Video Usability Information
5 (onventions
5.1 General
NOTE } The mathematical operators used in this Specification are{similar to those used in the C programming language.
Howevgr, the results of integer division and arithmetic shift operations are defined more precisely, and additional operations are
defined] such as exponentiation and real-valued division. Numbefing and counting conventions generally begin from 0
5.2 Arithmetic operators
The following arithmetic operators are defined as_follows:
+ Addition
- Subtraction (as a two-argument operator) or negation (as a unary prefix operator)
* Multiplication, including matrix multiplication
X’ Exponentiation. Specifies x to the power of y. In other contexts, such notation is used for supgrscripting
not intended(forinterpretation as exponentiation.
/ Integer division with truncation of the result toward zero. For example, 7 / 4 and —7 / —4 ar¢ truncated
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 intend¢d.
X Used to denote division in mathematical equations where no truncation or rounding is intend¢d.
y
Zy: f (i) The summation of f{( i) with i taking all integer values from x up to and including 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.
5.3 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".

© ISO/IEC 2013 — All rights reserved
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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.

Not equal to.

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

5.5 Bit-wise operators

The following bit-wise operators are defined as follows:

&

5.6 Assignment operators

The following arithmetic operaters‘are defined as follows:

++

Bit-wise "and". When operating on integer arguments, operates on atwo's complement rep
of the integer value. When operating on a binary argument thay contains fewer bits th
argument, the shorter argument is extended by adding more significant bits equal to 0.

Bit-wise "or". When operating on integer arguments, operatés’on a two's complement repres
the integer value. When operating on a binary argument that contains fewer bits than another
the shorter argument is extended by adding more significant bits equal to 0.

Bit-wise "exclusive or". When operating on infeger arguments, operates on a two's ¢
representation of the integer value. When operating on a binary argument that contains fewe

another argument, the shorter argument is exténded by adding more significant bits equal to (.

"na" (not
bonsidered

resentation
in another

entation of
argument,

mplement
r bits than

Arithmetic right shift of a two's compléient integer representation of x by y binary djigits. This

function is defined only for non-negative integer values of y. Bits shifted into the MSBs as
the right shift have a value equal to the MSB of x prior to the shift operation.

Arithmetic left shift of a two's complement integer representation of x by y binary digits. Th
is defined only for non-negatiye integer values of y. Bits shifted into the LSBs as a result
shift have a value equal te(0,

Assignment dperator.

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

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

a result of

s function
of the left

alue of the

e value of

I 1 4 L, B . R - 1 — — 1 n N
HICICINCIU Uy dIUUIIt SPCUITICU, 1.T A= 515 CHUUIVAICIIU TU A= X1 J, dlIl X "T—= (7J) IS

tox =x+(-3).

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

5.7 Range notation

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

X=Yy.z

12

equivalent

equivalent

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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The following mathematical functions are defined:

ISO/IEC 23008-2:2013(E)

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 5 z<Xx
Clipd(x.%.2)= 1y ; z>y (5-5)
tz ;  otherwise
Flopr( x ) the largest integer less than or equal to x. (5-6)
Log2( x ) the base-2 logarithm of x. (5-7)
Log10( x )the base-10 logarithm of x. (5-8)
. <=
Mip(x,y)=4" Y (5-9)
y o5 x>y
. S—
Max(x,y)=1 ° 7 (5-10)
y 5 X<y
Ropnd( x ) = Sign( x ) * Floor( Abs(x)+0.5) (5-1D)
I ; x>0
Sigh(x)=30 ; x=0 (5-12)
-1 ; x<0
Sqft( x ) = vx (5-13)
Swhp(x,y) =(y,x) (5-14)
5.9 ()rder of operation preceédence
When ord¢r of precedence in an gXpression is not indicated explicitly by use of parentheses, the following ruleg apply:
—  Operijtions of a higher precedence are evaluated before any operation of a lower precedence.
—  Operijtions of the sarhe precedence are evaluated sequentially from left to right.
Table 5-1 ppecifies thelprecedence of operations from highest to lowest; a higher position in the table indicat¢s a higher
precedencg.
NOTE } For'thése operators that are also used in the C programming language, the order of precedence used in this Specification
is the sgmed@s used in the C programming language.

© ISO/IEC 2013 — All rights reserved
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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— —"

non_

"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), " Zf(l) "

510

Syntax elg
case letter|
behaves a
value of a

In some {
variables
underscor
structure 4
process fo
with a low

In some d
numerical
values and

"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"

"y = yu’ " 4= y

" n
)

X =y

[ariables, syntax elements, and tables

ments in the bitstream are represented_in-bold type. Each syntax element is described by its name
5 with underscore characters), and oneydescriptor for its method of coded representation. The decodi
cording to the value of the syntax €lement and to the values of previously decoded syntax elemen
syntax element is used in the syhtax tables or the text, it appears in regular (i.e. not bold) type.

ases the syntax tables may-use the values of other variables derived from syntax elements va
Ippear in the syntax tables, or text, named by a mixture of lower case and upper case letter and W

characters. Variables ‘starting with an upper case letter are derived for the decoding of the cury
nd all depending(syntax structures. Variables starting with an upper case letter may be used in th
I later syntax structures without mentioning the originating syntax structure of the variable. Variab
er case lettér/are only used within the subclause in which they are derived.

ases, "mnhemonic" names for syntax element values or variable values are used interchangeably
values) Sometimes "mnemonic" names are used without any associated numerical values. The ass

(all lower
hg process
s. When a

ues. Such
ithout any
ent syntax

decoding
es starting

with their
ciation of

ndnies is specified in the text. The names are constructed from one or more groups of letters sepatjated by an

underscore character. Each group starts with an upper case Ietter and may contain more upper case letters.

NOTE - The syntax is described in a manner that closely follows the C-language syntactic constructs.

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 more
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 described 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).

14
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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.

Binary notation is indicated by enclosing the string of bit values by single quote marks. For example, '01000001'
represents an eight-bit string having only its second and its last bits (counted from the most to the least significant bit)
equal to 1

Hexadecirpal notation, indicated by prefixing the hexadecimal number by "0x", may be used instead oftbinagy notation
when the pumber of bits is an integer multiple of 4. For example, 0x41 represents an eight-bit string: having only its
second andl its last bits (counted from the most to the least significant bit) equal to 1.

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

A value egual to 0 represents a FALSE condition in a test statement. The value TRUR s represented by|any value
different ffom zero.

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

if( condition 0 )
ktatement 0

se if( condition 1)
statement 1

[¢]

e|se /* informative remark on remaining condition“*/
Ktatement n

may be depcribed in the following manner:

.. as follows / ... the following applies:

+  Ifcondition 0, statement 0

+  Otherwise, if condition\L/statement 1

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| following
applies" ijnmediately foHowed by "If ... ". The last condition of the "If ... Otherwise, if ... Otherwise, ..." is|always an
"Otherwisg, ...". Interleaved "If ... Otherwise, if ... Otherwise, ..." statements can be identified by matching "... as

follows" or "... the.following applies" with the ending "Otherwise, ...".

In the text] aStdtement of logical operations as would be described mathematically in the following form:

if( condition 0a && condition Ob )
statement 0

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 Ob

—  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

if( condition 1)

statement 1

may be depcribed in the following manner:

When condition 0, statement 0

When condition 1, statement 1

5.12 Processes

Processes
syntax ele
available

explicitly
can either

When inv

are used to describe the decoding of syntax elements. A process has a separate specification and iny

n the process specification and invoking. A process specification _may“also have a lower cas
kpecified as input. Each process specification has explicitly specified\an output. The output is a va
be an upper case variable or a lower case variable.

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

—  If the| variables at the invoking and the process specification do*not have the same name, the variables arg

assig

hed to lower case input or output variables of the process Specification.

—  Othefwise (the variables at the invoking and the process specification have the same name), assignment is

In the spe

ification of a process, a specific coding block miay be referred to by the variable name having a vali

the addresp of the specific coding block.

6 Bitstream and picture formats; partitionings, scanning processes, and neighbouj

-

plationships

6.1 Bitstream formats

This subclause specifies the relationship between the NAL unit stream and byte stream, either of which are ref

the bitstre

Lm.

The bitstr¢am can be in’ene of two formats: the NAL unit stream format or the byte stream format. The NAL

format is
sequence
units in th

The byte

conceptually the more "basic" type. It consists of a sequence of syntax structures called NAL 1

e NWAEAunit stream.

oking. All

ments and upper case variables that pertain to the current syntax structure/and’depending syntax structures are

e variable
riable that

explicitly

implied.

e equal to

ring

erred to as

init stream
hnits. This

s ordered in decoding order. There are constraints imposed on the decoding order (and contents) off the NAL

stream format can be construcied irom the NAL unit siream iormat by ordering the NAL uniis 1r

decoding

order and prefixing each NAL unit with a start code prefix and zero or more zero-valued bytes to form a stream of bytes.
The NAL unit stream format can be extracted from the byte stream format by searching for the location of the unique
start code prefix pattern within this stream of bytes. 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
which is specified through chroma format idc and separate colour plane flag. Other values of
chroma format idc, SubWidthC, and SubHeightC may be specified in the future by ITU-T | ISO/IEC.

structure,

TapIco-1— 5
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 monoch
In 4:2:0 s4
In 4:2:2 s4

In 4:4:4 s4

—  If seq
luma

—  Othej
mond

The numb
sequence
of bits use

When the
chroma sa
video usal]

rome sampling there is only one sample array, which is nomifally considered the luma array.
mpling, each of the two chroma arrays has half the height.and half the width of the luma array.
mpling, each of the two chroma arrays has the same\height and half the width of the luma array.

mpling, depending on the value of separate celour plane flag, the following applies:

arate_colour plane flag is equal to 0, each'of the two chroma arrays has the same height and w
array.

wise (separate colour plane flagwis) equal to 1), the three colour planes are separately prd
chrome sampled pictures.

er of bits necessary for the representation of each of the samples in the luma and chroma arrays
s in the range of 8 to 14, inclusive, and the number of bits used in the luma array may differ from t
d in the chroma arrays:

value of chroma (format idc is equal to 1, the nominal vertical and horizontal relative locations o
mples in pictures are shown in Figure 6-1. Alternative chroma sample relative locations may be i
ility information (see Annex E).

dth as the

cessed as

in a video
he number

luma and
idicated in
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When the

X X X X X X
O O O [ 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 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
value of chroma format idc is equal to 2, the chroma samples @re-Co-sited with the corresponding luma
samples and the nominal locations in a picture are as shown in Figure 6-2.
B X B X & _X
[ X X ]
B X B X ® X
B X B X ® X
B X & X ® X
B X B X ® X
B X ®B X ® X
[ ] [ ]
. %
Guide:
X = Location of luma sample
O = Location of chroma sample
Figure6-2—Nomimal vertical amd horizomtat-focations of 47272 tammaramd chronma samples ima picture

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.
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¥ OB RrR B R X
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B OB B B B &
B OB B B & &
B OB B B O X
o o,

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 Bartitioning of pictures, slices, slice segments, tiles, coding trée units, and coding tree blocks

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

This subclause specifies how a picture is partitioned into slices, slice Segments, and tiles. Pictures are divided|into slices
and tiles. A slice is a sequence of one or more slice segments starting with an independent slice segment and [containing
all subseqpient dependent slice segments (if any) that precede the next independent slice segment (if any) withih the same
access unif. A slice segment is a sequence of coding tree units. Likewise, a tile is a sequence of coding tree unifs.

For example, a picture may be divided into two slices as shown in Figure 6-4. In this example, the first slice is|composed
of an inddpendent slice segment containing 4 coding tree units, a dependent slice segment containing 32 doding tree
units, and|another dependent slice segment containing 24 coding tree units; and the second slice consists ¢f a single
independet slice segment containing the remaining 39 coding tree units of the picture.

As anothef example, a picture may be divided into two tiles separated by a vertical tile boundary as shown in Figure 6-5.
The left sifle of the figure illustrates a'case in which the picture only contains one slice, starting with an indepehdent slice
segment and followed by four dependent slice segments. The right side of the figure illustrates an alternatjve case in
which the jpicture contains two-slices in the first tile and one slice in the second tile.

Unlike sliges, tiles are always.rectangular. A tile always contains an integer number of coding tree units, and npay consist
of coding [tree units contained in more than one slice. Similarly, a slice may consist of coding tree units cqntained in
more than|one tile.

One or both of the following conditions shall be fulfilled for each slice and tile:

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

—  All coding tree unifs 1n 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).

> .
independent — slice segment
slice segment boundary

> A ;
dependent —] slice boundary
slice segment

A

Figure 644 — A picture with 11 by 9 luma coding tree blocks that is partitioned into twg,slices, the first of which is
partitioned into three slice segments (informative)

tile w1
| boundary:

Figure 645 — A picture with 11 by 9 luma coding tree blocks that is partitioned into two tiles and one slice (left) or
is partitioned into two tiles and three slices (right) (informative)

6.3.2  Block and quadtree structures

The samples are processed in units of coding tree blocks. The array size for each luma coding tree block in poth width
and height is CtbSizeY in units of samples. The width and height of the array for each chroma coding treq block are
CtbWidth{C and CtbHeightC, respectively, in units of samples.

Each coding tree block is assigned a partition signalling to identify the block sizes for intra or inter prediction and for
transform coding. The partitioning is a recursive quadtree partitioning. The root of the quadtree is associated with the
coding tree block. The quadtree is split until a leaf is reached, which is referred to as the coding 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.
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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
coding tree unit.

6.3.3  Spatial or component-wise partionings
The following divisions of processing elements of this Specification form spatial or component-wise partitionipgs:
— The diyision of each picture into components,

— The diyision of each component into coding tree blocks,

— The diyision of each picture into tile columns,

— The diyision of each picture into tile rows,

— The diyision of each tile column into tiles,

— The diyision of each tile row into tiles,

— The diyision of each tile into coding tree units,

— The diyision of each picture into slices,

— The diyision of each slice into slice segments,

— The diyision of each slice segment into coding tree units;

— The diyision of each coding tree unit into coding tree blocks,

— The diyision of each coding tree block into coding blocks, except that the coding tree blocks are incomplete at the
right cpmponent boundary when the component width is not an integer multiple of the coding tree block sjze and the
coding| tree blocks are incomplete at the bettom component boundary when the component height is not|an integer
multiple of the coding tree block size,

— The dipision of each coding tree unit into coding units, except that the coding tree units are incomplete gt the right
picturg boundary when the picture’ width in luma samples is not an integer multiple of the luma coding tree{block size
and th¢ coding tree units areyincomplete at the bottom picture boundary when the picture height in luma gamples is
not an [integer multiple of the luma coding tree block size,

— The diyision of each ¢oding unit into prediction units,
— The diyision of each coding unit into transform units,

— The diyision of each coding unit into coding blocks,

— The di maton of ool cnding Waole 1t o dinting Waalo

T TOH O T Ca T Ot S OTO It O ProaTrTronoToess;

— The division of each coding block into transform blocks,
— The division of each prediction unit into prediction blocks,

— The division of each transform unit into transform blocks.

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:

—  xNbY is less than 0
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- two |

- a var

bY 1s less than O
NDY is greater than or equal to pic_ width in luma samples
NbY is greater than or equal to pic_height in luma_samples
ise (xXNbY and yNbY are inside the picture boundaries),
inBlockAddrN = MinTbAddrZs[ xNbY >> Log2MinTrafoSize ][ yYNbY >> Log2MinTrafoSize ]
bouring block availability availableN is derived as follows:
br more of the following conditions are true, availableN is set equal to FALSE:
inBlockAddrN is less than 0,
inBlockAddrN is greater than minBlockAddrCurr,

e variable SliceAddrRs associated with the slice segiment containing the neighbouring block
inimum luma block address minBlockAddrN differs_in ‘value from the variable SliceAddrRs assoq
e slice segment containing the current block with the minimum luma block address minBlockAddr(

an the current block with the minimum luma, bleck address minBlockAddrCurr.

ise, availableN is set equal to TRUE.

erivation process for prediction bleck availability
his process are:

ma location ( xCb, yCb ).of'the top-left sample of the current luma coding block relative to the toj
e of the current picture,

able nCbS specifying-the size of the current luma coding block,

gma location (xPb, yPb ) of the top-left sample of the current luma prediction block relative to t
sample of-th¢ current picture,

ariablésPbW and nPbH specifying the width and the height of the current luma prediction block,

it,

able partldx specifying the partition index of the current prediction unit within the current coding un|

(6-2)

with the
iated with
urr.

e neighbouring block with the minimum luma block address minBlockAddrN is contained in a different tile

-left luma

he top-left

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

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.

— OtherVise, availableN is set equal to TRUE.

When avalilableN is equal to TRUE and CuPredMode[ xNbY ][ yNbY ] is equal to MODE~INTRA, availal
equal to FALSE.
6.5 Scanning processes
6.5.1  (oding tree block raster and tile scanning conversion process
The list cglWidth[ i ] for i ranging from 0 to num tile columns minusl, nclusive, specifying the width of
column infunits of CTBs, is derived as follows:
f( uniform_spacing_flag)
for(1=0;1 <= num_tile columns minusl; i++)
colWidth[i]=((i+ 1) * PicWidthInCtbsY*)"/( num_tile columns minusl + 1) —
(1 * PicWidthInCtbsY ) / (ntun_tile columns minusl + 1)
lse {
colWidth[ num_tile columns minus!l ] ="PicWidthInCtbsY
for(1=0;1<num tile columns minpust; i++) {
colWidth[ i ] = column_width/minus1[i]+ 1
colWidth[ num_tile_columns minusl ] —= colWidth[ i ]
§
The list rowHeight[ j ] for j ranging from 0 to num_tile rows_minus1, inclusive, specifying the height of the j-
in units of|CTBs, is derived as(follows:

(
(
p
(
(

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,

artldx is equal to 1,

yCb + nPbH ) is less than or equal to yNbY,
KCb + nPbW ) is greater than XNbY.

f( uniform_spaeging” flag )
for(j = 0;y°<= num tile rows minusl; j++)
rowHeight[ j ]=((j + 1) * PicHeightInCtbsY ) / (num _tile rows minusl +1)—
(j * PicHeightInCtbsY ) / (num _tile rows minusl + 1)
else {

leN is set

he i-th tile

(6-3)

th tile row

fowHeight[ num _tile rows minusl ] = PicHeightInCtbsY

for(j = U; j < num_{tile_rows_minusl; j*+ )3
rowHeight[ j ] = row_height minusl[j]+ 1
rowHeight[ num_tile rows minusl ] — rowHeight[ j ]

}

}

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 ]

(6-4)

(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])
tileX =1
for(j=0;j <= num tile rows minusl; j++)
if( tbY >= rowBd[j])
tileY =]

(6-7)

The list G

conversiofp from a CTB address in tile scan to a CTB address in CTB raster scan of &picture, is derived as foll

The list T|
from a CT]

The value
are set equ

The value
equal to rd

652 7

The arfay MinTbAddeZs— with  elements MinTbAddrZs[x][y] for x ranging from
InCtbsY << («CtbLog2SizeY — Log2MinTrafoSize ) ) — 1, inclusive, and y ranging fror 0 to

( PicWidth
( PicHeigh
in units of]

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 ]

tbAddrTsToRs[ ctbAddrTs | for ctbAddrTs ranging from 0 to PicSizeInCtbsY — 1, inclusive, spe

for( ctbAddrRs = 0; ctbAddrRs < PicSizeInCtbsY; ctbAddrRs++ )
CtbAddrTsToRs[ CtbAddrRsToTs[ ctbAddrRs ] ] = ctbAddrRs

leld[ ctbAddrTs ] for ctbAddrTs ranging from 0 to PicSizelnCtbsY — 1, inclusive, specifying the
B 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+, tileldx++)
for(y=rowBd[j ]; y<rowBd[j+1]; y+1)
for(x =colBd[i]; x <colBd[i+ 1 [ykx++)
Tileld[ CtbAddrRsToTs[w * PicWidthInCtbsY+ x ] ] = tileldx

5 of ColumnWidthInLumaSamples[ i ], specifying the width of the i-th tile column in units of lum|
al to colWidth[ 1 ] << CtbLog2SizeY)for i ranging from 0 to num_tile columns minusl, inclusive.

of RowHeightInLumaSamplesf J+], specifying the height of the j-th tile row in units of luma samp
wHeight[ j ] << CtbLog2SizeY for j ranging from 0 to num_tile rows minusl, inclusive.

-scan order array initialization process

tInCtbsY << (CtbLog28SizeY — Log2MinTrafoSize ) ) — 1, specifying the conversion from a loca
minimum blecks 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++) {

CtbAddrRsToTs[ ctbAddrRs | += (tbY —rowBd[ tileY ]) * colWidth[ tileX ] £4bX — colBd[ tileX ]

ifying the
ws:
(6-8)

bonversion

(6-9)

p samples,

es, are set

0 to

ion (X,y)

thX = ( X L ng?\ﬁinTraani7p ) Cthl ng?QimﬁV

tbY = (y << Log2MinTrafoSize ) >> CtbLog2SizeY

ctbAddrRs = PicWidthInCtbsY * tbY + tbX

MinTbAddrZs[ x ][ y ] = CtbAddrRsToTs[ ctbAddrRs ] <<

( ( 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

}

6.5.3  Up-right diagonal scan order array initialization process

Input to this process is a block size blkSize.

24
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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
diagScan[i][1]=y
it

j
y——
X++

[ol I

=X
=0

if(i >= blkSize * blkSize )
stopLoop = TRUE

6.5.4  Horizontal scan order array initialization process
Input to thiis process is a block size blkSize.

Output of]this process is the array horScan[ sPos ][ sComp ]. The array index sPos specifies the scan positipn ranging
from O to |( blkSize * blkSize ) — 1. The array index sComp equal t¢\(/specifies the horizontal component angl the array
index sCamp equal to 1 specifies the vertical component. Depending on the value of blkSize, the array horScan is
derived as|follows:

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

horScan[i1][0]=x (6-12)
horScan[i][1]=y
i+t

}

6.5.5  Vertical scan order array initialization process
Input to thiis process is a block(size blkSize.

Output of]this process istthe-array verScan[ sPos ][ sComp ]. The array index sPos specifies the scan positipn ranging
from 0 to |( blkSize * bikSize ) — 1. The array index sComp equal to 0 specifies the horizontal component andl the array
index sCamp equalto~1 specifies the vertical component. Depending on the value of blkSize, the array perScan is
derived as|follows:

=0
lorfx = Q. x blkSize: x++)
AN 5 Y 7

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

verScan[1][ 0 ] =x (6-13)
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
/* Astatement 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
folloing two examples */
syntax_element ue(v)

condjtioning statement

/* Algroup of statements enclosed in curly brackets is a compound statement and is tréated
funcfionally as a single statement. */

{

statement

stagtement

/* A['while" structure specifies a test of whether a condition is true, and if true, specifies
evalyation of a statement (or compound statement) repeatedly until the condition is no longer
true f/

whilg( condition )

stagtement

/* Al'do ... while" structure specifies ¢valuation of a statement once, followed by a test of
Whe(;Ter a condition is true, and if ttue, specifies repeated evaluation of the statement until the
condjtion is no longer true */

do

stagtement

whilg( condition )

/* Ap "if .. _else" 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
alternafiye statement. The "else" part of the structure and the associated alternative statement is

. v le — ot +~ 1 e . i I
omittedrtnoaiternatrvestatement e vatuatronm s eeded

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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7.2 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:

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

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

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:

— If more data follow in the byte stream, the return value of more data in byte stream( ) is equal to TRUE.

—  QOtherwise, the return value of more data in byte stream( ) is equal to FALSE.
more datq in_payload( ) is specified as follows:

— Iff byte aligned() is equal to TRUE and the current position in the sei payload( ) )syntax sfructure is
8|* payloadSize bits from the beginning of the sei payload() syntax structuref)~the return| value of
njore data in payload( ) is equal to FALSE.

—  Qtherwise, the return value of more data_in_payload( ) is equal to TRUE.
more_rbsy] data( ) is specified as follows:
— Ifithere is no more data in the RBSP, the return value of more rbsp data( ) is equal to FALSE.

—  QOtherwise, the RBSP data are searched for the last (least significant, right-most) bit equal to 1 that is{ present in
tHe RBSP. Given the position of this bit, which is the first bit (tbsp_stop one bit) of the rbsp_trailing bits( )
syntax structure, the following applies:

—| If there is more data in an RBSP before the rbsp “trailing bits( ) syntax structure, the returp value of
more rbsp data( ) is equal to TRUE.

—| Otherwise, the return value of more rbsp_data() is equal to FALSE.

The npethod for enabling determination of whether\there is more data in the RBSP is specified by the application (or
in Anpex B for applications that use the byte stfgam format).

more_rbsy trailing_data( ) is specified as follows:
— Ifithere is more data in an RBSP, the return value of more rbsp_trailing_data( ) is equal to TRUE.
—  Qtherwise, the return value ofmore rbsp trailing data( ) is equal to FALSE.

payload_ektension present( ) is specified as follows:

— I the current positionyin the sei_payload( ) syntax structure is not the position of the last (least signifi¢ant, right-
njost) bit that is_¢qual to 1 that is less than 8 * payloadSize bits from the beginning of the syntax strjicture (i.e.
He position éf’the bit equal to one syntax element), the return value of payload extension present{ ) is equal
td TRUE.

=

— Qtherwise, the return value of payload extension_present( ) is equal to FALSE.
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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

Ic

turn value of the function read bits( 8 ).

- f(n) fixed- pattern bit strmg usmg n bits written (from left to rlght) with the left bit first. The parsing process for

lI

— S
th

Q-E

I

— ug(v): unsigned integer 0-th order Exp-Golomb-coded syntax element with<dhe Teft bit first. The parsi
fqr this descriptor is specified in subclause 9.2.
7.3 Syntax in tabular form
7.3.1  NAL unit syntax

7.3.1.1 (eneral NAL unit syntax

sifgnificant bit written first.

lb UCDL«IIPLUI lb DPCLIIICU Uy LIIC TCLUIII leUC Ul LIIU UJ[lLUU[l ICdU Ullb\ ).
(v): signed integer 0-th order Exp-Golomb-coded syntax element with the left bit first. The parsing
is descriptor is specified in subclause 9.2.

IV "

n): unsigned integer using n bits. When n is in the syntax table, the number ofbits”varies in

turn value of the function read bits( n ) interpreted as a binary representation of an-unsigned integer

brocess for

a manner

ependent on the value of other syntax elements The parsing process for this desériptor is speciffed by the

with most

hg process

nal_ynit( NumBytesInNalUnit ) { Descriptor
ndl unit header( )
NtmBytesInRbsp = 0
fof( 1= 2; 1 < NumBytesInNalUnit; i+)
if( 1+ 2 < NumBytesInNalUnjt-&& next bits( 24 ) == 0x000003 ) {
rbsp_byte[ NumBytesInRbsp++ ] b(8)
rbsp_byte[ NumBytesInRbsp++ ] b(8)
i+=2
emulation_prevention_three_byte /* equal to 0x03 */ f(8)
} else
rbsp. byte[ NumBytesInRbsp++ ] b(8)
}
7.3.1.2 NAL unit header syntax
nal unit header( ) { Descriptor
forbidden_zero_bit f(1)
nal_unit_type u(6)
nuh_layer_id u(6)
nuh_temporal_id_plusl u(3)
}

28
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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_Oxffff 16bits u(16)

profile tier level( vps max sub layers minus] )

vps_sub_layer ordering_info_present_flag u(l)

fop(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)
}
vis_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 .on¢- minusl ue(v)

vps_num_hrd_parameters ue(v)

for(1=0;1<vps numthrd parameters; i++) {

hrd_layer_set_idx[i ] ue(v)
if(i>0)
cprms)present_flag[ i ] u(l)
hrd parameters( cprms_present flag[ i ], vps max sub layers minusl )
H
i
vps_extension_flag u(l)

if( vps_extension flag)

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)
pi}:_width_in_luma_samples ue(y)
pi}:_height_in_luma_samples ue(v)
cdnformance_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)
i
biF_depth_luma_minusS ue(v)
bil‘,_depth_chroma_minuss ue(v)
log2_max_pic_order_cnt_Isb_minus4 ue(v)
spls_sub_layer ordering info_present_flag u(l)

fop(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][ i ue(v)
i
log2 _min_luma_coding_block ‘size_minus3 ue(v)
log2_diff max_min_luma_‘coding_block_size ue(v)
log2 min_transform block_size minus2 ue(v)
log2_diff max_min_transform_block_size ue(v)
mflx_transform_hierarchy_depth_inter ue(v)
mlax_transform_hierarchy_depth_intra ue(v)
schling_list_enabled_flag u(l)

if| scaling list enabled flag) {

Sps_scaling_iist_data_present_fag ()

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(1=0;1<num long term ref pics_sps; i++) {
It_ref pic_poc_Isb_sps[i] u(v)
used_by_ curr_pic_lt_sps_flag[i] u(1)
H
i
spls_temporal_mvp_enabled_flag u(1)
strong_intra_smoothing enabled_flag u(l)
vyi_parameters_present_flag u(1)

if{ vui_parameters present flag )

vui_parameters( )

spls_extension_flag u(l)

if{ sps_extension flag)

while( more rbsp_data( ) )

sps_extension_data_flag u(1)

rbpp_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)
m'm_ref_idx_ll_default_active_minus1 ue(y)
in't_qp_minu526 se(v)
cqnstrained_intra _pred_flag u(l)
trhnsform_skip_enabled_ﬂag u(l)
cy_qp_delta_enabled_flag u(l)
if{cu_qp_delta_enabled flag)
diff cu_qp_delta_depth ue(v)
pqs_cb_qp_offset se(v)
p}}s_cr_qp_offset se(v)
p}{s_slice_chroma_qp_offsets_present_ﬂag u(l)
weighted pred_flag u(l)
weighted_bipred_flag u(l)
trFnsquant_bypass_enabled_ﬂag u(l)
tilks_enabled_ﬂag u(l)
erjtropy_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 )\{
for(1=0;1<num _tile_ columns minusl; i++)
column_width minus1[i ] ue(v)
for(1=0;1<num 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_flag u(l)
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 Bupplemental enhancement information RBSP syntax

sei_tpsp( ) { Descriptor
dq

sei_message( )

while( more rbsp data( ) )

rbpp_trailing bits( )

7.3.2.5 Access unit delimiter RBSP syntax

accegs_unit delimiter rbsp( ) { Descriptor
pif_type u(3)
rbpp_trailing bits( )

}

7.3.2.6 End of sequence RBSPsyntax

end pf seq rbsp( ) Descriptor

7.3.2.7 End-efbitstreamRBSP-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( )
rbpp_slice_segment trailing bits( )
}
7.3.2.10 RBSP slice segment trailing bits syntax
rbsp [slice_segment trailing_ bits( ) { Descriptor
rbpp_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
rqsp_stop_one_bit /* equal te 1%/ f(1)
while( !byte_aligned() )
rbsp_alignment_zeroobit /* equal to 0 */ f(1)
}
7.3.2.12 Byte alignment syntax
byte labignment— Peseriptor
alignment_bit_equal_to_one /* equal to 1 */ f(1)
while( !byte aligned( ) )
alignment_bit_equal_to_zero /* equal to 0 */ f(1)
H

34

© ISO/IEC 2013 — All rights reserved


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

ISO/IEC 23008-2:2013(E)

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(l)
general_progressive_source_flag u(l)
general_interlaced_source_flag u(l)
general_non_packed_constraint_flag u(l)
gdneral_frame_only_constraint_flag u(1)
gdneral_reserved_zero_44bits u44)
gdneral_level idc u(g)
fof( 1= 0; 1 <maxNumSubLayersMinusl; i++) {

sub_layer_profile_present_flag[ i ] u(1)

sub_layer_level present_flag[i ] u(l)
H

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

reserved_zero_2bits[ i ] u(2)
fof( 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(l)
sub_layer_profile_idc[ i ] u(s)
for(j=0;j<32;j++)

sub_layer_profile_compatibility\flag[ i ][] ] u(l)
sub_layer_progressive_sourcexflag[ 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_layer level idc[1i ] 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(V)

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_rpessage( ) { Descriptor

payloadType =0

while( next_bits( 8 ) == 0xFF ) {
ff_byte /* equal to OxFF *{ f(8)
payloadType += 255

lajt_payload_type ‘byte u(8)

payloadType A~ last payload type byte

payloadSize =0
while( fiext_bits( 8 ) == OxFF) {

ff byte /* equal to OXFF */ f(8)
payloadSize += 255

}

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) {

if( dependent slice segments enabled flag )
—dependent slice segment flag u(l)

slice_segment_address u(y)

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 A<CIDR 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 31

short_term_ref pic_set_idx u(v)

if( long_term ref pics present flag) {

if num_long term refpies sps>0)

num_long_term. sps ue(v)

num_long_term:-pics ue(v)

for(i=0;1i<num _long term sps+num long term pics; i++) {

if( 1 <nbm_long term sps) {

i hum_long_term ref pics sps>1)

It_idx_sps[1i] u(v)

} else {

poclsb_It[ ] wp)

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)

i
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_minusl >0) ||
(!collocated from 10 flag && num ref idx 11 agetive’minusl >0))
collocated_ref idx ue(v)

H

if( ( weighted pred flag && slice type == PJ
( 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 offsefs)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) {
slicé _deblocking_filter_disabled_flag u(l)
if( 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[ i ] u(g)

byjte alignment( )

7.3.6.2 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 minusT; 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(1=0;1 <= num ref idx 10 active minusl; i++)
chroma_weight 10 flag[i ] u(l)
fof(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 aetive minusl; i++) {
if( luma_weight 11 flag[ i] ) {
delta_luma_weight 11])1] se(v)
luma_offset_I1[ i} se(v)
}
if( chroma_weight 11_flag[i])
for(j &3] <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_minus1 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)
}
} ¢lse {

num_negative_pics ue(v)
num_positive_pics ue(v)
for(i=0; 1 <num_negative pics; it+) {

delta_poc_s0_minusl1[ 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 (eneral slice segment.data syntax

slice| segment_data(V), { Descriptor
dq {
coding_tre¢_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)

}
if(ry>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[ cldx|[rx ][ry][i] != 0)

sao_offset_sighpcldx [ rx |[ry ][ 1] ae(v)
sao_band_position[ cldx ][ rx ][ ry ] ae(v)
} else {
if( cldx £5°0)
sao “e0_class luma ae(v)
oeldx == 1)
sao_eo_class_chroma ae(v)
}
}
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7.3.8.4 Coding quadtree syntax
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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]) {

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_ gamples )

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

} ¢lse

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 ae(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 +i ][ y0 +j ] ae(v)
for(j =0;j <nCbS; j =j + pbOffset )
for(i=0; 1 <nCbS; =¥+ pbOffset )
if( prev_intra luma 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)
}
} elseA
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 'pem flag[ x0 [0 1) {

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

inter_pred_idc[ x0 ][ yO0 ] de(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

pem | sample( X050, log2CbSize ) { Descriptor
fop(1=0;1<1 << (log2CbSize << 1);i++)
pem_sample lumal i ] u(v)
fop(i=0;1< (1 << (10og2CbSize << 1)) >> 1;i++)
pem-sumple_ehromaf ]
}
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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)

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

cbf cr[ x0 [ vO ][ 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 || trafoDepthy/= 0

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

cbf _luma[ x0 ][ yO ][ trafoDepth ]

ae(v)

transform_unit( x0, y0, xBase, yBase, log2TrafoSizestrafoDepth, blkIdx )

7.3.8.9 Motion vector difference syntax

48

mvd | coding( x0, y0, refList ) {

Descriptor

alls_mvd_greater(_flag|

ae(v)

alls_mvd_greater(_flag|

ae(v)

abs_mvd_greaterl fla

ae(v)

0
1
if{abs_ mvd greater0 \flag[
g
[

if{abs mvd greater0 flag

abs_mvd-greaterl flag

ae(v)

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

if{ abs_mwvd. 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 luma[ x0 ][ yO ][ trafoDepth ] )

restdual—eodingx0y0tog2FrafoSize 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)
if( last_sig _coeff y prefix >3)

last sig coeff y suffix ae(v)

lagtScanPos = 16

lagtSubBlock = (1 << (log2TrafoSize—2)) * (1 << (log2TrafoSize—2))—1

dd {

if( lastScanPos == 0) {
lastScanPos = 16
lastSubBlock— —

}
lastScanPos— —

xS = ScanOrder[ log2TrafoSize — 2 ][ scanldx ][ lastSubBlock ][ 0.}
yS = ScanOrder[ log2TrafoSize — 2 ][ scanldx ][ lastSubBlock [t ]
xC = (xS << 2 )+ ScanOrder[ 2 ][ scanldx ][ lastScanPos-]J{0 ]
yC =(yS << 2)+ ScanOrder[ 2 ][ scanldx ][ lastScanPos][ 1 ]
vhile( (xC != LastSignificantCoeffX ) || (yC != LastSignificantCoeffY ) )
fof( 1= lastSubBlock; i >= 0;i——) {
xS = ScanOrder[ log2TrafoSize — 2 ][ scanldx\J{ i ][ 0 ]
yS = ScanOrder[ log2TrafoSize — 2 ][ scanldx J[1][ 1]
inferSbDcSigCoeffFlag = 0
if( (1<lastSubBlock ) && (1> 09) {
coded_sub_block flag[ xS J[yS ] ae(v)
inferSbDcSigCoeffFlag <1

——

i
for(n= (i == lastSubBlock ) ? lastScanPos — 1 : 15;n >= 0; n——) {
xC = (xS << 2) + ScanOrder[ 2 ][ scanldx [[n ][ 0 ]
yC = (y8)<< 2)+ ScanOrder[ 2 ][ scanldx [[n ][ 1]
if( coded 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

}

signHidden = ( lastSigScanPos — firstSigScanPos > 3 && Icu_transquant_bypass_ilag )
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 JNO"]
yC=(yS << 2)+ ScanOrder[ 2 ][ scanldx |pn ][ 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 ==_lastGreater1ScanPos)?3:2):1))
coeff abs_level remaining[ n ] ae(v)
TransCoeffLevel[ x0 -0 ][ cldx ][ xC ][ yC | =
(coeff abs level remaining[ n ]+ baseLevel ) * (1 —2 * coeff sign flag[n])
if( sign_data hiding_enabled flag && signHidden ) {
sumAbslievel += (coeff abs level remaining[ n | + baseLevel )
if( (nN== 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
demarcation method is specified in Annex B for the byte stream format. Other methods of demarcation may be specified
outside of this Specification.
NOTE |l — The VCL is specified to efficiently represent the content of the video data. The NAL is specified to format-that data and
providg header information in a manner appropriate for conveyance on a variety of communication channels or,storag¢ media. All
data arq contained in NAL units, each of which contains an integer number of bytes. A NAL unit specifies a géneric fofmat for use
in both| packet-oriented and bitstream systems. The format of NAL units for both packet-oriented transport‘and byfe stream is
identicgl except that each NAL unit can be preceded by a start code prefix and extra padding bytescin/the byte stfeam format
specifigd in Annex B.

rbsp_bytd[ i ] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of\bytes as follows:

The RBSH contains an SODB as follows:
—  Ifthe|SODB is empty (i.e. zero bits in length), the RBSP is also empty.
—  Othefwise, the RBSP contains the SODB as follows:

1) The first byte of the RBSP contains the (most significant, left-most) eight bits of the SODB; the n¢xt byte of
the RBSP contains the next eight bits of the SODB, etc., untilfewer than eight bits of the SODB remfin.

2) ftbsp_trailing bits( ) are present after the SODB as follows;

)  The first (most significant, left-most) bits of the final RBSP byte contains the remaining bits of|the SODB
(if any).

i) The next bit consists of a single rbsp_stop)one_bit equal to 1.

ii) When the rbsp stop one bit is 1ot the last bit of a byte-aligned byte, one |or more
rbsp_alignment_zero bit is present toresult in byte alignment.

3) One or more cabac zero word 16-bif)syntax elements equal to 0x0000 may be present in some RBSPs after
the rbsp_trailing_bits( ) at the end jof the RBSP.

Syntax strjictures having these RBSP properties are denoted in the syntax tables using an " rbsp" suffix. Thesq structures
are carriefl within NAL units as the content of the rbsp byte[ i] data bytes. The association of the RBSP syntax
structures fo the NAL units is assspecified in Table 7-1.
NOTE P — When the boundaries’'of the RBSP are known, the decoder can extract the SODB from the RBSP by concafenating the
bits of the bytes of the RBSP’and discarding the rbsp_stop_one bit, which is the last (least significant, right-most) bif equal to 1,
and disfarding any following (less significant, farther to the right) bits that follow it, which are equal to 0. The data ngcessary for
the decpding processds-contained in the SODB part of the RBSP.

emulation preyention_three byte is a byte equal to 0x03. When an emulation_prevention_three byte is present in the
NAL unit,|it shallbe discarded by the decoding process.

Th 1 tbu» £alaa NTAT 1+ clhall 4+ 1 1 4a0-0-00
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Within the NAL unit, the following three-byte sequences shall not occur at any byte-aligned position:
- 0x000000
- 0x000001
- 0x000002

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:

—  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),
decoders shall ignore (remove from the bitstream and discard) the contents of all NAL units that use reserved values of
nal unit type.

NOTE P — 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 VCL
RADL_R slice_segment layer rbsp()
RASL N Coded slice segment of a RASL picture VICL
RASL R slice_segment_layer rbsp()
10 RSV_VCL N10 Reserved non-IRAP sub-layer non-reference VCL NAL VICL
1p RSV_VCL N12 unit types
14 RSV_VCL N14
Ift RSV_VCL RI11 Reserved non-IRAP sub-layer reference ¥V EL NAL unit VICL
1B RSV_VCL RI3 types
15 RSV_VCL RI15
16 BLA W _LP Coded slice segment of a BLA picture VICL
1{7 BLA W _RADL slice_segment_layer rbsp()
1R BLA N LP
1P IDR_ W _RADL Coded slice segment.ofan IDR picture VICL
20 IDR N LP slice_segment_layer, rbsp( )
21 CRA NUT Coded slice segment of a CRA picture VICL
slice_segment: layer rbsp( )
2p RSV IRAP VCL22 | Reserved/ IRAP VCL NAL unit types VICL
28 RSV IRAP VCL23
24431 RSV_VCL24.. Reserved non-IRAP VCL NAL unit types VICL
RSV _VCL31
3p VPS NUT Video parameter set nontVCL
video parameter set rbsp( )
3B SPS NUT Sequence parameter set nontVCL
seq_parameter set rbsp( )
3¢ PRS-NUT Picture parameter set nontVCL
pic_parameter_set rbsp( )
35 AUD NUT Access unit delimiter nontVCL
access unit delimiter rbsp()
36 EOS _NUT End of sequence non-VCL
end of 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
bitstream, but may have associated RADL pictures in the bitstream.

NOTE 6 — A sub-layer non-reference picture is not included in any of RefPicSetStCurrBefore, RefPicSetStCurrAfter and
RefPicSetLtCurr of any picture with the same value of Temporalld, and may be discarded without affecting the decodability of

other p

All coded
unit is als
picture or

If a pict
RSV V(I
layer refer

ctures with the same value of Temporalld.

slice segment NAL units of an access unit shall have the same value of nal unit type. A picture of
referred to as having a nal unit_type equal to the nal unit type of the coded slice segment INAL
pccess unit.

ire has nal unit type equal to TRAIL N, TSA N, STSA N, RADL N, RASL N, RSV ]
L N12, or RSV_VCL N14, the picture is a sub-layer non-reference picture. Otherwise, the pictur
ence picture.

Each pictyre, other than the first picture in the bitstream in decoding order, is cofisidered to be associate

previous |
When a pi
When a pi

When a p
same IRA

No RASL
BLA W |

No RASL

No RADL
BLA N I
NOTE
IRAP 3
providg
needs t

Any pictu
picture in

Any RAS
BLA picty

Any RASI
picture in

RAP picture in decoding order.
Cture is a leading picture, it shall be a RADL or RASL picture.
cture is a trailing picture, it shall not be a RADL or RASL pigeture:

cture is a leading picture, it shall precede, in decodingorder, all trailing pictures that are associatd
[
picture.

pictures shall be present in the bitstream that are associated with a BLA picture having nal unit tyj
RADL or BLA N_LP.

pictures shall be present in the bitstream thatare associated with an IDR picture.
pictures shall be present in the bitstream that are associated with a BLA picture having nal unit_tyj

P or that are associated with an IDR picture having nal unit_type equal to IDR_ N LP.

ccess unit (and to correctly decede the IRAP picture and all the subsequent non-RASL pictures in deco
d each parameter set is available’(either in the bitstream or by external means not specified in this Specificati
be activated.

e that has PicOutputElag equal to 1 that precedes an IRAP picture in decoding order shall precede
butput order ang shall precede any RADL picture associated with the IRAP picture in output order.

| picture as§eeiated with a CRA or BLA picture shall precede any RADL picture associated with t
re in output/order.

| picture associated with a CRA picture shall follow, in output order, any IRAP picture that precede
Hecoding order.

an access
nits of the

VCL NI10,
b is a sub-

1 with the

d with the

e equal to

pe equal to

J — It is possible to perform randonr-access at the position of an IRAP access unit by discarding all access unity before the

ling order),
pbn) when it

the IRAP

he CRA or

5 the CRA

When sps_temporal id nesting flag is equal to 1 and Temporalld is greater than 0, the nal unit type shall be equal to

TSA R, T

SA_N, RADL R, RADL N, RASL R, or RASL_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
scalable 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 b

e 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
access unit containing the NAL unit shall be equal to 0.

—  Otherwise if nal unit type is equal to EOS NUT or EOB NUT, Temporalld shall be equal to 0

—  Othefwise, if nal unit type is equal to AUD NUT or FD NUT, Temporalld shall be equal to the Tempeotalld of the
access unit containing the NAL unit.

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

NOTE P — When the NAL unit is a non-VCL NAL unit, the value of Temporalld is equal to the minimutw'value of the [Temporalld
values ¢f all access units to which the non-VCL NAL unit applies. When nal unit_type is equal to,RPS”NUT, Temporplld may be
greater fthan or equal to the Temporalld of the containing access unit, as all PPSs may be included in the beginning of p bitstream,
wherein) the first coded picture has Temporalld equal to 0. When nal unit type s equal to PREFIX SEI NUT or
SUFFIX SEI NUT, Temporalld may be greater than or equal to the Temporalld of the cofitaining access unit, as an SEI NAL unit
may coftain information, e.g. in a buffering period SEI message or a picture timing SEI'meSsage, that applies to a bitstfeam subset
that indludes access units for which the Temporalld values are greater than the Temporalld of the access unit contairfing the SEI
NAL uit.

7.4.2.3 Encapsulation of an SODB within an RBSP (informative)
This subclpuse 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 threp byte for
encapsulafion of an RBSP within a NAL unit is described for the following purposes:

—  To pfevent the emulation of start codes within NAL “units while allowing any arbitrary SODB to be rppresented
withip a NAL unit,

— To ¢nable identification of the end of the“SODB within the NAL unit by searching the RBSP for the
rbsp |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 ofie or more
cabad zero word syntax elements):

The encoder can produce a NAL unit from an RBSP by the following procedure:
1. he RBSP data are sgarched for byte-aligned bits of the following binary patterns:

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

and ﬁnally, when the last byte of the RBSP data is equal to OXOO (Whlch can only occur When the RBSP ends in
A 2 X 3 d byte of a
byte allgned three-byte sequence OXOOOOOO in the RBSP (which is replaced by the four byte sequence
0x00000300) is taken into account when searching the RBSP data for the next occurrence of byte-aligned bits
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
transmission of coded block data. VPSs, SPSs, and PPSs may, in some applications, be conveyed "out-of-band".

A PPS RH para AT CAlT DT TCICITT C C T SCOIMT T
pictures. Hach PPS RBSP is initially considered not active at the start of the operation of the decoding procegs. At most
one PPS RBSP is considered active at any given moment during the operation of the decoding process,-and the| activation
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-is(referred to by a coded
slice segmlent NAL unit (using a value of slice pic parameter set id equal to the pps pic parameter set id yalue), it is
activated. [This PPS RBSP is called the active PPS RBSP until it is deactivated by the actiyation of another PP$ RBSP. A
PPS RBSI, with that particular value of pps_pic parameter set id, shall be available to the¢' decoding process pprior to its
activation/ included in at least one access unit with Temporalld less than or equal to the; Temporalld of the PP§ 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 picture shall
have the shme content as that of the active PPS RBSP for the coded picturé,, unless it follows the last VCL NAL unit of
the coded picture and precedes the first VCL NAL unit of another coded picture.

An SPS RBSP includes parameters that can be referred to by one”prvmore PPS RBSPs or one or more SEI NAL units
containing an active parameter sets SEI message. Each SPS RBSP is initially considered not active at the {tart of the
operation |of the decoding process. At most one SPS RBSPUis considered active at any given moment fluring the
operation |of the decoding process, and the activation of @ny particular SPS RBSP results in the deactivafion of the
previously-active SPS RBSP (if any).

When an $PS RBSP (with a particular value of spsyseq parameter set id) is not already active and it is ref¢rred to by
activation|of a PPS RBSP (in which pps seq patameter set id is equal to the sps seq parameter set id vplue) or is
referred [to by an SEI NAL unit sdontaining an active parameter sets SEI message (jn which
active_seq parameter set id[ 0 ] is equal ‘te-the sps_seq parameter set id value), it is activated. This SP$ RBSP is
called the|active SPS RBSP until it is\deactivated by the activation of another SPS RBSP. An SPS RBSP| with that
particular value of sps_seq parameterset id, shall be available to the decoding process prior to its activation, included
in at least jone access unit with Temporalld equal to 0 or provided through external means. An activated SPS RBSP shall
remain active for the entire CYV'S,

NOTE P — Because an IRAP access unit with NoRaslOutputFlag equal to 1 begins a new CVS and an activated SPS RBSP must

remain factive for the entirer CVS, an SPS RBSP can only be activated by an active parameter sets SEI message wheh the active

parametfer sets SEI miessage is part of an IRAP access unit with NoRaslOutputFlag equal to 1.

Any SPS NAL unit.eontaining the value of sps_seq parameter set id for the active SPS RBSP for a CVS sha]ll have the
same contgnt a$§ that of the active SPS RBSP for the CVS, unless it follows the last access unit of the CVS anfd precedes
the first VICBANAL unit and the first SEI NAL unit containing an active parameter sets SEI message (when present) of
another CWS:

A VPS RBSP includes parameters that can be referred to by one or more SPS RBSPs or one or more SEI NAL units
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
process in a timely fashion such that these constraints are obeyed.

All constifiT al arc cXpIesse T TCla TTWET T T T oie 7 gl values of
variables ¢lerived from those syntax elements in VPSs, SPSs, and PPSs and other syntax elements are jexpgessions of
constraintg that apply only to the active VPS, the active SPS, and the active PPS. If any VPS RBSP, SPS RBSP, and PPS
RBSP is present that is never activated in the bitstream, its syntax elements shall have values that would conform to the
specified donstraints if it was activated by reference in an otherwise conforming bitstream.

During oppration of the decoding process (see clause 8), the values of parameters of the active\VPS, the activg¢ SPS, and
the active PPS RBSP are considered in effect. For interpretation of SEI messages, the values 0f the active VPS] the active
SPS, and the active PPS RBSP for the operation of the decoding process for the VCL NAL units of the coded picture in
the same gccess unit are considered in effect unless otherwise specified in the SEI message semantics.

7.4.2.4.3 Order of access units and association to CVSs
A bitstreain conforming to this Specification consists of one or more CVSs.

A CVS cansists of one or more access units. The order of NAL units ‘and coded pictures and their associatiof to access
units is depcribed in subclause 7.4.2.4.4.

The first agcess unit of a CVS is an IRAP access unit with NoRaslOutputFlag equal to 1.

It is a reqyirement of bitstream conformance that, when present, the next access unit after an access unit that dontains an
end of sequence NAL unit or an end of bitstream NAL unit shall be an IRAP access unit, which may be an I[DR access
unit, a BLA access unit, or a CRA access unit.

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

This subclause specifies the order of NAL units and coded pictures and their association to access unit for [CVSs that
conform tp one or more of the profiles specified in Annex A that are decoded using the decoding process specified in
clauses 2 through 10.

An access|unit consists of one ceded picture and zero or more non-VCL NAL units. The association of VCL NAL units
to coded plictures is described in subclause 7.4.2.4.5.

The first akcess unit in thébitstream starts with the first NAL unit of the bitstream.

The first qf any of thefollowing NAL units after the last VCL NAL unit of a coded picture specifies the staft of a new
access unif:

— access ufiit-delimiter NAL unit (when present),

—  VPS NAL unit (when present),

—  SPS NAL unit (when present),

—  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
RSV_NVCLA41..RSV_NVCL44 or UNSPEC48..UNSPECSS5, may be present in an access unit, but cannot follow the last VCL
NAL unit of the coded picture within the access unit, as this condition would specify the start of a new access unit.

The strucfure of access units not containing any NAL units with nal unit type equal to FD NUT, YPS NUT,
SPS NUT|, PPS NUT, RSV_VCL N10, RSV_VCL R11, RSV _VCL NI12, RSV_VCL R13, RSV\VCI N14, or
RSV _VCI. R15, RSV IRAP VCL22, or RSV IRAP VCL23, or in the range of RSV VCL24.RSY VCL3],

RSV _NV(€L41..RSV_NVCL47, or UNSPEC48..UNSPEC63 is shown in Figure 7-1.

start

| I

Access unit delimiter

)
14

Coded slice'segment

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 FDI NUT,

SUFHIX_SEINUT, VPS_NUT, SPS_NUT, PPS_NUT, RSV_VCL_N10, RSV_VCL_R11, RSV_VCI| N12,

RSV_V(L_Ri3;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 two instances of the syntax structure hrd _parameters( ) included in a VPS RBSP shall not have the same content.

vps_video_parameter_set_ld 1dentifies the VPDS 1or reterence by other syntax elements.

vps_reserjed_three_2bits shall be equal to 3 in bitstreams conforming to this version of this Specification:Ofher values
for vps rg¢served three 2bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore th¢ value of
vps_reseryed three 2bits.

vps_max_[layers_minusl1 shall be equal to 0 in bitstreams conforming to this version of this-Specification. Other values
for vps_ | max layers minusl are reserved for future use by ITU-T | ISO/IECx -Although the |value of
vps_max_Jayers minusl is required to be equal to 0 in this version of this Specification; decoders shall allow other
values of Yps_max_layers minusl to appear in the syntax.
NOTE P - It is anticipated that in future scalable or 3D video coding extensions of this\Specification, this field wil] be used to
specify|the maximum number of layers that may be present in the CVS, wherein.-a\layer may e.g. be a spatial scaldble layer, a
quality rcalable layer, a texture view or a depth view.

vps_max |sub_layers minusl plus 1 specifies the maximum number of temporal sub-layers that may be present in the
bitstream. [The value of vps_max_sub layers minusl shall be in the yanige of 0 to 6, inclusive.

vps_temppral_id_nesting_flag, when vps _max_sub layers minusl is greater than 0, specifies whether inter|prediction
is additiopally restricted for CVSs referring to the VPS\“When vps max sub layers minusl is equal to O,
vps_tempg@ral id nesting flag shall be equal to 1.
NOTE B — The syntax element vps temporal id nestingcflag is used to indicate that temporal sub-layer up-switching, i.e.
switchipg from decoding of up to any Temporalld tIdN to,decoding up to any Temporalld tIdM that is greater than tIdN, is always
possiblg.

vps_reserved_Oxffff 16bits shall be equal toOXxFFFF in bitstreams conforming to this version of this Spg¢cification.
Other valyes for vps_reserved Oxffff 16bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall|ignore the
value of vps_reserved Oxffff 16bits.
NOTE # — It is anticipated that in future scalable or 3D video coding extensions of this Specification, this this syntax ¢glement will
specify|a byte offset to the next set of fixed-length coded information in the VPS RBSP, within the data currently ppecified as
vps_exfension_data flag syntax‘elements. The byte offset would then help to locate and access such information in the] VPS RBSP
withou{ the need for performingentropy decoding.

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

vps_max_phum_reordefpics[ i ], and vps_max_latency increase plusl[i ] are preseng for
vps_max_pub layers minusl + 1 sub-layers. vps sub layer ordering info present flag equal to O specifigs that the
values of vps_max_dec_pic_buffering minusl[ vps_max_sub_layers| minus] ],
vps_max_phum, ‘reorder pics[ vps_max_sub_layers minus] ], and

vps_max_|Jateticy 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 buffer for
the CVS in wunits of picture storage buffers when HighestTid is equal to i. 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. When
Vvps_max_fatency imncrease piusti T s ot present for i the Tange of Oto vps Tmax sub—tayers mimust—1] inclusive,
due to |vps sub layer ordering info present flag being equal to 0, it is inferred to heD|equal to
vps_max_Jatency 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 CVS:

vps_num |layer_sets_minusl plus | specifies the number of layer sets that are specified by\the VPS. In |bitstreams
conforming to this version of this Specification, the value of vps num_layer sets minusl shall be equal to 0f Although
the value ¢f vps_num_layer sets_minus] is required to be equal to 0 in this version of this,Specification, decpders shall
allow othgr values of vps num layer sets minusl in the range of 0 to 1023, inclusive, ‘toappear in the syntax.

layer_id_|ncluded_flag[ i ][j ] equal to 1 specifies that the value of nuh_layersid*equal to j is included if the layer
identifier Jist layerSetLayerldList[ i ]. layer id included flag[ i ][ j ] equal tocO-specifies that the value of nuh layer id
equal to j {s not included in the layer identifier list layerSetLayerldList[ i ].

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

For each yalue of i in the range of 1 to vps num layer sets mindsl,"inclusive, the variable numLayersInldL{ist[ i ] and
the layer i¢lentifier list layerSetLayerIdList[ i ] are derived as follows:

=0
for(m=0; m <= vps_max layer id; m++)
if( layer_id_included flag[i][m]) (7-3)

layerSetLayerldList[ i ][ n++ ]-=Zn
rumLayersInldList[ i ] =n

For each yalue of i in the range of 1 to vps_num layer sets minusl, inclusive, numLayersInldList[ i ] shal| be in the
range of 1|to vps max_layers minusl +'1i.inclusive.

When numLayersInldList[ iA ] is-.equal to numLayersInldList[ iB] for any iA and iB in the rangd of 0 to
vps_num [layer sets_minusl, inglusive, with iA not equal to iB, the value of layerSetLayerIdList[ iA ][ n ] shall not be
equal to layerSetLayerIdList[ iB)][ n ] for at least one value of n in the range of 0 to numLayersInldList[ iA ], ihclusive.

A layer sqtt is identified by the associated layer identifier list. The i-th layer set specified by the VPS is assog¢iated with
the layer iglentifier listlayerSetLayerldList[ i ], for i in the range of 0 to vps_num_layer sets_minusl, inclusivg.

A layer sef consists.of all operation points that are associated with the same layer identifier list.

Each operption‘point is identified by the associated layer identifier list, denoted as OpLayerldList, which consists of the
list of nuh| layér id values of all NAL units included in the operation point, in increasing order of nuh layer|id values,
and a variable OpTid, which is equal to the highest Temporalld of all NAL units included in the operation point. The
bitstream subset associated with the operation point identified by OpLayerldList and OpTid is the output of the 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°% — 2, inclusive.

vps_num |hrd_parameters specifies the number of hrd parameters( ) syntax structures present in the VBS|RBSP. In
bitstreams| conforming to this version of this Specification, the value of vps num hrd parameters shall be-l¢ss 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’vergion of this
Specificatjon, decoders shall allow other values of vps num hrd parameters in the range of 0 to) 1024, inklusive, to
appear in ']he syntax.

hrd_layey set_idx[ i ] specifies the index, into the list of layer sets specified by the VPS-of the layer set to| which the
i-th hrd pgrameters( ) syntax structure in the VPS applies. In bitstreams conforming to thi§ version of this Spg¢cification,
the value ¢f hrd layer set idx[ i ] shall be equal to 0. Although the value of hrd layer(set idx[ i ] is required fo be equal
to 0 in this version of this Specification, decoders shall allow other values of hrddayer set idx[i] in the fange of O
to 1023, irfclusive, to appear in the syntax.

cprms_present_flag[ i ] equal to 1 specifies that the HRD parameters that, are-Common for all sub-layers are{ present in
the i-th hfd parameters() syntax structure in the VPS. cprms_present(flag[ i ] equal to O specifies that|the HRD
parameter$ that are common for all sub-layers are not present in the isth hrd parameters( ) syntax structure in the VPS
and are defived to be the same as the (1 — 1 )-th hrd parameters( ) syntax structure in the VPS. cprms_present [flag[ 0 ] is
inferred td be equal to 1.

vps_extension_flag equal to 0 specifies that no vps_extension “data_flag syntax elements are present in the YPS RBSP
syntax stryicture. vps_extension flag shall be equal to 0. inbhitstreams conforming to this version of this Sp¢cification.
The value|of 1 for vps_extension_flag is reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore a]l data that
follow the|value 1 for vps_extension flag in a VPS NAL unit.

vps_extension_data_flag may have any value. Its presence and value do not affect decoder conformance [fo profiles
specified in this version of this Specification:\Decoders conforming to this version of this Specification shall ignore all
vps_extenpion data flag syntax elements.

7.4.3.2 Pequence parameter set RBSP semantics

sps_video| parameter_set_id speeifies the value of the vps_video parameter_set id of the active VPS.

sps_max_jsub_layers_minus] plus | specifies the maximum number of temporal sub-layers that may be pres¢nt in each
CVS referfing to the SPS. Fhe value of sps max sub layers minusl shall be in the range of 0 to 6, inclusive.

sps_temporal_id_nesting flag, when sps_max_sub layers minusl is greater than 0, specifies whether inter|prediction
is additiopally _restricted for CVSs referring to the SPS. When vps temporal id nesting flag is edual to 1,
sps_tempdral’ id_hesting_flag shall be equal to 1. When sps max sub layers minusl is equfl to O,
sps_tempdral™d nesting_flag shall be equal to 1.

NOTE 1 — The syntax element sps_temporal id nesting flag is used to indicate that temporal up-switching, i.e. switching from
decoding up to any Temporalld tIdN to decoding up to any Temporalld tIdM that is greater than tIdN, is always possible in the
CVS.

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.

pic_width_in_luma_samples specifies the width of each decoded picture in wunits of luma samples.
pic_width in luma samples shall not be equal to 0 and shall be an integer multiple of MinCbSizeY.

the SPS. donformance window_flag equal to O indicates that the conformance cropping window effset parameters are
not present.

conf_win |left_offset, conf_win_right_offset, conf_win_top_offset, and conf_win_bottom_offset specify tlie samples
of the pictpires in the CVS that are output from the decoding process, in terms of a rectangular region specified in picture
coordinatds for output. When conformance window flag is equal to 0, the (values of conf win |eft offset,
conf win |right offset, conf win top offset, and conf win_bottom_offset are inferréd to be equal to 0.

The conformance cropping window contains the luma samples with (horizontal picture coordinptes from
SubWidth{C * conf win_left offset to pic width in luma samples — ( SubWidthC * conf win right offset|+ 1) and
vertical picture coordinates from SubHeightC * conf win_top offset to
pic_heigh{ in luma samples — ( SubHeightC * conf win bottom offset +1 ), inclusive.

The vglue of  SubWidthC * ( conf win left offset + conf ‘win right offset ) shall be leps than
pic_width|in luma samples, and the value of SubHeightC * ( conf* win top offset + conf win bottom offsef ) shall be
less than gic_height in luma samples.

When ChrpmaArrayType is not equal to 0, the corresponding specified samples of the two chroma arrays are the samples
having pidture coordinates ( x / SubWidthC, y / SubHeightC ), where ( X, y ) are the picture coordinates of th¢ specified
luma samples.

NOTE B — The conformance cropping window offset parameters are only applied at the output. All internal decoding pfocesses are
applied|to the uncropped picture size.

bit_depth| luma_minus8 specifies the bif depth of the samples of the luma array BitDepthy and the value of the luma
quantizatipn parameter range offset QpBdOffsety as follows:

BitDepthy = 8 + bit_depth luma minus8 (7-4)
PDpBdOffsety = 6 #*bit’ depth luma minus8 (7-5)
bit_depth [luma minus8shall be in the range of 0 to 6, inclusive.

bit_depth| chroma minus8 specifies the bit depth of the samples of the chroma arrays BitDepthc and the vilue of the
chroma quantization parameter range offset QpBdOffsetc as follows:

BifDepthc = 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_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
sps_max_fum reorder pics[ 1 | shall be in the range of 0 to sps_max dec pic_buffering minusI[ 1 |, inclusiye. When i
is greater [than 0, sps_max num_reorder pics[ i | shall be greater than or equal to sps_max num_reorder plcs[i—1].
The value|of sps_max_num _reorder pics[ i ] shall be less than or equal to vps_max num_reorder picsfyi.) for pach value
of i. Wheph sps_max num reorder pics[i] is not present for i in the range of 0 to sps_max_sub,’layers npinusl — 1,
inclusive, | due to sps sub layer ordering info present flag being equal to 0, it is inferred to be| equal to
sps_max_fum_reorder pics[ sps_max_sub_layers minus] ].

sps_max_[latency_increase _plusl[ i ] not equal to 0 is used to compute the value of SpsMaxLatencyPictures| i ], which
specifies the maximum number of pictures that can precede any picture in the CV8 in ‘output order and follow that
picture in flecoding order when HighestTid is equal to i.

When sps| max latency increase plusl[i] is not equal to 0, the value of SpsMaxLatencyPictures[i] is specified as
follows:

BpsMaxLatencyPictures[ 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 corresponding limit is expressed.

The valup of sps max latency increase plusl[i] shall "be in the range of 0 to 22 -2, inclusipe. When
vps_max_Jatency increase plusl[i] is not equal to 0,.thé“value of sps max latency increase plusl[i] shall not be
equal to P and shall be less than or equal to vps ‘max latency increase plusl[i] for each value of i. When
sps_max_Jatency increase plusl[i] is not present fori in the range of 0 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_Jatency increase plusl[ sps_max subjlayers minusl ].

log2_min|luma_coding_block_size_minus$3 plus 3 specifies the minimum size of a luma coding block.

log2_diff |max_min_luma_coding_block size specifies the difference between the maximum and minithum luma
coding bldck size.

The variaples MinCbLog2SizeY, CtbLog2SizeY, MinCbSizeY, CtbSizeY, PicWidthInMinCbsY, PicWidthInCtbsY,
PicHeight|nMinCbsY, RicHeightInCtbsY, PicSizeInMinCbsY, PicSizeInCtbsY, PicSizeInPamplesY,
PicWidthInSamplesC, and\PicHeightInSamplesC are derived as follows:

MinCbLog2SizeY =log2 min luma coding block size minus3 + 3 (7-10)
CtbLlogPSizeY = MinCbLog2SizeY + log2 diff max min luma coding block size (7-11)
MinhCbhSizeY = | MinChLog2SizeY (7-12)
CtbSizeY =1 << CtbLog2SizeY (7-13)
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 variable Log2MinTrafoSize is set equal to log2 min_transform_block size minus2 + 2. The bitstrean} shall not
contain dafa that result in Log2MinTrafoSize greater than or equal to MinCbLog2SizeY.

log2_diff |max_min_transform_block_size specifies the difference between the maximum and mipimum| transform
block size

The  vdriable  Log2MaxTrafoSize  is set equal to log2 min_transformyblock size mipus2 +2 +
log2 diff jmax_min_transform block size.

The bitstr¢am shall not contain data that result in Log2MaxTrafoSize greater than Min((CtbLog2SizeY, 5 ).

The array| ScanOrder[ log2BlockSize ][ scanldx ][ sPos ][ sComp | specifies the.mapping of the scan posjtion sPos,
ranging from 0 to (1 << log2BlockSize) * (1 << log2BlockSize ) — 14 inClusive, to horizontal and vertical
componens of the scan-order matrix. The array index scanldx equal to 0 ‘specifies an up-right diagonal dcan order,
scanldx equal to 1 specifies a horizontal scan order, and scanldx equal €9)2 specifies a vertical scan order.| The array
index sComp equal to 0 specifies the horizontal component and the atray index sComp equal to 1 specifies the vertical
component. The array ScanOrder is derived as follows:

For the variable log2BlockSize ranging from 0 to 3, inclusive, the.scanning order array ScanOrder is derived a§ follows:

— The pp-right diagonal scan order array initializatiom, process as specified in subclause 6.5.3 is invpked with
1 < log2BlockSize as input, and the output is assigned to ScanOrder[ log2BlockSize ][ 0 ].

—  The |horizontal scan order array initialization® process as specified in subclause 6.5.4 is invgked with
1 < log2BlockSize as input, and the outputiisassigned to ScanOrder[ log2BlockSize ][ 1 ].

—  The |vertical scan order array initialization process as specified in subclause 6.5.5 is invgked with
1 << log2BlockSize as input, and thé\output is assigned to ScanOrder| log2BlockSize ][ 2 ].

max_transform_hierarchy_depth_ifter specifies the maximum hierarchy depth for transform units of cdding units
coded in [inter prediction mode. The value of max_ transform hierarchy depth inter shall be in the range of 0 to
CtbLog2SjzeY — Log2MinTrafgSize, inclusive.

max_transform_hierarchy_depth_intra specifies the maximum hierarchy depth for transform blocks of coding blocks
coded in [intra predictionmode. The value of max_transform hierarchy depth intra shall be in the range of 0 to
CtbLog2SjzeY — Log2MinTrafoSize, inclusive.

scaling_list_enabled” flag equal to 1 specifies that a scaling list is used for the scaling process for transform cgefficients.
scaling_ligt enabled flag equal to O specifies that scaling list is not used for the scaling process for|transform
coefficients:

sps_scaling_list data_present flag equal to 1 specifies that scaling list data are present in the SPS.
sps_scaling list data present flag equal to O specifies that scaling list data are not present in the SPS. When not 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 as follows:

PcmBitDepthe = pcm_sample_bit_depth_chroma_minusl + 1 (7-26)

The valuejof 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 blocks with pcm_flag
equal to 1

The variahle Log2MinlpcmCbSizeY is set equal to log2 min pcm luma coding block size.lmiinus3 + 3. THe value of
Log2MinlpemCbSizeY shall be in the range of MinCbLog2SizeY to Min( CtbLog2SizeY, 5J),inclusive.

log2_diff |max_min_pcm_luma_coding_block_size specifies the difference between the maximum and minimum size
of coding plocks with pcm_flag equal to 1.

The wvarfable Log2MaxIpcmCbSizeY is set equal to log2 diff max/min pcm luma coding blpck size +
Log2MinlpecmCbSizeY. The value of Log2MaxIpecmCbSizeY shall be less than-or equal to Min( CtbLog2Size}, 5 ).

pem_loop| filter_disabled_flag specifies whether the loop filter process’ is disabled on reconstructed sarpples in a
coding unft with pcm_flag equal to 1 as follows:

— If pein_loop filter disabled flag is equal to 1, the deblocking, filter and sample adaptive offset filter prpcesses on
the rdconstructed samples in a coding unit with pcm_flag equal to 1 are disabled.

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

When penp_loop _filter disabled flag is not present,¢t s inferred to be equal to 0.

num_shoxt term_ref pic_sets specifies the namber of short term_ref pic_set( ) syntax structures included i the SPS.
The valuejof num_short term ref pic_sets shall be in the range of 0 to 64, inclusive.
NOTE p — A decoder should allocate metory for a total number of num short term ref pic sets + 1 short term rdf pic_set( )
syntax $tructures since there may be alshort term ref pic_set( ) syntax structure directly signalled in the slice headers |of a current
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_sets:

long_terny_ref pics present ,flag equal to 0 specifies that no long-term reference picture is used for inter prgdiction of
any coded picture in the \€VS. long term ref pics present flag equal to 1 specifies that long-term referen¢e pictures
may be usgd for inter prediction of one or more coded pictures in the CVS.

num_long term_ref pics_sps specifies the number of candidate long-term reference pictures that are speciffied in the
SPS. The yalug of num_long term_ref pics_sps shall be in the range of 0 to 32, inclusive.

It_ref piclpec Isb_sps[i] specifies the picture order count modulo MaxPicOrderCntl sb of the i-th candidatel long-term
reference picture specified in the SPS. The number of bits used to represent It ref pic poc Isb sps[i] is equal to
log2 max_pic_order cnt Isb minus4 + 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 parameter set RBSP semantics

pps_pic_ _sef identifies the PPS for reference by other syntax eclements The value of
pps_pic_pprameter_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| value of
pps_seq parameter_set id shall be in the range of 0 to 15, inclusive.

dependeng slice_segments_enabled_flag equal to 1 specifies the presence of~the syntax| element
dependent] slice segment flag in the slice segment headers for coded pictures( veferring to [the PPS.
dependent] slice_segments_enabled flag equal to 0 specifies the absence jof the syntax| element
dependent] slice_segment_flag in the slice segment headers for coded pictures referringto the PPS.

output_flag present_flag equal to 1 indicates that the pic_output flag syntax element is present in the assodiated slice
headers. qutput_flag present flag equal to O indicates that the pic_output flag syntax element is not pregent in the

num_extra_slice_header_bits equal to 0 specifies that no extra slice header bits are present in the slice headef RBSP for
coded picfures referring to the PPS. num_extra slice header bits shall be equal to 0 in bitstreams conformjing to this
version of this Specification. Other values for num_extra slice(hieader 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 that-sign bit hiding is disabled. sign data hiding enpbled flag

cabac_inif_present_flag equal to 1 specifies that-cabac init flag is present in slice headers referring tq the PPS.
cabac_init| present flag equal to 0 specifies that cabac init flag is not present in slice headers referring to the PPS.

num_ref [idx_10_default_active_minus1l spccifies the inferred value of num ref idx 10 active minusl fof P and B
slices with num_ref idx active override (flag equal to 0. The value of num_ref idx 10 default active minu$1 shall be
in the rangde of 0 to 14, inclusive.

num_ref [idx_I1_default_active uminusl specifies the inferred value of num ref idx 11 active mifjusl with
num_ref idx active override Alag'equal to 0. The value of num_ref idx 11 default active minusl shall be if the range
of 0 to 14 |inclusive.

init_qp_npinus26 specifies the initial value minus 26 of SliceQpy for each slice. The initial value is modified pt the slice
segment layer when-a<non-zero value of slice qp_delta is decoded, and is modified further when a non-zerp value of
cu gp_delta abs_is~decoded at the coding unit layer. The value of init qp minus26 shall be in the| range of
—(26 + QpBdQffsety ) to +25, inclusive.

constraingd\intra pred flag equal to 0 specifies that intra prediction allows usage of residual data anfl decoded
samples of neighbouring coding blocks coded using either intra or inter prediction modes. constrained intra pred flag
equal to 1 specifies constrained intra prediction, in which case intra prediction only uses residual data and decoded
samples from neighbouring coding blocks coded using intra prediction 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 flag equal
to 1 speciffestirat weighted prediction isapplicd to P-stices:

weighted |bipred_flag equal to 0 specifies that the default weighted prediction is applied. to |B slices.
weighted pipred flag equal to 1 specifies that weighted prediction is applied to B slices.

transquant_bypass_enabled flag equal to 1 specifies that cu transquant bypass-flag is| present.
transquant bypass_enabled flag equal to O specifies that cu_transquant bypass_flag is not present:

tiles_enalhjled_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'to the PPS.

It is a reqyirement of bitstream conformance that the value of tiles_enabled flag shall be the same for all PPSs that are
activated yithin a CVS.

entropy_doding_sync_enabled_flag equal to 1 specifies that a specific synchronization process for context yariables is
invoked bg¢fore decoding the coding tree unit which includes the first coding tree block of a row of coding tre¢ blocks in
each tile |n each picture referring to the PPS, and a specific storage. process for context variables is invpked after
decoding the coding tree unit which includes the second coding ti€eé block of a row of coding tree blocks in gach tile in
each pictpre referring to the PPS. entropy coding sync enabled flag equal to 0O specifies that np specific
synchronifation process for context variables is required toibeé invoked before decoding the coding tree yinit which
includes the first coding tree block of a row of coding tree.blocks in each tile in each picture referring to the PPS, and no
specific stprage process for context variables is requiredto be invoked after decoding the coding tree unit whidh includes
the second coding tree block of a row of coding tree blocks in each tile in each picture referring to the PPS.

It is a reqpirement of bitstream conformance that-the value of entropy coding_sync enabled flag shall be thg same for
all PPSs that are activated within a CVS.

When entopy coding_sync_enabled flagis equal to 1 and the first coding tree block in a slice is not the first ¢oding tree
block of a|row of coding tree blocks in a tile, it is a requirement of bitstream conformance that the last coding|tree block
in the slic¢ shall belong to the same row of coding tree blocks as the first coding tree block in the slice.

When entfopy_coding_sync_énabled flag is equal to 1 and the first coding tree block in a slice segment is nt the first
coding treg block of a row of coding tree blocks in a tile, it is a requirement of bitstream conformance that the |ast coding
tree block|in the slice segimént shall belong to the same row of coding tree blocks as the first coding tree block in the
slice segment.

num_tile |columms>minusl plus 1 specifies the number of tile columns partitioning thg picture.
num_tile folumns minusl shall be in the range of 0 to PicWidthInCtbsY — 1, inclusive. When not present, the value of
num_tile tolomns 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 range of 0 to PicHeightInCtbsY — 1, inclusive. When not present, the value of num_tile rows minus! is inferred
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
the width of the i-th tile column in units of luma samples,

—  the list RowHeightInl umaSamples[ 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 valugs of ColumnWidthInLumaSamples[i] for i ranging from 0 to num tile columns minus},)inclpsive, and
RowHeightinLumaSamples[ j ] for j ranging from 0 to num_tile rows minus1, inclusive, shall all be, greater tHan 0.

The arfay MinTbAddrZs with elements MinTbAddrZs[x][y] for x ranging from| 0 to
( PicWidthInCtbsY << ( CtbLog2SizeY — Log2MinTrafoSize ) ) — 1, inclusive, and ¥y \‘ranging frojm O to
( PicHeightInCtbsY << ( CtbLog2SizeY — Log2MinTrafoSize ) ) — 1, inclusive, specifying the conversion from a
location (|x,y) in units of minimum transform blocks to a transform block address i’ z-scan order, is ¢lerived by
invoking 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 filteringloperations may be performed|across tile
boundarie$ in pictures referring to the PPS. loop filter across tiles enabled) flag equal to O specifies that in-loop
filtering operations are not performed across tile boundaries in picturesireferring to the PPS. The in-logp filtering
operationg include the deblocking filter and sample adaptive offset filtet” operations. When not present, the value of
loop_filten] across tiles enabled flag is inferred to be equal to 1.

pps_loop [filter_across_slices_enabled_flag equal to 1 specifies that in-loop filtering operations may be [performed
across lef{ and upper boundaries of slices referring to the PPS! pps loop filter across slices_enabled flag jequal to O
specifies that in-loop filtering operations are not performed,across left and upper boundaries of slices referfing to the
PPS. The {n-loop filtering operations include the deblocking filter and sample adaptive offset filter operations.

NOTE |l — Loop filtering across slice boundaries can.be enabled while loop filtering across tile boundaries is disabled and vice
versa.

deblockinjg_filter_control_present_flag equal-to 1 specifies the presence of deblocking filter control syntax dlements in
the PPS. fleblocking filter control presentiflag equal to O specifies the absence of deblocking filter confrol syntax
elements ih the PPS.

deblockinjg_filter_override_enabled_flag equal to 1 specifies the presence of deblocking filter override flag in the
slice headgrs for pictures referrifigito the PPS. deblocking_filter override enabled flag equal to 0 specifies the absence
of debloclfing filter override \flag in the slice headers for pictures referring to the PPS. When not present, the value of
deblocking_filter override_enabled flag is inferred to be equal to 0.

pps_deblacking_filtér disabled_flag equal to 1 specifies that the operation of deblocking filter is not appliedl for slices
referring tp the PRS.in which slice deblocking filter disabled flag is not present. pps_deblocking filter disabled flag
equal to ( specifies that the operation of the deblocking filter is applied for slices referring to the PPY in which
slice_deblpcKing” filter disabled flag is not present. When not present, the value of pps_deblocking filter disabled flag
is inferredlto'be equal to O

pps_beta_offset_div2 and pps_tc_offset_div2 specify the default deblocking parameter offsets for f 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 Log2ParMrgLevel is equal to 6, the merging candidate lists for all the PUs and CUs contained in a 64x64 block
can be derived in parallel.

slice_segrhent header_extension_present_flag equal to 0 specifies that no slice segment header extensjon syntax
elements | are present in the slice segment headers for coded pictures referring _to.~the PPS.
slice_segment header extension present flag shall be equal to 0 in bitstreams conforming to this\wversipn of this
Specificatlon. The value of 1 for slice segment header extension present flag is reserved for futur¢ use Hy ITU-T |
ISO/IEC.

pps_extersion_flag equal to 0 specifies that no pps_extension data flag syntax elements are present in the PPS RBSP
syntax stryicture. pps_extension_flag shall be equal to 0 in bitstreams conforming to this)yersion of this Sp¢cification.
The value|of 1 for pps_extension flag is reserved for future use by ITU-T | ISO/IEC, Decoders shall ignore a]l data that
follow the|value 1 for pps_extension_flag in a PPS NAL unit.

pps_extersion_data_flag may have any value. Its presence and value do net\affect decoder conformance o profiles
specified in this version of this Specification. Decoders conforming to this version of this Specification shall ignore all
pps_extenpion_data flag syntax elements.

7.4.3.4 Bupplemental enhancement information RBSP semantics

Supplemefptal Enhancement Information (SEI) contains information that is not necessary to decode the samplds of coded
pictures frpom VCL NAL units. An SEI RBSP contains one or'there SEI messages.

7.4.3.5 Access unit delimiter RBSP semantics

The access unit delimiter may be used to indicatesthe type of slices present in a coded picture and to simplify the
detection ¢f the boundary between access units. There is no normative decoding process associated with the gccess unit
delimiter.

pic_type indicates that the slice type values for all slices of the coded picture are members of the set listed ir} 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 End of sequence RBSP semantics

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 sp
a filler 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.

2:2013(E)

ecified for

Let NumBytesInVclINalUnits be the sum of the values of NumBytesInNalUnit for all VCL NAL units of a coded picture.

Let BinCpuntsInNalUnits be the number oI times that the parsing process function DecodeBin( ), s
subclause P.3.4.3, is invoked to decode the contents of all VCL NAL units of a coded picture.

Let the variable RawMinCuBits be derived as follows:
RawMinCuBits = MinCbSizeY * MinCbSizeY * ( BitDepthy + BitDepthc /2 )

The value of BinCountsInNalUnits shall be less than or equal to (32+3)X\NumBytesInVcll
( RawMin[CuBits * PicSizeInMinCbsY ) + 32.

NOTE } The constraint on the maximum number of bins resulting from decoding the contenfs of the coded slice se
units cgn be met by inserting a number of cabac_zero word syntax elements to increase¢the value of NumBytesInf
Each cgbac_zero_word is represented in a NAL unit by the three-byte sequence 0x000003 (as a result of the constrai
unit cofptents that result in requiring inclusion of an emulation prevention_three bytesfor each cabac zero word).

7.4.3.11 RBSP trailing bits semantics
rbsp_stop one_bit shall be equal to 1.
rbsp_alighment_zero_bit shall be equal to 0.
7.4.3.12 Byte alignment semantics
alignment_bit_equal_to_one shall be equal to 1.

alignment_bit_equal_to_zero shall be equal to 0.

7.4.4  Profile, tier and level semantics

general_profile_space  specifies the.) context for the interpretation of  general profile |
general ptofile combatibility flag[ i]_for all values of i in the range of 0 to 31, inclusive. The
general_pirofile space shall be equal to 0 in bitstreams conforming to this version of this Specification. Other
general ptofile space are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore the (
general ptofile space is notrequal to 0.

general_tler_flag specifies-the tier context for the interpretation of general level idc as specified in Annex A.

general_profile_id¢, ywhen general profile space is equal to 0, indicates a profile to which the CVS cqg
specified in Annex-A. Bitstreams shall not contain values of general profile idc other than those specified in
Other valyes,ofigeneral profile idc are reserved for future use by ITU-T | ISO/IEC.

ecified in

(7-29)

NalUnits +

bment NAL
cINalUnits.
hts on NAL

idc and
value of
values for
VS when

nforms as
Annex A.

general_pro

at the CVS

conforms to the proﬁle mdlcated by general _proﬁle 1dc equal toias spec1ﬁed in Annex A. When general _profile space

is 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.

general_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
associated with the presence or interpretation of frame packing arrangement SEI messages.

general_frame_only _constratmt_flag—cquat 10 I Specitics  war — fictd seq fag 15 equat] to 0.
general frame only constraint flag equal to O indicates that field seq flag may or may not be equal to 0.
NOTE B — Decoders may ignore the value of general frame only constraint flag, as there are no decoding process r¢quirements
associafed with the value of field_seq_flag.

NOTE # — When general progressive_source flag is equal to 1, general frame only constraint flagay or may njot be equal
to 1.

general_reserved_zero_44bits shall be equal to 0 in bitstreams conforming to this version-of this Specificafion. Other
values for|general reserved zero 44bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignorg¢ the value
of general| reserved zero 44bits.

general_l¢vel idc indicates a level to which the CVS conforms as specified in_Annex A. Bitstreams shall ot contain
values of peneral level idc other than those specified in Annex A. Other values of general level idc are rdserved for
future use by ITU-T | ISO/IEC.

NOTE p — A greater value of general level idc indicates a higher level. The maximum level signalled in the VPS forja CVS may
be highpr than the level signalled in the SPS for the same CVS.
NOTE p — When the coded video sequence conforms to multiplesprofiles, general profile idc should indicate the |profile that
providgs the preferred decoded result or the preferred bitstream, identification, as determined by the encoder (in a jmanner not
specifidd in this Specification).
NOTE | — The general reserved zero 44bits may be used.ii future editions of this Specification to indicate further cgnstraints on
the bitptream (e.g. that a particular syntax combination that would otherwise be permitted by the indicated values of
general| profile compatibility flag[ j ], is not used).

sub_layer] profile_present_flag[ i ] equal to Js specifies that profile information is present in the profile tler level()
syntax structure for the representation of the sub-layer with Temporalld equal to i. sub_layer profile preseht flag[i ]
equal to P specifies that profile information is not present in the profile tier level() syntax structufe for the
representations of the sub-layer with Temiporalld equal to i.

sub_layer] level present_flag[ i Jiequal to 1 specifies that level information is present in the profile tier levdl( ) syntax
structure fpr the representation of the sub-layer with Temporalld equal to i. sub_layer level present flag[ i ]{equal to 0
specifies that level information is not present in the profile tier level( ) syntax structure for the representation pf the sub-
layer with|Temporalld equal-to i.

reserved_[zero_2bits|\1 ] shall be equal to 0 in bitstreams conforming to this version of this Specification. Other values
for reserved zero-2bits[ 1] are reserved for future use by ITU-T | ISO/IEC. Decoders shall ignore thg¢ value of
reserved zero Qbits[ i ].

The sd - - _ _ _tier flag[i],
sub_layer_profile_idc[i], sub_layer profile compatibility flag[i][j], sub_layer progressive_source_flag[i],
sub_layer_interlaced_source flag[i], sub_layer_non_packed_constraint_flag[ i ],
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.

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 list is inferred from the reference scaling list as follows:

refMatrixId = matrixId — scaling list pred matrix id delta[ sizeld ][ matrixId ] (7-30)

BcalingList[ sizeld ][ matrixId ][ i ] = ScalingList[ sizeld ][ refMatrixId ][ i ]
vith i =0.Min( 64, (1 << (4+(sizeld << 1)))) (7-31)

The value|of scaling_list pred matrix_id delta[ sizeld ][ matrixId ] shall be in the range of 0 to matrixId, inclysive.

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 to<sizeld, prediction mode and colour component
sizeld CuPredMode (colour ﬁ)(::ponen t) matrixId
0,1,2 MODEZSNTRA 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, 152 MODE INTER 1 (Cb) 4
0,)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 |6x16 size
when sizelds b\iual to2-and prbiﬁ\.«b the BCvatueofthe bvahuu hstfor32x32-stze-whenstzekdts \Aiua} to—3~ The value
of scaling list dc_coef minus8| sizeld — 2 ][ matrixId ] shall be in the range of —7 to 247, inclusive. When
scaling list dc coef minus8 is not present, it is inferred to be equal to 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 ]
ScalingList[ 3 ][0 ][1i]
ScalingList[ 1.2 ][ 3.5][i]
ScalingList[ 3 ][ 1][1i]

i—16 0(1|2(3|4|5|6|7 (8|9 (10|11|12|13|14| 15
ScalingList[ 1.2 ][ 0.2 ][ i ]
ScalingList[ 3 ][0 ][]
ScalingList[ 1..2 ][ 3.5 ][ i]
ScalingList[ 3 ][ 1][1i]

616161616 |16 (16 (16|16|16|17|16|17[16|17| 18

161616161616 (16 (16|16 |16 |17 |17 |17 (17|17| 18

171818171821 (19(20]21]20]|19|21(24(22(22| 24

18118 (18| 18|18[20]20(20]20({20|120({20(24|24 (24| 24

22
T

P
=N
o
48]
F N
n
=)
K
®
P
.
P
o
=
J
=5
N
4y
\

| i
ScalingList[ 1.2 ][ 0.2 ][ i ]
ScalingList[ 3 ][0 ][1i]
ScalingList[ 1.2 ][ 3.5][i]
ScalingList[ 3 ][ 1][1i]

2412212224 (25(25(27(30|2725|25(29(31[35]35]"3]

24124124124 |25|25(25(25(25(25|25|28 28428128 | 28

i—48 0(1|2(3|4[5|6|7 (8|9 (10|11 J2|13|14| 15
ScalingList[ 1.2 ][ 0.2 ][ i ]
29136 (4144141 (36|47 (54|54(47)|6571,70 65|88 (88| 115
ScalingList[ 3 ][0 ][1i]

ScalingList[ 1..2 ][ 3.5][i]

2 41 (41|41 |@Y{54 (54|54 (71| 71| 9]
SealingList[ 31[111i] | = |23 ]3%]3%]33 54|54|54|71|71] 9

The fourdimensional array ScalingFactor[ sizeld ][ matrixId J[xfy], with X, y=0..(1 << (2+sizgeld))—1,
specifies the array of scaling factors according to the variables sizeld specified in Table 7-3 and matrixId specified in
Table 7-4.

The elemgnts of the quantization matrix of size 4x4, ScalingFactor[ 0 ][ matrixId ][ ][ ], are derived as follows:

BcalingFactor[ 0 ][ matrixId ][ x ][ y ] = ScalingList[ 0 ][ matrixId ][ i ] (7-32)
ith 1= 0..15, matrixId = 0..5, x = ScanOrdet[ 2 ][O J[1][ 0 ], and y = ScanOrder[ 2 J[O J[1][ 1 ]

The elemgnts of the quantization matrix of size 8x8, ScalingFactor[ 1 ][ matrixId ][ ][ ], are derived as follows:

BcalingFactor[ 1 ][ matrixId ][ x [y ] = ScalingList[ 1 ][ matrixId ][ i ] (7-33)
with 1 = 0..63, matrixId = 0..5;x= ScanOrder[ 3 ][0 ][1][ 0], and y = ScanOrder[ 3 ][O J[1][ 1]

@

The elemgnts of the quantization matrix of size 16x16, ScalingFactor[ 2 ][ matrixId ][ ][ ], are derived as follow

BcalingFactor[ 2 ][ matrixId ][ x * 2+ k ][ y * 2 +j ] = ScalingList[ 2 ][ matrixId ][ i ] (7-34)
vith 1= 0..63, ) =0..1, k= 0..1, matrixId = 0..5, x = ScanOrder[ 3 ][O J[1][ 0 ],
ind y = ScanQrder[ 3 ][O J[i][ 1]

BcalingFactor] 2 ][ matrixId ][ 0 ][ 0 ] = scaling_list dc_coef minus8[ 0 ][ matrixId ]+ 8 (7-35)
ith matrixId = 0..5

The elemgnts of the quantization matrix of size 32x32, ScalingFactor[ 3 ][ matrixId ][ ][ ], are derived as follows:

ScalingFactor| 3 |[ matrixId [[ x *4 + k |[ y * 4 +j | = ScalingList[ 3 ][ matrixId [[ 1] (7-36)
with1=10..63,j=0..3, k=0..3, matrixIld = 0..1, x = ScanOrder[ 3 ][0 ][i][ 0],
and y=ScanOrder[ 3 ][0 ][i][ 1]

ScalingFactor[ 3 ][ matrixId ][ 0 ][ 0 ] = scaling_list dc_coef minus8[ 1 ][ matrixId ] + 8 (7-37)
with matrixId = 0..1

7.4.6  Supplemental enhancement information message semantics

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 Isb 1t[i], used by curr pic It flag[i], delta poc msb present flag[i], and delta poc msb cycle It[ i] shall be

the same 1

first_slice| segment_in_pic_flag equal to 1 specifies that the slice segment is the first slice segment of the

decoding
of the pict

no_outpu
decoding

slice_pic_parameter_set_id specifies the value of pps pic parameter set for the' PPS in use. The
slice |pic_parameter set id shall be in the range of 0 to 63, inclusive.

dependen,|

not preserft is inferred to be equal to the value of the corresponding slice sggiment header syntax element i
header. When not present, the value of dependent_slice segment flag is inferred to be equal to 0.

The variabjle SliceAddrRs is derived as follows:
— Ifdeplendent slice segment flag is equal to 0, SliceAddrRs is(set’equal to slice segment address.

—  Otherwise, SliceAddrRs is set equal to SliceAddrRs of the preceding slice segment containing the coding

for w

slice_segment_address specifies the address of the first'coding tree block in the slice segment, in coding
raster scai} of a picture. The length of the slice segment address syntax element is Ceil( Log2( PicSizeInCtb
The valug of slice_segment address shall be in\'the range of 0 to PicSizeInCtbsY — 1, inclusive and th¢
slice_segmient_address shall not be equal to theyvalue of slice_segment address of any other coded slice seg

unit of the

The variable CtbAddrInRs, specifying-ascoding tree block address in coding tree block raster scan of a pic

equal to s
equal to
quantizati

slice_rese
ignore the

slice_type specifies'the coding type of the slice according to Table 7-7.

n all slice segment headers of a coded picture for each possible value of i.

rder. first slice segment in pic flag equal to O specifies that the slice segment is not the first slid
ire in decoding order.

t of prior_pics_flag affects the output of previously-decoded pictures in the decoded/picture buff;
fan IDR or a BLA picture that is not the first picture in the bitstream as specified imAnnex C.

k slice_segment_flag equal to 1 specifies that the value of each slice-segment header syntax elen

hich the coding tree block address is CtbAddrTsTeRs[ CtbAddrRsToTs|[ slice_segment address | —

same coded picture. When slice.segment address is not present, it is inferred to be equal to 0.

ice_segment_address. The variable CtbAddrInTs, specifying a coding tree block address in tile s
CtbAddrRsToTs[ CtbAddrInRs |. The variable CuQpDeltaVal, specifying the difference betwes
n parameter for the(coding unit containing cu_qp_delta_abs and its prediction, is set equal to 0.

rved_flag[ i ] has.Semantics and values that are reserved for future use by ITU-T | ISO/IEC. Dec
presence andyvalue of slice_reserved flag[ i ].

picture in
e segment

r after the

value of

ent that is
h the slice

tree block
].

tree block

5Y ) ) bits.

value of
ment NAL

ure, 1S set
can, is set
n a luma

ders shall

Table 7-7 — Name association to slice_type

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 of the current picture is derived based on the short term ref pic set( ) syntax structure that is directly included in
the slice headers of the current picture. When num short term ref pic sets is equal to 0, the value of
short_tern) ref pic set sps_ flag shall be equal to 0.

short_term_ref pic_set_idx specifies the index, into the list of the short term ref pic_set( ) syntax stfucturds included
in the active SPS, of the short term ref pic set() syntax structure that is used for derivation of the short-tefm RPS of
the cufrent picture. The syntax element short_term ref pic set idx is represerfted 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 be equal to 0. The value of short _term ref pic set idx shall be in the range of 0 to numshort term ref pip sets — 1,
inclusive.

The varialjle CurrRpsldx is derived as follows:
—  Ifshdrt_term ref pic_set sps flag is equal to 1, CurrRpsldx is set equal to gshort term ref pic set idx.

—  Otheqwise, 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 derfved based
the candidate long-term reference pictures specified in the active SPS.<The value of num_long term_sps shall be in the
range of 0 to num_long_term ref pics_sps, inclusive. When not present, the value of num_long term_sps is [nferred to
be equal t¢ 0.

num_long term_pics specifies the number of entries in the long-term RPS of the current picture that afe directly
signalled in the slice header. When not present, the value’¢fhum_long term pics is inferred to be equal to 0.

The suip of NumNegativePics[ CurrRpsldx J;" NumPositivePics[ CurrRpsldx |, num_long term §ps, and
num_long| term_pics shall be less than or equal to'$ps_max_dec pic_buffering minusl[ sps_max_sub_layers |minusl ].

It_idx_spq[ i | specifies an index, into the list'efcandidate long-term reference pictures specified in the active $PS, of the
i-th entry |in the long-term RPS of the curtent picture. The number of bits used to represent 1t_idx sps[i] |s equal to
Ceil( Log2( num_long term ref pics/sps*) ). When not present, the value of It idx_sps[ i] is inferred to be gqual to 0.
The valuelof It idx sps[ i ] shall be in the range of 0 to num_long_term ref pics sps — 1, inclusive.

poc_lIsb_1f[ i ] specifies the yalue of the picture order count modulo MaxPicOrderCntLsb of the i-th edtry in the
long-term| RPS of the ~current picture. The length of the poc Isb Itfi] syntax el¢gment is
log2 max| pic_order cnt tlsb”"minus4 + 4 bits.

used_by turr_pic I dlag[ i ] equal to 0 specifies that the i-th entry in the long-term RPS of the current pidture is not
used for rdference by-the current picture.

The variables’PeeLsbLt[ i ] and UsedByCurrPicLt[ i | are derived as follows:

—  If i is—less—than—numlonsterm—sps—PoclsbLtl il is set—equa 1 to—ltref pic—poetsb—spsfili—idx—sps[i]] and
less—than—num—long—term—sps—Poeksbbt i+ is—set—equalto—tt—refpie—poc—Isb—spstH—dx—sp

UsedByCurrPicLt[ 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 specifies whether temporal motion vector predictors can be used for inter prediction.
If slice_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 |Otherwise
(slice_temporal mvp_enabled flag is equal to 1), temporal motion vector predictors may be used in_decoding of the
current pid¢ture. When not present, the value of slice_temporal mvp enabled flag is inferred to be equal to’0.

When both slice_temporal mvp enabled flag and Temporalld are equal to 0, the syntax elements fof all cod¢d pictures
that folloy the current picture in decoding order shall be constrained such that no temporal metion vectoy from any
picture that precedes the current picture in decoding order is used in decoding of any ceded picture that fpllows the
current pidture in decoding order.
NOTE P — When slice _temporal mvp_enabled flag is equal to 0 in an I slice, it has no impaction the normative decoding process
of the plicture but merely expresses a bitstream constraint.

NOTE B — When slice_temporal mvp_enabled flag is equal to 0 in a slice with Temporalld are equal to 0, decoders|may empty
"motion vector storage" for all reference pictures in the decoded picture buffer.

slice_sao_|luma_flag equal to 1 specifies that SAO is enabled for(the luma component in the curfent slice;
slice_sao [luma flag equal to O specifies that SAO is disabled for-the luma component in the current sljice. 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 endbled for the chroma component in the cuxlrent 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 Jidx_active_override flag equal to 1 spedifies that the syntax element num ref idx 10 active [minusl is
present fqr P and B slices and that the syntax“clement num ref idx 11 active minusl is present for|] B slices.
num_ref idx active override flag equal to O specifies that the syntax elements num ref idx 10 active njinusl and
num_ref idx 11 active minusl are not present:

num_ref Jidx_10_active_minusl1 specifi¢sthe maximum reference index for reference picture list O that may [be used to
decode th¢ slice. num_ref idx 10 active’ minusl shall be in the range of 0 to 14, inclusive. When the current flice is a P
or B sliceland num ref idx 10 a&tive minusl is not present, num_ ref idx 10 active minusl is inferred to He equal to
num_ref idx 10 default active minusl.

num_ref Jidx_I1_active_minusl specifies the maximum reference index for reference picture list 1 that may [be used to
decode the slice. auim ref idx 11 active minusl shall be in the range of 0 to 14, inclusife. When
num_ref idx 11 activé. minusl is not present, num ref idx 1l active minusl is inferred to be |equal to
num_ref idx 11 defatlt active minusl.

mvd_11_zproflag equal to 1 indicates that the mvd coding(x0, y0,1) syntax structure is not pprsed and
MvdL1[ xDJEy0 ][ (‘nmpldx] is set eqnal to 0 for (‘nmp]dx =01 mvd_ll_7ern_ﬂag Pqnal to 0 indicatds that 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 CuQpDeltaVal in the coding unit layer. The initial value of the Qpy quantization parameter for the slice, SliceQpy, is
derived as follows:

liceQpy =26 + init_qp_minus26 + slice_qp_delta (7-40)

The valuelof 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 detenmining the value of
the Qp’cy, fluantization parameter. The value of slice cb_qp_offset shall be in the range of —12-t0)+12, inclugive. When
slice cb_dp_offset is not present, it is inferred to be equal to 0. The value of pps_cb_qp_offsét ¥ slice cb_qp_o¢ffset shall
be in the ringe of —12 to +12, inclusive.

slice_cr_qp_offset specifies a difference to be added to the value of pps_cr gp offset when determining the vplue of the
Qp'c: quamtization parameter. The value of slice cr qp offset shall be in the range” of —12 to +12, inclusfjve. When
slice_cr_gp_offset is not present, it is inferred to be equal to 0. The value of pps_cr qp_offset + slice_cr qp_offset shall
be in the riinge of —12 to +12, inclusive.

_filter_override flag equal to 1 specifies that deblocking ‘parameters are present in the slife header.
deblocking_filter override flag equal to 0 specifies that deblocking parameters are not present in the slice header. When

slice_deblocking_filter_disabled_flag equal to 1 specifies thatythe operation of the deblocking filter is not gpplied for
the current slice. slice deblocking filter disabled flag equal to 0 specifies that the operation of the deblockipg filter is
applied for the current slice. When slice deblocking filter disabled flag is not present, it is inferred to be equal to
pps_deblogking filter disabled flag.

slice_betal offset_div2 and slice_tc_offset_div2 specify the deblocking parameter offsets for  and tC (dividefl by 2) for
the current slice. The values of slice beta offset div2 and slice tc offset div2 shall both be in the range qf —6 to 6,
inclusive. [When not present, the values of(slice beta offset div2 and slice tc offset div2 are inferred to He equal to
pps_beta pffset 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 [performed
across the|left and upper boundaries. of the current slice. slice loop filter across_slices_enabled flag equal to P specifies
that in-lodp operations are ndt performed across left and upper boundaries of the current slice. The in-lodp filtering
operations include the deblocking filter and sample adaptive offset filter. When
slice_loop| filter acrosseslices_enabled flag is not  present, it is inferred to be dqual to
pps_loop [filter acrosS¢slices enabled flag.

num_entry_point-effsets specifies the number of entry point offset minusl[i] syntax elements in the slice header.
When not present] the value of num_entry point offsets is inferred to be equal to 0.

Th 1 £ 4. 1ot Lloata o 4. M q £
€ valuc ortm—oRtry potmt—OTrSets 1S Constramcaastormows:

— If tiles enabled flag is equal to 0 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 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 minusl[ k ] (7-42)

The last subset (with subset index equal to num_entry point offsets) consists of the remaining bytes of the coded slice
segment dpta.

When tileg enabled flag is equal to 1 and entropy coding sync enabled flag is equal to 0, each subset'shallf consist of
all coded bits of all coding tree units in the slice segment that are within the same tile, and the number of subs¢ts (i.e. the
value of num_entry point_offsets + 1) shall be equal to the number of tiles that contain coding treelunits tha{ are in the
coded slicg segment.

NOTE # — When tiles_enabled flag is equal to 1 and entropy coding_sync enabled flag is equalite 0, each slice njust include

either g subset of the coding tree units of one tile (in which case the syntax element entry point |offset minusl[ i ] is hot present)
or musf include all coding tree units of an integer number of complete tiles.

When tileg _enabled flag is equal to 0 and entropy coding sync enabled flag is équdl to 1, each subset k with k in the
range of § to num_entry point offsets, inclusive, shall consist of all coded-bits' of all coding tree units ip the slice
segment that include luma coding tree blocks that are in the same luma coding tree block row of the pictufe, and the
number off subsets (i.e. the value of num_entry point offsets + 1) shall becequal to the number of coding tree block rows
of the pictpre that contain coding tree units that are in the coded slice s€gment.

NOTE p — The last subset (i.e. subset k for k equal to num_entry_point,“offsets) may or may not contain all coding tr¢e units that
include{luma coding tree blocks that are in a luma coding tree blockstow of the picture.

When tileg_enabled flag is equal to 1 and entropy coding syunc enabled flag is equal to 1, each subset k with k in the
range of ( to num entry point offsets, inclusive, shall eofisist of all coded bits of all coding tree units ifi the slice
segment that include luma coding tree blocks that are in the same luma coding tree block row of a tile, and the[number of
subsets (i.p. the value of num_entry point_offsets +-1)'shall be equal to the number of luma coding tree blocl rows of a
tile that cgntain coding tree units that are in the coded slice segment.

slice_segment_header_extension_length spécifies the length of the slice segment header extension data in|bytes, not
including | the bits wused for sigpalling slice segment header extension length itself. The [value of
slice_segment header extension length shall be in the range of 0 to 256, inclusive.

ent_header_extensionydata_byte may have any value. Decoders shall ignore the |value of
ent_header extensien:data byte. Its value does not affect decoder conformance to profiles specified in this
version of|this Specificationy

7.4.7.2 Reference picture list modification semantics

ref_pic_lipt_modification_flag 10 equal to 1 indicates that reference picture list 0 is specified explicitly bly a list of
list_entry |10[ i/-values. ref pic list modification flag 10 equal to O indicates that reference picture list O is determined
implicitly| Whenref pic_list modification flag 10 is not present in the slice header, it is inferred to be equal t¢ 0.

list_entry_I0[ i ] specifies the index of the reference picture in RefPicListTempO to be placed at the current position of
reference picture list 0. The length of the list_entry 10[ i ] syntax element is Ceil( Log2( NumPocTotalCurr) ) bits. 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.

7.47.3 Weighted prediction parameters semantics

weisht denom is the base ogarithm of the denoming e value of

_weiht__denom shall be in the rane of 0 to 7, inclusive.

luma_log?2
luma log2

delta_chrpma_log2 weight denom is the difference of the base 2 logarithm of the denominater. for 41l chroma
weighting[factors.

The wvatiable ChromalLog2WeightDenom is derived to be equal to lumalog2 weight denom +
delta_chrqma 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 component of list 0 predigtion using
RefPicLis{0[ i ] are present. luma_weight 10 flag[ i ] equal to 0 specifies that these weighting factors are not pfesent.

chroma_weight 10_flag[ i] equal to 1 specifies that weighting factors for the\chroma prediction value§ of list 0
prediction|using RefPicListO[ i ] are present. chroma_weight 10 flag[ i ] equalte 0 specifies that these weightjng factors
are not prgsent. When chroma_weight 10 flag[ i ] is not present, it is inferred to be equal to 0.

delta_luma_weight 10[ i] is the difference of the weighting factor{applied to the luma prediction value| for list 0
prediction[using RefPicList0[ i ].

The vagiable LumaWeightLO[i] is derived to beM equal to (1 << luma log2 weight [denom )+
delta lumy weight 10[ i ]. When luma weight 10 flag[ i] isequal to 1, the value of delta luma weight 10[ | | shall be

in the range of —128 to 127, inclusive. When luma_weight.40_flag[ i ] is equal to 0, LumaWeightLO[ i ] is infprred to be
equ. alto 2 maﬁlogziwelghlidenom.

luma_offget_10[ i ] is the additive offset applied to.the luma prediction value for list 0 prediction using RefPicListO[ i ].
The value|of luma_offset 10[ i ] shall be in the range of —128 to 127, inclusive. When luma_weight 10 flag[ | ] is equal
to 0, luma| offset 10[ i | is inferred as equal to*0:

delta_chrpma_weight 10[ i ][ j | is the difference of the weighting factor applied to the chroma prediction valpes for list
0 predictign using RefPicList0[ i | with.j’equal to 0 for Cb and j equal to 1 for Cr.

The wvarfable ChromaWeightbOFi][j] is derived to be equal to (1 << Chromalog2Weightpenom )+
delta chrqma weight 10[ i ]Lj.]) When chroma weight 10 flag[i] is equal to 1, the Yalue of
delta_chrqma_weight 10[i J|f'] shall be in the range of —128 to 127, inclusive. When chroma weight 10 |flag[i] is
equal to 0] ChromaWeight[0[ i ][ j ] is inferred to be equal to 2CMomakos2WeightDenom

delta_chrpma_offset)I0[ i |[ j ] is the difference of the additive offset applied to the chroma prediction valugs for list 0
predictionfusing-RefPicList0[ i ] with j equal to 0 for Cb and j equal to 1 for Cr.

The variabile ChromaOffsetLO[ i ][ j ] is derived as follows:

ChromaOffsetLO[ i ][ j ] = Clip3(—128, 127, ( delta_chroma offset 10[i][j]— (7-44)
( (128 * ChromaWeightLO[i][j]) >> ChromaLog2WeightDenom ) + 128))

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 headers of
he current picture.

—  The value of stRpsldx shall be equal to the syntax element num_short term ref pic_sets in theactivg SPS.

—  The short-term RPS of the current picture is also referred to as the num_short term_ref (pic.sets-tll candidate
short-term RPS in the semantics specified in the remainder of this subclause.

—  Othefwise (present in an SPS), the short term ref pic_set( stRpsldx ) syntax structure specifies a|candidate
shortfterm RPS, and the term "the current picture" in the semantics specified in the¢ remainder of this| subclause
referg to each picture that has short term ref pic set idx equal to stRpsldx in a CV;S that has the SPS aq the active
SPS.

inter_ref |pic_set_prediction_flag equal to 1 specifies that the stRpsldx-th candidate short-term RPS is predicted from
another dandidate short-term RPS, which is referred to as the source candidate short-term RES. When
inter_ref pic set prediction flag is not present, it is inferred to be equal tg0:

delta_idx| minusl plus 1 specifies the difference between the valug of stRpsldx and the index, into the [list of the
candidate phort-term RPSs specified in the SPS, of the source candidate short-term RPS. The value of delta ilx minusl
shall be in|the range of 0 to stRpsldx — 1, inclusive. When deltaidx minusl is not present, it is inferred to be ¢qual to 0.

The variabile RefRpsldx is derived as follows:
RefRpsldx = stRpsldx — ( delta_idx_minusl + 1) (7-45)
delta_rps] sign and abs_delta_rps_minusl1 togethef-specify the value of the variable deltaRps as follows:
leltaRps = (1 — 2 * delta_rps_sign )%/ abs_delta rps minusl + 1) (7-46)

The variaple deltaRps represents the value to be added to the picture order count difference values of the source
candidate [short-term RPS to obtain the) picture order count difference values of the stRpsldx-th candidate [short-term
RPS. The alue of abs_delta_rps_minus] 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 npt used for
reference by the current picture.

use_delta] flag[ j | equalito 1 specifies that the j-th entry in the source candidate short-term RPS is inclufed in the
fh candidateyshort-term RPS. use delta flag[ j ] equal to 0 specifies that the j-th entry in the sourcq candidate
RPS is-not included in the stRpsldx-th candidate short-term RPS. When use delta flag[ j ] is not present, its

When pter—ref—pre—set—predietton—flag 3 eqtn < - he vartables DeltaRoeSOstRsIdx ][ 1],
UsedByCurrPicSO[ stRpsldx ][ 1], NumNegativePics[ stRpsldx ], DeltaPocS1][ stRpsldx ][ 1],
UsedByCurrPicS1[ stRpsldx ][ i ], and NumPositivePics[ stRpsldx ] are derived as follows:

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[ stRpsIdx J[i 1= dPoc
UsedByCurrPicS1[ stRpsldx ][ i++ ] =used by curr pic flag[j ]

§

if( defltaRps > 0 && use delta flag] NumDeltaPocs[ RefRpsldx ] ]) { (7-48)
DeltaPocS1[ stRpsldx ][ i ] = deltaRps

JsedByCurrPicS1[ stRpsldx ][ i++ ] =used by curr pic_flag] NumDeltaPocs[ RefRpsldx ] ]

for( j|=0; j < NumPositivePics[ RefRpsldx |; j++) {

1Poc = DeltaPocS1[ RefRpsldx ][ j ] + deltaRps

f( dPoc > 0 && use delta_flag[ NumNegativePics[ RefRpsldx ] +j ).
DeltaPocS1[ stRpsldx ][ i ] = dPoc
UsedByCurrPicS1[ stRpsldx ][ i++ ] =used_by curr pic_flag["\NumNegativePics[ RefRpsldx |t ]

i

NumPositivePics[ stRpsldx ] =1

num_negative pics specifies the number of entries in the stRpsldx-th candidate short-term RPS that have pi¢ture order
count values less than the picture order count value of the currént picture. The value of num_negative pics sha]l be in the
range of Ofto 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 pi¢ture order
count valyes greater than the picture order count value of the current picture. The value of num_positive pics[shall be in
the range ¢f 0 to sps_max dec pic_bufferingxminus1[ sps max_sub_layers minusl | — num negative pics, irjclusive.

delta_poc| s0 minusl[i] plus 1, wheni.is’eéqual to 0, specifies the difference between the picture order counft values of
the currenf picture and i-th entry in the stRpsldx-th candidate short-term RPS that has picture order count value less than
that of the| current picture, or, when 1.is greater than 0, specifies the difference between the picture order coun values of
the i-th entry and the (i+ 1 )-thientry in the stRpsldx-th candidate short-term RPS that have picture order cqunt values
less than the picture order count/value of the current picture. The value of delta poc sO minusl1[ i ] shall be iff the range
of 0 to 2|~ 1, inclusive.

used_by_g¢urr_pic_s0/flag[ i ] equal to 0 specifies that the i-th entry in the stRpsldx-th candidate short-ternh RPS that

has pictur¢ order count value less than that of the current picture is not used for reference by the current picturg.

delta_poc| sl minus1[ i ] plus 1, when i is equal to 0, specifies the difference between the picture order counft values of
the currenft ‘pieture and the i-th entry in the stRpsldx-th candidate short-term RPS that has picture order cpunt value
greater than that of the current picture, or, when 1 1s greater than 0, specifies the difference between the picture order
count 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 variable NumDeltaPocs[ stRpsldx ] is derived as follows:
Nums[)eltaPocs[ stRpsldx | = NumNegativePics[ stRpsldx | + NumPositivePics[ stRpsldx ] (7-57)

7.4.9 ice segment data semantics

7.4.9.1 (eneral slice segment data semantics

end_of sljce_segment_flag equal to 0 specifies that another coding tree unit iscfellowing 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 uhit follows
in the slic¢ segment.

end_of syb_stream_one_bit shall be equal to 1.

7.4.9.2 (oding tree unit semantics

The codinf tree unit is the root node of the coding quadtree structure.

7.4.9.3 Pample adaptive offset semantics

sao_mergp_left flag equal to 1 specifies that the syntax\elements sao type idx luma, sao type idk chroma,
sao_band |position, sao_eo_class luma, sao_eo_class_chroma;'sao_offset_abs, and sao_offset sign are derivefd from the
correspondling syntax elements of the left coding tree block’y sao_merge left flag equal to 0 specifies that these syntax
elements |are not derived from the correspondings syntax elements of the left coding tree blo¢k. When
sao_mergg left flag is not present, it is inferred to be.gqual to 0.

sao_merge_up_flag equal to 1 specifies that\ ‘the syntax elements sao type idx luma, sao type idk chroma,
sao_band |position, sao_eo_class luma, sao_eod-class chroma, sao_offset abs, and sao_offset sign are derivefd from the
correspondling syntax elements of the aboyereoding tree block. sao_merge up flag equal to 0 specifies that these syntax
elements |are not derived from the\eorresponding syntax elements of the above coding tree blofk. When
sao_mergg¢ up flag is not present, it issinferred to be equal to 0.

sao_type Jidx_luma specifies thie-offset type for the luma component. The array SaoTypeldx[ cldx ][ rx ][ ry[] specifies
the offset fype as specified in Table 7-8 for the coding tree block at the location ( rx, ry ) for the colour compgnent clIdx.
The valuelof SaoTypeldx[ O rx ][ ry ] is derived as follows:

— Ifsaq type idx_fuma is present, SaoTypeldx[ O ][ rx ][ ry ] is set equal to sao_type idx luma.
—  Othefwise (sao» fype idx luma is not present), SaoTypeldx[ O ][ rx ][ ry ] is derived as follows:

— Ifga0, merge left flag is equal to 1, SaoTypeldx[ O ][ rx ][ ry ] is set equal to SaoTypeldx[ O [[rx — [ ][ ry 1.

—  Otherwise, if sao merge up flag is equal to 1, SaoTypeldx[O0][rx][ry] is set equal to
SaoTypeldx[ 0 ][ rx ][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

L L Il I 1L i I - | e, 41 Ll - 1 WANBEDN | - N 41 . - 1.1 1 R ) .
sao_offse ADST CIOX [ TX [ TY [ T ] SpeCIIes e oTTsetvaruc ot 1=t catCcgory 10T thecoumygtrec oTock at te location

(rx, ry ) for the colour component cldx.
When sao| offset_abs[ cldx ][ rx ][ ry ][ i ] is not present, it is inferred as follows:

— If sgo merge left flag is equal to 1, sao offset abs[cldx [[rx][ry][i] is inferzed” to be |equal to
sao_dffset abs[ cldx J[rx—1][ry][1].

—  Othetwise, if sao_merge up flag is equal to 1, sao offset abs[ cldx ][ rx ][ ry ][d)]-is inferred to bg¢ equal to
sao_dffset abs[ cldx J[rx J[ry—1][1].

—  Otherwise, sao_offset_abs[ cldx ][ rx ][ ry ][ i] is inferred to be equal to 0.

sao_offseq sign[ cldx ][ rx ][ ry ][ i ] specifies the sign of the offset value of i-th-category for the coding tree block at the
location ( X, ry ) for the colour component cIdx when SaoTypeldx[ cIdx ][ #x }| ry ] is equal to 1.

When sao| offset_sign[ cIdx [ rx ][ ry ][ 1] is not present, it is inferred<as follows:

— If sdo merge left flag is equal to 1, sao offset signfeldx [[rx][ry][i] is inferred to be |equal to
sao_dffset sign[ cldx [[rx—1][ry][1].

—  Othetwise, if sao_merge up flag is equal to 1, saozoffset sign[ cldx [[rx ][ ry][i] is inferred to bg equal to
sao_dffset sign[ cldx J[rx J[[ry—1][1].

—  Otherwise, sao_offset sign[ cldx ][ rx ][ ry ][.iis inferred to be equal 0.
The variable offsetSign is derived as follows:
—  If SagTypeldx[ cldx ][ rx ][ ry ] is equalto 2 and i is equal to 2 or 3, offsetSign is set equal to —1.
—  Othetwise, if SaoTypeldx| cldx J[ rx*][ ry ] is equal to 2 and i is equal to 0 or 1, offsetSign is set equal to 1.
—  Otherwise (SaoTypeldx[ cIdxJ[ rx ][ ry ] is equal to 1), the following applies:
— Ifsao_offset signfcldx ][ 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 variale bitDepth)is derived as follows:

—  Ifcldk is €qual to 0, bitDepth is set equal to BitDepthy.

—  Otherwis€ (cldx is equal to 1 or 2), bitDepth is set equal to BitDepth,.

The list SaoOffsetVal[ cldx ][ rx ][ ry ][ i ] for i ranging from 0 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[O][rx][ry] is set equal to
SaoFoClass[0 [ rx J[ry—11]

—  Otherwise, SaoEoClass[ 0 ][ rx ][ ry ] is set equal to 0.

sao_eo_clpss chroma specifies the edge offset class for the chroma components. ! The vyalues of
SaoEoClass[ cldx ][ rx ][ ry ] are derived as follows for cIdx equal to 1..2:

— Ifsad eo class chroma is present, SaoEoClass[ cldx ][ rx ][ ry ] is set equal to sao_eo_class) chroma.
—  Othetwise (sao_eo_class_chroma is not present), SaoEoClass[ cldx ][ rx ][ ry ] is derived as follows:

— Jf sao merge left flag is equal to 1, SaoEoClass[cldx J[rx[ry] is set qual  to
SaoEoClass[ cldx J[rx— 1 ][ ry ].

—  OPtherwise, if sao merge up flag is equal to 1, SaoEoClass[cldx J[rx][ry] is set [equal 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 1D 0-degree edge offset
1 1D 90-degree edge offset
2 1D 135-degree edge offset
3 1D 45-degree edge offset

7.4.9.4 (oding quadtree semantics

split_cu_flag[ x0 ][ yO0 ] spécifies whether a coding unit is split into coding units with half horizontal and vdrtical size.
The array jndices x0, y0.speeify 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 splif_cu_flag[x0 ][ y0 ] is not present, the following applies:
— Iflog2[ChSize is greater than MinCbLog2SizeY, the value of split_cu flag[ x0 ][ y0 ] is inferred to be equaj to 1.

— Otherwise (IogZCbSize is equal to MinCbLog2SizeY), the value of split_cu_flag] x0 [[ y0 [ is inferred to be equal
to 0.

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.

When pred mode flag is not present, the variable CuPredMode[ x ][ y ] is derived as follows for x = x0..x0 + nCbS — 1
and y =y0..y0 + nCbS — 1:

— Ifslicq type is equal to I, CuPredMode[ x ][ y ] is inferred to be equal to MODE INTRA.

— Othervise (slice_type is equal to P or B), when cu_skip flag][ x0 ][ yO ] is equal to 1, CuPredMode||x ][y ] is
inferJed to be equal to MODE_SKIP.

part_mode specifies partitioning mode of the current coding unit. The semantics of-part mode depend on
CuPredMgde[ x0 ][ yO ]. The variables PartMode and IntraSplitFlag are derived from the valug of part mode|as defined
in Table 7}10.

The valueof part mode is restricted as follows:
— If CuPfedMode[ x0 ][ yO ] is equal to MODE_INTRA, part mode shall be equal\to 0 or 1.
— Otherwyise (CuPredMode[ x0 ][ y0 ] is equal to MODE INTER), the following applies:

—

log2CbSize is greater than MinCbLog2SizeY and amp_enabled” flag is equal to 1, part mode shall be in the
inge of 0 to 2, inclusive, or in the range of 4 to 7, inclusive;

—

—  Qtherwise, if log2CbSize is greater than MinCbLog2Size¥ and amp_enabled flag is equal to 0, or 1pg2CbSize
if equal to 3, part_mode shall be in the range of 0 to 2s.inclusive.

—  Qtherwise (1og2CbSize is greater than 3 and less\than or equal to MinCbLog2SizeY), the value of part mode
shall be in the range of 0 to 3, inclusive.

When parf mode is not present, the variables PartMode and IntraSplitFlag are derived as follows:
— PartMgde 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 transfgrm tree( )
syntax stjucture is not present \in 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[ %0 ][ y0 ] is
not present, it is inferred to bejequal to 0.

The value of pecmflag] x0+i][y0+j] with i=1.nCbS—1, j=1.nCbS—1 is inferred to be |equal to
pem_flag[|x0 ][ yO [-

pem_alignment_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 PART 2NxnU
B N PART 2NxnD
6 0 PART nLx2N
7 0 PART nRx2N
The syntax elements prev_intra_luma_pred_flag[ x0 +i][y0O+j ], mpm) jdx[ x0 +1i ][ y0O +j ] and
rem_intrg luma_pred_mode[ x0 + i ][ yO +j | specify the intra prediction mode for{ luma samples. The arfay indices
x0 +1, yO [+ j specify the location ( x0 + 1, yO +j ) of the top-left luma sample of the'Considered prediction block relative
to the topfleft luma sample of the picture. When prev intra luma pred flag[®0,%1][ yO +j] is equal to 1, the intra
prediction|mode is inferred from a neighbouring intra-predicted prediction unit-according to subclause 8.4.2.
intra_chrpma_pred_mode[ x0 ][ yO0 ] specifies the intra prediction mode for chroma samples. The array indjces x0, y0
specify th¢ location ( x0, y0 ) of the top-left luma sample of the considetred prediction block relative to the top-left luma
sample of the picture.
rqt_root_kbf equal to 1 specifies that the transform tree( ) Symtax structure is present for the current cqding unit.
rqt_root dbf equal to O specifies that the transform_tree( ) syntax structure is not present for the current codingfunit.
When rqt |root cbf is not present, its value is inferred tobe equal to 1.
7.4.9.6 Prediction unit semantics
mvp_l0_flag[ x0 ][ y0 ] specifies the motion vector predictor index of list 0 where x0, y0 specify the locatiof ( x0, y0 )
of the top-left luma sample of the considered prediction block relative to the top-left luma sample of the picturg.
When mvp 10 flag[ x0 ][ yO ] is not present, it is inferred to be equal to 0.
mvp_l1_flag[ x0 ][ yO ] has the same semantics as mvp 10 flag, with 10 and list O replaced by 11 and list 1, respectively.
merge_flag[ x0 ][ y0 ] specifies whether the inter prediction parameters for the current prediction unit are inferred from
a neighbopring inter-predicted partition. The array indices x0, y0 specify the location ( x0, y0 ) of the toy-left luma
sample of the considered:prediction block relative to the top-left luma sample of the picture.

When merge flag[. X0)][ yO0 ] is not present, it is inferred as follows:

—  IfCu

PredMode[ x0 ][ yO ] is equal to MODE_SKIP, merge flag[ x0 ][ y0 ] is inferred to be equal to 1.

—  Other

Wwise merge_ﬂag[ x0 [ y0 ]is inferred to be equal ta 0

merge_idx[ x0 ][ yO ] specifies the merging candidate index of the merging candidate list where 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.

When merge_idx[ x0 ][ yO0 ] is not present, it is inferred to be equal to 0.

inter_pred_idc[ x0 ][ yO ] specifies whether list0, listl, 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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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

When inter_pred_idc[ x0 ][ yO0 ] is not present, it is inferred to be equal to PRED LO.

ref_idx_lf [ xQ ][ )ﬂ ] cpprﬁﬁpc the list O reference pi{‘fnrp index for the current Prpﬂir‘finn unit-The array indices x0, yO

specify th¢ location ( x0, y0 ) of the top-left luma sample of the considered prediction block relative to thetep-left luma
sample of fthe picture.

When ref |idx_10[ x0 ][ yO ] is not present it is inferred to be equal to 0.

ref_idx_ 11 x0 ][ yO ] has the same semantics as ref idx 10, with 10 and list 0 replaced by 11 and-list 1, respectijvely.

7.4.9.7 PCM sample semantics

pem_sample_lumal i ] represents a coded luma sample value in the raster scan withinthe coding unit. The jnumber of
bits used tp represent each of these samples is PcmBitDepthy.

pem_sample chromal i | represents a coded chroma sample value in the raster-scan within the coding unif. The first
half of th¢ values represent coded Cb samples and the remaining half oftthe values represent coded Cr sarpples. The
number off bits used to represent each of these samples is PcmBitDepthg,.

7.4.9.8 Transform tree semantics

split_transform_flag[ x0 ][ yO0 ][ trafoDepth ] specifies whether @ block is split into four blocks with half horjzontal and
half verticpl size for the purpose of transform coding. The array indices x0, y0 specify the location ( x0, y0 ) pf the top-
left luma gample of the considered block relative to the tep=left luma sample of the picture. The array index frafoDepth
specifies the current subdivision level of a coding block*nto blocks for the purpose of transform coding. trafoDepth is
equal to Offor blocks that correspond to coding blocks;

The varialyle interSplitFlag is derived as follows:

— If max transform_ hierarchy depth inter is equal to 0 and CuPredMode[ x0 ][ yO ] is equal to MODE INTER and
PartMlode is not equal to PART 2N2N and trafoDepth is equal to 0, interSplitFlag is set equal to 1.

—  Otherwise, interSplitFlag is set equal to 0.
When splif_transform_flag[ x07]}y0 ][ trafoDepth ] is not present, it is inferred as follows:

— If ong or more of the following conditions are true, the value of split_transform_flag[ x0 ][ yO ][ trafqDepth ] is
inferded to be equal o' 1:

—  Jog2TrafeSize is greater than Log2MaxTrafoSize

— IntraSplitFlag is equal to 1 and trafoDepth is equal to 0

—  mterSphtFtagtsequattot
—  Otherwise, the value of split_transform_flag[ x0 ][ yO ][ trafoDepth ] is inferred to be equal to 0.

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:

— IftrafoDepth is greater than 0 and log2TrafoSize is equal to 2, cbf cr[ x0 ][ yO ][ trafoDepth ] is inferred to be equal
to cbf cr[ xBase ][ yBase ][ trafoDepth — 1 ]

—  Otherwise, cbf cr[ x0 ][ yO ][ trafoDepth ] is inferred to be equal to 0.

7.4.9.9 Motion vector difference semantics

abs_mvd |greater0_flag| compldx | specifies whether the absolute value of a motion vector component difference is
greater thgn 0.

abs_mvd |greaterl_flag| compldx | specifies whether the absolute value of a motion yector component difference is
greater thqn 1.

When abs| mvd_greater] flag[ compldx ] is not present, it is inferred to be equal ta 0

abs_mvd |minus2| compldx ] plus 2 specifies the absolute value of a motion vecter component difference.
When abs| mvd_minus2[ compldx ] is not present, it is inferred to be equal-te —1.

mvd_sign| flag] compldx ] specifies the sign of a motion vector compefent difference as follows:

— If myd sign flag[ compldx ] is equal to 0, the corresponding. motion vector component difference has|a positive
value

—  Otherwise (mvd_sign_flag[ compldx ] is equal to 1)~the corresponding motion vector component differpnce has a
negatjve value.

When mvd sign flag[ compldx ] is not present, it isdntferred to be equal to 0.
The motiopn vector difference IMvd[ compldx,]or compIdx = 0..1 is derived as follows:

Mvd[ compldx ] =abs mvd greater0 flag[ compldx ] *
(abs_mvd_minus2[ ¢ompldx ] +2 ) * (1 —2 * mvd_sign flag[ compldx ]) (7-59)

The variaple MvdLX][ x0 ][ yO ]J[teompldx ], with X being 0 or 1, specifies the difference between a lis§ X vector
component to be used and itsprediction. The value of MvdLX[ x0 ][ yO ][ compldx ] shall be in the range of —2b
to 2% — 1, linclusive. The arfay; indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the fonsidered
prediction|block relative to.the top-left luma sample of the picture. The horizontal motion vector component difference is
assigned compldx = Odand the vertical motion vector component is assigned compldx = 1.

—  IfrefList is equal to 0, MvdLO[ x0 ][ yO ][ compldx ] is set equal to IMvd[ compldx ] for compldx = 0..1.
—  Otherwise (refList is equal to 1), MvdL1[ x0 ][ yO ][ compldx ] is set equal to IMvd[ compldx ] for compldx = 0..1.

7.4.9.10 Transform unit semantics

The transform coefficient levels are represented by the arrays TransCoeffLevel[ 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
scanldx equal to O specifies an up-right diagonal scan order, scanldx equal to 1 specifies a horizontal scan order, and
scanldx equal to 2 specifies a vertical scan order. The value of scanldx is derived as follows:

—  If CuPredMode[ x0 ][ yO ] is equal to MODE INTRA and one or more of the following conditions arg ‘truf:
—  Jog2TrafoSize is equal to 2.
—  Jog2TrafoSize is equal to 3 and cldx is equal to O.
predModelntra is derived as follows:
— ]fcldx is equal to 0, predModelntra is set equal to IntraPredModeY[ x0 ][ yO0 J.
—  Ptherwise, predModelntra is set equal to IntraPredModeC.
scan|dx is derived as follows:
— ]fpredModelntra is in the range of 6 to 14, inclusive, scanldx is set equal to 2.
—  ODtherwise if predModelntra is in the range of 22 to 30, inclusive, scanldx is set equal to 1.
—  Otherwise, scanldx is set equal to 0.
—  Othefwise, scanldx is set equal to 0.

transform)_skip_flag[ x0 ][ yO ][ cIdx ] specifies whether(a transform is applied to the associated transform blpck or not:
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 cpmponent;
it is equal to O for luma, equal to 1 for Cb, and\eéqual to 2 for Cr. transform_skip flag[ x0 ][ yO ][ cIdx ] fequal to 1
specifies tat no transform is applied to thescurrent transform block. transform skip flag[ x0 ][ yO ][ cldx ] jequal to O
specifies that the decision whether transform is applied to the current transform block or not depends on other syntax
elements. When transform_skip flag[ x03[y0 ][ cIdx ] is not present, it is inferred to be equal to O.

last_sig_cpeff x_prefix specifies the prefix of the column position of the last significant coefficient in scanning order
within a tiansform block. The vélues of last_sig coeff x prefix shall be in the range of 0 to ( log2TrafoSize < 1)—1,
inclusive.

last_sig_cpeff y prefix.specifies the prefix of the row position of the last significant coefficient in scanhing order
within a tiansform bldcks The values of last_sig coeff y prefix shall be in the range of 0 to ( log2TrafoSize < 1)—1,
inclusive.

last_sig_cpeff ‘x Jsuffix specifies the suffix of the column position of the last significant coefficient in scanpning order
within a| “ffansform block. The values of last sig coeff x suffix shall be in the range jof 0 to
(1 << ((Tast sig_coeff x prefix >> T)—1))— I, inclusive.

The column position of the last significant coefficient in scanning order within a transform block LastSignificantCoeffX
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)
(2 + (last_sig coeff y prefix & 1)) + last_sig_coeff y suffix

When scanldx is equal to 2, the coordinates are swapped as follows:

LastSignificantCoeffX, LastSignificantCoeffY ) =
Swap( LastSignificantCoeffX, LastSignificantCoeffY ) (7-66)

coded_sub block flag[ xS ][ yS ] specifies the following for the sub-block at location ( xS, yS ) within the current
transform plock, where a sub-block is a (4x4) array of 16 transform coefficient levels:

— If coded sub block flag[ xS ][ yS] is equal to 0, the 16 transform coefficient levels of the sub-block at location
(xS, ¥S ) are inferred to be equal to 0.

Otherfvise (coded sub block flag[ xS ][ yS ] is equal to 1), the following appli€s:

— [f(xS,yS)is equal to (0, 0) and ( LastSignificantCoeffX, LastSignifieantCoeffY ) is not equal to] ( 0, 0 ), at
east one of the 16 sig_coeff flag syntax elements is present for the'sub-block at location ( xS, yS) .

— Ptherwise, at least one of the 16 transform coefficient levels of*the sub-block at location ( xS, yS ) has a non
yero value.

When codpd sub block flag[ xS ][ yS ] is not present, it is inferred as follows:
— If ondlor more of the following conditions are true, coded “sub_block flag[ xS ][ yS ] is inferred to be equal to 1:
- xS, yS)isequalto (0,0)
- xS, yS ) is equal to ( LastSignificantCoeffX >> 2, LastSignificantCoeffY >> 2)
—  Otherpise, coded_sub_block flag[ xS ][ yS is inferred to be equal to 0.

sig_coeff [flag] xC ][ yC ] specifies for the transform coefficient location ( xC, yC ) within the current transform block
whether the corresponding transform goefficient level at the location ( xC, yC ) is non-zero as follows:

If sig| coeff flag[ xC ][ yC ] is equal to 0, the transform coefficient level at the location ( xC, yC ) is set equal to 0.

Othegwise (sig_coeff flag[ xC ][ yC ] is equal to 1), the transform coefficient level at the location ( xC,[yC ) has a
non-zpro value.

When sig |coeff flag[&XCH|[ yC ] is not present, it is inferred as follows:

— If (x[C, yC )ds.the last significant location ( LastSignificantCoeffX, LastSignificantCoeffY ) in scan ordgr or all of
the following conditions are true, sig_coeff flag[ xC ][ yC ] is inferred to be equal to 1:

— xXC&3 yvC&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,
inclusive.

8 Decoding process

8.1 (feneral decoding process
Input to thiis 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 values, in increasing order of
nuh_layer| id values, of the NAL units to be decoded, is specified as follows:

— If sqme external means, not specified in this Specification, is available to set TargetDecLfyerldList,
Targg¢tDecLayerldList is set by the external means.

—  Othefwise, if the decoding process is invoked in a bitstream conformance test as specified in subdlause C.1,
TarggtDecLayerldList is set as specified in subclause C.1.

—  Othefwise, TargetDecLayerlIdList contains only one nuh_layeryid/value that is equal to 0.
The variabjle HighestTid, which identifies the highest temporal sub-layer to be decoded, is specified as follows

—  If sotne external means, not specified in this Specification, is available to set HighestTid, HighestTid is|set by the
exterhal means.

—  Othefwise, if the decoding process is invokéd, in a bitstream conformance test as specified in subdlause C.1,
HighestTid is set as specified in subclause C.

—  Othefwise, HighestTid is set equal to sps ‘max_sub_layers minusl.

The sub-bitstream extraction process ‘as specified in clause 10 is applied with the bitstream, Highe§tTid, and
TargetDedLayerIdList as inputs, and the’output is assigned to a bitstream referred to as BitstreamToDecode.

The decoding processes specified*in the remainder of this subclause apply to each coded picture, referred to as the
current pidture and denoted by, the variable CurrPic, in BitstreamToDecode.

Depending on the valugofichroma format idc, the number of sample arrays of the current picture is as followy:

— Ifch

oma_format ‘idc is equal to 0, the current picture consists of 1 sample array S;.

—  Othefwise(chroma_format idc is not equal to 0), the current picture consists of 3 sample arrays St, Scy, Sci-

The decoding proce s g ] e x eleme 1ppe e s
When interpreting the semantics of each syntax element in each NAL unit, the term "the bitstream" (or part thereof, e.g. a
CVS of the bitstream) refers to BitstreamToDecode (or part thereof).

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:

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

Othefwise (separate colour plane flag is equal to 1), the decoding process is invoked three times. dnj
decodling process are all NAL units of the coded picture with identical value of colour plane id, Thg
procdss of NAL units with a particular value of colour plane id is specified as if only a CVSwith m
coloyr format with that particular value of colour plane id would be present in the bitstream. The output|
the three decoding processes is assigned to one of the 3 sample arrays of the current pictire, with the
with golour plane id equal to 0, 1, and 2 being assigned to S;, Scp, and Sc,, respectively

NOTE { The variable ChromaArrayType is derived as equal to 0 when separate colouf) plane flag is equa

chromal format_idc is equal to 3. In the decoding process, the value of this variable is evaluated résulting in operations|identical to

that of monochrome pictures (when chroma format idc is equal to 0).

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 i
s¢gment layer and above:

2:2013(E)

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 equal
to 1.

Otherwise, if some external means not specified in this Specification is available to set the wvariable
HandleCraAsBlaFlag to a value for the current picture, the variable HandleCraAsBlaFlag is set equal to the value
provided by the external means and the variable NoRaslOutputFlag is set equal to HandleCraAsBlaFlag.

Otherwise, the variable HandleCraAsBlaFlag is set equal to 0 and the variable NoRaslOutputFlag is set equal to 0.

If separate_colour plane flag is equal to 0, the decoding process is invoked a single time with the current picture
being the output.

+  Variables and functions relating to picture order count are derived in subclause 8.3.1. This nl
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
"unused for reference” or "used for long-term reference". This needs to be invoked only for thq
segment of a picture.

+  When the current picture is a BLA picture or is a CRA picture with NoRaslOutputFlag equg
decoding process for generating unavailable reference pictures specified in subclause 8.3.3 i
which needs to be invoked‘only for the first slice segment of a picture.

+  PicOutputFlag is set as follows:

—  If the currentipicture is a RASL picture and NoRaslOutputFlag of the associated IRAP
equal to"1,PicOutputFlag is set equal to 0.

—  Otherwise, 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 refere
lists™~construction specified in subclause 8.3.4 is invoked for derivation of reference pic
(RefPicList0) and, when decoding a B slice, reference picture list 1 (RefPicListl).

uts to the
decoding
nochrome
of each of
NAL units

to 1 and

n the slice

ceds to be

marked as
first slice

1 to 1, the
5 invoked,

picture is

\ce picture
ure list 0

NAL unit decoding process

Inputs to this process are NAL units of the access unit containing the current picture.

PTOCT TSut S -5,876; anmd8:73pe oI e Mg SyImax crements i all syntax
structure layers. It is a requirement of bitstream conformance that the coded slices of the picture shall contain
slice segment data for every coding tree unit of the picture, such that the division of the picture into slices, 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.

After all slices of the current picture have been decoded, the decoded picture is marked as "used for short-term
reference".

Outputs of this process are the parsed RBSP syntax structures encapsulated within the NAL units of the access unit
containing the current picture.
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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.

When the current picture is not an IRAP picture with NoRaslOutputFlag equal to 1, the variables prevPicOrderCntLsb
and prevPicQrderCntMsh are derived as follows:

—  Let pfevTidOPic be the previous picture in decoding order that has Temporalld equal to 0 and that /is a¢pt a RASL
pictute, a RADL picture, or a sub-layer non-reference picture.

—  The vpriable prevPicOrderCntLsb is set equal to slice pic order cnt Isb of prevTidOPic.
—  The vpriable prevPicOrderCntMsb is set equal to PicOrderCntMsb of prevTidOPic.

The variable PicOrderCntMsb of the current picture is derived as follows:

— If the[current picture is an IRAP picture with NoRaslOutputFlag equal to 1, PicQrderCntMsb is set equal tp 0.
—  Otherpise, PicOrderCntMsb is derived as follows:

if( { slice_pic_order cnt Isb < prevPicOrderCntLsb ) &&

( ( prevPicOrderCntLsb — slice pic_order cnt Isb) >= (MaxPicOrderCntLsb/2)))
PicOrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb (8-1)
els¢ if( (slice_pic_order cnt Isb > prevPicOrderCntLsb ) &&

( (slice pic_order cnt Isb — prevPicOrderCntLsb).>"( MaxPicOrderCntLsb /2 ) ) )
PicOrderCntMsb = prevPicOrderCntMsb — MaxPiéOrderCntLsb
elsg
PicOrderCntMsb = prevPicOrderCntMsb

PicOrder(ntVal is derived as follows:

PicPDrderCntVal = PicOrderCntMsb + slice pic_order cnt Isb (8-2)

NOTE [l — All IDR pictures will have PicOrderCntVal equal to 0 since slice pic_order cnt lIsb is inferred to be 0 for IDR pictures
and prefvPicOrderCntLsb and prevPicOrder€ntMsb are both set equal to 0.

The value|of PicOrderCntVal shall be in the range of —2°' to 2°' — 1, inclusive. In one CVS, the PicOrderCntlVal values
for any twp coded pictures shallaotbe the same.

The function PicOrderCnt( picX') is specified as follows:
PicPDrderCnt( pieX) = PicOrderCntVal of the picture picX (8-3)
The functipn DiffRicOrderCnt( picA, picB ) is specified as follows:
DifffPieOrderCnt( picA, picB ) = PicOrderCnt( picA ) — PicOrderCnt( picB ) (8-4)

The bitstréam-shall-not-contain-data—that-resuh—in—ve
that are not 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, PocLtCurr, and PocLtFoll, with NumPocStCurrBefore, NumPocStCurrAfter, NumPocStFoll,
NumPocLtCurr, and NumPocLtFoll number of elements, respectively. The five lists and the five variables are derived as
follows:

—  If the|current picture is an IDR picture, PocStCurrBefore, PocStCurrAfter, PocStFoll, PocLtCurr, and\Po¢LtFoll are
all spt to be empty, and NumPocStCurrBefore, NumPocStCurrAfter, NumPocStFoll, NumPRocLt§Curr, and
NumPocLtFoll are all set equal to 0.

—  Otherpise, the following applies:

for{1=0,j=0, k=0; i < NumNegativePics[ CurrRpsldx ] ; i++)
if( UsedByCurrPicSO[ CurrRpsldx J[i])

PocStCurrBefore[ j++ ] = PicOrderCntVal + DeltaPocSO[ CurrRpsldxd} i
else

PocStFoll[ k++ ] = PicOrderCntVal + DeltaPocSO[ CurrRpsIdx }f i
NumPocStCurrBefore = j

for( 1= 0, j =0; i <NumPositivePics[ CurrRpsldx ]; i++)
if( UsedByCurrPicS1[ CurrRpsldx J[i])

PocStCurrAfter[ j++ ] = PicOrderCntVal + DeltaPocS1[ CurrRpsldx ][ i ]
else

PocStFoll[ k++ ] = PicOrderCntVal + DeltaPpeS1[ CurrRpsIdx ][ i ]
NumnPocStCurrAfter =j
NumPocStFoll =k (8-5)
for{i=0,j=0,k=0;i<num long term sps’st num long term pics; i++) {
pocLt =PocLsbLt[ 1]
if( delta_poc_msb_present flag[ i 1<)

pocLt += PicOrderCntVal = DeltaPocMsbCycleLt[ i ] * MaxPicOrderCntLsb — slice_pic_order] cnt_Isb
if( UsedByCurrPicLt[i]) {

PocLtCurr] j ] = pocLt

CurrDeltaPocMsbPresentFlag[ j++ ] = delta_poc_msb_present_flag[ i ]
} else {

PocLtFoll[ k ] =)pocLt

FollDeltaRocMsbPresentFlag[ k++ ] = delta_poc msb present flag[ i ]

}
i
NumPocktCurr = j
NumPocEtFoll = k

where PicOrderCntVal is the picture order count of the current picture as speciiied in subclause 8.3.1.

NOTE 2 — A value of CurrRpsldx in the range of 0 to num_short term ref pic sets — 1, inclusive, indicates that 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 equal to
PocStFottf771

—  Therg¢ shall be no j in the range of 0 to NumPocLtFoll — 1, inclusive, where j is not equal~toni, [for which
PocLtFoll[ i ] is equal to PocLtFoll[ j ].

—  Therg shall be no j in the range of 0 to NumPocLtCurr — 1, inclusive, for which PoclstFoll[i] i§ equal to
PocL{Curt][ j ].

For each i|in the range of 0 to NumPocLtCurr — 1, inclusive, when CurrDeltaPocMsbPresentFlag| i ] is equal fo O, it is a
requiremept of bitstream conformance that the following conditions apply:

—  Therg shall be no j in the range of 0 to NumPocStCurrBefore — 1, inclusive,\fof which PocLtCurr[i] |s equal to
( PocptCurrBefore[ j ] & ( MaxPicOrderCntLsb — 1) ).

—  Therg shall be no j in the range of 0 to NumPocStCurrAfter — 1, inelusive, for which PocLtCurr[i] {s equal to
( PocBtCurrAfter[ j ] & ( MaxPicOrderCntLsb — 1) ).

—  Therg shall be no j in the range of 0 to NumPocStFoll ~1, inclusive, for which PocLtCurr[i] i§ equal to
( PocPBtFoll[ j ] & ( MaxPicOrderCntLsb — 1) ).

—  Therg shall be no j in the range of 0 to NumPocLtCurr — 1, inclusive, where j is not equal to i, [for which
PocLCurr] 1] is equal to ( PocLtCurr[ j | & ( MaxPigQrderCntLsb — 1) ).

For each i|in the range of 0 to NumPocLtFoll — 1, inclusive, when FollDeltaPocMsbPresentFlag[ i ] is equal f0 0, it is a
requiremept of bitstream conformance that the follewing conditions apply:

—  Therg shall be no j in the range of 0 to. NumPocStCurrBefore — 1, inclusive, for which PocLtFoll[ i] {s equal to
( PocBtCurrBefore[ j | & ( MaxPicOrderCntLsb — 1) ).

—  Therg shall be no j in the rang¢ of 0 to NumPocStCurrAfter — 1, inclusive, for which PocLtFoll[i] {s equal to
( PocptCurrAfter[ j ] & ( MaxPicOrderCntLsb — 1) ).

—  Therg shall be no j inthe range of 0 to NumPocStFoll — 1, inclusive, for which PocLtFoll[i] i$ equal to
( PocPBtFoll[ j ] & ( MakPicOrderCntLsb — 1) ).

—  Therg shall be ney*in the range of 0 to NumPocLtFoll — 1, inclusive, where j is not equal to i, |[for which
PocLtFoll[ i ] istequal to ( PocLtFoll[ j ] & ( MaxPicOrderCntLsb — 1) ).

—  Therg shall be no j in the range of 0 to NumPocLtCurr — 1, inclusive, for which PocLtFoll[i] i equal to
( PocLtCurr| j ] & ( MaxPicOrderCntLsb — 1) ).

The variable NumPocTotalCurr 1s derived as specified in subclause 7.4.7.2. It 1s a requirement of bitstream conformance
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
else
RefPicSetLtCurr[ i ] = "no reference picture" (8-6)
for( 1= 0; 1 < NumPocLtFoll; 1++)
if( !FollDeltaPocMsbPresentFlag[ i ] )
if( there is a reference picture picX in the DPB with slice pic_order cnt lsb equal to-Po¢LtFpll[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"

2. All reference pictures that are included in RefPicSetLtCurr and RefPicSetLtFoll are marked as "useql for long-
t¢grm reference".

)
—

he following applies:

—

r( 1= 0; i < NumPocStCurrBefore; i++)
if( there is a short-term reference picture picX in‘th¢ DPB
with PicOrderCntVal equal to PocStCurrBefore[ 1 ])
RefPicSetStCurrBefore[ 1 ] = picX
else
RefPicSetStCurrBefore[ i1 | = "neteference picture"

for( 1= 0; i < NumPocStCurrAfter; i*})
if( there is a short-term reference picture picX in the DPB
with PicOrderCatVal equal to PocStCurrAfter[i])
RefPicSetStCurrAfter[ i ] = picX
else
RefPicSetStCurrAfter[ i ] = "no reference picture" (8-7)

for( 1= 0; 1 < NumPocStFoll; i++ )
if( there is)ashort-term reference picture picX in the DPB
with PicOrderCntVal equal to PocStFoll[i])
RefPicSetStFoll[ i | = picX
else
RefPicSetStFoll[ i | = "no reference picture"

4. All reference pictures in the DPB that are not included in RefPicSetLtCurr, RefPicSetLtFoll,
RefPicSetStCurrBefore, RefPicSetStCurrAfter, or RefPicSetStFoll are marked as "unused for reference".

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 generating unavailable reference pictures

8.3.3.1 (eneral decoding process for generating unavailable reference pictures

—  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 order
count value of the current picture and the picture order count value of the entry is greater than or equal to 2**.

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
that of the current picture, there shall be no picture that has Temporalld equal to that of the current picture included
in RefPicSetStCurrBefore, RefPicSetStCurrAfter, or RefPicSetLtCurr that precedes the STSA picture in decoding
order

When| the current picture is a CRA picture, there shall be no picture included in the RPS that precedes, i decoding
order| any preceding IRAP picture in decoding order (when present).

When| the current picture is a trailing picture, there shall be no picture in RefPicSetSt(urrBefore,
RefP{cSetStCurrAfter, or RefPicSetLtCurr that was generated by the decoding process.fon generating ynavailable
refergnce 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 associpted IRAP
pictute in output order or decoding order.

When| the current picture is a RADL picture, there shall be no picture)included in RefPicSetSt(urrBefore,
RefP{cSetStCurrAfter, or RefPicSetLtCurr that is any of the following:

- A RASL picture

- A picture that was generated by the decoding process /for generating unavailable reference pictures as
specified in subclause 8.3.3

- A picture that precedes the associated IRAP pictore in decoding order
When| the sps_temporal id nesting_flag is equal to *L;\the following applies:
— Let tIdA be the value of Temporalld ofthe current picture picA.

— Any picture picB with Temporalld equal to tIdB that is less than or equal to tIdA shall not be ipcluded in
RefPicSetStCurrBefore, RefPicSetStCurrAfter, or RefPicSetLtCurr of picA when there exist{y a picture
picC that has Temporalld le§s‘than tIdB, follows picB in decoding order, and precedes picA i decoding
order.

This proc¢ss is invokedvonce per coded picture when the current picture is a BLA picture or is a CRA picture with

NoRaslOutputFlag equal to 1.

NOTE } This_precess is primarily specified only for the specification of syntax constraints for RASL pictures.| The entire
specifidation\ofithe decoding process for RASL pictures associated with an IRAP picture that has NoRaslOutputFlag ¢qual to 1 is
includef\h€rein only for purposes of spec1fy1ng constralnts on the allowed syntax content of such RASL pictures.| During the
decodirlg yRA a A \ T aybe ignored, as
these pictures are not spemﬁed for output and have no effect on the decodlng process of any other p1ctures that are specified for
output. However, in HRD operations as specified in Annex C, RASL access units may need to be taken into consideration in
derivation of CPB arrival and removal times.

When this process is invoked, the following applies:

98

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:

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[i] &

( 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.

8.3.3.2 Generation of one unavailable picture

When this

process is invoked, an unavailable picture is generated as follows:

—  The Y
—  The Y

—  The
x=0

834 D
This procgd

Reference
index into|
decoding 3

At the be
RefPicLis

The varial
the list Re

rld
wh

}
The list Rq

for

alue of each element in the sample array S; for the picture is set equal to 1 << ( BitDepthy — 1)).
alue of each element in the sample arrays Scyp, and Sc, for the picture is set equal to 1 << ( BitDepth,

prediction mode CuPredMode[ x [[ v ] is set equal to MODE INT}
.pic_width_in luma samples — 1, y = 0..pic_height in luma samples — 1.

ecoding process for reference picture lists construction
ss is invoked at the beginning of the decoding process for each P or B slicg

pictures are addressed through reference indices as specified in sub¢lause 8.5.3.3.2. A reference i
a reference picture list. When decoding a P slice, there is a single-Teference picture list RefPicLi
B slice, there is a second independent reference picture list RefPicList] in addition to RefPicList0.

pinning of the decoding process for each slice, the reference picture lists RefPicList0 and, fo
1 are derived as follows:

le NumRpsCurrTempListO is set equal to Max( numvtef idx 10 active minusl + 1, NumPocTotal
fPicListTempO is constructed as follows:

k=0

le( rldx < NumRpsCurrTempList0 ) {

for( 1= 0; i < NumPocStCurrBefore && ¥ldx < NumRpsCurrTempList0; rldx++, i++)
RefPicListTempO[ rldx ] = RefPieSetStCurrBefore[ i ]

for(1=0; i <NumPocStCurrAfter ‘&& rldx < NumRpsCurrTempListO; rldx++, i++)
RefPicListTempO[ rldx ] = RefPicSetStCurrAfter| i |

for( 1= 0; i < NumPocLtCufr && rldx < NumRpsCurrTempList0; rldx++, i++)
RefPicListTempO[ rldx | = RefPicSetLtCurr] i ]

e fPicList0 is constructed as follows:

rldx = 0; rldx\<= num_ref idx 10 active minusl; rldx++)
RefPicListOfrldx ] =ref pic list modification flag 10 ? RefPicListTempO[ list entry 10[ rldx ] ] :
RefPicListTempO[ rldx ]

When n’]he slice is a B slice, the variable NumRpsCurrTempListl is  set ¢

-1).
RA for

ndex is an
st0. When

B slices,

Curr ) and

(8-8)

(8-9)

qual to

follows:

Max( nu

ref idx 11 active minusl + 1 _NumPocTotalCurr ) and the list RefPicl istTempl is constructed as

rldx =0
while( rldx < NumRpsCurrTempListl ) {

for( 1= 0; 1 < NumPocStCurrAfter && rldx < NumRpsCurrTempListl; rIdx++, i++)
RefPicListTempl[ rldx ] = RefPicSetStCurrAfter[ i |

for(1=0; i <NumPocStCurrBefore && rldx < NumRpsCurrTempListl; rldx++, i++)
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.

Output of fhis process is a modified reconstructed picture before deblocking filtering.

The derivaition process for quantization parameters as specified in subclause 8.6.1 is invoked with(the’ luma location
( xCb, yClb ) as input.

A variabld nCbS is set equal to 1 << log2CbSize.

Depending on the values of pcm flag[ xCb ][ yCb ] and IntraSplitFlag, the decoding~process for luma $amples is
specified gs follows:

— Ifpem| flag[ xCb ][ yCb ] is equal to 1, the reconstructed picture is modified as\follows:

Si[xCb+i][yCb+]j]=
pcm_sample luma[ (nCbS *j)+i] << ( BitDepthy — PemBitDepthy ), with i, j = 0..nCbS — 1 (8-12)

— Othervise (pcm_flag[ xCb ][ yCb ] is equal to 0), if IntraSplitFlag i§.equal to 0, the following ordered stepd apply:

1. The derivation process for the intra prediction mode as §pecified in subclause 8.4.2 is invoked with the luma
Igcation ( xCb, yCb ) as input.

2. The general decoding process for intra blocks as specified in subclause 8.4.4.1 is invoked with the luj;a location

([KCb, yCb ), the variable log2TrafoSize set equal to log2CbSize, the variable trafoDepth set equal to 0, the
vhriable predModelntra set equal to IntraPredModeY[ xCb ][ yCb ], and the variable cldx set equal to O as
1jputs, and the output is a modified reconstructed picture before deblocking filtering.

—-

— Othervwise (pcm_flag[ xCb ][ yCb ] is equal’to 0 and IntraSplitFlag is equal to 1), for the variable blkldx proceeding
over the values 0..3, the following ordered steps apply:

1. The variable xPb is set equal0.xCb + ( nCbS >> 1) * ( blkldx % 2 ).
2. Tlhe variable yPb is set equal'to yCb + (nCbS >> 1) * (blkldx/2).

3.  Thhe derivation progess.for the intra prediction mode as specified in subclause 8.4.2 is invoked with the luma
Igcation ( xPb, yPb")-as input.

4. The general deeoding process for intra blocks as specified in subclause 8.4.4.1 is invoked with the luma location
(kPb, yPb'), the variable log2TrafoSize set equal to log2CbSize — 1, the variable trafoDepth set equil to 1, the
vhriable ‘predModelntra set equal to IntraPredModeY[ xPb ][ yPb ], and the variable cldx set equal to O as
1jputs, and the output is a modified reconstructed picture before deblocking filtering.

—-

Depending on the value of pcm_1flag[ xCb [ yCb [, the decoding process for chroma samples 1s specified as follows:
— Ifpem flag[ xCb ][ yCb ] is equal to 1, the reconstructed picture is modified as follows:
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.

Table 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 ANGULAR34

IntraPredNodeY[ xPb ][ yPb ] labelled 0..34 represents directions of predictiens as illustrated in Figure 8-1.

18 19 20 21 22 23 24 25 26 27 28 29 @0 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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3.

102

— 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:

If availableX 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.

Otherwise, candIntraPredModeX is set equal to IntraPredModeY[ xNbX ][ yNbX ].

The candModelist] x T with x = 0.2 is derived as follows:

p—

1

If candIntraPredModeB is equal to candIntraPredModeA, the following applies:

— If candIntraPredModeA is less than 2 (i.e. equal to INTRA PLANAR.'or INTRA DC),

candModeList[ x | with x =0..2 is derived as follows:

candModeList[ 0 ] =INTRA PLANAR (8-15)

candModeList[ 1 ] =INTRA DC (8-16)

candModeList[ 2 ] = INTRA ANGULAR26 (8-17)
—  Otherwise, candModeList[ x | with x =0..2 is derived as follows:

candModeList[ 0 ] = candIntraPredModeA (8-18)

candModeList[ 1 ] =2 + ( ( candIntraPredModeA¢+ 29) % 32 ) (8-19)

candModeList[ 2 ] =2 + ( ( candIntraPredModeA’—2 + 1) % 32) (8-20)

Otherwise (candIntraPredModeB is not equal to candIntraPredModeA), the following applies:
candModeList[ 0 ] and candModeList[.l-Jéare derived as follows:
candModeList[ 0 ] = candIntraPredModeA (8-21)
candModeList[ 1 ] = candInttaPredModeB (8-22)

— If neither of candModelist{ 0] and candModeList[ 1] is equal to INTRA [PLANAR,

candModeList[ 2 ] is setiequal to INTRA PLANAR,

— Otherwise, if neither of candModeList[ 0] and candModeList] 1] is equal to INTRA DC,

—  OtherwisescandModeList[ 2 ] is set equal to INTRA ANGULAR26.
itraPredModeY [\ xPb ][ yPb ] is derived by applying the following procedure:

candModeList[ 2.] is set equal to INTRA DC,

If previntra luma pred flag[ xPb ][ yPb ] is equal to 1, the IntraPredModeY[ xPb ][ yPb ] is spt equal 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:

i.  When candModeList[ 0 ] is 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

8.44  Decoding process for intra blocks

8.4.4.1 (eneral decoding process for intra blocks
Inputs to this process are:

— asamylle location ( xTb0, yTb0 ) specifying the top-leftiSsample of the current transform block relative to the top-left
samplq of the current picture,

— avariaple log2TrafoSize specifying the size of‘thé current transform block,

— avariaple trafoDepth specifying the hierarchy depth of the current block relative to the coding unit,
— avariaple predModelntra specifying the ifitra prediction mode,

— avariaple cldx specifying the colour/’component of the current block.

Output of fhis process is a modified'reconstructed picture before deblocking filtering.

The luma pample location (XTbY, yTbY ) specifying the top-left sample of the current luma transform block|relative to
the top-left luma sample ofithe current picture is derived as follows:

(xTbY, yTb¥Y= (cldx == 0)? (xTb0, yTb0 ) : (XTb0 << 1,yTb0 << 1) (8-26)

The varialjle sphitklag is derived as follows:

— If cldx|is\equal to 0, splitFlag is set equal to split transform flag[ xTbY ][ yTbY ][ trafoDepth ].

— Otherwise, 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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8.4.4.2 Intra sample prediction

8.4.4.2.1 (General intra sample prediction

Inputs to this process are:

Output of this process is the predicted samples predSamples[ x |[ y |, with x, y = 0..0nTbS — 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
(xTbO0, yTbl ), 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

m +fHad racanctenotad oot g oo do] leiag Sliqreio g
SO G T e ORI OO PICH O OO e G OO0 IR Tt O -

5. Te general decoding process for intra blocks as specified in this subclause is invoked with, the location
(KTbl, yTbl ), the variable log2TrafoSize set equal to log2TrafoSize — 1, the variable trafoDepth s¢t equal to
trpfoDepth + 1, the intra prediction mode predModelntra, and the variable cldx as inputs;)and the putput is a
njodified 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.

he general intra sample prediction process as specified in subclause 8.4.4.2.1 is invoked with the| transform
ock location ( xTb0, yTb0 ), the intra prediction mode predModelntrd, the transform block size nT)S, and the
hriable cldx as inputs, and the output is an (nTbS)x(nTbS) array predSamples.

< o

he scaling and transformation process as specified in subclause 8.6.2 is invoked with the lumja location
kTbY, yTbY ), the variable trafoDepth, the variable cldx, and(the transform size trafoSize set equal fo nTbS as
jputs, and the output is an (nTbS)x(nTbS) array resSamples:

w
—~

—-

4. The picture reconstruction process prior to in-loopsfiltering for a colour component as specified in
s@ibclause 8.6.5 is invoked with the transform block location ( xTb0, yTb0 ), the transform block sizelnTbS, the
vhriable cldx, the (nTbS)x(nTbS) array predSamples, and the (nTbS)x(nTbS) array resSamples as inpyits.

a samgjle location ( xTbCmp, yTbCmp ) specifying the top-left sample of the current transform block relgtive to the
top-leff sample of the current picture,

a variaple predModelntra specifying the intra prediction mode,
a variaple nTbS specifying the transform block size,

a variaple cIdx spegcifying the colour component of the current block.

The nTbS|* 4+ 1 neighbouring samples p[ x ][ y | that are constructed samples prior to the deblocking filt¢r process,
with x = -1, y=—1nIbS* 2= tand X = 0.1 bS * 2= 1, y=—1, arc derived as 1o tows:

The neighbouring location ( xXNbCmp, yNbCmp ) is specified 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:

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 equal
to 1.

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 ][ ¥ ].

When at least one sample p[ x ][ y ] with x=—1, y=—-1.nTbS *2 — 1 and x =0..nTbS * 2 — 1, y=—1 is marked as "not
available for intra prediction", the reference sample substitution process for intra sample prediction in subclause 8.4.4.2.2
is invoked with the samples p[ x [[ y ] with x=—1,y=-1..nTbS *2 — 1 and x =0..nTbS * 2 — 1, y=—1, nTbS, and cldx

as inputs, [amd—themodified—samptes pfx i vy +with x=—t,y=—t TS 2=t amd—=x=0nTbS*2—T;jy=-1 as

output.
Depending on the value of predModelntra, the following ordered steps apply:
1.

8.4.4.2.2

Inputs to this process are:

Outputs
x =0..nTHS * 2 — 1{yy= —1 for intra sample prediction.

The varialle bifDepth is derived as follows:

When cldx is equal to 0, the filtering process of neighbouring samples specified in,_subclause §4.4.2.3 is
ijvoked with the sample array p and the transform block size nTbS as inputs, and the Qutput is reassigned to the
sgmple 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 specified in
subclause 8.4.4.2.4 is invoked with the sample array p and the transform block size nTbS as inputs, and the
output is the predicted sample array predSamples.

—|  Otherwise, if predModelntra is equal to INTRA DC, the.corresponding intra prediction mode specified in
subclause 8.4.4.2.5 is invoked with the sample array,p,‘the transform block size nTbS, and fthe colour
component index cldx as inputs, and the output is th€ predicted sample array predSamples.

—|  Otherwise (predModelntra is in the range,.0of INTRA ANGULAR2.INTRA ANGULAR34), the
corresponding intra prediction mode specified in subclause 8.4.4.2.6 is invoked with the intra[prediction
mode predModelntra, the sample array p,.the fransform block size nTbS, and the colour compopent index
cldx as inputs, and the output is the predicted sample array predSamples.

Reference sample substitution processfor intra sample prediction

referepce samples p[x [y ] with'x=—-1,y=—1.nTbS *2 —1 and x=0.nTbS *2 -1, y=—1 for infra sample

predigtion,
a tranpform block size nTbS;

a varipble cldx specifyingithe colour component of the current block.

If cIdx]isrequal to 0, bitDepth is set equal to BitDepthy.

f this process” are the modified reference samples p[x][y] with x=-1,y=-1.nTbS *P -1 and

Otherwise, bitDepth is set equal to BitDepthc.

The values of the samples p[ x ][ y] with x=—1,y=-1..nTbS *2 — 1 and x =0..nTbS * 2 — 1, y=—1 are modified as

follows:

If all samples p[x][y] with x=—1,y=—-1.nTbS *2—1 and x=0.nTbS *2 -1, y=—1 are marked as "not
available for intra prediction"”, the value 1 << ( bitDepth — 1 ) is substituted for the values of all samples p[ x ][y ].

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 from
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 ][ y ]
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,

— avariable nTbS specifying the transform block size.

Outputs [|of this process are the filtered samples pF[x][y], with x=-1,y=—-1.nTbSAJ—-1 and
x=0.nTHS *2 -1, y=-1.

The variable filterFlag is derived as follows:

— If one pr more of the following conditions are true, filterFlag is set equal to 0:
—  predModelntra is equal to INTRA DC.
—  n[[bS 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 8=3:
—  Thhe 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[ nTbS ] 7 1 0

When filtdrFlag is equal to 1, the following applies:
— The variable bilntFlag is deriyed as follows:
— If pll of the following conditions are true, bilntFlag is set equal to 1:

- strong_jintfa smoothing enabled flag is equal to 1

nTbhSis equal to 32
Abs(p[—1][-1]+p[nTbS*2—1][-1]-2*p[nTbS—1][-1])<(1 << (BitDepthy —5)
— 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:

8.4.4.24

Inputs to

pF[-1][-1]=(p[-1][0]+2*p[-L][-1]+p[O][-1]+2) >> 2
pFI-11[yl=(p[-1[y+1]+2*p[-1][y]l+p[-1y—1]+2) >> 2fory=0.nTbS *2 —
pF[—1][nTbS *2—1]=p[—1][nTbS *2—1]
pFx][-1]1=(p[x—1][-1]+2*p[x][-1]+p[x+1][-1]+2) >> 2forx=0..nTbS *2 —
pF[nTbS *2—-1][-1]=p[nTbS*2—-1][-1]

Specification of intra prediction mode INTRA_PLANAR

tfrsprocessare:

— the neighbouring samples p[ x ][ y ], withx=—1,y=—1..nTbS *2 -1 and x=0..nTbS *2 — 1, y = =1,

— avariaple nTbS specifying the transform block size.

Outputs of this process are the predicted samples predSamples[ x ][ y ], with X, y = 0..nTbS — 1,

The values of the prediction samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1, are derived as follows:
predBamples[ x ][y ]=((nTbS—1—-x)*p[—-1][y]+(x+1)*p[nTbS ][ -1]s

8.4.4.2.5

Inputs to

(nTbS—1-y)*p[x][-1]+
(y+1)*p[~1][nTbS ]+nTbS) >> (Log2(nFbS)+1)

Bpecification of intra prediction mode INTRA_DC

this process are:

— the neighbouring samples p[ x ][ y |, withx =—1, y=—1..nTbS*» 2~ 1 and x=0..nTbS *2 - 1,y =—1,

— avariaple nTbS specifying the transform block size,

— avariaple cldx specifying the colour component of the-cutrent block.

Outputs of this process are the predicted samples predSamples[ x ][ y ], with X, y = 0..nTbS — 1.

The values of the prediction samples predSamples] X |[ y ], with x, y = 0..nTbS — 1, are derived by the followi

steps:

1.

A variable dcVal is derived as follows:

nTbS -1 nThS#~1

dcVal = D P+ Y. pl-1 ' T+ nTbS | >> (k+1)
x'=0 y'=0

here k = Log2( nTbS ).

s

)

epending omthe value of the colour component index cldx, the following applies:
—| If cIdxuis 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

(8-35)
2 (8-36)
(8-37)
2 (8-38)
(8-39)

(8-40)

hg ordered

(8-41)

(8-42)

predSampies{ X [ 0 =(PLXJL 1]+ 3 Tdcval+2) 2, Withx = . nlbS—1
predSamples[ 0 ][y ]=(p[—-1][y]+3 *dcVal+2) >> 2 withy=1..nTbS — 1
predSamples[ x ][ y ] = dcVal, with x, y=1..nTbS — 1

—  Otherwise, the prediction samples predSamples[ x ][ y ] are derived as follows:

predSamples| x ][ y ] = dcVal, with x, y =0..nTbS — 1

(8-43)
(8-44)
(8-45)

(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

predMeodelntra 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

intraPredAng]e 32 26 21 17 13 9 5 2 0 -2 =5 -9 | -13 | -17 | 421 | 26

predModelntra 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 B3 34

intraPredAngle —32,| =26 | 21 | -17 | -13 | -9 -5 -2 0 2 5 9 13 17 21 D6 32
Table 8-5 [further'specifies the mapping table between predModelntra and the inverse angle parameter invAnglg.

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. The values of the prediction samples predSamples| x ][ y ], with X, y = 0..nTbS — 1 are derived as follows:
a. —Fhendexaariable Hdxand the multipheationfactoriHact are derived asfollows:
ildk=((y+1) * intraPredAngle ) >> 5 (8-50)
iFact=((y+ 1) * intraPredAngle ) & 31 (8-51)
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|follows:
predSamples[ x [[y ] =
((32—iFact) * ref] x + ildx + 1 ] + iFact * ref[ x + ildx + 24,16 ) >> 5 (8-52)
— Otherwise, the value of the prediction samples predSamples[ x ][y ] is derived as follows:
predSamples[ x ][y ] =refl x +ildx + 1 ] (8-53)
c.| When predModelntra is equal to 26 (vertical), cldx is equal to 0 and nTbS is less than 32, the| following
filtering applies with x =0, y = 0..nTbS — 1:
predSamples[ x [y ] = Cliply(p[x ][ -1 ]+ CCp[ ~1 Ily ] —p[-11[-1]) >> 1)) (8-54)
Othervise (predModelntra is less than 18), the followingyordered steps apply:
1. THe reference sample array ref[ x ] is specified as‘follows:
— | The following applies:
ref[x]=p[ -1 ][ -1 +x], with x =0..nTbS (8-55)
— | If intraPred Angle is less than:0; the main reference sample array is extended as follows:
—  When (nTbS * intraPrédAngle ) >> 5 is less than —1,
ref] x}=p[ -1 + ((x *invAngle + 128 ) >> 8) ][ 1],
with x =—1..(nTbS * intraPredAngle ) >> 5 (8-56)
— | Otherwise,
e[ XT=p[—-1][-1+x], withx=nTbS + 1..2 * nTbS (8-57)
2. THe values'of the prediction samples predSamples[ x ][ y ], with x, y = 0..nTbS — 1 are derived as follofws:
a. L_The index variable ildx and the multiplication factor iFact are derived as follows:
ildk=((x+1) *intraPredAngle ) >> 5 (8-58)
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

— Otherwise, the value of the prediction samples predSamples[ x ][ y ] is derived as follows:

predSamples[ x [y ] =refl y +ildx + 1 ]
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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,

— avariable log2CbSize specifying the size of the current coding block.

Output of fhis process 1s a modified reconstructed picture before deblocking filtering.

The derivation process for quantization parameters as specified in subclause 8.6.1 is invoked with the lunja location
(xCb, yClb ) as input.

The variable nCbS, is set equal to 1 << log2CbSize and the variable nCbS¢ is set equal to 1 <<C(log2CbSizg¢ — 1 ).
The decoding process for coding units coded in inter prediction mode consists of following erdered steps:

l. e inter prediction process as specified in subclause 8.5.2 is invoked with the luma location ( xCb,[yCb ) and
the luma coding block size log2CbSize as inputs, and the outputs are three afrays predSamples;, predPamplescy,
ahd predSamplesc,.

2. The decoding process for the residual signal of coding units coded in inter prediction mode specified in
s@ibclause 8.5.4 is invoked with the luma location ( XCb, yCb ) and the luma coding block size logdCbSize as
fputs, and the outputs are three arrays resSamples;, resSamplescy; and resSamplesc,.

—-

3. Tlhe reconstructed samples of the current coding unit are derived as follows:

—| The picture reconstruction process prior to in-leep filtering for a colour component as specified in
subclause 8.6.5 is invoked with the luma coding block location ( xCb, yCb ), the variable nCurrS et equal to
nCbS,, the variable cldx set equal to 0, the (n€bS;)x(nCbS;) array predSamples set equal to predSamples;,
and the (nCbS)x(nCbS;) array resSamples, sét equal to resSamples; as inputs.

—| The picture reconstruction process pfior to in-loop filtering for a colour component as specified in
subclause 8.6.5 is invoked with the-chroma coding block location ( xCb /2, yCb / 2 ), the variable pCurrS set
equal to nCbSc, the variable _cldx set equal to 1, the (nCbSc)x(nCbSc) array predSamples sdt equal to
predSamplescy,, and the (nCbS)x(nCbS() array resSamples set equal to resSamplescy, as inputs.

—| The picture reconstruction’ process prior to in-loop filtering for a colour component as specified in
subclause 8.6.5 is invoked with the chroma coding block location ( xCb /2, yCb / 2 ), the variable pCurrS set
equal to nCbSc, the“variable cldx set equal to 2, the (nCbSc)x(nCbSc) array predSamples sdt equal to
predSamplesc,, @ndthe (nCbSc)x(nCbSc) array resSamples set equal to resSamplesc; as inputs.
8.5.2  Inter prediction process

This procgss is invokeéd when decoding coding unit whose CuPredMode[ xCb ][ yCb ] is not equal to MODE_INTRA.

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:
— 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.
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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.

Othervise, if PartMode is equal to PART Nx2N, the following ordered stepstapply:
l.

Othervise, if PartMode is equal to'\PART 2NxnU, 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 luma
coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS;, the height of the luma
ptediction block nPbH set equal to nCbS; >> 1, and a partition index partldx set equal to 0 as inpufts, and the
opitputs are an (nCbSp)x(nCbS;) array predSamples; and two (nCbSc)x(nCbSc) arrays predSamplesq, and
ptedSamplesc;.
T
W

he decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 fis invoked
ith the luma location ( xCb, yCb ), the luma location ( xBl, yBl ) set equal to ( 0, nChSy~>> 1), the|size of the
Iyma coding block nCbS;, the width of the luma prediction block nPbW set equal, to) nCbS,, the hejght of the
Iyma prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx-set equal to 1 as fnputs, and
the outputs are the modified (nCbSp)x(nCbS;) array predSamples; and thé two modified (nCbS{)x(nCbSc)
afrays predSamplesc, and predSamplesc;.

—

he decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 fis invoked
ith the luma location ( XCb, yCb ), the luma location ( xBJ,,yB1) set equal to (0, 0), the size of the luma
ding block nCbS;, the width of the luma prediction block h"PbW set equal to nCbS; >> 1, the hejght of the
ma prediction block nPbH set equal to nCbS;, and a partition index partldx set equal to 0 as inpufs, and the
itputs are an (nCbSp)x(nCbS;) array predSamplesphand two (nCbSc)x(nCbSc) arrays predSamplesc, and
redSamplesc;.

s

— o

he decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 fis invoked
ith the luma location ( xCb, yCb ), the lumatlocation ( xBl, yBl ) set equal to ( nCbS; >> 1, 0), the|size of the
ma coding block nCbS;, the width of theduma prediction block nPbW set equal to nCbS; >> 1, thg height of
e luma prediction block nPbH set equal to nCbSy, and a partition index partldx set equal to 1 as inpyts, and the
htputs are the modified (nCbSy)x(n€bS,) array predSamples; and the two modified (nCbSc)x(nCHSc) arrays
predSamplesc, and predSamplesg;.

==+ T O

o =

he decoding process_for prediction units in inter prediction mode as specified in subclause 8.5.3 fis invoked
ith the luma location/( XCb, yCb ), the luma location ( xBI, yBl) set equal to ( 0,0 ), the size of the luma
ding block nCbSty/the width of the luma prediction block nPbW set equal to nCbS,, the height of the luma
Fediction block:nPbH set equal to nCbS; >> 2, and a partition index partldx set equal to 0 as inpus, and the
htputs are~afi (nCbSy)x(nCbS;) array predSamples; and two (nCbSc)x(nCbSc) arrays predSamplesc, and
redSamplese,.

—H S 0T Qo <2 4

he/deeoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 fis invoked
wlithvthe luma location ( xCb. yCb ). the luma location ( xBl. yBI ) set equal to ( 0. 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; >> 1)+ (nCbS. >> 2), and a partition index partldx set
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 ( xBI, 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; >> 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:

— Othervise, if PartMode is equal to PART nRx2N, the following ordered steps apply:
1.

— Othervise (PartMode is equal to PART\ NxN), the following ordered steps apply:
l.

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
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
ptedSamplesc,.

The decoding process for prediction units in inter prediction mode as specified in subclause(8.5:3 fis invoked
with the luma location ( xCb, yCb ), the luma location ( xBl, yBI ) set equal to ( nCbS, >> 2. (), the[size of the
lyma coding block nCbS;, the width of the luma prediction block nPbW set [equal to
(pCbS, >> 1)+ (nCbS; >> 2), the height of the luma prediction block nPbH setequal to nCbS;, and a
partition index partldx set equal to 1 as inputs, and the outputs are the modified (nCbS;)x(nCpS;) array
ptedSamples; and the two modified (nCbS¢)x(nCbS() arrays predSamplesc, and predSamplesc,.

he decoding process for prediction units in inter prediction mode as/Specified in subclause 8.5.3 fis invoked
ith the luma location ( xCb, yCb ), the luma location ( xBl, yBl )(set equal to (0, 0), the size of the luma
ding block nCbS;, the width of the Iuma prédiction block nPbW set pqual to
hCbS. >> 1)+ (nCbS, >> 2), the height of the luma prediction block nPbH set equal to nChS;, and a
irtition index partldx set equal to 0 as inputs, and the outputs‘are an (nCbS; )x(nCbS,) array predSamples; and
vo (nCbSc)x(nCbSc) arrays predSamplesc, and predSamplesc,;.

28—~ o < 5

The decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 fis invoked
with the Iuma location ( xCb, yCb ), the luma location ( xBl, yBl) set equal to (nCS1; + (nCbS; 3> 2),0),
He size of the luma coding block nCbS;, fhes width of the luma prediction block nPbW sef equal to
CbS; >> 2, the height of the luma prediction block nPbH set equal to nCbS;, and a partition index partldx set
fual to 1 as inputs, and the outputs aré’the modified (nCbS;)x(nCbS;) array predSamples; and the two
odified (nCbS¢)x(nCbSc) arrays predSamplesc, and predSamplesc,.

503 o

Tihe decoding process for prediction units in inter prediction mode as specified in subclause 8.5.3 fis invoked
with the luma location ( XCb,yCb ), the luma location ( xBl, yBl) set equal to (0,0 ), the size of the luma
cpding block nCbS;, the Width of the luma prediction block nPbW set equal to nCbS; >> 1, the hejght of the
Iyma prediction block nPbH set equal to nCbS; >> 1, and a partition index partldx set equal to 0 as fnputs, and
the outputs are an (nCbS;)x(nCbS;) array predSamples; and two (nCbSc)x(nCbS¢) arrays predSamplesc, and
ptredSamplesc,.

Tlhe decoding “process for prediction units in inter prediction mode as specified in subclause 8.5.3 fis invoked
with thestuma location ( xCb, yCb ), the luma location ( xBl, yBI ) set equal to ( nCbS, >> 1, 0), the|[size of the
Iyma coding block nCbS;, the width of the luma prediction block nPbW set equal to nCbS; >> 1, thg height of
theNrma prediction block nPbH set equal to nCbS; >> 1, and 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 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 ( 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,.

8.5.3  Decoding process for prediction units in inter prediction mode

8.5.3.1 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,

— aluma 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,

— avariable nCbS specifying the size of the current luma coding block,

— avariaple nPbW specifying the width of the current luma prediction block,

— avariaple nPbH specifying the width of the current luma prediction block,

— avariaple partldx specifying the index of the current prediction unit within the current coding unit

Outputs of

— an (nCpS.)x(nCbS;) array predSamples; of luma prediction samples, where nCS; is denived as specified bg

— an (n(

derived as specified below,

— an (nCpSc)x(nCbS) array predSamplesc, of chroma prediction samples, for-the component Cr, where nCS(

as speqd

The variah

The decoding process for prediction units in inter prediction mode Consists of the following ordered steps:

1. The derivation process for motion vector components.and reference indices as specified in subclausg

1]
Iu

=

N
< G0 3 =3

14
S4

(

For use in

for x = xB[..xBl +nPbW — | and y = yBl..yBl + nPbH — 1:

chroma compenents Cb and Cr, as outputs.

this process are:

bSc)x(nCbSc) array predSamplesc, of chroma prediction samples for, ¢he component Cb, wher

ified below.

le nCbS; is set equal to nCbS and the variable nCbS¢ is setequal to nCbS >> 1.

voked with the luma coding block location (x€b] yCb ), the luma prediction block location ( xBl

low,

e nCSc is

is derived

8.53.21s
yB1), the

ma coding block size block nCbS, the luma prediction block width nPbW, the luma prediction bl
PbH, and the prediction unit index partldx-asiinputs, and the luma motion vectors mvL0 and mvL1,

pck height
e chroma

otion vectors mvCLO and mvCLI1, thesteference indices refldxLO and refldxL1, and the prediction list

ilization flags predFlaglL0 and predKlagL1 as outputs.

he decoding process for inter samiple prediction as specified in subclause 8.5.3.3 is invoked with the luma
ding block location ( xCb,yCb'), the luma prediction block location ( xBl, yBl), the luma coding|block size
ock nCbS, the luma prediction block width nPbW, the luma prediction block height nPbH, the lujna motion
bctors mvL0 and mvlal ) the chroma motion vectors mvCLO and mvCL1, the reference indices refldxL0O and

fldxL1, and the prediction list utilization flags predFlagL0 and predFlagL1 as inputs, and the inter
mples (predSamples) that are an (nCbS;)x(nCbS;) array predSamples; of prediction luma samplg
1CbS)x(nCbSg) arrays predSamplesc, and predSamplesc, of prediction chroma samples, one for ¢

deriyation processes of variables invoked later in the decoding process, the following assignment

prediction
s and two
ach of the

are made

M ravs V) P i oL i - 10
VLUI_ AU AL YCU Ty ] HHIVIU

Mv

L[ xCb+x ][ yCb+y]=mvLl

RefldxLO[ xCb + x ][ yCb + y | = refldxL0
RefldxL1[ xCb + x ][ yCb + y ] = refldxL1
PredFlagLO[ xCb + x ][ yCb + y ] = predFlagL.0

Pre

dFlagl1[ xCb + x ][ yCb +y ] = predFlagL1

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 luma
sample of the current picture,

—  aluma location ( xBl, yBI ) of the top-left sample of the current luma prediction block relative to the top-left sample
of the current luma coding block,

— avarl

able 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,

— avarl

able partldx specifying the index of the current prediction unit within the current coding unit.

Outputs of this process are:

—  the luma motion vectors mvL0 and mvL1,

—  the chroma motion vectors mvCL0O and mvCL]1,

—  therd
— thep

Let ( xPb,
sample of

Let the va
respective

The functi

—  If the
pictu
Long

—  Othet

For the de
following

- If mg
speci
varia
vecto
and p

—  Other
and 1

ference indices refldxL0 and refldxL1,
ediction list utilization flags predFlagL0 and predFlagL1.

yPb ) specify the top-left sample location of the current luma prediction block relative to the toy
the current picture where xPb = xCb + xBl and yPb = yCb + yBI.

riable currPic and ListX be the current picture and RefPicListX, with X being-07or 1, of the currg
y.
on LongTermRefPic( aPic, aPb, refldx, LX), with X being 0 or 1, is defingd-as follows:

picture with index refldx from reference picture list LX of the slice-containing prediction block
e aPic was marked as "used for long term reference" at the time when aPic was the curre
TermRefPic( aPic, aPb, refldx, LX) is equal to 1.

wise, LongTermRefPic( aPic, aPb, refldx, LX) is equal t3 0.

rivation of the variables mvL0 and mvL1, refldxL0 and refldxL1, as well as predFlagL0 and predH
ppplies:

rge_flag[ xPb ][ yPb ] is equal to 1, the detivation process for luma motion vectors for mergg
fied in subclause 8.5.3.2.1 is invoked with the Tuma location ( xCb, yCb ), the luma location ( xPb

rs mvL0, mvL1, the reference indices TefldxL0, refldxL1, and the prediction list utilization flags p
redFlagl1.

wise, for X being replaced by dithier O or 1 in the variables predFlagLX, mvLX, and refldxLX, in H
1 the syntax elements ref idx IX and MvdLX, the following applies:

The variables refldXL.X and predFlaglL.X are derived as follows:

- Ifinter_pted” idc[ xPb ][ yPb ] is equal to PRED LX or PRED BI,
refldxLX = ref idx IX[ xPb ][ yPb ]
predFlagLX =1

<) Otherwise, the variables refldxL.X and predFlaglLX are specified by:

-left luma

nt picture,

Pb in the

ht picture,

laglL1, the

mode as
yPb ), the

bles nCbS, nPbW, nPbH, and the partition index partldx as inputs, and the output being the lugna motion

redFlagl.0

RED LX,

(8-69)
(8-70)

refldxI X = —1

(8-71)

predFlaglLX =0

2. The variable mvdLX is derived as follows:

mvdLX[ 0 ]=MvdLX[ xPb ][ yPb ][ 0 ]
mvdLX[ 1]=MvdLX[ xPb ]J[yPb ][ 1]

3. When predFlaglLX is equal to 1, the derivation process for luma motion vector pre

subclause 8.5.3.2.5 is invoked with the luma coding block location ( xCb, yCb ), the coding

(8-72)

(8-73)
(8-74)
diction in
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'"°
mvLX[0]=(uLX[0] >= 2")2(uLX[0]—2"):uLX[ 0]
uLX[1]=(mvpLX[ 1]+ mvdLX[1]+2")%2'
mvLX[1]=(ulLX[1] >= 2")2(uLX[1]-2"):uLX[ 1]

(8-75)
(8-76)
(8-77)
(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 process is only invoked when merge flag[ xPb ][ yPb ] is equal to 1, where ( xPb, yPb ) specify the top-left sample

Inputs to this process are:

a luny
samp|

a var
two

a var

Outputs of

the Iy
the re

the p

The locat
( xPb, yPb

When Log
follows:

a location ( xCb, yCb ) of the top-left sample of the current luma coding block relativerfo.'the toy
e of the current picture,

a location ( xPb, yPb ) of the top-left sample of the current luma prediction block ‘relative to the toj
le of the current picture,

able nCbS specifying the size of the current luma coding block,

ariables nPbW and nPbH specifying the width and the height of the luma prediction block,
able partldx specifying the index of the current prediction unit withiarthe current coding unit.
this process are:

ma motion vectors mvL0 and mvL1,

ference indices refldxL0 and refldxL1,

ediction list utilization flags predFlagl.0 and predPlagL.1.

on (xOrigP, yOrigP ) and the variables «aOrigPbW and nOrigPbH are derived to store the
), nPbW, and nPbH as follows:

( xOrigP, yOrigP ) is set equal to,(&Pb, yPb )
nOrigPbW = nPbW
nOrigPbH = nPbH
2ParMrgLevel is greatenthan 2 and nCbS is equal to 8, ( xPb, yPb ), nPbW, nPbH, and partldx are n

( XPb, yPb )2 xCb, yCb )

nPbW #n€bS
nPbH= nCbS
partldx =0

-left luma

p-left luma

values of

(8-79)
(8-80)
(8-81)

nodified as

(8-82)
(8-83)
(8-84)
(8-85)

NOTE — When Log2ParMrgLevel is greater than 2 and nCbS is equal to 8, all the prediction units of the current coding unit share
a single merge candidate list, which is identical to the merge candidate list of the 2Nx2N prediction unit.

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.

The derivation process for merging candidates from neighbouring prediction unit partitions in subclause

8.5.3.2.2 is invoked with the luma coding block location ( xCb, yCb ), the coding block size nCbS, the 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)

When slice_type is equal to B, 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 btock terght P bH;amd-the varmabte tefidxttCotasmputs;amd-theoutput bemgtheavaitybility flag
ayailableFlagl.1Col and the temporal motion vector mvLI1Col. The variables availableFlagCol and
ptedFlagl.1Col are derived as follows:

availableFlagCol = availableFlagL.0Col || availableFlagl.1Col (8-89)
predFlagl.1Col = availableFlagL.1Col (8-90)

Tlhe 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 (8-91)
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 candidates
i1} the mergeCandList.

When slice_type is equal to B,\the derivation process for combined bi-predictive merging candidatep specified
i} subclause 8.5.3.2.3 is invoKed with mergeCandList, the reference indices refldxLON and refldxL1N, the
prediction list utilization flags predFlagL.ON and predFlagl.1N, the motion vectors mvLON and mvLIN of every
cfndidate N in merge€andList, numCurrMergeCand, and numOrigMergeCand as inputs, and thg output is
agsigned to mefgeCandList, numCurrMergeCand, the reference indices refldxLOcombChnd, and
r¢fldxL1combCandy, the prediction list utilization flags predFlagl.OcombCandy and predFlagl.1comb{ andy, and
the motion vectors mvLOcombCand, and mvL1combCand, of every new candidate combCand, bging added
iffto mergeCandList. The number of candidates being added, numCombMergeCand, is set| equal to
(pumCGurtMergeCand — numOrigMergeCand ). When numCombMergeCand is greater than 0, k ranges from 0
tg ndm€ombMergeCand — 1, inclusive.

he derivation process for zero motion vector merging candidates specitied in subclause 8.5.3.2.4 1s invoked
with the mergeCandList, the reference indices refldxLON and refIldxLIN, 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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mvLX[ 0] =mvLXN[ 0] (8-92)
mvLX[ 1 ]=mvLXN[ 1] (8-93)
refldxL.X = refldxLXN (8-94)
predFlagl X = predFlagL XN (8-95)

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)

8.5.3.2.2 Derivation process for spatial merging candidates

Inputs to tfisprocessare:

Outputs of this process are as follows, with X being 0 or 1:

For the detivation of availableFlagA, refldxIvxXA, predFlagL. XA, and mvLXA, the following applies:

a lunja 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,

a varjable nCbS specifying the size of the current luma coding block,

a lunja location ( xPb, yPb ) specifying the top-left sample of the current luma predictiényblock relative fo the top-

left Iyma sample of the current picture,
two variables nPbW and nPbH specifying the width and the height of the luma prediction block,

a varjable partldx specifying the index of the current prediction unit within the ‘current coding unit.

the apailability flags availableFlagA,, availableFlagA,, availableFlagB,, availableFlagB,, and availablgFlagB, of

the n¢ighbouring prediction units,

the rgference indices refldxLXA,, refldxLXA;, refldxLXB,, refldxLXB;, and refldxLXB, of the nelghbouring

prediftion units,

the
predflaglLXB, of the neighbouring prediction units,

prediction list utilization flags predFlaghXZ4,, predFlaglLXA,, predFlaglLXB,, predFlagLXB,, and

the nfotion vectors mvLXA,, mvLXA, mvLXByg, mvLXB,, and mvLXB, of the neighbouring prediction ynits.

The | luma location (xNbA,, yNbA;) inside the neighbouring luma coding block is set [equal to

(xPg—1, yPb+nPbH—-1).

The availability derivationprecess for a prediction block as specified in subclause 6.4.2 is invoked with the luma
locatjon ( xCb, yCb ), thé 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
availpbleA,.

When one or-more of the following conditions are true, availableA, is set equal to FALSE:

he partition index partldx as inputs, and the output is assigned to the prediction block availdbility flag

xPb/>> Log2ParMrgLevel is equal to xNbA;, >> Log2ParMrglevel and yPb >> Log2ParMygLevel is

aual ta N A I o2 ParMeal ovzol
=i~ o

oo TO—y Ty o7 xT DO ST arrvit

PartMode of the current prediction unit is equal to PART Nx2N, PART nLx2N, or PART nRx2N, and
partldx is equal to 1.

The variables availableFlagA, refldxLXA, predFlagl. XA, and mvLXA, are derived as follows:

If availableA, 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 defivation of availableFlagB,, refldxL.XB,, predElagE.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; >> Log2ParMrgLevel.

—  PartModeof thecurrent predictionr umit s cquat to PART 2NxIN; PART 2Nz, or PART 2)xnD, and
partldx is equal to 1.

The Yariables availableFlagB,, refldxLXB,, predFlagl.XB;, and mvLXB, are derived as follows:

— If one or more of the following conditions are true, availableFlagB, is set equal to-0ysBoth components of
mvLXB, are set equal to 0, refldxLXB, is set equal to —1, and predFlagLXB, is set.equal to 0, with| X being 0
rl:

- availableB; is equal to FALSE.

- availableA, is equal to TRUE and the prediction units covering the\luma locations ( XNbA|, yNbA, ) and
( xNbB;, yNbB, ) have the same motion vectors and the same reférence indices.

—  Otherwise, availableFlagB, is set equal to 1 and the following assignments are made:

mvLXB; = MVLX[ xNbB, ][ yNbB, ] (8-101)
refldxLXB, = RefldxLX[ xNbB, ][ yNbB, ] (8-102)
predFlagLXB, = PredFlaglL X[ xNbB, ][ yNbB, ] (8-103)

The | luma location (xNbBj, yNbBy) insid&* the neighbouring luma coding block is set [equal to
(xPQ +nPbW, yPb—1).

The availability derivation process for a prediction block as specified in subclause 6.4.2 is invoked with the luma
locatjon ( xCb, yCb ), the current lumateoding 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§, yNbBy, ),
and fhe partition index partldx“as inputs, and the output is assigned to the prediction block availgbility flag
availpbleB,.

When xPb >> Log2ParMrglevel is equal to xNbB, >> Log2ParMrglLevel and yPb >> Log2ParMfgLevel is
equal to yNbB, >> (Log2ParMrgLevel, availableB, is set equal to FALSE.

The yariables avaitableFlagB,, refldxLXB,, predFlagL XB,, and mvLXB are derived as follows:

—  If one orsmore of the following conditions are true, availableFlagB, is set equal to 0, both components of
rVLXBO are set equal to 0, refldxLXB is set equal to —1, and predFlagL. XB,, is set equal to 0, with| X being 0
I

— 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:
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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:

— If one or more of the following conditions are true, availableFlagA, is set equal to 0, both components of
mvLXA, are set equal to 0, refldxLXA, is set equal to —1, and predFlaglL.XA, is set equal to 0, with X being 0
rl:

- availableA, is equal to FALSE.

- availableA is equal to TRUE and the prediction units covering the luma locations ( XINbA;, yNbA, ) and
( xNbA,, yNbA, ) have the same motion vectors and the same reference indices.

—  ODtherwise, availableFlagA, is set equal to 1 and the following assignments are made:

mvLXA,=MvLX[ xNbA, ][ yNbA ] (8-107)
refldxL. XA, = RefldxLX[ xNbA, ][ yNbAy ] (8-108)
predFlagLXA, = PredFlagL X[ xNbA, ][ yNbA ] (8-109)

The Juma location ( xNbB,, yNbB, ) inside the neighbouring lutha eoding block is set equal to (xPb — 1, yPb—1).

The fvailability derivation process for a prediction block-as specified in subclause 6.4.2 is invoked with the luma
locatjon ( xCb, yCb ), the current luma coding block size n€bS, the luma prediction block location ( xPb{ yPb ), the
luma| prediction block width nPbW, the luma prediction block height nPbH, the luma location ( xNbBj{, yNbB, ),
and the partition index partldx as inputs, and the\output is assigned to the prediction block availdbility flag
availpbleB,.

Whep xPb >> Log2ParMrglevel is equal-to xNbB, >> Log2ParMrglevel and yPb >> Log2ParMfgLevel is
equa) to yNbB, >> Log2ParMrgLevel,.availableB, is set equal to FALSE.

The variables availableFlagB,, refldXLLXB,, predFlagl. XB,, and mvLXB, are derived as follows:

- f one or more of the following conditions are true, availableFlagB, is set equal to 0, both components of
mvLXB, are set equal t§:0, refldxLXB, is set equal to —1, and predFlagLXB, is set equal to 0, with| X being 0
rl:

- availableB,.is-equal to FALSE.

- availableA] is equal to TRUE and prediction units covering the luma locations ( xXNbAj, yNbA, ) and
( xNbB», yNbB, ) have the same motion vectors and the same reference indices.

-, availableB; is equal to TRUE and the prediction units covering the luma locations ( xXNbB,, ylNbB, ) 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 re

ference indices refldxLON and refldxLIN of every candidate N in mergeCandList,

—  the prediction list utilization flags predFlagLON and predFlagL1N 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:

—  the merging candidate list mergeCandList,

—  the number of elements numCurrMergeCand within mergeCandList,

- the p
combp

—  the

mergg

When nu
equal to n
the follow|

. T

2. T
th

tl

11

=

n of this process,

rediction list utilization flags predFlagl.OcombCand, and predFlagl. lcombCand, of eveny-hew
Candy added into mergeCandList during the invokation of this process,

otion vectors mvLOcombCand, and mvLlcombCand, of every new candidate~combCand; 4
CandList during the invokation of this process.

1OrigMergeCand is greater than 1 and less than MaxNumMergeCand, the variable numInputMerge
mCurrMergeCand, the variable combldx is set equal to 0, the variable combStop is set equal to F/
ng steps are repeated until combStop is equal to TRUE:

he variables 10Candldx and 11Candldx are derived using combldx as-Specified in Table 8-6.

he following assignments are made, with 10Cand being the candidate at position 10CandIdx and 11(
e candidate at position 11CandIdx in the merging candidate-list mergeCandList:

- 10Cand = mergeCandList[ 10CandIdx ]
- 11Cand = mergeCandList[ 11CandIdx ]

Vhen all of the following conditions are true:
- predFlagl0l0Cand ==

- predFlagL111Cand ==

- ( DiffPicOrderCnt( RefPicLigtO[ refldxLL010Cand ], RefPicListl[ refldxL111Cand ]) != 0) ||
(mvLOl0Cand != mvLHNi€and )

ie candidate combCandy with k equal to ( numCurrMergeCand — numInputMergeCand ) is added at
jergeCandList, i.e. mergeCandList] numCurrMergeCand ] is set equal to combCand,, and the]
idices, the prediction list utilization flags, and the motion vectors of combCandy are derived as fi
pmCurrMergeCand.is incremented by 1:

refldxLLOcombCandy = refldxLL0O10Cand
reffdxL1combCand, = refldxLL111Cand
predFlaglL.OcombCand, = 1

rde-added into

candidate

dded into

Cand is set
NLSE, and

and being

the end of
reference
llows and

(8-113)
(8-114)
(8-115)

predFlagl.lIcombCandy = 1

mvLOcombCand,[ 0 ] = mvL010Cand[ 0 ]
mvLOcombCand,| 1 ]=mvL0l0Cand][ 1 ]
mvLI1combCand,[ 0 ]=mvL111Cand[ 0 ]
mvLIlcombCand,[ 1 ]=mvL111Cand[ 1 ]

numCurrMergeCand = numCurrMergeCand + 1

4.  The variable combldx is incremented by 1.

(8-116)
(8-117)
(8-118)
(8-119)
(8-120)
(8-121)

5. When combldx is equal to ( numOrigMergeCand * ( numOrigMergeCand — 1)) or numCurrMergeCand is
equal to MaxNumMergeCand, combStop is set equal to TRUE.
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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:

— amerging candidate list mergeCandList,

£L

h £ 1 o ik TR e % 4 1 LTS G T & N 1ol AL Pl b
- the rgferemrcemarces retrax o ama retiaxcTivot CVLLy CAdllUIUdic IN I IICTETT allUL IS,

— thep

—  the nfotion vectors mvLON and mvL1N of every candidate N in mergeCandList,

—  the nfimber of elements numCurrMergeCand within mergeCandList.

Outputs of

—  the njerging candidate list mergeCandList,

—  the nfimber of elements numCurrMergeCand within mergeCandList,

—  the r{

—  the grediction list utilization flags predFlagl.OzeroCand,, and.ptedFlagl.10zeroCand,, of every new

zero(

— the motion vectors mvLOzeroCand,, and mvL10zeroCand,, of every new candidate zeroCand,, 4
mergpCandList during the invokation of this process.

ediction list utilization flags predFlagl.ON and predFlagL1N of every candidate N in mergeCandLis

this process are:

and,,, added into mergeCandList during the invokation ofthis process,

ference indices refldxL0zeroCand,, and refldxL10zeroCand,, of every new candidate zeroCand,, pdded into
merggCandList during the invokation of this process,

candidate

dded into

The varialjle numRefldx is derived as follows:
— Ifslige type is equal to P, numRefldx is set equal to num_ref idx 10 active minusl + 1.
—  Othefwise (slice type is equal to B),mumRefldx is set equal to Min( num ref idx 10 active npinusl + 1,
num |ref idx 11 active minusl + 1).
When numCurrMergeCand is less than™ MaxNumMergeCand, the variable numlnputMergeCand is sef equal to
numCurrMergeCand, the variable Zzeroldx is set equal to 0, and the following steps are repepted until
numCurrMergeCand is equal to MaxNumMergeCand:
1. For the derivation of the reference indices, the prediction list utilization flags and the motion vectors pf the zero
njotion vector merging candidate, the following applies:
- If _slicetype is equal to P, the candidate zeroCand,, with m g¢qual to
( numCurrMergeCand — numInputMergeCand ) is added at the end of mergeCandList, i.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 numCurrNlergeCand
s incremented by 1
refldxL0zeroCand,, = ( zeroldx < numRefldx ) ? zeroldx : 0 (8-122)
refldxL1zeroCand,,, = —1 (8-123)
predFlagl0zeroCand,, = 1 (8-124)
predFlagl.1zeroCand,,, = 0 (8-125)
mvL0zeroCand,,[ 0] =0 (8-126)
mvLOzeroCand,,[ 1 ]=0 (8-127)
mvL1zeroCand,[ 0]=0 (8-128)
mvLIzeroCand,,[ 1]=0 (8-129)
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8.5.3.2.5 Derivation process for luma motion vector prediction

Inputs to this process are:

Output of fhis process is the prediction mypLX of the motion vector mvLX, with X being 0 or 1.

The motiopn vector predictor mvpLX.is'derived in the following ordered steps:

122

numCurrMergeCand = numCurrMergeCand + 1

—  Otherwise (slice type is equal to B), the candidate zeroCand, with m

(8-130)

equal to

( numCurrMergeCand — numInputMergeCand ) is added at the end of mergeCandList, i.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:
refldxL0zeroCand,, = ( zeroldx < numRefldx ) ? zeroldx : 0
refldxL1zeroCand,,, = ( zeroldx < numRefldx ) ? zeroldx : 0
predFlagl.0zeroCand,, = 1
predFlagl.1zeroCand,, = 1
mvl.0zeroCand [0]1=0

(8-131)
(8-132)
(8-133)
(8-134)

mvL0zeroCand, [ 1]=0
mvLIlzeroCand, [ 0]=0
mvLIzeroCand,,[ 1]=0
numCurrMergeCand = numCurrMergeCand + 1

2. Tlhe variable zeroldx is incremented by 1.

a lunja location ( xCb, yCb ) of the top-left sample of the current lumia coding block relative to the toj
sample of the current picture,

a varjable nCbS specifying the size of the current luma coding block,

a lunja location ( xPb, yPb ) specifying the top-left sample)of the current luma prediction block relative
left Iyma sample of the current picture,

two variables nPbW and nPbH specifying the width and the height of the luma prediction block,
the rdference index of the current prediction unit’partition refldxLX, with X being 0 or 1,

a varjable partldx specifying the index ofithe current prediction unit within the current coding unit.

1. Tfhe derivation process.for motion vector predictor candidates from neighbouring prediction unit p
spibclause 8.5.3.2.6isMnvoked with the luma coding block location ( xCb, yCb ), the coding block
He luma predictionblock location ( xPb, yPb ), the luma prediction block width nPbW, the luma
block height aPbH, refldxLX, with X being 0 or 1, and the partition index partldx as inputs, and the &
flags availableFlagl. XN and the motion vectors mvLXN, with N being replaced by A or B, as output.

=

2. If both availableFlagLXA and availableFlaglL. XB are equal to 1 and mvLXA is not equal td

o

(8-135)
(8-136)
(8-137)
(8-138)
(8-139)

-left luma

to the top-

irtitions in
ize nCbS,
prediction
vailability

mvLXB,
on vector

VailableFlagl. XCol is set equal to 0. Otherwise, the derivation process for temporal luma mot

badiction 10 lonca Q § 29 7 1o tnunlod ynth Tasan o dinting Wlaole lacatinye (Dl DR )
p io# 8532 F—is— £

1
O TH—5 oo CTIatst THY- OO Tt pProaTCtoT— oo CIc— O Cat o ST Oyt o)

prediction block width nPbW, the luma prediction block height nPbH, and refldxLX, with X being

the luma
Oorl,as

inputs, and with the output being the availability flag availableFlagLXCol and the temporal motion 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

if( availableFlagL.XCol )
mvpListLX][ i++ ] = mvLXCol

4. The motion vector predictor list is modified as follows:

(8-140)
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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.

5. The motion vector of mvpListLX[ mvp 1X flag[ xPb ][ yPb ] ] is assigned to mvpLX.

8.5.3.2.6 Derivation process for motion vector predictor candidates
Inputs to this process are:

— a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative jto' the top-left luma
sample of the current picture,

— avarfable nCbS specifying the size of the current luma coding block,

—  alunja location ( xPb, yPb ) specifying the top-left sample of the current luma prediction block relative fo the top-
left Iyma sample of the current picture,

—  two variables nPbW and nPbH specifying the width and the height of the luma prediction block,

—  the rdference index of the current prediction unit partition refldxLX, with'X being 0 or 1,

— avarfable partldx specifying the index of the current prediction urit within the current coding unit.
Outputs of this process are (with N being replaced by A or B):

—  the njotion vectors mvLXN of the neighbouring prediction bmnits,

— the ayailability flags availableFlagLXN of the neighbotiring prediction units.

B, B, | By

A

Ag

Figure 8-3 — Spatial motion vector neighbours (informative)

The variableleurrPb specifies the current luma prediction block at luma location ( xPb, yPb ) and the varialple currPic
Speciﬁes the_current pintnrp

The variable isScaledFlaglLX, 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,, yNbAy) is set equal to (xPb—1,yPb+nPbH) and the sample location
( xNbA |, yNbA, ) is set equal to ( XNbA, yNbA;—1).

2. The availability flag availableFlagl. XA is set equal to 0 and both components of mvLXA are set equal to 0.

3. 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 availableFlagL. 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. XA is set equal to 1 and the following applies:

ENES TN

mvEXA=MvEXTNbAT Ty NbAT

— Otherwise, when PredFlagLY[ xNbAy ][ yNbA,] (with Y =1X) is equal “o
DiffPicOrderCnt( RefPicListY[ RefldxLY[ xNbAy ][ yNbAy ] ], RefPicListX[ refldXLX | )
0, availableFlagl. XA is set equal to 1 and the following applies:

mvLXA = MVLY[ xNbA ][ yNbAy ]

Vhen availableFlagL XA is equal to 0, the following applies for ( xXNbAy, yNbA, < from ( XNbA,,
KNbA |, yNbA, ) or until availableFlagl.XA is equal to 1:

o=

+  When availableAy is equal to TRUE and availableFlagL. XA is equal t0.0 the following applies:

- If PredFlagL X[ xNbAy ][ yNbA ] is equal to 1
LongTermRefPic( currPic, currPb, refldxLX, RefPicListX ) is equal
LongTermRefPic( currPic, currPb, RefldxLX[ xNbAy [F¥NbA, |, RefPicListX ), availabl
is set equal to 1 and the following assignments arg-njade:

mvLXA = MvLX[ xNbAy ][ yNbA ]
refldxA = RefldxLX[ xNbA; ][ yNbAy]
refPicListA = RefPicListX

— Otherwise, when PredFlagLY[xNbA, ][ yNbAy] (with Y =1X) is equal to
LongTermRefPic( currPic, curtPb, refldxLLX, RefPicListX ) is equal
LongTermRefPic( currPicyurrPb, RefldxLY[ xNbAy ][ yNbA| ], RefPicListY ), availabl
is set equal to 1 and thefollowing assignments are made:

mvLXA = MYLY[ xNbAy ][ yNbA ]
refldxA S RefldxLY[ xNbAy ][ yNbA ]
refPicListA = RefPicListY

4+ When availableFlagL XA is equal to
DiffPicOrderCnt( refPicListA[ refldxA ], RefPicListX[ refldxLX ]) is not equal to O,
refPicListA[ refldxA ] and RefPicListX[ refldxLX ] are short-term reference pictures, mvLXA
as-follows:

(8-144)

1 and
is equal to

(8-145)
'NbA, ) to

and
to
eFlagl XA

(8-146)
(8-147)
(8-148)

1 and
to
eFlagl. XA

(8-149)
(8-150)
(8-151)

I,
and both
is derived

tx = (16384 + (Abs(td) >> 1))/td

(8-152)

distScaleFactor = Clip3( —4096, 4095, ( tb * tx +32) >> 6)

mvLXA = Clip3( —32768, 32767, Sign( distScaleFactor * mvLXA ) *
( ( Abs( distScaleFactor * mvLXA )+ 127) >> 8))

where td and tb are derived as follows:
td = Clip3( —128, 127, DiffPicOrderCnt( currPic, refPicListA[ refldxA ]))
tb = Clip3( —128, 127, DiffPicOrderCnt( currPic, RefPicListX][ refldxL.X ]))

(8-153)

(8-154)

(8-155)
(8-156)

The motion vector mvLXB and the availability flag availableFlagl. XB are derived in the following ordered steps:

1.

124

The sample locations (xNbB,, yNbBy), (xNbB;, yNbB;), and (xNbB,, yNbB,) are set
(xPb +nPbW, yPb— 1), (xPb+nPbW — 1, yPb — 1), and ( xPb — 1, yPb — 1 ), respectively.

equal to
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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, availableFlagLXB is set equal to 1 and the following assignments are made:

mvEXB—=MvEXT<INbB 1 yiNbBi (8-157)
refldxB = RefldxL X[ xNbBy ][ yNbBy ] (8-158)

— Otherwise, when PredFlagLY[ xNbBy ][ yNbB,] (with Y =1!X) is equal to| 1 and
DiffPicOrderCnt( RefPicListY[ RefldxLY[ xNbBy ][ yNbBy | ], RefPicListX[aefldxLX ]) |s equal to
0, availableFlagLXB is set equal to 1 and the following assignments are made:

mvLXB = MvLY[ xNbBy ][ yNbBy ] (8-159)

refldxB = RefldxLY[ xNbBy ][ yNbBy | (8-160)

4.  When isScaledFlagLX is equal to 0 and availableFlagLXB is equal to 15 availableFlagLXA is set equpl to 1 and
the following applies:

mvLXA = mvLXB (8-161)

5. When isScaledFlagl. X is equal to 0, availableFlagLXB¢is “set equal to 0 and the following gpplies for
KNbBy, yNbBy ) from ( xXNbBy, yNbB, ) to ( xNbB,, yNbB, ) or until availableFlagLXB is equal to 1f:

~

+ The availability derivation process for a prediction block as specified in subclause 6.4.2 is inyoked with
the luma location ( xCb, yCb ), the current luma coding block size nCbS, the luma location ( ¥Pb, yPb ),
the luma prediction block width nPbWy'the luma prediction block height nPbH, the luma location
( xNbY, yNbY ) set equal to ( xXNbBy, yNbB, ), 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 PredFlaglX{ xNbBy ][ yNbBy ] is equal to 1 and
LongTermRefPic( CurrPic, currPb, refldxLX, RefPicListX ) is equal to
LongTermRefPic( currPic, currPb, RefldxLX[ xNbBy ][ yNbBy ], RefPicListX ), availableHlagLXB is
set equal to l«and the following assignments are made:

mvLXB = MvLX][ xNbBy ][ yNbBy ] (8-162)

refldxB = RefldxLX[ xNbBy ][ yNbBy | (8-163)
refPicListB = RefPicListX (8-164)

~_) Otherwise, when PredFlagLY[ xNbBy ][ yNbB,] (with Y=1!X) 1is equal to| 1 and
LongTermRefPic( currPic, currPb, refldxLLX, RefPicListX ) is equal to

LongTermRetPic( currPic, currPb, RefldxLY[ xNbBy |[ yNbBy |, RetPicListY ), availableFlaglL.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:

—  aluma 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,

—  two variables nPbW and nPbH specifying the width and the height of the luma prediction block,

— arefdrence index refldxLX, with X being 0 or 1.

Outputs of this process are:

—  the njotion vector prediction mvLXCol,

— the ayailability flag availableFlagLXCol.

The varialile currPb specifies the current luma prediction block at luma location ( xPb, yPb |y
The variales mvLXCol and availableFlagl. XCol are derived as follows:

— If slfce temporal mvp enabled flag is equal to 0, both components- ef’ mvLXCol are set equal|to 0 and
availgbleFlagl. XCol is set equal to 0.

—  Othefwise, the following ordered steps apply:

1. Pepending on the values of slice type, collocated from~l0/flag, and collocated ref idx, the variaple colPic,
kpecifying 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 sef 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 dqual to P),
colPic is set equal to RefPicList0] coHocated ref idx ].

2. ['he bottom right collocated motion«wector is derived as follows:
xColBr = xPb + nPbW. (8-173)
yColBr = yPb + nPbH (8-174)

— If yPb >> Ctblog2SizeY is equal to yColBr >> CtbLog2SizeY, yColBr is |ess than
pic_height im luma samples, and xColBr is less than pic_width in luma samples, the | following
applies:

— Th¢~variable colPb specifies the luma prediction block covering the modified location] given by
( xColBr >> 4) << 4, (yColBr >> 4) << 4) inside the collocated picture specified iy colPic.

—~/  The luma location ( xColPb, yColPb ) is set equal to the top-left sample of the collodated luma
prediction block specified by colPb relative to the top-left luma sample of the collocafed 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 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.
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—  The luma location ( xColPb, yColPb ) is set equal to the top-left sample of the collocated luma
block specified by colPb relative to the top-left luma sample of the collocated picture specified

2:2013(E)

prediction
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,

— avvariable colPic specifying the collocated picture,

— avvariable colPb specifying the collocated prediction block inside the collocated picture specified by colPic,

— alunm
by co

— arefg
Outputs of
— them
—  the a
The varial

The array|
arrays of
respective

The variah

- If co
availa

—  Other
derivd

[l

]

1]

-
t
T

I
I~ )

a location ( XColPb, yColPb ) specifying the top-left sample of the collocated luma prediction blec
[Pb relative to the top-left luma sample of the collocated picture specified by colPic,

rence index refldxLLX, with X being 0 or 1.
this process are:

otion vector prediction mvLXCol,
railability flag availableFlagL.XCol.

le currPic specifies the current picture.

5 predFlagLXCol[ x ][ y ], mvLXCol[ x ][ y ], and refldxLXCol[ xJ{y ] are set equal to the cort
the collocated picture specified by colPic, PredFlagLX[ x ][ % ], MVLX[ x ][y ], and RefldxL
y, with X being the value of X this process is invoked for.

les mvLXCol and availableFlagl. XCol are derived as follows:

Pb is coded in an intra prediction mode, both\eomponents of mvLXCol are set equal
bleFlagl. XCol is set equal to 0.

wise, the motion vector mvCol, the reference\index refldxCol, and the reference list identifier
d as follows:

predFlagLOCol[ xColPb ][ yColPb ] ~is* equal to 0, mvCol, refldxCol, and listCol are set
ivL1Col[ xColPb ][ yColPb ], refldxL1Col[ xColPb ][ yColPb ], and L1, respectively.

therwise, if predFlagLOCol[ xColPb ][ yColPb ] is equal to 1 and predFlagL.1Col[ xColPb ][ yColP}
0, mvCol, refldx€ol;" and listCol are set equal to mvLOCol[ xColPb ]
fldxLOCol[ xColPb ][ yColPb ], and L0, respectively.

therwise (predFlaglFOCol[ xColPb ][ yColPb ] is equal to 1 and predFlagL1Col[ xColPb ][ yColPh
1), the following assignments are made:

list of-the current slice, mvCol, refldxCol, and listCol are set equal to mvLXCol[ xColPb ]
refldxLX Col[ xColPb ][ yColPb ] and LX, respectively.

Otherwise, mvCol, refldxCol, and IlistCol are set equal to mvLNCol[ xColPb ]

x specified

esponding

K[x ][y,

to 0 and

istCol are

equal to

] is equal
yColPb ],

] is equal

If DiffPicOrderCnt( aPic, currPic ) is less than or equal to 0 for every picture aPic in every referefce picture

yColPb ],

yColPb ],

refldxI. NCol[ xColPb ][ yColPh ] and IN respectively with N heing  the

alue of

collocated from 10 flag.

and mvLXCol and availableFlaglL. XCol are derived as follows:

— If LongTermRefPic( currPic, currPb, refldxL.X, LX) is not equal to LongTermRefPic( colPic, colPb, refldxCol,

li

stCol ), 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 ] )
currPocDiff = DiffPicOrderCnt( currPic, RefPicListX][ refldxLX ] )
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— If RefPicListX][ refldxLX ] is a long-term reference picture, or colPocDiff is equal to currPocDiff,
mvLXCol is derived as follows:

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) (8-183)
tb = Clip3( —128, 127, currPocDiff) (8-184)

8.5.3.2.9 Derivation process for chroma motion vectors

Input to thiis process is a luma motion vector mvLX.

Output of this process is a chroma motion vector mvCLX.

A chroma|motion vector is derived from the corresponding luma motion vector.
For the defivation of the chroma motion vector mvCLX, the following applies:
mvCLX[ 0 ]=mvLX[ 0] (8-185)
mvCLX[ 1 ]=mvLX[ 1] (8-186)
8.5.3.3 Decoding process for inter prediction samples

8.5.3.3.1 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 spmple of the current picture,

— alumallocation ( xBl, yBl ) specifying the top-left sample of the current luma prediction block relative to the top-left
samplq of the current luma coding block,

— avariaple 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,
— the lunpa motion vectors myLQ-and mvL1,

— the chioma motion vectors/mvCL0 and mvCL1,

— the ref¢rence indic€3.refldxL.0 and refldxL1,

— the prediction list-ttilization flags, predFlaglL0, and predFlagl.1.

Outputs of this process are:

— an (nCbS)X(nCbS) array predSamples; of [uma prediction samples, where nCbSy 1s derived as specified below,

— an (nCbSc)x(nCbS¢) array preSamplesc, of chroma prediction samples for the component Cb, where nCbSc is
derived as specified below,

— 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:

128 © ISO/IEC 2013 — All rights reserved


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

ISO/IEC 23008-

2:2013(E)

— 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 array predSamplec, of the prediction samples of component Cb is derived by invoking the weighted sample

prediction,
nPbW /2,
predSamp

The array
prediction|
the chron
predSamp

8.5.3.3.2
Input to th

Output of
two-dimer

The out
pic_height
arrays of d

The refere
and S¢, de

8.5.3.3.3
8.5.3.3.3.1

Inputs to t

— a luma
luma s

— aluma
sampld

— two vaj

— aluma

BEACARS 1o —cubelaica Peeel a raora—atradictian o Pessl 1. ca
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the chroma prediction block height nPbH¢, set equal to nPbH /2, the sample arrays predSamplg
esL1cy, and the variables predFlagl.0, predFlagLl1, refldxL0, refldxL1, and cIldx equal to 1 as(inputs|

predSamplec, of the prediction samples of component Cr is derived by invoking the-Wweight]
process specified in subclause 8.5.3.3.4 with the chroma prediction block width nPbWgiSet equal to
na prediction block height nPbHc, set equal to nPbH /2, the sample argays) predSample
esL1¢,, and the variables predFlagl0, predFlagl1, refldxL0, refldxL1, and cldx.equal to 2 as inputs

Reference picture selection process
is process is a reference index refldxLX.

this process is a reference picture consisting of a two-dimensional artay of luma samples refPicL}
sional arrays of chroma samples refPicLXc, and refPicLXc,.

put  reference  picture RefPicListX[ refldxLX ] consists of a pic_width in luma san
| in_luma_samples array of luma samples refPicLX; and’two PicWidthInSamplesC by PicHeightlx
hroma samples refPicL Xy, and refPicLXc,.

hce picture sample arrays refPicLX;, refPicLXc,-and refPicLXc, correspond to decoded sample arra
Fived in subclause 8.7 for a previously-decodedpicture.

Fractional sample interpolation process

General

his process are:

hmple of the current picture,

of the current luma’/coding block,
Fiables nPbW.and nPbH specifying the width and the height of the luma prediction block,

motionvector mvLX given in quarter-luma-sample units,

- a chroxlna motion vector mvCLX given in eighth-chroma-sample units,

equal to
sLOc, and

ed sample
nPbW /2,
>LOCr and

L and two

ples by
SamplesC

ys SLa SCbs

location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left

location ( xBl, yBIY)_specifying the top-left sample of the current luma prediction block relative to the top-left

— the selected reference picture sample arrays refPicLX;, refPicLXcy, and refPicLXc,.

Outputs of this process are:

— 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 + xBlI
yPb =yCb + yBI
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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
yIntp =yPb+(mvLX[ 1] >> 2)+yp
xFracp =mvLX[ 0] & 3
yFracp =mvLX[ 1] &3

(8-189)
(8-190)
(8-191)
(8-192)

— The prfdiction Tuma sample value predSampleL X[ xi, yi. ] 1s derived by invoking the process specified.in subclause

8.5.3.313.2 with ( xInty, yInt ), ( xFracy, yFrac; ), and refPicLX; as inputs.

Let ( xIntd, yIntc ) be a chroma location given in full-sample units and ( xFracc, yFracc ) be an offset giyen in

pne-eighth

sample unjts. These variables are used only inside this subclause for specifying general fractional-sample locatjons inside

the refererice sample arrays refPicLXc, and refPicLXc;.

For each [chroma sample location (xc=0..nPbW /2 —1,yc=0..nPbH/2 — 1) inside the+prediction chroma sample
arrays edSampleL.X, and predSampleLXc, the corresponding predictionl” chroma sample values

predSampleLXcy[ Xc, yc ] and predSampleL X[ Xc, yc ] are derived as follows:
— The vafriables xIntc, yIntc, XxFrace, and yFracc are derived as follows:

xIntc =(xPb/2)+ (mvCLX[ 0] >> 3)+xc

ylnte =(yPb/2)+ (mvCLX[ 1] >> 3)+yc

xFrlacc =mvLX[ 0] & 7

yFacc=mvLX[ 1] &7

— The piediction sample value predSampleLXcy[ Xc, ye.I/is derived by invoking the process specified in|
8.5.3.3[3.3 with ( xIntc, yIntc ), ( xFracc, yFracc ), andrefPicLXcy, as inputs.

— The piediction sample value predSampleLXq[&c, yc ] is derived by invoking the process specified in
8.5.3.313.3 with ( xIntc, yIntc ), ( XFracc, yFraee ), and refPicL X, as inputs.

8.5.3.3.3.2 Luma sample interpolation process

Inputs to this process are:

— alumallocation in full-sample nits ( xInt;, yInt; ),

— alumallocation in fractional-sample units ( xFrac;, yFrac; ),
— the lunpa reference sample array refPicLX.

Output of this processyis a predicted luma sample value predSampleLX; [ xi, yr. ]

(8-193)
(8-194)
(8-195)
(8-196)

subclause

subclause
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Figure 8

In Figure
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output.

A Ao-1 | Qg1 | Do1 | Cot [ A1 Az
Ao Aoo | Q0o | Poo | Coo | Arp Az
d.o doo | €00 | oo | Doo | dipo d;o
h.io hoo | Too | Joo | Koo | 1o hoo
Nio Noo | Poo | o0 | Yoo | N1o Nao
A Ao | Aoy | Do | Cor | Ava Az
A, Aoz | @02 | Doz | CopfAr2 Az,

L4 — Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded
blocks with lower-case letters) for‘quarter sample luma interpolation

B-4, the positions labelled with upper=ease letters A; ; within shaded blocks represent luma samp
ations inside the given two-dimensional array refPicLX; of luma samples. These samples may b
the predicted luma sample value predSampleLX,[ xi, y. ]. The locations ( XA, yA; ;) for e:

ling luma samples A, ; inside-the-given array refPicLX, of luma samples are derived as follows:

;= Clip3( 0, pic_width, it .luma_samples — 1, xInt, +1)

;= Clip3( 0, pic_height_in_luma_samples — 1, yInt, +j )

ons labelled with Tower-case letters within un-shaded blocks represent luma samples at quarter-j
locations. Fhe*luma location offset in fractional-sample units ( xFracy, yFrac; ) specifies wh

es at full-
e used for
ch of the

(8-197)
(8-198)

el sample
ch of the

luma samples at full-sample and fractional-sample locations is assigned to the predicted luma sarpple value

eLX [ yvo . This assignment is as specified in Table 8-7. The value of predSamplelLX[ xi,

yr ] is the

The variaBles:shiftl—shift2—and-shifi3-are-derived-asfolows-
TS5 St-SHtaha-Sradre-ae e aas1otoWs:

— The variable shiftl is set equal to BitDepthy — &, the variable shift2 is set equal to 6, and the variable shift3 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 = ( _A,3’0 +4* Afz’() —-10* Aflq() +58 * A()q() +17 * AI,O —5%* Azq() + A3’() ) >> shiftl

b()’o = ( _A_3,0 +4* A_z’o —11* A_l,() +40 * AO,O +40 * AI,O —11%* Az,() +4* A3,0 - A4,0 ) >> shiftl
Co0 = ( A_z,() —5% A—I,O +17 * AO,O + 58 * Al,() —-10* AZ,O +4 * A3’0 - A4’0 ) >> ghiftl
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doo=(~Ao3+4%Ag s~ 10% Ag_ +58% Ago+ 17 * Agy — 5% Aga + Ags ) >> shiftl (8-202)
hoo=(~Ag s+ 4% Ag s —11%Ag | +40* Agg+40* Ag, — 11* Ags +4 % Ags— Ags) >> shiftl (8-203)
Noo = ( AO,’Z — 5% AO,’I + 17 * A(),() + 58 * AO,] -10* AO,Z +4 * A0’3 - A0’4) >> shiftl (8-204)

— 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:

Co=(—a3t4%a,,—10*%ap +58 ¥agy+17 ¥ag; —5 *ag,+ags) >> shift2 (8-205)
igo=(—ag3+t4*ago—11%ag_ +40*agy+40*ag; — 11 *ag,+4 *ag;—ays) >> shift2 (8-206)
Poo=(ap2—5%ag1+17 *agp+58*ag; —10*ag, +4 *ag; —apy) >> shift2 (8-207)
foo=("bo3+4*by,—10*by_ +58 *bgy+ 17 *by; —5 *bgp+bp;) >> shift2 (8-208)
1) T2 NESDES NESET IS NPT NUDT.ET NS IS MU MU SR (8-209)
oo|=(bo2—5%*bg—1+17 ¥bgp+ 58 *by; — 10 *bgp +4 *bys —bgsa) >> shift2 (8-210)
goo|=(—Co3t+4*copo—10%co 1 +58*coo+ 17 *coy1—5*coptcos) >> shift2 (8-211)
koo|=(—co3+t4*copo—11*co_y +40*cop+40*co;—11*cop+4*co3—coq) >>, Shift2 (8-212)
ToofF (coa—5*co1+17 *cop+58*co1 —10 ¥ cop+4 *co3—coqa) >> shift2 (8-213)

Table 8-7 — Assignment of the luma prediction sample predSampleLX, [ x;, y.. |

xFracL 0 OO0 |1 ||| 1¢g2f2(2|2|3[3]3]3

yFracL 0 1230|1201 (2]|3]0]1 3

predSampleLX [ x;,yp,] | A << shift3 |d|h|n|a|e| ¥ | p|b|f|jlq|c|g|k]|Tq
8.5.3.3.3.3 Chroma sample interpolation process

Inputs to this process are:

— achroina location in full-sample units ( xIntc, ylnte),

— achroina location in fractional-sample units (*xFracc, yFracc ),

— the chipma reference sample array refPigLXc.

Output of this process is a predicted chroma sample value predSampleLX([ x¢, yc |
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hag_1 |hbg.1|hco.1 [hdo.1|heo.1| hfo.4 [hGo.1|hho 4
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dh_sg)dagg | dbgg | dcop [ ddgo | degg | dfpo | dgoo | dhoo | daq
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blocks with lower-case letters) for eighth sample chroma interpolation

B-5, the positions labelled with upper-case letters B; ; within shaded blocks represent chroma samp
ations inside the given two-dimensional arfay refPicLX¢ of chroma samples. These samples may 1
the predicted chroma sample value predSampleLXc[ Xc, yc ]. The locations (xB; j, yB; ;) for e
ling chroma samples B; ; inside the given array refPicLXc of chroma samples are derived as follows

;= Clip3( 0, ( pic_width_in_lumd-samples / SubWidthC ) — 1, xIntc +1)
i =Clip3( 0, ( pic_height_ifi_lama_samples / SubHeightC ) — 1, yIntc +j )

pns labelled with lowefscase letters within un-shaded blocks represent chroma samples at eighth-

chroma samples (atfull-sample and fractional-sample locations is assigned to the predicted chro
dSampleLXc[.X¢, ve ]. This assignment is as specified in Table 8-8. The output is the

eLXc[ xc, Y-
les shiftly shift2, and shift3 are derived as follows:

riabl¢-shiftl is set equal to BitDepthc — 8, the variable shift2 is set equal to 6, and the variable s

LS — Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded

les at full-
e used for
hch of the

(8-214)
(8-215)

pel sample

locations. The chrgmga: location offset in fractional-sample units ( xFracc, yFracc ) specifies wkI;:h of the

a sample
value of

hift3 is set

equal t

o 14 — Rifnppfhb

Given the chroma samples B; ; at full-sample locations ( xB; j, yB; j), the chroma samples ab,, to hhy, at fractional
sample positions are derived as follows:

— 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:

ab()’() = ( 2% Bfl’() + 58 * B()q() +10* Bl,O —2%* qu() ) >> shiftl

acy,

0=(—4*B 1, +54*Boy+16*B o2 *B,,) >> shiftl

ado,() = ( —6 * B—I,O +46 * BO,O +28 * Bl,() —4%* Bz,o ) >> shiftl

ae,

0=(—4*B 1, +36*Bg,+36*B,—4*B,,) >> shiftl

af()‘() = ( —4 * Bfl’() +28 * B()q() +46 * Bl,O —6%* qu() ) >> shiftl
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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

Table 8-

The sal
respec

integer position samples as follows:

bage=(—2*By_; + 58 * Boy+ 10 * By, —2 * By, ) >> shiftl
cago = (4 * By, + 54 * Boy+ 16 * By, — 2 * By, ) >> shiftl
dagy= (6 * By, +46 * Byo+ 28 * By, — 4 * By, ) >> shiftl
eago=(—4*By_; +36 *Bgg+ 36 * By, —4 * By, ) >> shiftl
fago = (—4 * By + 28 * Byy+ 46 * By, — 6 * By, ) >> shiftl

= (D X * X — * 1
gay ) shiftl

(8-223)
(8-224)
(8-225)
(8-226)
(8-227)
(8-228)

s B s U,

ha()() = ( -2 * BO,—I +10* BO,O + 58 * BO,I —2%* B(),z ) >> shiftl

mples labelled bX, o, ¢Xo,0, X0, €Xo,0, X0, X0, and hXg, for X being replaced by b,-c,Ad, e, 1
ively, are derived by applying an 4-tap filter to the intermediate values aX,; with i=+1..2 in t
directipn as follows:

bXpo=(—2*aXo 1+ 58 *aXo+ 10 *aXy; —2 *aXy, ) >> shift2
cXgo=(—4*aX, +54 *aXpp+ 16 *aX,; —2 *aX,, ) >> shift2
dXpo=(—-6*aXy_ +46 *aX,o+ 28 *aXy; —4 *aXp, ) >> shift2
eXgo=(—4*aX,; +36*aXpo+36*aX,; —4*aX,,) >> shift2
Xdo=(—4*aXo-; +28 *aXgo+46 *aX,; — 6 *aXy,) >> shift2
gXpo=(—2%*aXo_;+16 *aX,o+54 *aX,; —4 *aXp, ) > shift2
hXg§o= (-2 *aXp-; + 10 * aX,o+ 58 *aXy; —2 * aXp,)0>> shift2

8.5.3.3.4 Weighted sample prediction process

(8-229)

> g) and h’
he vertical

(8-230)
(8-231)
(8-232)
(8-233)
(8-234)
(8-235)
(8-236)

B — Assignment of the chroma prediction sample’predSampleL X[ x¢, yc | for (X, Y ) being replaced by
(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¢[ x¢,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
prédSampleLXC[ x¢, yc | aY bY | cY | dY | eY | fY | gY | hY

8.5.3.3.4.1 General

Inputs to this process are:

the prediction list utilization flags, predFlagL0, and predFlagl1,
the reference indices refldxLL0 and refldxL1,

a variable 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:

134

two variables nPbW and nPbH specifying the width and the height of the luma prediction block,
two (nPbW)x(nPbH) arrays predSamplesL0O and predSamplesL1,
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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 predSamplesLO and predSamplesL1, the
prediction list utilization flags predFlaglL0 and predFlagl.1, and the bit depth bitDepth as inputs.

— Othervfise (weightedPredFTag 1s equal to 1), the array predSample of the prediction samples 1s derived.b
the wejighted sample prediction process as specified in subclause 8.5.3.3.4.3 with the luma prediction b

 invoking
ock width

nPbW] the luma prediction block height nPbH, two (nPbW)x(nPbH) arrays predSamplesLO and predSamplesL1, the
predicfion list utilization flags predFlagl0 and predFlagL1, the reference indices refldxL0 and-yefldxL1, [the colour
compopent index cldx, and the bit depth bitDepth as inputs.
8.5.3.3.4.21 Default weighted sample prediction process
Inputs to this process are:
— two variables nPbW and nPbH specifying the width and the height of the luma pr&diction block,
— two (nPbW)x(nPbH) arrays predSamplesL0 and predSamplesL1,
— the prediction list utilization flags, predFlagl.0, and predFlagL1,
— abit d¢pth of samples, bitDepth.
Output of fhis process is the (nPbW)x(nPbH) array predSamples-of prediction sample values.
Variables phift1, shift2, offsetl, and offset2 are derived as follows:
— The vafriable shift] is set equal to 14 — bitDepth and the variable shift2 is set equal to 15 — bitDepth.
— The vafriable offset] is derived as follows:
- f shiftl is greater than 0, offsetl is set.equal to 1 << (' shiftl —1).
—  Ptherwise (shiftl is equal to 0), offset] is set equal to 0.
— The vafriable offset2 is set equal to(l )<< ( shift2 — 1).
Depending on the values of. predFlagl0 and predFlagll, the prediction samples predSamples[x J[y] with
x =0..nPbW — 1 and y = 0..nPbH™*- 1 are derived as follows:
— If predFlagL0 is equaltto.1 and predFlagL1 is equal to 0, the prediction sample values are derived as follows:
pred$amples[ xJ¥] = Clip3( 0, (1 << bitDepth ) — 1, ( predSamplesLO[ x ][ y ] + offsetl ) >> shiftl § (8-237)
— Othervise, if'predFlagl0 is equal to 0 and predFlagl1 is equal to 1, the prediction sample values are |derived as
follows:
predSamptest x I y ="Chp3c6; (¢t bitbepti—t < predSamptesEH x iy T+ offsett) stiftt)  (8-238)

— Otherwise (predFlagl0 is equal to 1 and predFlagl1 is equal to 1), the prediction sample values are derived as
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 predSamplesL0 and predSamplesL1,

— the pre

diction list utilization flags, predFlagl.0, 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:

— Otherv
log2Wd = ChromaLog2WeightDenom + shiftl

The

8.5.4
8.5.4.1

log2Wd = luma_log2 weight denom + shiftl

w0 =

LumaWeightLO[ refldxLO ]

wl 5
o0 =

ol =

w0

wl

o0 =

ol
predid
If the

if(

elsd
Other|
follow
if(
elsd

Other|
follow

Fise (cldx is not equal to O for chroma samples), the following applies:

LumaWeightL1[ refldxL1 ]
luma_offset 10[ refldxLO ] * (1 << (bitDepth—8))
luma_offset 1] refldxL1 ] * (1 << (bitDepth—8))

ChromaWeightLO[ refldxL0 ][ cldx — 1 ]

ChromaWeightL1[ refldxL1 ][ cldx — 1 ]

ChromaOffsetLO[ refldxLO ][ cIdx — 1] * (1 << ( bitDepth — 8

ChromaOffsetL1[ refldxL1 J[ cIdx — 1] * (1 << ( bitDepth~ 89 )

tion sample predSamples[ x ][ y ] with x = 0..nPbW — 1_andy = 0..nPbH — 1 are derived as follows:
predFlagl0 is equal to 1 and predFlagL1 is equal to O,the prediction sample values are derived as fg

0g2Wd >= 1)
predSamples[ x ][ y ] = Clip3( 0, (1 << bitDepth ) — 1,
( ( predSamplesLO[ x ][y ] * w0 + 2"°8¥4" 1) >> 1og2Wd ) + 00 )

predSamples[ x ][ y ] = Clip3( 0, ( A, << bitDepth ) — 1, predSamplesLO[ x ][ y ] * w0 + 00 )

wise, if the predFlagl0 is equal 10-0 and predFlagL1 is equal to 1, the prediction sample values are
s:

og2Wd >= 1)
predSamples[ x ][ y3:="Clip3( 0, (1 << bitDepth ) — 1,
( ( predSamplesL1[ x ][y ] * wl +2"°2V4" 1y >> 1og2Wd ) + ol )

predSamplesfx ][ y ] = Clip3( 0, (1 << bitDepth ) — 1, predSamplesL1[x ][y ] * wl + 01)

wise (predElaglO is equal to 1 and predFlagl1 is equal to 1), the prediction sample values are
S:

(8-240)
(8-241)
(8-242)
(8-243)
(8-244)

(8-245)
(8-246)
(8-247)
(8-248)

(8-249)

llows:

(8-250)

derived as

(8-251)

derived as

pre

(dSamiples[ x ][ y ] = Clip3( 0, (1 << bitDepth ) — 1,

(predSamplesLO [ x [y [ ¥ wO + predSamplesLI[ x [[y [ Fwl +
((00+0l+1) << log2Wd)) >> (log2Wd+1))

Decoding process for the residual signal of coding units coded in inter prediction mode

General

Inputs to this process are:

(8-252)

— 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:
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an (nCbSp )x(nCbS;) array resSamples; of luma residual samples, where nCbS; is derived as specified belo

W,

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

Inputs to this process are:

Output of this‘process is a modified version of the (nCbS)x(nCbS) array of luma residual samples.

If rqt_root cbf is equal to 0 or skip flag[ xCb ][ yCb ] is equal to 1, all samples of the (nCbS;)x(nCbS;) array

resSamples; and all samples of the two (nCbhS)x(nCbSc) arravs resSamplesc, and resSamplesc. are set eq

al to 0.

Otherpvise (rqt_root_cbf is 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 luma

(

afray resSamples; .

Iyma location ( xCb, yCb ), the luma location ( xBO, yBO ) set equal to (0,0 ), the variable log2Tr

Igcation ( xCb, yCb ), the luma location ( xB0, yB0 ) set equal to ( 0, 0 ), the variable log2TtafoSize set equal to
1¢g2CbSize, the variable trafoDepth set equal to 0, the variable nCbS set eguaD to nCbS;, and the
CbSp)x(nCbS;) array resSamples; as inputs, and the output is a modified versionyof the (nCbS)x(nCbS;)

e decoding process for chroma residual blocks as specified in subclause,8.5.4.3 below is invoked with the

foSize set

efjual to log2CbSize, the variable trafoDepth set equal to 0, the variable ¢ldx set equal to 1, the variable nCbS
s¢t equal to nCbSc, and the (nCbSc)x(nCbSc) array resSamplesc, assnputs, and the output is a modified version

of the (nCbSc)x(nCbS¢) array resSamplescy.

Iyma location ( xCb, yCb ), the luma location ( xB0, yBQ) ¢t equal to (0, 0 ), the variable log2Tr

e decoding process for chroma residual blocks as specified. in subclause 8.5.4.3 below is invoked with the

1foSize set

efjual to log2CbSize, the variable trafoDepth set equalite 0, the variable cldx set equal to 2, the variable nCbS
s¢t equal to nCbSc, and the (nCbSc)x(nCbSc) array resSamplesc, as inputs, and the output is a modified version

of the (nCbS¢)x(nCbSc) array resSamplesc;.

ecoding process for luma residual blocks

a lumal location ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left

luma spmple of the current picture,

a lumallocation ( xB0, yB0 ) specifying the top-left sample of the current luma block relative to the top-left
the current luma coding block,

le log2TrafoSize-speeifying the size of the current luma block,
le trafoDepth.specifying the hierarchy depth of the current luma block relative to the luma coding b
le nCbS(specifying the size of the current luma coding block,

an (nCpS)x(nCbS) array resSamples of luma residual samples.

sample of

ock,

Depending on the value of split_transform_flag[ xCb + xB0 ][ yCb + yBO0 ][ trafoDepth ], the following applies:

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)).

2. 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
inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

_ ()ther‘v ica /nnl:t_tw—\un{»‘ vm_ﬂag[ \Cb L \Bn 10 nf‘b L nBO ][ trafoDanth 1 1o oo 1o O tha folloiiog o ered Steps

apply:
1.
2.

8.5.4.3

Inputs to this process are:

b

TSC—OPT TaSTOTIT G

YIL O™ J

O OpPt o OaaTtO— ot CTOTIO W It S O

Thhe variable nTbS is set equal to 1 << log2TrafoSize.

he scaling and transformation process as specified in subclause 8.6.2 is invoked Mwith”the lunfa location
kCb + xB0, yCb + yB0 ), the variable trafoDepth, the variable cldx set equal to Q;\and the trangform size
tafoSize set equal to nTbS as inputs, and the output is an (nTbS)x(nTbS) array transformBlock.

- R

he (nCbS)x(nCbS) residual sample array of the current coding block resSamples 1§ modified as follopws:

resSamples[ xB0 + i, yB0O + j ] = transformBlock] i, j ], with i = 0..nTbS<<)j = 0.nTbS — 1 (8-253)

Decoding process for chroma residual blocks

— a luma| location ( xCb, yCb ) specifying the top-left sample of thie'current luma coding block relative to the top-left

luma spmple of the current picture,

— a luma| location ( xB0, yB0 ) specifying the top-left luma¢saimple of the current chroma block relative to the top-left

samplq of the current luma coding block,

— avariaple log2TrafoSize specifying the size of the current chroma block in luma samples,

— avariaple trafoDepth specifying the hierarchy depth of the current chroma block relative to the chroma codjng block,

— avariaple cldx specifying the chroma compenent of the current block,

— avariaple nCbS specifying the size of the current chroma coding block,

— an (nCpS)x(nCbS) array resSamples’of chroma residual samples.

Output of fhis process is a modified version of the (nCbS)x(nCbS) array of chroma residual samples.

The varialle splitChromaFlag/s derived as follows:

— If splif transform{flag] xCb + xB0O ][ yCb + yBO ][ trafoDepth ] is equal to 1 and log2TrafoSize is greafer than 3,

splitCHromaFlag is set equal to 1.

— Othervise (split_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 0 or log2TrafoSize {s equal to

3), split€htemaFlag is set equal to 0.

Depending on the value of splitChromaFlag, the following applies:

— If splitChromaFlag is equal to 1, the following ordered steps apply:

138

1.

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.
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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)
array resSamples as inputs, and the output is a modified version of the (nCbS)x(nCbS) array resSamples.

Q. RS
oo rets 1o Ot O3 < IOV I S OT o oaStopSappty-

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 lumja location
(KCb + xB0, yCb + yB0 ), the variable trafoDepth, the variable cIdx, and the transform.size’trafoSizp set equal
tg nTbS as inputs, and the output is an (nTbS)x(nTbS) array transformBlock.

—

he (nCbS)x(nCbS) residual sample array of the current coding block resSamplesiis modified as fpllows, for
ifF 0.nTbS —1,j=0.nTbS — I:

resSamples[ (xCb +xB0) /2 +1, (yCb+yB0)/2 +j ] = transformBleek]/, j ] (8-254)
Scaling, transformation and array construction process prior’to deblocking filter process

Derivation process for quantization parameters

Input to this process is a luma location ( xCb, yCb ) specifying €he“op-left sample of the current luma cofling block

relative tofthe top-left luma sample of the current picture.

In this prdcess, the variable Qpy, the luma quantization parameter Qp'y, and the chroma quantization paramgters Qp'cy

and Qp’c, pre derived.

The luma|location ( xQg, yQg ), specifies the topieft luma sample of the current quantization group relafive to the
top-left Iyma sample of the current picture. The horizontal and vertical positions xQg and yQg are sef equal to
xCb — (x¢b & ( (1 << Log2MinCuQpDeltaSize) — 1)) and yCb — (yCb & ( (1 << Log2MinCuQpDeltaSize) — 1)),
respectively. The luma size of a quantizagion group, Log2MinCuQpDeltaSize, determines the luma size of the smallest

area insidg¢ a coding tree block that shares'the same qPy prep.
The predigted luma quantization parameter qPy prep is derived by the following ordered steps:

1.

The variable qPy pggy.is derived as follows:

If one or mor&-of the following conditions are true, qPy prev is set equal to SliceQpy:
— Theeufrent quantization group is the first quantization group in a slice.

— Ahe 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_tlag 1s equal to 1.

— Otherwise, qPy prgv is set equal to the luma quantization parameter Qpy of the last coding unit in 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 4 is set equal to the luma quantization parameter Qpy of the coding unit containing the luma

coding block covering ( xQg — 1, yQg ).

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:

The variah
Qp

The luma

Qp

The variat
qPic, and

qPi
qPi

If one or more of the following conditions are true, qPy g is set equal to qPy prev:

— availableB is equal to FALSE.

covering the luma location ( xQg, yQg — 1) is not equal to CtbAddrInTs, where ctbAddrB 13
follows:

xTmp = xQg >> Log2MinTrafoSize

yTmp =(yQg—1) >> Log2MinTrafoSize

minTbAddrB = MinTbAddrZs[ xTmp ][ yTmp ]

ctbAddrB = ( minTbAddrB >> 2) * (CtbLog2SizeY — Log2MinTtafoSize)

Otherwise, qPy p is set equal to the luma quantization parameter Qpy of the toding unit containin|
coding block covering ( xQg, yQg —1).

he predicted luma quantization parameter qPy prgp is derived as follows:
qPy prep = (qPy AT qPy g+ 1) >> 1
le Qpy is derived as follows:

= P + CuQpDeltaVal + 52 + 2 * QpBdOffsety»)%( 52 + QpBdOffset — QpBdOffset
((q Y_PRED Qp Qp ) %o( Qp v))—Qp Y

uantization parameter Qp'y is derived as follows:

vy = Qpy + QpBdOffsety

[ Pic,, respectively, and qPic, and qPRig) are derived as follows:
-, = Clip3( —QpBdOffsetc, 57;.Qpy + pps_cb_qp_offset + slice cb_qp_offset )
- = Clip3( —QpBdOffsetc, 5% Qpy + pps_cr_qp_offset + slice cr _qp_offset )

The chroma quantization paraméters for the Cb and Cr components, Qp'cy, and Qp'c;, are derived as follows:

Qp
Qp

b = qPcp, + QpBdOffsetc
o = qPc + QpBdOffsetc

Table 8-9 — Specification of Qpc as a function of qPi

ing block
derived as

(8-256)

o the luma

(8-257)

(8-258)

(8-259)

les qPc, and qPc; are set equal to the value of Qpc as specified in Table 8-9 based on the index gPiequal to

(8-260)
(8-261)

(8-262)
(8-263)

gPi | <30 [30]31 (323334 [35]36]37[38]39 140414243 |>43

8.62 S

Qpc | =qPi |29 30313233 33134134 |35[35]36[36[37]37]|=qPi—6

caling 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:

— Ifcldx

is equal to 0,

qP =Qp'y

— Otherwise, if cldx is equal to 1,

qP =Qp'cy

— Otherwise (cldx is equal to 2),

qP = Qp'Cr
The (nTbS)x(nTbS) array of residual samples r is derived as follows:

2:2013(E)

(8-264)

(8-265)

(8-266)

— If cu_fransquant bypass flag is equal to 1, the (nTbS)x(nTbS) array r is set equal to the (nTbS)x(nFbS

transfo
—  Otherw
1. T

8.63 S
Inputs to t

— a lumd
top-lef

— avaria|

rm coefficients TransCoeffLevel[ xXTbY ][ yTbY ][ cldx ].
ise, the following ordered steps apply:

he scaling process for transform coefficients as specified in subclause 8.6.3 is inyéked with the]
Jock location ( xTbY, yTbY ), the size of the transform block nTbS, the colour compenent variablg
le quantization parameter qP as inputs, and the output is an (nTbS)x(nTbS)Darray of scaled
pefficients d.

he (nTbS)x(nTbS) array of residual samples r is derived as follows:

If transform_skip flag[ xTbY ][ yTbY ][ cIdx ] is equal to 1, the residual sample array value
with x =0..nTbS — 1, y = 0..nTbS — 1 are derived as follows:

ifx]lyl=C0dx][y] << 7)

Otherwise (transform_skip flag[ xTbY ][ yTbY ][ €ldx’] is equal to 0), the transformation p
scaled transform coefficients as specified in sub¢lause 8.6.4 is invoked with the transform blo
(xTbY, yTbY ), the size of the transform bleck nTbS, the colour component variable cld.
(nTbS)x(nTbS) array of scaled transform ceefficients d as inputs, and the output is an (nTb
array of residual samples .

he variable bdShift is derived as follows:
bdShift = (cldx == 0) ? 20 + BitDepthy : 20 — BitDepthc

he residual sample values r[ x.][y*] with x = 0..nTbS — 1, y = 0..nTbS — 1 are modified as follows:
ffx][y]=(r[x][y]%(1 << (bdShift—1))) >> bdShift

caling process for transform coefficients
his process are:

location (XFbY, yTbY ) specifying the top-left sample of the current luma transform block rela
luma sample of the current picture,

ble nTHS specifying the size of the current transform block,

) array of

transform
cldx, and
transform

fx]lyl]
(8-267)
rocess for
k location

k, and the
S)x(nTbS)

(8-268)

(8-269)

live to the

— avarial

— avariable 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 0,

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:

If scaling_list enabled flag is equal to 0,

m{x][y]=16

Otherwise (scaling_list_enabled flag is equal to 1),

m[ x ][ y ] = ScalingFactor[ sizeld ][ matrixId ][ x ][ v ]

(8-272)

(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:

8.6.4
8.6.4.1

d[ % [ y 1= Clip3(~32768, 32767, ( ( TransCoeffLevel[ xTbY ][ yTbY ][ cldx J[x ][y ]* m[ x ][y T*

levelScale[ qP%6 ] << (qP/6))+ (1 << (bdShift—1))) >> bdShift)

Transformation process for scaled transform coefficients

[Seneral

Inputs to this process are:

— a lumg location ( xTbY, yTbY ) specifying the top-left sample of the current Juma transform block relal
top-leff luma sample of the current picture,

— avariaple nTbS specifying the size of the current transform block,

— avariaple cldx specifying the colour component of the current block,

— an (nTpS)x(nTbS) array d of scaled transform coefficients with.elements d[ x ][ v ].

Output of this process is the (nTbS)x(nTbS) array r of residual samples with elements [ x ][y ].
Depending on the values of CuPredMode[ xTbY ][ yTbY ],@mIbS, and cIdx, the variable trType is derived as ft

—  If CyPredMode[ xTbY ][ yTbY ] is equal to MODE’ INTRA, nTbS is equal to 4, and cldx is equal to 0
set equal to 1.

—  Othefwise, trType is set equal to 0.

The (nTbY)x(nTbS) array r of residual samples is derived as follows:

1. Each |(vertical) column of scaled" transform coefficients d[ x ][ y] with x=0.nTbS —1, y=0..n]
transfprmed to e[ x ][ y ] with x=0..nTbS — 1, y=0..nTbS — 1 by invoking the one-dimensional tran
process as specified in subclause 8.6.4.2 for each column x = 0..nTbS — 1 with the size of the transform b
the ligt d[ x ][ y | with 3»=.0..nTbS — 1, and the transform type variable trType as inputs, and the output
e[x]]y]withy=0.2aTbS — 1.

2. The imtermediate sample values g[ x ][ y ] with x =0..nTbS — 1, y = 0..nTbS — 1 are derived as follows:

gfeci[y 1= Clip3( —32768, 32767, (e[ x ][y ]+ 64) >> 7)

(8-274)

Live to the

llows:

, trType is

'bS — 1 is
sformation
ock nTbS,
is the list

(8-275)

formed to

3. Each |(kefizontal) row of the resulting array g[ x ][ y] with x=0..0TbS — 1, y=0..nTbS — 1 is trang

=03 Th< 1 =0 Th<Q 11

r[ X ][ )’ ] \AJ ith ey V. AT U0 Ly )’ V. AT T UJ I U)’ invul\ing th\/ Un\/ d]munsiunul trunafuxulut‘;un prU\/USS [T
in subclause 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..nTbS — 1, and the transform type variable trType as inputs, and the output is the list [ x ][ y] 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]= ) transMatrix[i][ j]*x[/] withi=0.nTbS — 1
=0

where the transform coefficient array transMatrix is specified as follows:

transMatrix =
{
{29 55 74 84}
{74 74 0 -74}
{84 -29 -74 55}
{55 -84 74 -29}
}

—  Othefwise (trType is equal to 0), the following transform matrix multiplication applies:

nTbS-1
v[i]= ZtransMatrix[i][ #2357 Loe20TOS) 1y 11 with i = 0.nTbS — 1,
j=0

wherg the transform coefficient array transMatrix is specified as follows:

transMatrixColOto15 =
{
{64 64 64 64 64 64 64 64 64 64 64 64 64 Ced
{90 90 88 85 82 78 73 67 61 54 46 38 30 \22

{89 75 50 18 -18 -50 -75 -89 -89 -75 -50 £I8" 18 50
{88 67 31 -13 -54 -82 -90 -78 -46 -4 3873 90 85

{83 36 -36 -83 -83 -36 36 83 83 36%-36 -83 -83 -36
{82 22 -54 -90 -61 13 78 85 31,46k -90 -67 4 73
{80 9 -70 -87 -25 57 90 43 -4390 -57 25 87 70

{73 -31 -90 -22 78 67 -38 =90 -13 82 61 -46 -88 -4
{70 -43 -87 9 90 25 -8p-57 57 80 -25 -90 -9 87

{61 -73 -46 82 31.%88"-13 90 -4 -90 22 85 -38 -78
{57 -80 -25 90 -9 4587 43 70 -70 -43 87 9 -90 25

{46 -90 38 (54~-90 31 61 -88 22 67 -85 13 73 -82
{43 -90 57 ;25 -87 70 9 -80 80 -9 -70 87 -25 -57
{38 -88 ¢73* -4 -67 90 -46 -31 85 -78 13 61 -90 54

{250-70 90 -80 43 9 -57 87 -87 57 -9 -43 80 -90
{22--61 85 -90 73 -38 -4 46 -78 90 -82 54 -13 -31

{9 -25 43 -57 70 -80 87 -90 90 -87 80 -70 57 -43

transMatrix[ m ][ n ] = transMatrixColOto15[ m ][ n ] with m = 0..15, n =

0..431
64 64}
13 4)

{90 87 80 70 57 43 25 9 -9 -25 -43 -57 +79*-80 -87 -90}
{90 82 67 46 22 -4 -31 -54 -73 -85 -90 -88,-78 -61 -38 -13}

75 89}
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 88,54 -4 -61 -90 -78 -31}

36 83}
88 38}
-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 =757-75 18 89 50 -50 -89 -18 75}

85 54}
43 =70}

{67 -54 -78 38 85 -22 -90 4 90 13 -88 -31 82 46 -73 -61}
{64 -64 -64 64 64 -64 =64 64 64 -64 -64 64 64 -64 -64 64}

54 67}
80 -57}

{54 -85 -4 88_-46 -61 82 13 -90 38 67 -78 -22 90 -31 -73}
{50 -89 18 75\~75 -18 89 -50 -50 89 -18 -75 75 18 -89 50}

4 78}
90 -43}
22 -82}

{36 -83%~83 -36 -36 83 -83 36 36 -83 83 -36 -36 83 -83 36}
{31 %8 90 -61 4 54 -88 82 -38 -22 73 -90 67 -13 -46 85}

70 -25}
67 -88}

{18 -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}

25 -9}

{4 -13 22 -31 38 -46 54 -61 67 -73 78 -82 85 -88
Y,
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(8-276)

(8-277)

(8-278)

(8-279)
(8-280)
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8.6.5  PBicture construction process prior to in-loop filter process

Inputs to this process are:

Depending on the value of thejcolour component cldx, the following assignments are made:

transMatrix|[ m ][ n ] = transMatrixCol16to31[{ m — 16 ][ n ] with m = 16..31, n=0..31,

transMatrixCol16to31 =

{

{ 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}
{89 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 -54 -90 -31 61 88 22 -67 -85 -13 73 82 4 -78}
{ 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}

(8-281)
(8-282)

{-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 A43}
{ 82 -22 -54 90 -61 -13 78 -85 31 46 -90 67 4 -73 88.-38%
{ 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.NV8 -31}
{-25 70 -90 80 -43 -9 57 -87 87 -57 9 43 -80 96,\-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 .75 -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 70 <57 43 -25 9}
{ 90 -90 88 -85 82 -78 73 -67 61 -54 46 _=38 31 -22 13 -4}
}

a location ( xCurr, yCurr ) specifying the top-left sample of the current block relative to the top-left san
curren{ picture component,

a variaple nCurrS specifying the size of theCurrent block,
a variaple cldx specifying the colour.component of the current block,
an (nCprrS)x(nCurrS) array predSamples specifying the predicted samples of the current block,

an (nCprrS)x(nCurrS) array fesSamples specifying the residual samples of the current block.

If cldx|is equal to 03 recSamples corresponds to the reconstructed picture sample array S; and the function
corresponds to Cliply.

Othervise, (if jeldx is equal to 1, recSamples corresponds to the reconstructed chroma sample array S
functidn €lipCidx1 corresponds to Cliplc.

iple of the

clipCidx1

L, and the

Otherwise (cldx is equal to 2), recSamples corresponds to the reconstructed chroma sample array Sc, and the function

clipCidx1 corresponds to Cliplc.

The (nCurrS)x(nCurrS) block of the reconstructed sample array recSamples at location ( xCurr, yCurr ) is derived as
follows:

8.7

recSamples[ xCurr + i ][ yCurr +j | = clipCidx1( predSamples[ i ][ j ] + resSamples[i ][] ])
with i =0..nCurrS — 1, j = 0..nCurrS — 1

In-loop filter process

8.7.1 General

(8-283)

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. Forth

ISO/IEC 23008-

e deblocking filter, the following applies:

2:2013(E)

— The deblocking filter process as specified in subclause 8.7.2 is invoked with the reconstructed picture sample
arrays Sp, Scp, and Sc; as inputs, and the modified reconstructed picture sample arrays S't, S'cy, and S'c, after
deblocking as outputs.

— The arrays S'i, S'cp, S'c; are assigned to the arrays Sp, Scp, Scr (which represent the decoded picture),
respectively.

2. When

sample adaptive offset enabled flag is equal to 1, the following applies:

— 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.

— The arrays S|, S'cp, S'c; are assigned to the arrays Sp, Scp, Scr (which represent the decoded picture),

Ic

8.72 D
8.7.2.1

Inputs to
recPicture

Outputs o
and recPio

The vertic|
by the ver|
tree unit 3
filtered std
hand side
filtered st
coding blqg

NOTE

implemnt

depend

The deblo|
edges thg
slice_debl
equal to 0
equal to 0
horizontal

The edge {

pectivety:
eblocking filter process

[Seneral

o

F this process are the modified reconstructed picture sample arrays after deblocking recPicture, re|
turec,.

nl edges in a picture are filtered first. Then the horizontal edges in a-picture are filtered with sample]
ical edge filtering process as input. The vertical and horizontal edges’in the coding tree blocks of e
re processed separately on a coding unit basis. The vertical edges of the coding blocks in a codit
rting with the edge on the left-hand side of the coding blocks’proceeding through the edges toward
pf the coding blocks in their geometrical order. The horizontal edges of the coding blocks in a codi
rting with the edge on the top of the coding blocks proceeding through the edges towards the bot
cks in their geometrical order.

- Although the filtering process is specified on a (picture basis in this specification, the filtering prod

ented on a coding unit basis with an equivalent ‘résult, provided the decoder properly accounts for the]
bncy order so as to produce the same output values,

Cking filter process is applied to all prediction block edges and transform block edges of a picture,
t are at the boundary of the (picture, for which the deblocking filter process is di
beking_ filter disabled flag, that, coifcide with tile boundaries when loop filter across_tiles enab
or that coincide with upper orleft slice boundaries of slices with slice loop filter across_slices_en|
For the transform units and prediction units with luma block edges less than 8 samples in either
direction, only the edges lying on the 8x8 sample grid are filtered.

ype, vertical or horizontal, is represented by the variable edgeType as specified in Table 8-10.

Table 8-10 — Name of association to edgeType

this process are the reconstructed picture sample arrays prior to deblocking reePRicture;, recPicfurec,, and

CPicturecy,

5 modified
ich coding
lg unit are
the right-
g unit are
om of the

ess can be
processing

except the
sabled by
ed flag is
abled flag
vertical or

edgeType Name of edgeType
0 (vertical edge) EDGE_VER
1 (horizontal edge) EDGE HOR

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. The luma coding block size nCbS is set equal to 1 << log2CbSize.

2. 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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—  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 1og2CbSize, the prediction partition mode PartMode, the array verEdgeFlags, and the variable
edgeType set equal to EDGE VER as inputs, and the modified array verEdgeFlags as output.

Tihe derivation process of the boundary filtering strength specified in subclause 8.7.2.4 is inyokefl with the
r¢constructed luma picture sample array prior to deblocking recPicture;, the luma location. (XCb,|yCb ), the
lyma coding block size log2CbSize, the variable edgeType set equal to EDGE YERy and |the array
verEdgeFlags as inputs, and an (nCbS)x(nCbS) array verBs as output.

Tihe vertical edge filtering process for a coding unit as specified in subclause 8.7:2:5.1 is invokefl with the
r¢constructed picture sample arrays prior to deblocking recPicture;, recPictureg,,)and recPicturec{ the luma
Igcation ( xCb, yCb ), the luma coding block size log2CbSize, and the array yerBs as inputs, and th¢ modified
r¢constructed picture sample arrays recPicturey, recPicturecy, and recPicturedy as’outputs.

When slige_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 bleck ( xCb, yCb ), the horizontal edges are

filtered by|the following ordered steps:
1.
2.

Tlhe luma coding block size nCbS is set equal to 1 << log2CbSize.

Tlhe variable filterTopCbEdgeFlag is derived as follows;

- If one or more of the following conditions are ttue, the variable filterTopCbEdgeFlag is set equgl to 0:
—  The top boundary of the current luma{Coeding block is the top boundary of the picture.

— The top boundary of the custent luma coding block is the top boundary of th¢ tile 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|slice and
slice loop filter acrosstslices enabled flag is equal to O.

- Otherwise, the variable\filterTopCbEdgeFlag is set equal to 1.
All elements of the twosdimensional (nCbS)x(nCbS) array horEdgeFlags are initialized to zero.

Tlhe derivation pracess of transform block boundary specified in subclause 8.7.2.2 is invoked withh the luma
Idcation ( xCb, yCb-), the luma location ( xB0, yBO ) set equal to ( 0, 0 ), the transform block size log? TrafoSize
s¢t equal to dog2CbSize, the variable trafoDepth set equal to O, the variable filterTopCbEdgeFlag| the array
hprEdgeFlags, and the variable edgeType set equal to EDGE HOR as inputs, and the modified array
hprEdgeFlags as output.

The derlvatlon process of predlctlon block boundary spec1ﬁed in subclause 8 7.2. 3 is 1nvoked witlh the luma

edgeType set equal to EDGE HOR as 1nputs and the modlﬁed 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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— 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,

— aluma location ( xBO0, yB0 ) specifying the top-left sample of the current luma block relative to the top-left sample of
the current luma coding block,

— avariable log2TrafoSize specifying the size of the current block,

— avariable trafoDepth,

— avariable filterEdgeFlag,

— atwo-dimensional (nCbS)x(nCbS) array edgeFlags,

— avariable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE_HOR) edge is filtered.
Output of this process is the modified two-dimensional (nCbS)x(nCbS) array edgeFlags.

Depending on the value of split_transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ], the following applieg:

— If split| transform_flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 1, the following ordered steps apply:
1. Tlhe variables xB1 and yB1 are derived as follows:

- The variable xB1 is set equal to xB0 + (1 << (log2TrafoSize —1)).

- The variable yB1 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 luma
Igcation ( xCb, yCb ), the luma location ( xB0, yBO0 ), the variable log2 FrafoSize set equal to log2TrafoSize — 1,
the variable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag, the array edgeFlags, and the
viriable edgeType as inputs, and the output is the modified versionoftarray edgeFlags.

3. Tlhe derivation process of transform block boundary as spe€ified in this subclause is invoked with the luma
Igcation ( xCb, yCb ), the luma location ( xB1, yBO0 ), the yariable log2TrafoSize set equal to log2TrafoSize — 1,
the variable trafoDepth set equal to trafoDepth + 1, the Variable filterEdgeFlag, the array edgeFlags, and the
viriable edgeType as inputs, and the output is the modified version of array edgeFlags.

4. The derivation process of transform block boundary as specified in this subclause is invoked with the luma
Igcation ( 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 filterEdgeFlag, the array edgeFlags, and the
viriable edgeType as inputs, and the output'is the modified version of array edgeFlags.

5. The derivation process of transformiblock boundary as specified in this subclause is invoked with the luma
Igcation ( xCb, yCb ), the luma lo€ation ( xB1, yB1 ), the variable log2TrafoSize set equal to log2TrafoSize — 1,
the variable trafoDepth set equal to trafoDepth + 1, the variable filterEdgeFlag, the array edgeFlags, and the
viriable edgeType as inputs, and the output is the modified version of array edgeFlags.

— Othervise (split_transform-flag[ xCb + xB0 ][ yCb + yBO ][ trafoDepth ] is equal to 0), the following applies:

- f edgeType, \is’ equal to EDGE VER, the wvalue of edgeFlags[xB0O][yBOt+k] for
k=0..(1 <<dog2TrafoSize ) — 1 is derived as follows:

+ IfxBO0 is'equal to 0, edgeFlags[ xBO ][ yBO + k ] is set equal to filterEdgeFlag.
+ , Otherwise, edgeFlags[ xBO ][ yBO + k ] is set equal to 1.

- thérwise (edgeType is equal to EDGE HOR), the value of edgeFlags[xBO+kI][yBO] 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:

— avariable log2CbSize specifying the luma coding block size,

— aprediction partition mode PartMode,

— atwo-dimensional (nCbS)x(nCbS) array edgeFlags,

— avariable 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:

— Ifedge

Type is equal to EDGE VER, the following applies:

— When PartMode is equal to PART Nx2N or PART NxN, edgeFlags[ 1 << (log2CbSize — 1) ][ k ] is set equal

tol

— 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 << (1og2CbSize —2)) ][ k ] is set equal to 1.

— Otherwise (edgeType is equal to EDGE_HOR), the following applies:
— When PartMode is equal to PART 2NxN or PART NxN, edgeFlags[ k ][ 1 << (log2CbSize — 1) ] is set equal

tol

— Wh

— Wh
8.7.2.4
Inputs to t
— aluma

— a luma
luma s

— avaria
— avaria
— atwo-
Output of
The variah

—  Ifed
(1

—  Othsg
set e

For xD; w

en PartMode is equal to PART 2NxnU, edgeFlags[ k ][ 1 << (1log2CbSize —2 ) ] is set equal to‘l-

Derivation process of boundary filtering strength
his process are:

picture sample array recPicture;,

hmple of the current picture,

ble log2CbSize specifying the size of the current luma coding blocks
ble edgeType specifying whether a vertical (EDGE_VER) orza hetrizontal (EDGE_HOR) edge is filts
limensional (nCbS)x(nCbS) array edgeFlags.
this process is a two-dimensional (nCbS)x(nCbS) array-bS specifying the boundary filtering strength
les xD;, yDj, XN, and yN are derived as follows:

oeType is equal to EDGE_VER, xD; is set equal to (1 << 3), yDjis set equal to (j << 2), XN is §
< (log2CbSize —3))—1, and yN is set@qual to ( 1 << (log2CbSize—2))— 1.

rwise (edgeType is equal to EDGE_HOR), xD; is set equal to (1 << 2), yDj is set equal to (j <<
fual to (1 << (1og2CbSize — 2.)) ~ 1, and yN is set equal to ( 1 << (log2CbSize—3))—1.

thi=0.xN and yD; with j 70.yN, the following applies:

fedgeFlags[ xD; ][ yDjy.is-equal to 0, the variable bS[ xD; ][ yD; ] is set equal to 0.
Dtherwise (edgeFlags[)xD; ][ yD;j ] is equal to 1), the following applies:

- The sampléwalues p, and qq are derived as follows:

—  JedgeType is equal to EDGE_VER, py is set equal to recPicture; [ xCb + xD; — 1 ][ yCb |
qo is set equal to recPicture [ xCb + xD; ][ yCb + yDj ].

—~ Otherwise  (edgeType is equal to EDGE HOR), p, is set ¢

en PartMode is equal to PART 2NxnD, edgeFlags[ k][ 3 * (1 << (log2CbSize —2)) ] isset-equal to 1.

location ( xCb, yCb ) specifying the top-left sample of the current luma‘coding block relative to the top-left

fon]

ed,

et equal to

3), xN is

- yD; ] and

qual  to

recPicture, [ XCb + xD; [ yCb + yD. — 1] and do is set equ

| to

recPicture [ XCb + xD; ][ yCb + yDj ].

—  The variable bS[ xD; ][ yD; ] is derived as follows:

148

—  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 p,y or qo is
transform block which contains one or more non-zero transform coefficient levels, bS[ xD
set equal to 1.

in a luma

i ILyD;]is

—  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 reference
pictures or a different number of motion vectors are used than for the prediction of the luma

prediction block containing the sample q.
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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
PredFlagL1[ xPb ][ yPb ].

ILyPb] +

—  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
block r‘nnmining the Qnmr\lp Potwo motion vectors for the same twao reference pir‘fnr

prediction
s are used

8.7.2.5

8.7.2.5.1

Inputs to t

the pic

a luma
luma s

his p

fdge filtering process

Vertical edge filtering process

fure sample arrays recPicture;, recPicturecy, and recPicturec,,

to predict the luma prediction block containing the sample qp, and the absolute
between the horizontal or vertical component of the two motion vectors used incthepr|
the two luma prediction blocks for the same reference picture is greater than or eq
units of quarter luma samples.

—  Two motion vectors for the same reference picture are used to prediet'the Tuma prediq
containing the sample p,, two motion vectors for the same reference picture are used
the luma prediction block containing the sample qy, and both of/the following con|
true:

— The absolute difference between the horizontal orwvertical component of list
vectors used in the prediction of the two luma prédiction blocks is greater than of
in quarter luma samples, or the absolute difference between the horizontal
component of the list 1 motion vectors used.in the prediction of the two luma
blocks is greater than or equal to 4 in units‘of quarter luma samples.

— The absolute difference between thelhorizontal or vertical component of list
vector used in the prediction of the,luma prediction block containing the sample
list 1 motion vector used in the* prediction of the luma prediction block cont
sample qq is greater than or_equal to 4 in units of quarter luma samples, or th
difference between the horizontal or vertical component of the list 1 motion vec
the prediction of the luma prediction block containing the sample p, and lisf]
vector used in the prédiction of the luma prediction block containing the sa
greater than or equal to 4 in units of quarter luma samples.

—  Otherwise, the variable bS[ xD; ][ yD; ] is set equal to 0.

TOCESS arc:

difference
bdiction of
hal to 4 in

tion block
to predict
litions are

0 motion
equal to 4
br vertical
prediction

0 motion
po and the
aining the
e absolute
or used in
0 motion
mple qo is

location“( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
hmple.of the current picture,

a varia

11 aVal ek L +1 - £ | 1. 11 1
ICTTOEZCUSIZT SPCUILYIITE UIT SIZT U1 UIT TUITTIIU TUIlld COUIIIE UIUCK,

an array bS specifying the boundary filtering strength.

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. The variable nD is set equal to 1 << (1log2CbSize —3).

2. 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 ][ yDy, | is greater than 0, the following ordered steps apply:

© ISO/IEC 2013 — All rights reserved
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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.

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 TLn warrablanD e cat aqiao lia 1 (lac2ChSizo 2.
. o=y s =g & t T° TOE= o2

T TatoTO I

2. H
a

8.7.2.5.2

Inputs to t

the pic

a luma
luma s

a varial

an arra

Outputs of

The filtert
steps:

1. T

bplies:

2. F

Horizontal edge filtering process
his process are:

fure sample arrays recPicture;, recPictureey, and recPicturec,,

ble log2CbSize specifying the’size of the current luma coding block,
y bS specifying the boundary filtering strength.

this process are thejmodified picture sample arrays recPicturer, recPicturecy,, and recPicturec,.

he variable nD is set equal to 1 << (1og2CbSize — 3 ).

e

or xDy equal to k << 2 with k=0..nD — 1 and yD,, equal to m << 2 with m = 0..nD — 1\the| following

When bS[xDy*2][yD,*2] is equal to 2 and (((xCb/2+xDy) >> 3) << 3) is|equal to
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 with the
chroma picture sample array recPicturecy, the location of the chroma-coding block ( xCb /2f yCb/2),
the chroma location of the block ( xDy, yD,, ), a variable edgeType set equal to EDGE_VER, and a
variable cQpPicOffset set equal to pps cb qp offset as inputs) and the modified chrofa picture
sample array recPicturec, as output.

b. The filtering process for chroma block edges as specifiéd in subclause 8.7.2.5.5 is invoke(d with the
chroma picture sample array recPicturec,, the location,of'the chroma coding block ( xCb /2f yCb/2),
the chroma location of the block ( XDy, yDy, ), a ¥astable edgeType set equal to EDGE_VMER, and a
variable cQpPicOffset set equal to pps_cr_qp_offset as inputs, and the modified chroma pictfire sample
array recPicturec, as output.

location ( xCb, yCb ) specifying thetop-left sample of the current luma coding block relative to the top-left
hmple of the current picture,

hg process forcedges in the luma coding block of the current coding unit consists of the followifg ordered

binyD,, equal to m << 3 with m=0..nD — 1, and xDy equal to k << 2 with k=0..nD * 2 — 1, the following

applies:
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When bS[ xDy ][ yDy, ] is greater than 0, 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 ][ yD,, ] as inputs, and the decisions dE, dEp, and dEq, and the variables § 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, 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. The variable nD is set equal to 1 << (log2CbSize — 3 ).

2. For yD,, equal to m << 2 with m=0..nD — 1 and xDy equal to k << 2 with k=0..nD — 1, the following
applies:

When bS[xDy *2][yD, *2] is equal to 2 and (((yCb/2+yD,) >> 3) << 3) is
yCb / 2 + yD,,, the following ordered steps apply:

equal to

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
variable cQpPicOffset set equal to pps_cb_qp offset as inputs, and the modified chroma picture

sample array recPicturec, as output.

8.7.2.5.3
Inputs to t
— aluma

— a luma
luma s

— a luma|
the cu

— avaria
— avaria
Outputs of
— the var
— the var

If edgeTyj

]

Otherwise
follows:

]

b. The filtering process for chroma block edges as specified in subclause 8.7.2.5.5 is inyoke
chroma picture sample array recPicturec,, the location of the chroma coding block (XCb /2

variable cQpPicOffset set equal to pps_cr_qp_offset as inputs, and the modified,chtéma pict
array recPicturec, as output.

Decision process for luma block edges
his process are:

picture sample array recPicturey,

hmple of the current picture,

location ( xBl, yBl ) specifying the top-left sample of the«Current luma block relative to the top-lefi]
rent luma coding block,

ble edgeType specifying whether a vertical (EDGE4VER) or a horizontal (EDGE_HOR) edge is filts
ble bS specifying the boundary filtering strengtlr:

this process are:

iables dE, dEp, and dEq containing decisions,

lables P and tc.

e is equal to EDGE_VER, theé'sample values p;x and q; with 1= 0..3 and k = 0 and 3 are derived as
;. x = recPicture; [ xCb +xB1+1][ yCb + yBl + k ]

b; x = recPicture [ xCbrxBl—i—1 ][ yCb+ yBl +k ]

(edgeType is.equal to EDGE_HOR), the sample values p;x and qi withi=10..3 and k=0 and 3 are

i x = recRicture [ xCb + xBl + k ][ yCb + yBl +1 ]
b, = recPicture [ xCb + xBl+k ][ yCb+yBl —i—1]

d with the
yCb/2),

the chroma location of the block ( xDy, yD,, ), a variable edgeType set equal to.EDGE HOR, and a

hire sample

location ( xCb, yCb ) specifying the top-left sample of the current.luma coding block relative to the top-left

sample of

red,

follows:
(8-284)
(8-285)

lerived as

(8-286)
(8-287)

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.

A variable qP; is derived as follows:

qQPL=((Qpo+Qpp+1) >> 1)

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, qP. + (slice_beta offset div2 << 1))

(8-288)

(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)
Depending on the value of edgeType, the following applies:

— Ifedge
1. The variables dpq0, dpq3, dp, dq, and d are derived as follows:
dp0 = Abs( p2o =2 * pio+ Poo ) (8-293)
dp3 = Abs(p2s—2 * pi3+ Pos) (8-294)
dq0 = Abs( q20—2 *q10+ qoo ) (8-295)
dq3 =Abs(q23—2 *qi13+ o3 ) (8-296)
dpq0 = dp0 + dq0 (8-297)
dpq3 =dp3 +dq3 (8-298)
dp = dp0 + dp3 (8-299)
dq=dq0 +dq3 (8-300)
d =dpq0 + dpq3 (8-301)

2. Tlhe variables dE, dEp, and dEq are set equal to 0.
3. When d is less than B, the following ordered steps-apply:
al 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 specified 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 asgigned to the decision dSam0.

c¢| The variable dpq is set.equal to 2 * dpq3.

d| For the sample loeation ( xCb + xBl, yCb + yBI + 3 ), the decision process for a luma sample as specified in
subclause 8.7.2:5:6 is invoked with sample values p;s, q;3 with i=0..3, the variables dpq, ) and tc as
inputs, and the output is assigned to the decision dSam3.

e| The variable dE is set equal to 1.
f| WhendSamo is equal to 1 and dSam3 is equal to 1, the variable dE is set equal to 2.
gl ~\When dp is less than (f+ (B >> 1)) >> 3, the variable dEp is set equal to 1.

h. Whendqis 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( p20—2 * p1o+ Poo ) (8-302)
dp3 = Abs( P23 —2 *pi3+Po3) (8-303)
dq0 = Abs( d20~2 *q10+ qoo) (8-304)
dq3 =Abs(qe3—2*qi3+ qo3) (8-305)
dpq0 = dp0 + dq0 (8-306)
dpq3 = dp3 + dg3 (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 pgo, P30, oo, and qso, the variables dpq, B, and tc as
inputs, and the output is assigned to the decision dSam0.

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 ds-specified in
subclause 8.7.2.5.6 is invoked with sample values py3, P33, o3, and qs3, the variables dpqy 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 equal-to 2.
When dp is less than (B + (p >> 1)) >> 3, the variable dEp is set equalto 1.

=09

When dq is less than (B + (p >> 1)) >> 3, the variable dEq is set eqtial to 1.

Table 8-11 — Derivation of threshold variables B’ and’t.’ from input Q

Q| O 1 2 3 4 5 6 7 8 9 |10} 11 | 12 | 13| 14 | 15 | 16 | [I7 | 18

B | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 7 8

tc' | O 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 1

Q | 19|20 |21 | 22 |23 |24 |25 |26 | 27+4,28 |29 |30 |31 |32 |33 |34 |35 | p6 | 37

B’ 910 | 11 | 12 | 13 | 14 | 15 | 16 | ®F | 18 | 20 | 22 | 24 | 26 | 28 | 30 | 32 | B4 | 36

tc' | 1 1 1 1 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4

Q [ 3 39|40 | 41 |42 | 43 | 4445 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53

B | 34 | 40 | 42 | 44 | 46 | 48 NSO 52 | 54 | 56 | 58 | 60 | 62 | 64 | - -

tc' | 5 5 6 6 7 8 9 |10 | 11 | 13 | 14 | 16 | 18 | 20 | 22 | 24

8.7.2.5.4 Filtering process/forduma block edges

Inputs to this process are;

a luma|picture sample array recPicture;,

a luma locdtion ( xCb, yCb ) specifying the top-left sample of the current luma coding block relative to the top-left
luma spmiple of the current picture,

a luma 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,
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:
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qix = recPicture [ xCb + xBl +1 ][ yCb + yBl + k ] (8-311)
pix = recPicture [ xCb +xBl—i1—1 ][ yCb + yBl + k ] (8-312)

2. 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.

Otherwise (edgeType is equal to EDGE_HOR), the following ordered steps apply:

1. The sample values p;y and q;x withi=10..3 and k = 0..3 are derived as follows;

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 recPicture; as follows:

TecPicturer f XCo+=xB=—1T—11f yCb+yBt—k1=7¢ (8-313)

When nDq is greater than 0, the filtered sample values q;' with j =0..nDq — 1 replace the corfesponding
samples inside the sample array recPicture; as follows:

recPicture [ XCb +xBl+j ][ yCb +yBl +k ] =g} (8-314)

qix = recPicture; [ xCb + xBl + k ][ yCb + yBl +1 ] (8-315)
pix = recPicture [ xCb + xBl +k J[yCb + yBl —i1—1] (8-316)

2. When dE is not equal to 0, for each sample location ( xCb +%xBI'+k, yCb + yBl), k=0..3, the|following

o

8.7.2.5.5

Inputs to t

Fdered steps apply:

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—}|—1) and
(xQ;, yQ;) set equal to (xCb + xBl + k, yCb +yBl'+ 1) with i =0..2, the decision dE, the var|ables dEp
and dEq, and the variable tc as inputs, and theznumber of filtered samples nDp and nDq from egch side of
the block boundary and the filtered samplewalues p;' and q;' as outputs.

When nDp is greater than 0, the filtered sample values p;' with i =0..nDp — 1 replace the corfesponding
samples inside the sample array recRicture; as follows:

recPicture [ xCb + xBl + k [[WCb+yBl—i—1 ]=p/ (8-317)

When nDq is greater than\0, the filtered sample values q;' with j =0..nDq — 1 replace the corgesponding
samples inside the sample-array recPicture; as follows:

recPicture; [ xCb xBl+k ][ yCb + yBl +j ]=q; (8-318)
Filtering process for chroma block edges

his process are.

a chromalocdtion ( xCb, yCb ) specifying the top-left sample of the current chroma coding block relative [to the top-

left ch:

a chroEa picture sample array s’,

ma sample of the current picture

a chroma location ( xBI, yBl) specifying the top-left sample of the current chroma block relative to the top-left
sample of the current chroma coding block,

a variable edgeType specifying whether a vertical (EDGE_VER) or a horizontal (EDGE HOR) edge is filtered,

a variable 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:
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Qix=s[xCb+xBl+1i][ yCb+yBl+k] (8-319)
pix=sTxCb+xBl—i—1][yCb+ yBl+k] (8-320)

© ISO/IEC 2013 — All rights reserved


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

ISO/IEC 23008-2:2013(E)

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 variable cQpPicOffset provides an adjustment for the value of pps_cb_qp_offset or pps_cr gp_offset, according to
whether the filtered chroma component is the Cb or Cr component. However, to avoid the need to vary the amount of the
adjustment within the picture, the filtering process does not include an adjustment for the value of slice cb_qp offset or
slice_u _\.ilJ_Ufbet.

The value| of the variable t¢' is determined as specified in Table 8-11 based on the chroma quantization.pgrameter Q
derived as|follows:

Q =Clip3(0, 53, Qpc + 2 + (slice_tc_offset div2 << 1)) (8-324)
where slicp_tc_offset_div2 is the value of the syntax element slice_tc_offset_div2 for the slic€ thdt contains sample qg .

The variabyle tc is derived as follows:
tc =tc' * (1 << (BitDepthc —8)) (8-325)
Depending on the value of edgeType, the following applies:

— If edgqType is equal to EDGE VER, for each sample location ( xCb +xBI, yCb + yBl + k), k =0..3, the| following
orderedl steps apply:

1. The filtering process for a chroma sample as specified insubelause 8.7.2.5.8 is invoked with the sanjple values
Pl Qix, With i=0..1, the locations ( xCb + xBl1— 1, yCb * yBl + k) and ( xCb + xBl, yCb + yBl + k), and the
vhriable t¢ as inputs, and the filtered sample values py“and gy’ as outputs.

2. The filtered sample values p," and qo’ replace the edrtesponding samples inside the sample array s’ as follows:
sTxCb+xBl][ yCb+yBl+k]=q, (8-326)
s'[xCb +xBl—1 ][ yCb + yBl + k4=p,’ (8-327)

— Othervise (edgeType is equal to EDGE, HOR), for each sample location ( xCb + xBIl + k, yCb + yBl ), k|=0..3, the
followlng ordered steps apply:

1. Thhe filtering process for a chrema sample as specified in subclause 8.7.2.5.8 is invoked with the sanjple values
Plx dix, With 1=0..1, thé&\ocations ( xCb + xBl +k, yCb + yBl — 1) and ( xCb + xBl + k, yCb + yB]), and the
vpriable tc as inputs, and'the filtered sample values py’ and q¢" as outputs.
T

2. he filtered sample values p,’ and qo’ replace the corresponding samples inside the sample array s’ as follows:
s xCb&xBl +k ][ yCb + yBl ] = q¢’ (8-328)
s'[x€b+xBl+k ][ yCb+yBl—1]=py (8-329)

8.7.2.5.6 Decision process for a luma sample

Inputs 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 g; with i =0..3,
the luma locations of p; and q;, ( xP;, yP; ) and ( xQ;, yQ; ) withi=0..2,

a variable dE,

the variables dEp and dEq containing decisions to filter samples pl and ql respectively,

a variable tc.

Outputs of this process are:

the number of filtered samples nDp and nDq,

the filtpred sample values p;" and qj’ withi=0..nDp — 1, j=0..nDq — 1.

Depending on the value of dE, the following applies:

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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If the variable dE is equal to 2, nDp and nDq are both set equal to 3, and the following strong filtering appli

po' F Clip3(po—2 *te, po+2 *te, (P2 +2*p1 +2*po+2*q+q+4) > 3)
pi' FClip3(p1 =2 *te,pr +2 *te, (p2+pitpotqot+2) >> 2)

p2'FClp3(p2 =2 *te, po + 2%, (2 *ps +3 *po+pi+potqot4) >> 3)

Qo' FClip3(qo—2*te, qot 2% te, (P1+2%pp+2*qu+2* 1+ +4)y>> 3)
Q'FClip3(qi—2*te, 1 +2 *te, (pot Qo+ tqp+2) > 2)

QTCIP3( @ =2 te, 2%t (Pot Qo+ Qi T3 * @ +2%qyt ) >> 3)

Otherwise, nDp and nDq are set both equal to 0, and the following.weak filtering applies:

—  [I'he following applies:
A=(9%(q~ po)=3*(qi—p1)+8) =>4
—  When Abs(A) is less than t¢ * 10, the following ordered steps apply:
- The filtered sample values py’ and qq are specified as follows:
A =Clip3(—tc, tc, A)
po' =Cliply(po+A)
qo' = Cliply( qo 54)
- When dEp is eq@al to 1, the filtered sample value p,’ is specified as follows:

pi'~E€liply(p: +Ap)

- When dEq is equal to 1, the filtered sample value q; is specified as follows:

Ap=ClLip3(—(tc >> 1),tc >> L, (((pa+po+1) > 1)—p +A) > 1)

Aq=Clip3(—(tc >> 1),tc >> 1, (((Q@+q+1) > 1)-q-A) > 1)

qi'=Cliply(qi +Aq)
— 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.

(8-330)
(8-331)
(8-332)
(8-333)
(8-334)
(8-335)

(8-336)

(8-337)
(8-338)
(8-339)

(8-340)
(8-341)

(8-342)
(8-343)

— cu_transquant_bypass_flag of the coding unit that includes the coding block containing the sample p, is equal

to 1.

— pcm loop filter disabled flag is equal to 1 and pcm_flag[ xQo ][ yQp ] is equal to 1.
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— cu_transquant_bypass_flag of the coding unit that includes the coding block containing the sample qq is equal
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 p, and qy, ( xPy, yPy ) and ( xQo, Qo ),

— avariable tc.

Outputs of this process are the filtered sample values p," and qq'.

(8-344)
(8-345)
(8-346)

esponding

esponding

o is equal

The filtered sample values py" and q,' are derived as follows:
A FEHp3 TG 6 T Po) TP Qi T #) oo 3))
po' F Cliple(po+A)
qo' F Cliple(qo—A)
When one|or more of the following conditions are true, the filtered sample value, p,’ is substitutéd’ by the cort
input sample value py:
— perp_loop filter disabled flag is equal to 1 and pcm_flag[ 2 * xP, ][ 2 * yP, ] is-equadl to 1.
— cu |transquant_bypass_flag of the coding unit that includes the coding bleek . containing the sample p, is equal
to
When one|or more of the following conditions are true, the filtered samplecvalite, qq’ is substituted by the corf
input sample value qy:
— perp_loop filter disabled flag is equal to 1 and pcm_flag[ 2 X xQ, ][ 2 * yQo ] is equal to 1.
— cu |transquant_bypass_flag of the coding unit that includes ‘the coding block containing the sample
to

8.7.3  Sample adaptive offset process

8.7.3.1

Inputs to |
and recPio

Outputs o
saoPicturg

This proc
decoded p,
The samp
initially s
recPicture

For every

[Seneral

his process are the reconstructed pietuve sample arrays prior to sample adaptive offset recPicturey, re
turec,.

[ this process are the modified reconstructed picture sample arrays after sample adaptive offset s
b, and saoPicture,.

pss is performed onaycoding tree block basis after the completion of the deblocking filter proc
cture.

e values in the*modified reconstructed picture sample arrays saoPicture;, saoPicturec,, and saoPil
et equal to\‘the sample values in the reconstructed picture sample arrays recPicture;, recPict

=]

T

coding tree unit with coding tree block location (rx,ry), where rx =0..PicWidthInCtbs

CPicturecy,

loPicture;,

bss for the

cturec, are
urec,, and

Y — 1 and

ry = 0..Pic

HPigthanhQV —1 the fn]]nwing 2pplieq'

— Whenslice_sao luma_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 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.

© ISO/IEC 2013 — All rights reserved

157


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

ISO/IEC 23008-2:2013(E)

8.7.3.2 Coding tree block modification process

Inputs to this process are:

— the 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,

— the 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:

— Ifcldx

is equal to 0, bitDepth is set equal to BitDepthy.

—  Otherw

The locati
relative to

(x
The sampl
( x4

(x]

For all sample locations ( xS;, yS;) and (xY;, yY;) with i = 0..nCtbS — 1 andj50..nCtbS — 1, depending on

of pcm 1
includes th

— Ifone

—  Otherv

1. T
S

2. T

ise, bitDepth is set equal to BitDepthc.

bn ( xCtb, yCtb ), specifying the top-left sample of the current coding tree block for the colouf comp|
the top-left sample of the current picture component cldx, is derived as follows:

Ctb, yCtb ) = (rx * nCtbS, ry * nCtbS )

e locations inside the current coding tree block are derived as follows:
i, ¥S; ) = (xCtb +1, yCtb +j )

Vi, YYj)=(cldx == 0)?(xS;, ySj): (xS; << 1,y§; << 1)

op_filter_disabled_flag, pcm_flag[ xY; ][ yY;], and cu_transquant_bypass_flag of the coding
e coding block covering recPicture[ xS; ][ yS; ], the following applies:

br more of the following conditions are true, saoPicture[ xS; J[ yS; ] is not modified:
pem_loop_filter_disabled_flag and pcm_flag[ xY;JLyY; ] are both equal to 1.
cu_transquant bypass flag is equal to 1.

SaoTypeldx[ cldx ][ rx ][ ry ] is equal to 0.

ise, if SaoTypeldx[ cldx ][ rx ][ ry ] is.equal to 2, the following ordered steps apply:

he values of hPos[k] and *“yPos[k] for k=0.1 are specified in Table 8-12
oEoClass[ cldx ][ rx ][ 1y ].

he variable edgeldx is derivedJas follows:

The modified sample\locations ( xS;’, ySi' ) and ( XYy, yYj¢' ) are derived as follows:
(xSi, yS{' )= (xS; + hPos[ k |, yS; + vPos[ k ] )
(XYY" ) = (eldx == 0) ? (xS, ySi" ) : (xS << 1L ySy’ << 1)

If one 'or'more of the following conditions for all sample locations ( xSi’, ySi' ) and ( XY, yYj
k= 0..1 are true, edgeldx is set equal to 0:

pnent cldx

(8-347)

(8-348)
(8-349)

the values
nit which

pased on

(8-350)
(8-351)

) with

~"  The sample at location ( xS;’, yS;' ) is outside the picture boundaries.
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= The sample at location ( xS;i’, ySi' ) belongs to a different slice and one of the following two
conditions is true:

= MinTbAddrZs[ xY; >> Log2MinTrafoSize ][ yYj' >> Log2MinTrafoSize ] is less  than

MinTbAddrZs[ xY; >> Log2MinTrafoSize ][ yY; >> Log2MinTrafoSize ]
slice_loop filter across_slices_enabled flag in the slice which the sample recPicture[
belongs to is equal to 0.

and
xS; J[ yS; ]

= MinTbAddrZs[ xY; >> Log2MinTrafoSize ][ yY; >> Log2MinTrafoSize ] is less than

MinTbAddrZs[ xY; >> Log2MinTrafoSize ][ yYj,’ >> Log2MinTrafoSize ]
slice_loop_filter across_slices enabled flag in the slice which the sample recPicture[ xS
belongs to is equal to 0.

and
w JLySik' ]
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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; ][ yS; ] is derived as follows:

saoPicture[ xS; [ vS; 1= Clip3( 0, (1 << bitDepth ) — 1, recPicture[ xS; I[ yS; ] +
SaoOffsetVal[ cldx ][ rx ][ ry ][ edgeldx ]) (8-354)
- Othefgwise (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 setféqual 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 (8-355)

4. The variable bandldx is set equal to bandTable[ recPicture[ xS; ][ yS;\|-=> bandShift ].

5. The modified picture sample array saoPicture[ xS; ][ yS; ] is derived as follows:

saoPicture[ xS; ][ yS; ] = Clip3( 0, (1 << bitDepth ) z-swecPicture[ xS; ][ yS; ] +
SaoOffsetVal[.eldx ][ rx ][ ry ][ bandIdx ]) (8-356)

Table 8-12 — Specification of hPos and vPos according to the sample adaptive offset class

SaoEoClass[ cldx J[\ax][ry] | O 1 213
hPos{ 0] -1 0]-1 1
hPos[ 1 ] 1) 0] 1/-1
vPos[ 0 ] 0j-1]-1|-1
vPos[ 1] 0 1] 1 1

9 Rarsing process

9.1 General

Inputs to thrs-processarebitsfronrthe RBSP:
Outputs of this process are syntax element values.

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)

where the value returned from read bits( leadingZeroBits ) is interpreted as a binary representation of an unsigned
integer with most significant bit written first.

Table 9-1 [llustrates the structure of the Exp-Golomb code by separating the bit string into "prefix" and "suffiy" bits. The
"prefix" bjts are those bits that are parsed as specified above for the computation of leadingZeroBits, and\ar¢ shown as
either 0 off 1 in the bit string column of Table 9-1. The "suffix" bits are those bits that are parsed in flic-computation of
codeNum jand are shown as x; in Table 9-1, with i in the range of 0 to leadingZeroBits — 1, inclusive., Each x; fis equal to
either 0 or] 1.

Table 9-1 — Bit strings with "prefix'" and "suffix" bits and assignment to codeNum_ ranges (informdtive)

Bit string form Range of codeNum
1 0
01xo 1.2
001 x; X% 3.6
000 1x, % X 7..14
0000 1x3%;X; X 15..30
000001 x4 X3 X XXg 31..62

Table 9-2 jllustrates explicitly the assignnient of bit strings to codeNum values.

Tlable 9-2 — Exp-Golomb, bit strings and codeNum in explicit form and used as ue(v) (informativg)

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
assignment rule.

Table|9-3 — Assignment of syntax element to codeNum for signed Exp-Golomb coded syntax elementp se(v)

codeNum | syntax element value
0 0
1 1
2 -1
3 2
4 -2
5 3
6 -3
k (—DCeil(k+2)

9.3 (ABAC parsing process for slice segment data

9.3.1  (eneral
This procgss is invoked when parsing synhtax elements with descriptor ae(v) in subclauses 7.3.8.1 through 7.3.8 11.
Inputs to this process are a request\for a value of a syntax element and values of prior parsed syntax elements.
Output of fhis process is the value of the syntax element.

The initialization process\ef the CABAC parsing process as specified in subclause 9.3.2 is invoked when starting the
parsing offone or mor€ 6f'the following:

— the slfce segment’data syntax specified in subclause 7.3.8.1

— the cdding free unit syntax specified in subclause 7.3.8.2 and the coding tree unit is the first coding tree unjt in a tile

— the coding tree unit syntax specified in subclause 7.3.8.2, entropy coding_sync enabled flag 1s equal to 1, and the
associated 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.

CABACParsing(synEl)

First synEl in:
a slice segment | |
atile]| |
a CTU row?

Yes—¢

Initialization

No |

Get Binarization(synEl)

binldx =— 1

binldx++

Get ctxTable, ctxIdx, and bypassFlag for
binldx

+ No

DecodeBin(ctxTable, ctxldx, bypassFlag)

(bo,, {3bintax) in
Binarization(synEl)?

synEl == pcm_flag &&
bo ==1?

Yes—¢

Initialization of
decoding engine

No |

I et Bl O T
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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

-

2:2013(E)

Figur

The conte
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as spe

—  Other
the fo

- T
d

T
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(
T

Current
coding tree
block

Left edge of picture Right edge of picture
relative to the current coding tree'block (informative)

kt variables of the arithmetic decoding engine are initialized as follows:

coding tree unit is the first coding tree undt in a tile, the initialization process for context variables
cified in subclause 9.3.2.2.

wise, if entropy coding sync enabléd flag is equal to 1 and CtbAddrInRs % PicWidthInCtbsY is
lowing applies:

he location ( XNbT, yNbT ) of the top-left luma sample of the spatial neighbouring block T (Fig
erived using the locatien ¢ x0, y0 ) of the top-left luma sample of the current coding tree block as fol

( xXNbT, yNbT ) £(x0 + CtbSizeY, y0 — CtbSizeY )

he availabilityaderivation process for a block in z-scan order as specified in subclause 6.4.1 is invokd
cation ( x€urr, yCurr ) set equal to (x0,y0) and the neighbouring location ( xNbY, yNbY ) sd
xNbT, yNbT ) as inputs, and the output is assigned to availableFlagT.

he/Synchronization process for context variables is invoked as follows:

b 9-2 — Spatial neighbour T that is used to invoke the coding tree block availability derivation process

is invoked

bqual to 0,

ure 9-2) is
oOWS:

9-3)

d with the
t equal to

— 1T availableFlagl 1s equal to I, the synchromization process for comniext variables as specified 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 initial

ization 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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First CTU 1n'shce segment and availableFlagT == 02 Yes
dependent_slice_segment_flag?
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l No
+ A 4
Synchronization of Synchronization of Initializatj pn of
context variables with context variables with context varfiables
TableStateldxDs and TableStateldxWpp and
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No
A 4
Initialization of
decoding engine
<
\ 4

Figure'9-3 — Illustration of CABAC initialization process (informative)

9.3.2.2 Initialization process for context variables

Outputs of this(process are the initialized CABAC context variables indexed by ctxTable and ctxIdx.

Table 9-5 [to~Table 9-31 contain the values of the 8 bit variable initValue used in the initialization of contexit 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 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)

initType =0
else if( slice_type == P)

s sma-—calba mt—flaa 290 . 1

it ype—eabae—tnr—Hag2 2 (9-7)
else

initType = cabac _init flag? 1:2

© ISO/IEC 2013 — All rights reserved 165


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

ISO/IEC 23008-2:2013(E)

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
cu_skip flag Table 9-9 0.2 3.5
prpﬂ_mnﬂﬁ_ﬂng Tahle 9-10 0 1
doding_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
drediction_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_10_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
hvd_coding( )
abs mvd greaterl flag[ ] Table 9-23 1 3
tfansform unit( ) cu_qgp delta abs Table 9-24 0..1 2.3 4.5
transform_skip flagf-][ ][ 0] Table 9-25 0 1 2
transform_skip™Mlag[ J[1[ 1] Table 9-25 3 4 5
transform, skip flag[ ][ ][ 2]
last_sig) coeff x prefix Table 9-26 0..17 18..35 36..53
tbsidual_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;g;—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
sao-tuna {d* Iumn and
Initialization a0 ‘;; ¢ idx chroma
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 etxIdx of cu_transquant_bypass_flag

ctxldx of
Initialization; [ 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
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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_mode

ctxldx of
Initialization intra_chroma_pred_mode
variable
0 1 2
initValue 63 152 152

Table 9-14 — Values of initValue fot ctxIdx 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 forctxIdx of mergeidx— |
Initialization ctxldx of merge_idx
ariable
vari 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 ctXldx of split_transform_flag

Initialization ctxldx of split_transform_flag
iabl
vartable 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 cbf luma

Initialization 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 ctxIdx of cu_qp_delta_abs
variable . _ N .
U I - J =4 =
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 ctxIdx of last_sig_coeff x_prefix

Initiklization ctxldx of‘last sig_coeff x_prefix
vdqriable
0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17
initWalue 110 | 110 | 124 | 125 | 140 | 153 | 125'| 127 | 140 | 109 | 111 | 143 | 127 | 111 | 79 | 108 | 123 ] 63
18 | 19 | 20 | 21 | 22 | 23\M24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35
initValue 125 | 110 | 94 [ 110 | 95479 | 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 [ 110 {95 | 94 [ 125 [ 111 | 111 | 79 [ 125 | 126 | 111 [ 111 | 79 | 108 | 123 ] 93
Tahle 9-27 — Values of initValue for ctxIdx of last_sig_coeff y prefix
Initiklization ctxldx of last_sig_coeff y_prefix
vqriable
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
36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53
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

variable 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
initValue Tt Tt 125 10 10 97 24 108 24 107 125 Tt 79 153 T 107
16 17 18 19 20 21 22 23 24 25 26 27 28 29 3 31
linitValue 125 141 179 153 125 107 125 141 179 153 125 140 139 182 18P 152
32 33 34 35 36 37 38 39 40 41 42 43 44 45 44 47
linitValue 136 152 136 153 136 139 111 136 139 111 155 154 139 153 13p 123
48 49 50 51 52 53 54 55 56 57 58 59, 60 61 62 63
linitValue 123 63 153 166 183 140 136 153 154 166 183 140 136 153 15¢ 166
64 65 66 67 68 69 70 71 72 73 74 75 76 77 79 79
initValue 183 140 136 153 154 170 153 123 123 107 121 107 121 167 151 183
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
linitValue 140 151 183 140 170 154 139 153 139 123 123 63 124 166 18B 140
96 97 98 99 100 | 101 102 | 103 104 | 105 | 106 107 | 108 | 109 | 11 111
linitValue 136 153 154 166 183 140 136 153 154 166 183 140 136 153 15¢ 170

112 | 113 | 114 | 115 | 116 | 117 | 118 | 119\ | 120 | 121 122 123 124 | 125

linitValue 153 138 138 122 121 122 121 167 151 183 140 151 183 140

Table 9-30 — Values of initValué for ctxIdx of coeff_abs_level greaterl_flag

Initializdtion ctxldx of coeff_abs_level greaterl_flag
variablle
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
initValug 140 92 137 138 140 152 | 138 139 | 153 74 149 92 139 | 107 12 152
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
initValug 140 | 179 j~1e6' | 182 140 | 227 122 | 197 154 | 196 196 167 154 | 152 16 182
32 33 34 35 36 37 38 39 40 41 42 43 44 45 44 47
initValug 182 [A34 | 149 136 153 121 136 | 137 169 | 194 166 167 154 | 167 13 182
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
initValug 154 | 196 | 167 167 154 152 | 167 | 182 | 182 | 134 149 136 | 153 121 13 122
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

Y

Second CTU in row &&
entropy_coding_sync_enabled_flag?

Ye51

Storage of context variables-in.
TableStateldxWpp and
TableMpsValWpp.

No |

end of slice segment flag && Yes
dependent_slice_segments_enabled flag? 1
Storage of context variables in
TableStateldxDs and
TableMpsValDs

No |

Figure 9-4 % Illustration of CABAC storage process (informative)

9.3.2.4 Bynchronization process for context variables

Inputs to this process are;variables tableStateSync and tableMPSSync containing the values of the variableq pStateldx
and valMps used insthestorage process of context variables that are assigned to all syntax elements in subclauges 7.3.8.1
through 7..8.11xexcept end_of slice segment flag, end of sub stream one bit, and pcm_flag.

Outputs of this process are the initialized CABAC context variables indexed by ctxTable and ctxIdx.

For each context variable, the corresponding context variables pStateldx and valMps are initialized to the corresponding
entries 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.

Output of this process is the binarization of the syntax element.

Table 9-32 specifies the type of binarization process associated with each syntax element and corresponding inputs.
The specification of the truncated Rice (TR) binarization process, the k-th order Exp-Golomb (EGk) bjnarization
process, and the fixed-length (FL) binarization process are given in subclauses 9.3.3.2 through 9.3.3.4, reppectively.
Other bingrizations are specified in subclauses 9.3.3.5 through 9.3.3.9.
Table 9-32 — Syntax elements and associated binarizations
Syntay structure Syntax element Binarization
Process Input parameters
slice_segment data() | end of slice segment flag FL cMax =1
end of sub_stream one bit FL cMax =
sao( ) sao_merge_left flag FL cMax="1
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, cRicePargm = 0
sao_offset sign[ ][ ][.1[d FL cMax =1
sao_band_positionf-}f ][ ] FL cMax =31
sao_eo_class luma FL cMax =3
sao, eo—class_chroma FL cMax =3
coding_quadtree( ) split_cu_flag[ ][ ] FL cMax =1
coding_upnit( ) 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, cRiceParamy= Q.
mvp_l11_flag[ ][ ] FL cMax = 1
transforny_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 =
abs mvd_minus2[ ] EGI -
mvd_sign flag][ ] FL cMax =1
transforn)_unit( ) cu_gp_delta_abs 9.3:38 -
cu_gp_delta sign flag FL cMax =1
residual foding( ) 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_gecff*x _suffix FL cMax = (1 << ((last_sig coeff x _prefix >> 1)—-1)—|)
last_sig—coeff y suffix FL cMax = (1 << ((last_sig _coeff y prefix >> 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.

Table 9-33 — Bin string of the unary binarization (informative)

prefiviat Binrstring
0 0
1 110
2 1[1]0
3 1{1]1]0
4 1{1]1]1]0
5 1{1]1]{1]|1]0
binldx |0 |1[2]3J4]5

When cMgx is greater than synVal, the suffix of the TR bin string is present and it is derived as follows:
—  The quffix value of synVal, suffixVal, is derived as follows:

uffixVal = synVal — ( ( prefixVal ) <<-:cRiceParam ) 9-9)
—  The quffix of the TR bin string is specified by the binary representation of suffixVal.

NOTE } For the input parameter cRiceParam.= 0 the TR binarization is exactly a truncated unary binarization and [t is always
invoked with a cMax value equal to the largest possible value of the syntax element being decoded.

9.3.3.3 k-th order Exp-Golomb (EGK) binarization process
Inputs to this process is a requést for an EGk binarization for a syntax element.
Output of this process is the EGk binarization of the syntax element.

The bin stfing of the.EGk binarization process of a syntax element synVal is specified as follows, where each|call of the
function ppt( X ), with X being equal to 0 or 1, adds the binary value X at the end of the bin string:

\bsV'=/Abs( synVal )

topLoop =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,
and a variable log2CbSize specifying the current luma coding block size.

Output of

The bina
CuPredM

THO—PY

Tt

hic mracacc 1o tho hanarigation oftho ountay olomaant
S55-tHe-oHhaAatHoh SyHtaX-er

THOTTE:

Table 9-34 — Binarization for part_mode

ization for the syntax element part mode is specified in Table 9-34 depending on_ the
de[ xCb ][ yCb ] and log2CbSize.

values of

Bin string
CuPredMjode[ xCb ][ yCb ]|part_mode| PartMode Mliigczbil;zi;g;w Jog2CbSize == MinCbLpg2SizeY
lamp_enabled flag| amp enabled-flag | 1og2CbSize == 3 | log2¢bSize >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 PART2NxnU | - 0100 - -

5 PART 2NxnD | - 0101 - -

6 PART nLx2N | - 0000 - -

7 PART nRx2N | - 0001 - -

9.3.3.6 Binarization process for intra_chroma_pred_mode

Input to th

is process is a request for a binarization for the syntax element intra_chroma pred mode.

Output of

Jos adel h - b £ 41 4 1 4
1115 PlUbeb IS5 UIC vlllal1Zatliull Ul uIv DyllLdA CICIIICIIT,

The binarization for the syntax element intra_chroma pred mode is specified in Table 9-35.
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is process are a request for a binarization for the syntax element inter pred idc, the current luma

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)

h nPbW, and the current luma prediction block height nPbH.

this process is the binarization of the syntax element.

zation 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 ) != 12-4-(nPbW +nPbH) == 12
0 PRED_LO 00 0
1 PRED L1 01 1
2 PRED_BI I -

Binarization process for cu_qp_delta_abs
is process is a request for a binarization fo#'the syntax element cu_qp_delta_abs.
this process is the binarization of the'syntax element.

zation of the syntax element.ci_qp delta abs is a concatenation of a prefix bin string and (when
5tring.

Fivation of the prefix binstring, the following applies:
refix value of cu qp-delta_abs, prefixVal, is derived as follows:
prefixVal = Min('cu_qp delta abs, 5)

refix bin( string is specified by invoking the TR binarization process as specified in subclause
Val with-eMax = 5 and cRiceParam = 0.

When pref

ixVal is greater than 4, the suffix bin string is present and it is derived as follows:

prediction

present) a

(9-11)
D.3.3.2 for

—  The suffix 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

suffix

Val 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 variable cMax is derived from cRiceParam as:

cMax =4 << cRiceParam (9-14)

The binarigzation of the syntax element coeff abs level remaining[ n ] is a concatenation of a prefix bin stringfand (when
present) a fsuffix bin string.

For the detivation of the prefix bin string, the following applies:
—  The prefix value of cu_qp_delta_abs, prefixVal, is derived as follows:
prefixVal = Min( cMax, coeff abs level remaining[n]) (9-15)

— The grefix bin string is specified by invoking the TR binarization process as,specified in subclause §.3.3.2 for
prefix}Val with the variables cMax and cRiceParam as inputs.

When the prefix bin string is equal to the bit string of length 4 with all bits equal to 1, the suffix bin string is gresent and
it is derivgd as follows:

—  The quffix value of cu_qgp delta abs, suffixVal, is derived as follows:
uffixVal = coeff abs level remaining[ n ] — cMax (9-16)

— The suffix bin string is specified by invoking the EGK«<binarization process as specified in subclause pP.3.3.3 for
suffix/Val with the Exp-Golomb order k set equal to cRiceParam + 1.

9.3.4  Decoding process flow

9.3.4.1 (eneral

Inputs to|this process are all bin strings of the binarization of the requested syntax element as specified in
subclause P.3.3.

Output of fhis process is the value of the'syntax element.

This procgss specifies how each-bin of a bin string is parsed for each syntax element. After parsing each bin, the resulting
bin string |s compared to allbin-strings of the binarization of the syntax element and the following applies:

—  Ifthe|bin string is equal to one of the bin strings, the corresponding value of the syntax element is the output.
—  Othefwise (the(bin'string is not equal to one of the bin strings), the next bit is parsed.

While parging €ach bin, the variable binldx is incremented by 1 starting with binldx being set equal to 0 for thq first bin.

The parsirlg of each bin is specified by the following two ordered steps:

1. The derivation process for ctxTable, ctxldx, 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.

—  Othefwise, if the entry in Table 9-37 is equal to "bypass", the values of binldx are decoded,'by inyoking the
DecofdeBypass process as specified in subclause 9.3.4.3.4 and the following applies:

- txTable is set equal to 0.
- txIdx is set equal to 0.
—  bypassFlag is set equal to 1.

—  Othefwise, if the entry in Table 9-37 is equal to "terminate", the values of\binldx are decoded by inyoking the
DecofdeTerminate process as specified in subclause 9.3.4.3.5 and the following applies:

- txTable is set equal to 0.
- txIdx is set equal to 0.
—  bypassFlag is set equal to 0.

—  Othefwise (the entry in Table 9-37 is equal to "na"), the*values of binldx do not occur for the corresponding syntax

elem¢nt.
Table 9-37 — Assignment of ctxIn¢ to syntax elements with context coded bins
binldx
Syntax element
0 1 2 3 4 >t 5
end of flice segment flag términate na na na na ha
end of kub stream one bit terminate na na na na ha
sao_mefge left flag 0 na na na na ha
sao meLe up flag 0 na na na na ha
sao_typg¢ idx luma 0 bypass na na na ha
sao_typ¢ idx chromia 0 bypass na na na ha
sao_offdet .absfd 1[1[ ] bypass bypass bypass bypass bypass bypass
sao_offSet—stentHH3 bypass fer fer e fer a
sao_band position[ ][ ][ ] 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
rem_intra_luma pred mode[ ][ ] bypass bypass bypass bypass bypass bypass
intra_chgeme—pred—mede+ G byptss bypss Frer Frer a
rqt_root] cbf 0 na na na na ha
merge flag[ ][ ] 0 na na na na ha
merge idx[ ][ ] 0 bypass bypass bypass na ha
. | .. 1=
inter_prpd_ide[ x0 ][ yO ] rE ?:It’]lgz\l]) ;}: [n:(?lﬁ ;0 : li 4 na na na "
ref idx JIO[ ][ ] 0 1 bypass bypass bypass bypass
ref idx |UII[ ][] 0 1 bypass bypass bypass bypass
mvp 10]flag[ ][ ] 0 na na na na ha
mvp 11| flag[ ][] 0 na na na na ha
split_trapsform flag[ ][ [ ] 5 — log2TrafoSize na ha na na ha
cbf cb[[I[ 1] trafoDepth na na na na ha
cbf e |[1[] trafoDepth na na na na ha
cbf lunfa[ [ ][ ] trafoDepth==07?1:0 na na na na ha
abs mv{l greaterQ flag[ ] 0 na na na na ha
abs mv{l greaterl flag[ ] 0 na na na na ha
abs mv{l minus2[ ] bypass bypass bypass bypass bypass bypass
mvd_sign flag[ ] bypass na na na na ha
cu gp delta abs 0 1 1 1 1 bypass
cu_qgp_delta sign flag bypass na na na na ha
transforpn_skip flag[ [ ][ ] 0 na na na na ha
last sigfcoeff x prefix 0..17 (subclause 9.3.4.2.3)
last_sig|coeff y prefix 0..17 (subclause 9.3.4.2.3)
last_sig|coeff xesuffix bypass bypass bypass bypass bypass bypass
last_sig|coff 'y~ suffix bypass bypass bypass bypass bypass bypass
coded_sub_block T1agl I ] 03 [E] 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
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 ( XxNbY, yNbY ) set equal to ( xNbA, yNbA ) as inputs, and the output is assigned to availableA.

The assig]}ment of ctxInc for the syntax elements split cu flag[ x0 ][ yO ] and cu_skip flag[ x0 ][ yO ],is Specified in
Table 9-3§.

Table 9-38 — Specification of ctxInc using left and above syntax elements

Syntpx element condL condA ctxInc

split_cu_flag[ x0 ][ y0 ] CtDepth[ xNbL ][ yNbL ] > cqtDepth CtDepth[ xXNbA ][ yNbA ] > cqtDepth (condL && availaljleL ) +
(condA && availaljleA )

cu_skip_flag[ x0 ][ y0 ] cu_skip_flag[ xNbL ][ yNbL ] cu_skip_flag[ xNbA ][ yNbA ] (condL && availajleL ) +
(condA && availaljleA )

9.3.4.2.3 Perivation process of ctxInc for the syntax elements last-sig_coeff x_ prefix and last_sig_coeff |y prefix

Inputs to [this process are the variable binldx, the colour component index cldx, and the transform plock size
log2Trafopize.

Output of this process is the variable ctxInc.
The variables ctxOffset and ctxShift are derived as follows:

— Ifcldx is equal to 0, ctxOffset is set equal to.8"* ( log2TrafoSize — 2 ) + ( ( log2TrafoSize — 1) >> 2) apd ctxShift
is set|equal to ( log2TrafoSize + 1) >> 2(

—  Othefwise (cldx is greater than 0), ctxOffset is set equal to 15 and ctxShift is set equal to log2TrafoSize —|2.
The variable ctxInc is derived as follows:

ctxInc = ( binldxs=>> ctxShift ) + ctxOffset (9-17)

9.3.4.2.4 Perivation process.of ctxInc for the syntax element coded_sub_block flag

Inputs to this processdie'the colour component index cldx, the current sub-block scan location ( xS, yS ), the previously
decoded bjns of the(syntax element coded sub_block flag, and the transform block size log2TrafoSize.

Output of this process is the variable ctxInc.

The varialplenc§bfCtx is derived using the current location ( xS, yS ), two previously decoded bins of the syntdx element
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) (9-21)
—  Otherwise (cldx is greater than 0), ctxInc is derived as follows:

ctxInc =2 + Min( csbfCtx, 1) (9-22)

9.3.4.2.5 Derivation process of ctxInc for the syntax element sig_coeff flag

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.

Output of this process is the variable ctxInc.

The varialptesig€txdepemdsomthecurrent tocationr(x€;y€);thetotour comporment dexchdx;thetramsform block

size, and |previously decoded bins of the syntax element coded sub block flag. For the derivation ,of _digCtx, the
following ppplies:

—  IflogR2TrafoSize is equal to 2, sigCtx is derived using ctxIdxMap] ] specified in Table 9-39 as follows:
sigCtx = ctxIdxMap[ (yC << 2)+xC] (9-23)
—  Othefwise, if xC + yC is equal to 0, sigCtx is derived as follows:
sigCtx =0 (9-24)
—  Othefwise, sigCtx is derived using previous values of coded_sub_block flagas follows:

—  Tjhe sub-block location ( xS, yS ) is set equal to ( xC >> 2, yC >> 29

—  Tfhe variable prevCsbf is set equal to 0.

—  When xS is less than (1 << (log2TrafoSize —2)) — 1, the\following applies:
prevCsbf += coded sub block flag[ xS + 1 ][ yS\] (9-25)
—  When ySis less than ( 1 << (log2TrafoSize — 2 )J— 1, the following applies:
prevCsbf += (coded sub block flag[xS][yS+1] << 1) (9-26)
—  The inner sub-block location ( xP, yP ) is'$et'equal to (xC & 3, yC & 3 ).
—  Tfhe variable sigCtx is derived as follows:

- If prevCsbfis equal to 0, thefollowing applies:
sigCtx=(xP+yP ==0)?2:(xP+yP<3)?1:0 (9-27)
-  Otherwise, if prey€sbf is equal to 1, the following applies:
sigCtx=(yP*==0)?2:(yP==1)71:0 (9-28)
- Otherwisef prevCsbf is equal to 2, the following applies:
sigbtx=(xP == 0)?2:(xP ==1)71:0 (9-29)
- .<{Otherwise (prevCsbf is equal to 3), the following applies:
sigCtx =2 (9-30)

—  The variable sigCtx is modified as follows:
— Ifcldx is equal to 0, the following applies:
—  When (xS + yS) is greater than 0, the following applies:
sigCtx += 3 (9-31)
—  The variable sigCtx is modified as follows:
— Iflog2TrafoSize is equal to 3, the following applies:
sigCtx += (scanldx == 0)?79:15 (9-32)
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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:
— Ifcldx is equal to 0, ctxInc is derived as follows:
ctxIne = sigCtx (9-36)
—  Othefwise (cldx is greater than 0), ctxInc is derived as follows:
ctxInc =27 + sigCtx (9-37)
Table 9-39 — Specification of ctxIdxMap| i |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
ctxIdxYlap[ i ] 0 1 4 5 2 3 4 5 6 6 8 8 7 7 8
9.3.4.2.6 Derivation process of ctxInc for the syntax element coeff abs_lével greaterl_flag
Inputs to this process are the colour component index cldx, the current sub-block scan index i, and the current poefficient
scan indeX n within the current sub-block.
Output of this process is the variable ctxInc.
The variablle ctxSet specifies the current context set and ferits derivation the following applies:
—  If thi process is invoked for the first time for the-current sub-block scan index i, the following applies:
—  Tlhe variable ctxSet is initialized as follows:
- If'the current sub-block scan iidex i is equal to 0 or cldx is greater than 0, the following applies:
ctxSet =0 (9-38)
- Otherwise (i is greatér, than 0 and cldx is equal to 0), the following applies:
ctxSet =2 (9-39)
—  Tlhe variable lastGreater1 Ctx is derived as follows:
- If the Current sub-block with scan index 1 is the first one to be processed in this subclause for the current

transform block, the variable lastGreater1 Ctx is set equal to 1.

Otherwise, the following applies:

—  The variable lastGreater1 Ctx is set equal to the value of greater]Ctx that has been derived during the

last invocation of the process specified in this subclause for a previous sub-block.

—  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

—  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 greater]1 Ctx 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 contekt index increment ctxInc is derived using the current context set ctxSet and the current context gredter1Ctx as

follows:

When cldx is greater than 0, ctxInc is modified as follows:

9.3.4.2.7

ctxInc = (ctxSet * 4 ) + Min( 3, greater1Ctx ) 9-41)

ctxInc = ctxlnc + 16 (9-42)

PDerivation process of ctxInc for the syntax element coeff_abs_level greater2 flag

Inputs to this process are the colour component index cldx, the current sub-block-scan index i, and the current poefficient

scan index n within the current sub-block.

Output of fhis process is the variable ctxInc.

The variable ctxSet specifies the current context set and is set equakto the value of the variable ctxSet that has been

derived in|subclause 9.3.4.2.6 for the same subset 1.

The context index increment ctxInc is set equal to the variable ¢ctxSet as follows:

When cldx is greater than 0, ctxInc is modified as follows:

9.3.4.3
9.3.4.3.1

ctxInc = ctxSet (9-43)

ctxInc = ctxInc + 4 (9-44)
Arithmetic decoding process

[Seneral

Inputs to this process are ctxTable, ‘ctxldx, and bypassFlag, as derived in subclause 9.3.4.2, and the stat¢ variables

ivlCurrRapge and ivlOffset of the\arithmetic decoding engine.

Output of fhis process is the ‘value of the bin.

Figure 9- illustrates the-whole arithmetic decoding process for a single bin. For decoding the value of a bin, fhe context
index tablg ctxTable and the ctxIdx are passed to the arithmetic decoding process DecodeBin( ctxTable, ctxIdx ), which

is specifiefl as follows:

184

If bypassFlag is equal to 1, DecodeBypass( ) as specified in subclause 9.3.4.3.4 is invoked.

Otherwise, if bypassFlag is equal to 0, ctxTable is equal to 0, and ctxIdx is equal to 0, DecodeTerminate( ) as
specified in subclause 9.3.4.3.5 is invoked.

Otherwise (bypassFlag is equal to O and ctxTable is not equal to 0), DecodeDecision() as specified in
subclause 9.3.4.3.2 is invoked.
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No
DecodeDecision(ctxTable, ctxIdx, bypassFlag)
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Figure 9-5 — Overview of the arithmetic decoding process for-a single bin (informative)

- Arithmetic coding is based on the principle of recursive interval)subdivision. Given a probability estimatio
1 —p(0) of a binary decision (0, 1), an initially given code ‘sab-interval with the range ivlCurrRange will bd

sub-intervals having range p( 0 ) * iviCurrRange and ivl€urrRange — p( 0 ) * ivlCurrRange, respectively. D
sion, which has been observed, the corresponding sub-interval will be chosen as the new code interval, and a
ointing into that interval will represent the sequence.of’observed binary decisions. It is useful to distinguish
obable symbol (MPS) and the least probable symbol{LPS), so that binary decisions have to be identified as eif
her than 0 or 1. Given this terminology, each context is specified by the probability p;ps of the LPS and the v
), which is either 0 or 1. The arithmetic coré-engine in this Specification has three distinct properties:

he probability estimation is performed by~means of a finite-state machine with a table-based transition process
fferent representative probability states™{ ppps( pStateldx ) |0 <= pStateldx <64 } for the LPS probability

Fobability value of 0.5, with deereasing LPS probability towards higher state indices.
he range iviCurrRange representing the state of the coding engine is quantized to a small set {Qy,...,Q,

foduct  values  of ((Q; * prps( pStateldx ) allows a multiplication-free  approximation of th
1CurrRange * pyps((pStateldx ).

br syntax element$\or parts thereof for which an approximately uniform probability distribution is assumed td
parate simplified encoding and decoding bypass process is used.

Arithmetic decoding process for a binary decision

General

h p(0) and
subdivided
pending on
binary code
between the
her MPS or
lue of MPS

between 64
( pres- The

hmbering of the states is arranged inStich a way that the probability state with index pStateldx = 0 correspondp to an LPS

of pre-set

hantization values prior.to‘the calculation of the new interval range. Storing a table containing all 64x4 pre-computed

. product

be given a

Inputs to 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 ]
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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.

Outputs of this process are the updated pStateldx and valMps of the context variable associated with ctxIdx.

Depending on the decoded value binVal, the update of the two variables pStateldx and valMps associated with ctxIdx is
derived as|follows:

if( pinVal == valMps)
pStateldx = transIdxMps( pStateldx )
els¢ { (9-47)
if( pStateldx == 0)

valMps = 1 — valMps
pStateldx = transIdxLps( pStateldx )
§

Table 9-4] specifies the transition rules transldxMps() and transIdxLps( )cafter decoding the value of valMps and

1 — valMps, respectively.
<DecodeDecision(cthable, ctxldx))

v

qRangeldx = (ivlCurrRange >> 6) & 3
ivlLpsRange = rangeTabLps[pStateldx][qRangeldx]
ivlCurrRange = iylCurrRange - ivILpsRange

ivlOffset >=
ivlCurrRange?

£Yes

Nol
binVal = IvalMps$

ivlOffset = ivlOffset £ ivICurrRange lajnVal = valMps
ivICurrRange =iviLpsRange pStateldx = transIdxMps[pStateldx]
Y651

valMps = 1 — valMps

pStateldx == 0?

No

A
pStateldx = transIdxLps[pStateldx]
[

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 37
5 111 135 160 185 37 21 20 30 35
6 105 128 152 175 38 20 24 29 33
7 100 122 144 166 39 19 23 27 31
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
17 59 72 86 99 49 11 14 16 19
18 56 69 81 94 50 11 13 15 18
19 53 65 9. 89 51 10 12 15 17
20 51 62 73 85 52 10 12 14 16
21 48 59 69 80 53 9 11 13 15
22 46 56 66 76 54 9 11 12 14
23 43 53 63 72 55 8 10 12 14
24 41 50 59 69 56 8 9 11 13
25 39 4% 56 65 57 7 5 + 12
26 37 45 54 62 58 7 9 10 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
transIdxLps 0 0 1 2 2 4 4 5 6 7 8 9 9 11 11 12
transIdxMps 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
transIdxLps 13 13 15 15 16 16 18 18 19 19 21 21 22 22 23 24
transIdxMps 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
pStateldx 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
transIdxLfps 24 25 26 26 27 27 28 29 29 30 30 30 31 32 32 33
transIdxMIps 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
pStateldx 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
transIdxLfps 33 33 34 34 35 35 35 36 36 36 37 37 37 38 38 63
transIdxNMIps 49 50 51 52 53 54 55 56 57 58 59 60 61 62 62 63

9.3.4.3.3 Renormalization process in the arithmetic decoding engine

Inputs to this process are bits from slice segment data and the variables iviCurrRange and ivlOffset.

Outputs of this process are the updated variables iviCurrRange and ivlOffset.

A flowchqrt of the renormalization is shown in Figure 9-7. The cutrent value of ivlCurrRange is first compared to 256

and furthef steps are specified as follows:

— IfivlCurrRange is greater than or equal to 256, no refiormalization is needed and the RenormD process is [finished;

—  Othefwise (ivlCurrRange is less than 256), theirenormalization loop is entered. Within this loop, thg value of

iviCurrRange is doubled, i.e. left-shifted by 1\and a single bit is shifted into ivlOffset by using read_bits( | ).
The bitstr¢gam shall not contain data that result;in a value of ivlOffset being greater than or equal to iviCurrRfange upon
completion of this process.

ivlCurrRange < 256?

Yes
v

ivlCurrRange = ivlCurrRange << 1

O ffset =110 ffset ]

ivlOffset = ivlOffset | read_bits(1)
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.
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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 in a value of ivlOffset being greater than or equal to ivlCurrRange upon

completion of this process.
DecodeBypass

ivlOffset = ivlOffset << 1
ivlOffset = ivlOffset | read_bits(1)

ivlOffset >=
ivlCurrRange?

NOj

bihVal =0

rYes

binVal = 1
ivlOftset = ivlOffset — ivICurrRange

Done

Figure 9-8 — Flowchart 6f’bypass decoding process

9.3.4.3.5 Decoding process for binary decisions.before termination
Inputs to this process are bits from slice segment data and the variables ivlCurrRange and ivlOffset.
Outputs of this process are the updated-variables ivlCurrRange and ivlOffset, and the decoded value binVal.

This decoding process applies to, decoding of end of slice segment flag, end of sub_stream one bit and pcm flag
correspondling to ctxTable equalto 0 and ctxIdx equal to 0. Figure 9-9 shows the flowchart of the corfesponding
decoding process, which is specified as follows:

First, the |value of ivlGurrRange is decremented by 2. Then, the value of ivlOffset is compared to th¢ value of
ivlCurrRange and further steps are specified as follows:

—  If ivlDffset is~greater than or equal to ivICurrRange, the variable binVal is set equal to 1, no renormglization is
carrigd out, Jand CABAC decoding is terminated. The last bit inserted in register ivIOffset is equal t¢ 1. When
decodling«€nd _of slice segment flag, this last bit inserted in register ivlOffset is interpreted as rbsp_sth)_one_bit.
When decoding end of sub stream one bit, this last bit inserted in register i1vIOffset is interpreted as
alignment_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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DecodeTerminate

ivlCurrRange = ivlCurrRange — 2

ivlOffset >=
ivlCurrRange?

rYes Noj

binVal =1 binVal =0
RenormD

935 A

9.3.5.1

This subcl
Inputs to t
Outputs of

This info1
described
are called
EncodeBYy
DecodeTe
ivlLow po
range of t}

9.3.5.2
This subcl

This prod
pcm_align
to 1.

Outputs o
the arithm|

In the initi

Figure 9-9 — Flowchart of decoding a decision before termination

rithmetic encoding process (informative)

General

ause does not form an integral part of this Specification.

his process are decisions that are to be encoded and written:
this process are bits that are written to the RBSP.

mative subclause describes an arithmetic encoding engine that matches the arithmetic decodi
in subclause 9.3.4.3. The encoding engine is esséntially symmetric with the decoding engine, i.e.
in the same order. The following procedures ‘are described in this subclause: InitEncoder, Encod
pass, EncodeTerminate, which correspond to InitDecoder, DecodeDecision, DecodeByj
rminate, respectively. The state of the.arithmetic encoding engine is represented by a value of th
inting to the lower end of a sub-interyal and a value of the variable iviCurrRange specifying the cort
at sub-interval.

nitialization process for the arithmetic encoding engine (informative)
ause does not form an.integral part of this Specification.

ess is invoked befere encoding the first coding block of a slice segment, and after enc
ment zero bit and-all pcm_sample luma and pcm_sample chroma data for a coding unit with pcm|

 this process are the values ivlLow, ivlCurrRange, firstBitFlag, bitsOutstanding, and BinCountsInN
btic eficoding engine.

ng engine
procedures
eDecision,
pass, and
e variable
esponding

bding any
| flag equal

alUnits of

alization procedure of the encoder, ivlLow is set equal to 0, and ivlCurrRange is set equal to 510. Fu

rthermore,

firstBitFlag is set equal to 1 and the counter bitsOutstanding is set equal to 0.

Depending on whether the current slice segment is 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 is set

equal

to 0.

—  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.

Inputs to this process are the context index ctxIdx, the value of binVal to be encoded, and the variables ivlCurrRange,
ivlLow and BinCountsInNalUnits.

Outputs of this process are the variables ivlCurrRange, ivlLow, and BinCountsInNalUnits.

Figure 9-1
follows:

Given the]
ivlCurrRa

0 shows the flowchart for encoding a single decision. In a first step, the variable ivlLpsRange is

current value of iviCurrRange, iviCurrRange is mapped to the index qRangeldx~¢f’a quantize
hge by using Equation 9-45. The value of qRangeldx and the value of pStateldx\asSociated with

used to ddtermine the value of the variable rangeTabLps as specified in Table 9-40, which-is assigned to ivl

The value

of ivlCurrRange — ivlLpsRange is assigned to ivlCurrRange.

derived as

 value of
ctxIdx are
[ psRange.

In a second step, the value of binVal is compared to valMps associated with_ctxIdx. When binVal is diffgrent from

valMps, 1y
decision,
ivlCurrRa

is incremented by 1.

ICurrRange is added to ivlLow and ivlCurrRange is set equal to the.value iviILpsRange. Given tHe encoded
he state transition is performed as specified in subclause 9.3 .4:3.22. Depending on the currenf value of
ge, renormalization is performed as specified in subclause 9.3.5:4. Finally, the variable BinCountslnNalUnits
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(EncodeDecision(cthable, ctxIdx, binVal))

v

ivlLpsRange = rangeTabL ps[pStateldx][qRangeldx]
ivlCurrRange = ivlCurrRange — ivlLpsRange

qRangeldx = (ivlCurrRange >> 6) & 3

£Yes

binVal != valMps?

ivlLow = ivlLow + ivlCurrRange
ivlCurrRange = ivlLpsRange

9.3.54
This subcll
Inputs to t|

Outputs o
firstBitFlal

pStateldx !=0?

“

valMps = 1 — valMps

Renormalization process inthe arithmetic encoding engine (informative)
ause does not form an integral part of this Specification.

his process are the variables ivlCurrRange, ivlLow, firstBitFlag, and bitsOutstanding.

Yes
A
pStateldx = transIdxLps[pStateldx] | pStateldx =transldxMps[pStateldx]
[ |
RenormE
v

Figure 9-10 —Elowchart for encoding a decision

BinCountsInNalUnit$++ |

f this process_are-zero or more bits written to the RBSP and the updated variables ivICurrRangg, ivlLow,

p. and bitsQutstanding.
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Renormalization is illustrated in Figure 9-11.

ivlCurrRange < 2567

-No

Yes No Yesl
ivlILow = ivlLow — 256

;Jl WBUULS ldlldillg"_r
A v
PutBit(0) PutBit(1)

iviLow = ivlLow — 512

A

ivlCurrRange = ivlCurrRange << 1
ivlLow = ivlLow << 1

[
Done

Figure 9-11 — Flowchart of renormalization in the encoder

The PutBif( ) procedure described in Figure 9-12 provides catty over control. It uses the function WriteBits( B, N ) that

writes N Hits with value B to the bitstream and advances thie/bitstream pointer by N bit positions. This functid

the existerjce of a bitstream pointer with an indication of\the position of the next bit to be written to the bitstrg
encoding process.

n assumes
am by the

PutBit(B)

firstBitFlag != 0?

rYCS NOW
firstBitFlag = 0 WriteBits(B, 1)

bitsOutstanding > 0?

Yes—l
\ 4
\l/ WriteBits(1 - B, 1)

No bitsOutstanding— —
|

Done

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.

Inputs 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

Yes ﬁ
r

ivlLow = ivlLow + ivlCurrRange

L No

No ivlILow >= 1024? Yesl
Yes PutBit(l)
y No ¥
PutBit(0) ivILOWw, ="1vILow — 1024

iviILow = ivlILow 512
bitsOutstanding++

A

Bin€ountsInNalUnits++

Figuré 9-13 — Flowchart of encoding bypass

9.3.5.6 Encoding process for'a binary decision before termination (informative)
This subclpuse does not forni-an integral part of this Specification.
Inputs to this process.are-the variables binVal, ivlCurrRange, ivlLow, bitsOutstanding, and BinCountsInNalUnjts.

Outputs of this-proeess are zero or more bits written to the RBSP and the updated variables ivlLow, ivlQurrRange,
bitsOutstapding,-and BinCountsInNalUnits.

This el’l.,udiug routme showm I Figulc 914 apphcb to Uuuudiug of Cud_uf_b‘li\,c_bcg uent_ﬂag,
end of sub stream one bit, and pcm _flag, all associated with ctxIdx equal to 0.
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GncodeTerminate(binVaD

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

When the [value of binVal to encode is equal to 1, CABAC encoding is termifiated and the flushing procedur¢ shown in
Figure 9-1J5 is applied. In this flushing procedure, the last bit written by WriteBits( B, N ) is equal to 1. When encoding
end of slice segment flag, this last bit is interpreted ¢, as" rbsp stop one bit. = When | encoding
end of sup stream one bit, this last bit is interpreted as alignment_bit) equal to_one.

( EncodeElush )

ivlCurrRange =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) -

NumBytesInVcINalUnits ) + 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 Sub-bitstream extraction process

Inputs to this process are a bitstream, a target highest Temporalld value tldTarget, and a target layer identifier list

layerIdLis
Output of

It is a reqq
in this suj
layer iden{

NOTE
Tempo

The outpul

—  When one or more of the following two conditions are true, remove all SEI(INAL units that have nuh_layq

to 0 4
neste

— Rem
layer

Target
=]

this process is a sub-bitstream.

irement of bitstream conformance for the input bitstream that any output sub-bitstream of thelproces
clause with tIdTarget equal to any value in the range of 0 to 6, inclusive, and layerldListTarget e
ifier list associated with a layer set specified in the active video parameter set shall be-alconforming

| — A conforming bitstream contains one or more coded slice segment NAL units with>nuh layer id equ
alld equal to 0.

sub-bitstream is derived as follows:

nd that contain a non-nested buffering period SEI message, a non-nésted picture timing SEI messagg
1 decoding unit information SEI message:

ayerldListTarget does not include all the values of nuh layer{id in all NAL units in the bitstream.

IdTarget is less than the greatest Temporalld in all NAL\dnits in the bitstream.

NOTE 2 — A "smart" bitstream extractor may include appropriate non-nested buffering picture SEI messages,|
bicture timing SEI messages, and non-nested decoding unit information SEI messages in the extracted su
provided that the SEI messages applicable to the'sub-bitstream were present as nested SEI messages in
bitstream.

ve all NAL units with Temporalld greater than tIdTarget or nuh layer id not among the values i
dListTarget.

5 specified
jual to the
bitstream.

hl to 0 and

r_id equal
, O a non-

non-nested
b-bitstream,
he original

hcluded in
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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
bitstreams. Profiles, tiers and levels may also be used to indicate interoperability points between individual decoder
implementations.

NOTE
interop

Each prof]

NOTE

Each leve
The same
tier and W
correspon

The profil

A2

Capabiliti
streams ¢
capabilitig

Specific Y
general lg
future use
NOTE
that thi
by ITY
general
indicatg

A3

A31 (

All constr;
constraint

The variah

— This Specification does not imclude individually selectable "options” at the decoder, as this woul
brability difficulties.

P — Encoders are not required to make use of any particular subset of features supported in a profile.

of a tier specifies a set of limits on the values that may be taken by the syntax ¢lements of this Spg
set of tier and level definitions is used with all profiles, but individual implementations may support
ithin a tier a different level for each supported profile. For any given/profile, a level of a ties
Is to a particular decoder processing load and memory capability.

s that are specified in subclause A.3 are also referred to as the profiles Specified in Annex A.

Requirements on video decoder capability

s of video decoders conforming to this Specification @re“specified in terms of the ability to ded
bnforming to the constraints of profiles, tiers andi\levels specified in this annex. When expr
s of a decoder for a specified profile, the tier and levelsupported for that profile should also be exprg

ralues are specified in this annex for thel'syntax elements general profile idc, general tier
vel idc. All other values of general profile idc, general tier flag, and general level idc are re
by ITU-T | ISO/IEC.
- Decoders should not infer that a reserved value of general profile idc between the values specified in this
indicates intermediate capabilities between the specified profiles, as there are no restrictions on the method t
-T | ISO/IEC for the use of such“future reserved values. However, decoders should infer that a reservg
| level idc associated with a particular value of general tier flag between the values specified in this S
s intermediate capabilities between the specified levels of the tier.

Profiles

eneral

hints for PPSs that are specified are constraints for PPSs that are activated when the bitstream is de
for SPSs.that are specified are constraints for SPSs that are activated when the bitstream is decoded

leRawCtuBits is derived as follows:

d increase

le specifies a subset of algorithmic features and limits that shall be supported by all decoders’ conforming to
that profilg.

cification.
a different
generally

ode video
pssing the
ssed.

| flag, and
served for

pecification
b be chosen
d value of
pecification

coded. All

RawCtuBits = CtbSizeY * CtbSizeY * BitDepthy +
2 * ( CtbWidthC * CtbHeightC ) * BitDepthc

A.3.2 Main profile

Bitstreams conforming to the Main profile shall obey the following constraints:

-  SPSs
- SPSs
- SPSs
—  CtbL

shall have chroma format idc equal to 1 only.
shall have bit_depth luma minus8 equal to 0 only.
shall have bit depth chroma minus8 equal to 0 only.

0g2SizeY shall be in the range of 4 to 6, inclusive.

(A-T)

—  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
general profile compatibility flag[ 1 ] being equal to 1.

to 1 or

NOTE — When general profile compatibility flag[ 1] is equal to 1, general profile compatibility flag[ 2 ] should also be equal

to 1.

Decoders conforming to the Main profile at a specific level (identified by a specific value of general level idc) of a

specific tier (identified by a specific value of general tier flag) shall be capable of decoding all bitstreams for
of the follpwing conditions apply:

—  genetfal profile compatibility flag[ 1 ] is equal to 1.
— genetfal level idc represents a level lower than or equal to the specified level.

— genetfal tier flag represents a tier lower than or equal to the specified tier.

A33 ain 10 profile

Bitstreamq conforming to the Main 10 profile shall obey the following constraints:
—  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.

—  SPSs|shall have bit depth chroma minus8 in the range of 0 to 2, 4nclusive.
—  CtbLpg2SizeY shall be in the range of 4 to 6, inclusive.

- WheI a PPS has tiles_enabled flag is equal to 1, it shall have entropy coding sync_enabled flag equal tq
—  Whe

which all

0.

a PPS has tiles_enabled flag is equal to 1, CelumnWidthInLumaSamples| i ] shall be greater than pr equal to

256 for all values of i in the range of 0 to num_tile_columns_minusl, inclusive, and RowHeightInLumaSpmples| j ]

shall e greater than or equal to 64 for all values-ofj 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_tfree unit( )

data fpr any coding tree unit shall be less than or equal to 5 * RawCtuBits / 3.
—  The lpvel constraints specified for.the-Main 10 profile in subclause A.4 shall be fulfilled.

Conformapce of a bitstream to the Main 10 profile is indicated by general profile idc being equal
general profile compatibility flag[*2 | being equal to 1.

Decoders ponforming to the Main 10 profile at a specific level (identified by a specific value of general level,
be capablq of decoding all\bitstreams for which all of the following conditions apply:

—  genetfal profile~eompatibility flag[ 1 ]is equal to 1 or general profile compatibility flag[ 2 ] is equal to

— genetfal level idc represents a level lower than or equal to the specified level.

—  genetfal\ti¢r_flag represents a tier lower than or equal to the specified tier.

A.3.4 Main Still Picture profile

Bitstreams conforming to the Main Still Picture profile shall obey the following constraints:

—  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 O 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 O only.

—  CtbLog2SizeY shall be in the range of 4 to 6, inclusive.

to 2 or

idc) shall

—
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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.

Decoders conforming to the Main Still Picture profile at a specific level (identified by a specific value of
general_level idc) shall be capable of decoding all bitstreams for which all of the following conditions apply:

—  genetfal profile compatibility flag[ 3 ]is equal to 1.

—  genetfal level idc represents a level lower than or equal to the specified level.

—  gene

A4

A41 (

For purpo
than the ti

For purpo
some othg

other level.

The followv

—  Leta
acces

—  Letp

—  Let tt[e variable CpbBrVclFactor be equal to~1000.

—  Lett

Bitstreams
conformar

a) B
b) 1
c) 1
d) 1

al tier flag represents a tier lower than or equal to the specified tier.

[iers and levels

feneral tier and level limits

ses of comparison of tier capabilities, the tier with general tier flag equalMo 0 is considered to be 4
br with general tier flag equal to 1.

es of comparison of level capabilities, a particular level of a specific tier is considered to be a lower
I level of the same tier when the value of the general level/idc-of the particular level is less than

ing is specified for expressing the constraints in this ahnex:

Ccess unit n be the n-th access unit in decoding ordet; with the first access unit being access unit 0 (i
unit).

cture n be the coded picture or the correspending decoded picture of access unit n.

e variable CpbBrNalFactor be equalto 1100.

conforming to a profile ata specified tier and level shall obey the following constraints for each
ce test as specified in Annex C:

icSizeInSamplesY shall'be less than or equal to MaxLumaPs, where MaxLumaPs is specified in Tal
[he value of pic, width_in luma samples shall be less than or equal to Sqrt( MaxLumaPs * § ).
'he value ofpic' height in luma samples shall be less than or equal to Sqrt( MaxLumaPs * 8 ).

'he value:of sps max_dec pic_buffering_minus1[ HighestTid ] + 1 shall be less than or equal to Ma
hich is derived as follows:

lower tier

level than
that of the

e. the 0-th

bitstream

le A-1.

kDpbSize,

if( Pi{'in‘TnQnmp]PqV = (MaxTumaPs 2))

MaxDpbSize = Min( 4 * maxDpbPicBuf, 16 )

else if( PicSizeInSamplesY <= ( MaxLumaPs >> 1))
MaxDpbSize = Min( 2 * maxDpbPicBuf, 16 )

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) The value of num_tile columns minusl 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.

h) 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.

i) 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 tier and level to which the bitstream conforms are indicated by the syntax elements general tier flag and

general_lgvel idc as follows:
genefjal tier flag equal to 0 indicates conformance to the Main tier, and general tier flag equal to | indicates
confgrmance to the High tier, according to the tier constraints specified in Table A-1. general tier fldg shall be
equallto O for levels below level 4 (corresponding to the entries in Table A-1 marked with "-").
genetjal 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 el ~ A A [ollLal Ll (ol
= £z Q0 Ze *= | D=
: : =3 55 2|82
=] -z @ = = =
2% g3 5% = | "
g = i C e < =)
g 3 22 z E
S e .2
g3 = =l x| §| °
2 £ F= | Z
- A s 2 o
= & = = ~
= - o = 5]
® =
1 36 864 350 - 16 1 1
2 122 880 1500 - 16 1 1
2.1 245 760 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
4.1 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 35-651+584T126-660—T—486-066 660 22 26
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.

A.4.2 Profile-specific level limits for the Main and Main 10 profiles

The following is specified for expressing the constraints in this annex:

200

Let the variable fR be set equal to 1 + 300.
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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)

d)

e)

g)

h)

i)

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.

The removal time of access unit 0 shall satisfy the constraint that the number of slice segments in picture 0 is
lpss thrar Ot ot to Mt MaxStceSegmentsPerPreture*vaxtummaSr7vay LumaPs *
(JAuCpbRemovalTime[ 0 ] — AuNominalRemovalTime[ 0 ] ) + MaxSliceSegmentsPerPicture *
RicSizeInSamplesY / MaxLumaPs, MaxSliceSegmentsPerPicture ), for the value of PicSizelnSampplesY of
!

1

icture 0, where MaxSliceSegmentsPerPicture, MaxLumaPs and MaxLumaSr are the values specified in
[able A-1 and Table A-2, respectively, that apply to picture 0.

'he difference between consecutive CPB removal times of access units n and n — 1 (with n greater than 0) shall
atisfy the constraint that the number of slice segments in picture n- 15 less than or| equal to
in( MaxSliceSegmentsPerPicture * MaxLumaSr / MaxLumaPs * ( AuCpbRemovalTime[ n ] —
AuCpbRemovalTime[ n—1]), MaxSliceSegmentsPerPicture ),  whefe*~ MaxSliceSegmentsPerPicture,
axLumaPs and MaxLumaSr are the values specified in Table A-1 and\Table A-2, respectively, that apply to
icture n.

or the VCL HRD parameters, BitRate[ i ] shall be less than or equal to CpbBrVclFactor * MaxBR for at least
ne value of i in the range of 0 to cpb_cnt_minusl1[ HighestTid“}, inclusive, where BitRate[ i ] is specified in
ubclause E.2.3 based on parameters selected as specified“in subclause C.1 and MaxBR is specified in
[able A-2 in units of CpbBrVclFactor bits/s.

7 . - B o S e L ¢ N |

or the NAL HRD parameters, BitRate[ i ] shall bedess than or equal to CpbBrNalFactor * MaxBR for at least
ne value of i in the range of 0 to cpb_cnt_minusl[ HighestTid ], inclusive, where BitRate[ i ] is specified in
ubclause E.2.3 based on parameters selected\as specified in subclause C.1 and MaxBR is specified in
[able A-2 in units of CpbBrNalFactor bits/s,

—n O

The sum of the NumBytesInNalUnit, “variables for access unit 0 shall be less than or| equal to
1.5 * ( Max( PicSizeInSamplesY, fR.* MaxLumaSr ) + MaxLumaSr * ( AuCpbRemovalTime[ 0 ] —

AuNominalRemovalTime[ 0 | ) )<tMinCr for the value of PicSizeInSamplesY of picture 0, where MaxLumaSr
and MinCr are the values specified in Table A-2 that apply to picture 0.

The sum of the NumBytesInNalUnit variables for access unit n (with n greater than 0) shall be lgss than or
dqual to 1.5 * MaxkumaSr * ( AuCpbRemovalTime[ n | — AyCpbRemovalTime[ n— 1 ] ) + Min(r, where
MaxLumaSr and MinCr are the values specified in Table A-2 that apply to picture n.

The removal time.of access unit 0 shall satisfy the constraint that the number of tiles in picture 0 is legs than or
dqual to Min(MaxTileCols * MaxTileRows * 120 * ( AuCpbRemovalTime[ 0 | —
AuNominalRemovalTime[ 0 | ) + MaxTileCols * MaxTileRows * PicSizeInSamplesY / MaxLumaPs|
MaxTileCols * MaxTileRows ), for the value of PicSizeInSamplesY of picture 0, where MaxTileColq and
MaxTileRows are the values specified in Table A-1 that apply to picture 0.

he difference between consecutive CPB Temoval Times of access units mand n— 1 (with i 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

A.43 H
This subcl

Informatiy
various pi

g A= Z== ==
< e om » &S 55
3 S %~ b=~

-~ = O = R QA

3 E g = = = S

g5 22 3

75 s” :

% =

3 3 E| 7

s = = =

=3 =3 S

<] 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 | 240 000 8
6 1 069 547 520 60 000 | 240 000 8
6.1 2139095040 | 120000 | _480 000 8
6.2 4278190 080 | 240 000} 800 000 6

202

ause does not form an integral part of this Specification.

ffect of level limits on picture rate for the Main and Main 10 profiles (informative)

e Tables A-3 and A-4 provide examples of maximum picture rates for the Main and Main 10 grofiles for
ture formats when MinCbSizeY is‘equal to 64.

© ISO/IEC 2013 — All rights reserved


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

ISO/IEC 23008-2:2013(E)

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 SIF 352 240 98 304 - 375 75.0 168.7 300.0 300.0 300.0
CIF 352 288 122880 = 366 666 1356 Ay 3660 300.0
525 HHR 352 480 196 608 - - 375 84.3 168.7 300.0 300.0
625 HHR 352 576 221184 - - 333 75.0 150.0 30010 300.0
Q720p 640 360 245760 - - 30.0 67.5 135.0 272.0 300.0
VGA 640 480 327 680 - - - 50.6 101.2 204.0 300.0
525 4SIF 704 480 360 448 - - - 46.0 92.0 185.4 300.0
525 SD 720 480 393216 - - - 42.1 84.3 170.0 300.0
4CIF 704 576 405 504 - - - 40.9 81.8 164.8 300.0
625 SD 720 576 442 368 - - - 378 75.0 151.1 300.0
480p (16:9 864 480 458 752 - - - 86.1 72.3 145.7 291.4
SVGA 800 600 532480 - - - 31.1 62.3 125.5 251.0
QHD 960 540 552 960 - - - 30.0 60.0 120.8 241.7
XGA 1024 768 786 432 - - - - 42.1 85.0 170.0
720p HD 1280 720 983 040 - - - - 33.7 68.0 136.0
4VGA 1280 960 1228 800 - - - - - 54.4 108.8
SXGA 1280 1024 1310 720 - - - - - 51.0 102.0
525 16SIF 1408 960 1351 680 - - - - - 49.4 98.9
16CIF 1408 1152 1622016 - - - - - 41.2 82.4
4SVGA 1600 1200 1945 600 > - - - - 343 68.7
1080 HD 1920 1080 2088 960 - - - - - 32.0 64.0
2Kx1K 2048 1024 2097 152 - - - - - 31.8 63.7
2Kx1080 2048 1080 2228224 - - - - - 30.0 60.0
4XGA 2048 1536 8145728 - - - - - - -
16VGA 2560 1920 4915200 - - - - - - -
3616x1536 [2.35:1) 3616 1536 5603 328 - - - - - - -
3672x1536 [2.39:1) 3680 1536 5701 632 - - - - - - -
3840x2160 [4*HD) 3840 2160 8355 840 - - - - - - -
4Kx2K 4096 2048 8388 608 - - - - - - -
4096x2160 4096 2160 8912 896 - - - - - - -
4096x2304 [16:9) 4096 2304 9437 184 - - - - - - -
7680x4320 7680 4320 33423 360 - - - - - - -
8192x4096 8192 4096 33554432 - - = = = = -
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 SIF 352 240 98 304 300.0 300.0 300.0 300.0 300.0 300.0
CIF 352 288 +22-886 3666 3666 3666 3666 3666 300.0
525 HHR 352 480 196 608 300.0 300.0 300.0 300.0 300.0 300.0
625 HHR 352 576 221 184 300.0 300.0 300.0 300.0 300.0, 300.0
Q720p 640 360 245 760 300.0 300.0 300.0 300.0 300.0 300.0
VGA 640 480 327 680 300.0 300.0 300.0 300.0 300.0 300.0
525 4SIF 704 480 360 448 300.0 300.0 300.0 300.0; 300.0 300.0
525 SD 720 480 393216 300.0 300.0 300.0 300.0 300.0 300.0
4CIF 704 576 405 504 300.0 300.0 300.0 300.0 300.0 300.0
625 SD 720 576 442 368 300.0 300.0 300.0 300.0 300.0 300.0
480p (16:9) 864 480 458 752 300.0 300.0 300.0 300.0 300.0 300.0
SVGA 800 600 532 480 300.0 300.0 3000 300.0 300.0 300.0
QHD 960 540 552 960 300.0 300.0 300.0 300.0 300.0 300.0
XGA 1024 768 786 432 300.0 300.0 300.0 300.0 300.0 300.0
720p HD 1280 720 983 040 272.0 300.0 300.0 300.0 300.0 300.0
4VGA 1280 960 1228 800 217.6 30000 300.0 300.0 300.0 300.0
SXGA 1280 1024 1310720 204.0 300.0 300.0 300.0 300.0 300.0
525 16SIF 1408 960 1351 680 197.8 300.0 300.0 300.0 300.0 300.0
16CIF 1408 1152 1622016 164.8 300.0 300.0 300.0 300.0 300.0
4SVGA 1600 1200 1 945 600 1374 274.8 300.0 300.0 300.0 300.0
1080 HD 1920 1080 2 088 960 128.0 256.0 300.0 300.0 300.0 300.0
2Kx1K 2048 1024 2097 152 127.5 255.0 300.0 300.0 300.0 300.0
2Kx1080 2048 1080 2228224 120.0 240.0 300.0 300.0 300.0 300.0
4XGA 2048 1536 3 145,728 85.0 170.0 300.0 300.0 300.0 300.0
16VGA 2560 1920 4915200 54.4 108.8 217.6 217.6 300.0 300.0
3616x1536 [2.35:1) 3616 1536. 5603 328 477 95.4 190.8 190.8 300.0 300.0
3672x1536 [2.39:1) 3680 1536 5701 632 46.8 93.7 187.5 187.5 300.0 300.0
3840x2160 [4*HD) 3840 2160 8355 840 32.0 64.0 128.0 256.0 300.0 300.0
4Kx2K 4096 2048 8388 608 31.8 63.7 127.5 127.5 255.0 300.0
4096x2160 4096 2160 8912 896 30.0 60.0 120.0 120.0 240.0 300.0
4096x2304 [16:9) 4096 2304 9437 184 - - - 113.3 226.6 300.0
4096x3072 4096 3072 12582912 - - - 85.0 170.0 300.0
7680x4320 7680 4320 33425360 - - - 32.0 64.0 128.0
8192x4096 8192 4096 33554432 - - - 31.8 63.7 127.5
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 in the data, such as Rec. ITU-T H.222.0 | ISO/IEC 13818-1 systems or Rec. ITU-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

b 1 4 41 QI il il o - Larll 1.1 4l AW faknY sl 1.1 e .
yte, procgTuto e CSD OT tIC TSt OyT; TOMMOWCTU Uy tIC IVIL3D OT tIIC SCCOUIT Uy T, CIT:

The byte gtream format consists of a sequence of byte stream NAL unit syntax structures. Each byte stréam| NAL unit
syntax striicture contains one start code prefix followed by one nal unit( NumBytesInNalUnit ) syntaX structyre. It may
(and undef some circumstances, it shall) also contain an additional zero byte syntax element. It mdy also confain one or
more addifional trailing zero 8bits syntax elements. When it is the first byte stream NAL unitGnthe bitstream, it may
also contaln 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() &&-next bits(24) != 0x000001 &&
next_bits( 32 ) != 0x00000001)
trailing_zero_8bits /* equal to*0x00 */ f(8)

B.2.2  Byte stream NAL@unit semantics

The order |of byte streafNAL units in the byte stream shall follow the decoding order of the NAL units contajned in the
byte streafn NAL units, (see subclause 7.4.2.4). The content of each byte stream NAL unit is associated with the same
access unif as the NAL unit contained in the byte stream NAL unit (see subclause 7.4.2.4.4).

leading_zpre’ 8bits is a byte equal to 0x00.
NOTE LThe le men o eprese e e A he cam.lbecause (as
shown in the syntax dlagram of subclause B.2. 1) any bytes equal to OxOO that follow a NAL un1t syntax structure and precede the
four-byte sequence 0x00000001 (which is to be interpreted as a zero byte followed by a start_code prefix one 3bytes) will be
considered to be trailing_zero 8bits syntax elements that are part of the preceding byte stream NAL unit.

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 in the byte stream has been decoded:

1. When the next four bytes in the bitstream form the four-byte sequence UXUO0U00UOT, the next byte |n the byte
sfream (which is a zero byte syntax element) is extracted and discarded and the current positionin the byte
sfream is set equal to the position of the byte following this discarded byte.

2. e next three-byte sequence in the byte stream (which is a start code prefix one 3bytes) is extfacted and
djscarded and the current position in the byte stream is set equal to the position of the byte follpwing this
three-byte sequence.

3. umBytesInNalUnit is set equal to the number of bytes starting with the byte at the current position |n the byte
sfream up to and including the last byte that precedes the location of one or more of the following conflitions:

A subsequent byte-aligned three-byte sequence equal to 0x000000,
A subsequent byte-aligned three-byte sequence equal to 0x000004),

The end of the byte stream, as determined by unspecified means.

4. umBytesInNalUnit bytes are removed from the bitstream ‘and the current position in the byte| stream is
aflvanced by NumBytesInNalUnit bytes. This sequenc€)of bytes is nal unit( NumBytesInNalUnft ) and is
decoded using the NAL unit decoding process.

5. hen the current position in the byte stream is not,at'the end of the byte stream (as determined by ynspecified
jeans) and the next bytes in the byte stream donot start with a three-byte sequence equal to 0x000001 and the
ext bytes in the byte stream do not start with a four byte sequence equal to 0x00000001, the decoder extracts

and discards each trailing_zero 8bits syntax element, moving the current position in the byte streajn forward
ohe byte at a time, until the current positien in the byte stream is such that the next bytes in the byte sfream form
the four-byte sequence 0x00000001<'or the end of the byte stream has been encountered (as detefmined by

specified means).

B.4 Decoder byte-alignment recovery (informative)
This subclpuse does not form an integral part of this Specification.

Many applications provide.data to a decoder in a manner that is inherently byte aligned, and thus have no n¢ed for the
bit-oriented byte alignment detection procedure described in this subclause.

A decoder] is said to-have byte alignment with a bitstream when the decoder has determined whether or not thg positions
of data in [the Witstream are byte-aligned. When a decoder does not have byte alignment with the bitstream, the decoder
may exanjing the incoming b1tstream for the blnary pattern '00000000 00000000 00000000 00000001 (31 cpnsecutive
bltsequal oHowedby-abttequatto O crta y—foHowine pa stottorana gnedbyte
following a start code prefix. Upon detectmg this pattern, the decoder will be byte ahgned with the bitstream and
positioned at the start of a 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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Annex C

Hypothetical reference decoder

(This annex forms an integral part of this Recommendation | International Standard)

C1 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
d a Type [ bitstream, is a NAIL unit stream containing only the VCI, NAL units and NAIL units with

type, call
nal_unit t
Type I b
bitstream,
— addit

- allle
a byt

Figure C-

The synta
HRD, are

Two types
are signall

ype equal to FD NUT (filler data NAL units) for all access units in the bitstream. The second typ
tstream, contains, in addition to the VCL NAL units and filler data NAL units for all aceess Ui
at least one of the following:

onal non-VCL NAL units other than filler data NAL units,

nding zero 8bits, zero byte, start code prefix_one 3bytes, and trailing zero 8bits.synfax elements
stream from the NAL unit stream (as specified in Annex B).

shows the types of bitstream conformance points checked by the HRD.

Non ~VCL NAL units other
VCL NAL units than'filler data NAL units

Filler data NAL units

v v 4

Byte stream format
encapsulation
(see Annex B)
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Figure C-1 — Structure of byte streams and NAL unit streams for HRD conformance checks

k elements of mon-VCL NAL units (or their default values for some of the syntax elements), requi
specified inthe semantic subclauses of clause 7, Annexes D and E.

of HRE parameter sets (NAL HRD parameters and VCL HRD parameters) are used. The HRD par3
ed/through the hrd parameters( ) syntax structure, which may be part of the SPS syntax structure

syntax strycture

e, called a
hits in the

that form

red for the

meter sets
r the VPS

Multiple tests may be needed for checking the conformance of a bitstream, which is referred to as the bitstream under
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 specified in Annex B), when present, are discarded from
BitstreamToDecode, and the remaining bitstream is assigned to BitstreamToDecode.

n access unit associated with a buffering period SEI message (present in BitstreamToDecodeyof available
through external means not specified in this Specification) applicable to TargetOp is selected, as| the HRD
inpitialization point and referred to as access unit 0.

r each access unit in BitstreamToDecode starting from access unit 0, the buffering’ period SHI message
(present in BitstreamToDecode or available through external means not specified in this Specification) that is
apsociated with the access unit and applies to TargetOp is selected, the picture timing SEI message [present in
itstreamToDecode or available through external means not specified in this Speeification) that is |associated
ith the access unit and applies to TargetOp is selected, and when SubPicHrdFlag is equal|to 1 and
spib_pic_cpb_params_in_pic_timing_sei flag is equal to 0, the decoding unit/information SEI messagps (present
BitstreamToDecode or available through external means not specified in this Specification)) that are
apsociated with decoding units in the access unit and apply to Target@p-arc selected.

value of SchedSelldx is selected. The selected SchedSelldx shall be in the range|of 0 to
cpb_cnt_minusl[ HighestTid ], inclusive, where cpb_cnt minusl[ HighestTid] is found| in the
spb_layer hrd parameters( HighestTid ) syntax structure as(Selected above.

7. When the coded picture in access unit 0 has nal.unit type equal to CRA NUT or BLA W LP, and
ifap_cpb_params_present flag in the selected bufferingyperiod SEI message is equal to 1, either of thq following
applies for selection of the initial CPB removal delay and delay offset:

- If NalHrdModeFlag is equal to 1, the defaplt initial CPB removal delay and delay offset reprgsented by
nal_initial cpb_removal delay[ SchedSéHdx ] and nal_initial cpb_removal offset[ Sch¢dSelldx ],
respectively, in the selected bufferingperiod SEI message are selected. Otherwise, the default ipitial CPB
removal delay and delay offset represented by vcl initial cpb removal delay[ SchedSel|ldx ] and
vel initial cpb removal offset[ ‘SchedSelldx ], respectively, in the selected buffering period SHI message
are selected. The variable Dé¢faultInitCpbParamsFlag is set equal to 1.

- If NalHrdModeFlag is equal to 1, the alternative initial CPB removal delay and delay offset represented by
nal_initial alt cpb semoval delay[ SchedSelldx ] and nal initial alt cpb removal offset] Sch¢dSelldx ],
respectively, in thesselected buffering period SEI message are selected. Otherwise, the alternafive initial
CPB removal delay and delay offset represented by vel initial alt cpb_removal delay[ SchedS¢lldx ] and
vel initial_alt .cpb_removal offset] SchedSelldx ], respectively, in the selected buffering period SEI
message-are selected. The variable DefaultInitCpbParamsFlag is set equal to 0, and the RASL agcess units
associated with access unit 0 are discarded from BitstreamToDecode and the remaining bitstream is
assigned to BitstreamToDecode.

8. Whén sub_pic_hrd params present flag in the selected hrd parameters( ) syntax structure is equal to 1, the
dPBis i i i i i i lag is 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:

— n0 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.
— nlis 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:

- ndis
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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.
derived as follows:

If sub pic_hrd params present flag in the selected hrd parameters( ) syntax structure is equal
equal to 1;

Otherwise, n4 is equal to 2.

tCpbRemovalDelay[ SchedSelldx ], BitRate[ SchedSelldx ], and CpbSize[ SchedSelldx ] for the |
g[ SchedSelldx ] equal to 0). This is because the data flow into the Type'l,eonformance point is a subset of tlj
Type II conformance point and because, for the VBR case, the CPB is-allowed to become empty and stay em]
hext picture is scheduled to begin to arrive. For example, when decoding a CVS conforming to one or more of]

to 0, n4 is

condition
t shown in

condition
int shown
re counted

Figure C-1
ame values
VBR  case
e data flow
ty until the
the profiles

d in Annex A using the decoding process specified in clauses 2<€htough 10, when NAL HRD parameters are grovided for

e II conformance point that not only fall within the bounds setfor NAL HRD parameters for profile conforman
lause A.4.2 but also fall within the bounds set for VEB. HRD parameters for profile conformance in|
se A.4.2, conformance of the VCL HRD for the Type keenformance point is also assured to fall within th
of subclause A.4.2.

SPSs and PPSs referred to in the VCL NALunits, and the corresponding buffering period, picture
nit information SEI messages shall be .conveyed to the HRD, in a timely manner, either in the bit
NAL units), or by other means not specified in this Specification.

bs C, D, and E, the specification for "presence" of non-VCL NAL units that contain VPSs, SI
period SEI messages, picture timing SEI messages, or decoding unit information SEI messages is als
e NAL units (or just some ¢f them) are conveyed to decoders (or to the HRD) by other means not s
ication. For the purpose of counting bits, only the appropriate bits that are actually present in the bif

D — As an example, synehronization of such a non-VCL NAL unit, conveyed by means other than presence in th
b NAL units that are'present in the bitstream, can be achieved by indicating two points in the bitstream, betwed]
L NAL unit would have been present in the bitstream, had the encoder decided to convey it in the bitstream.

content, of such a non-VCL NAL unit is conveyed for the application by some means other tha
bitstreain, the representation of the content of the non-VCL NAL unit is not required to use the sam
h this-Specification.

e in item f)
item e) of
bounds of

iming and
stream (by

Ss, PPSs,
o satisfied
pecified in
stream are

e bitstream,
h which the

| presence
b syntax as

NOTE

R —When HRD information is contained within the bitstream it is pnccihlp to verify the conformance of a bits

ream to the

requirements of this subclause based solely on information contained in the bitstream. When the HRD information is not present in
the bitstream, as is the case for all "stand-alone" Type I bitstreams, conformance can only be verified when the HRD data are
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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bitstream conformance test, the CPB size (number of bits) is~CpbSize[ SchedSelldx ] as sj
E.2.3, where SchedSelldx and the HRD parameters are specified.-above in this subclause. The
f picture storage buffers) is sps_max_dec pic_buffering minusI[YHighestTid ] + 1.

le SubPicHrdPreferredFlag is either specified by externaldmgans, or when not specified by external

alue of the variable SubPicHrdFlag has not been set\by step 8 above in this subclause, it is derived §
ubPicHrdFlag = SubPicHrdPreferredFlag && Sub pic_hrd params present flag
irdFlag is equal to 0, the HRD operates at access unit level and each decoding unit is an access unit.

perates at sub-picture level and each decoding unit is a subset of an access unit.

he CPB. Otherwise (the HRD operates at sub-picture level), each time a decoding unit that is a subset of an a
emoved from the CPB. In both céses, each time an entire decoded picture is output from the DPB, though
utput time is derived based on(the differently derived CPB removal times and the differently signalled DPB ou

ing is specified for exptessing the constraints in this annex:

hceess unit is referredto as access unit n, where the number n identifies the particular access unit. A

decoding ufit-is referred to as decoding unit m, where the number m identifies the particular dec
irst deceding unit in decoding order in access unit O is referred to as decoding unit 0. The valy
hented by 1 for each subsequent decoding unit in decoding order.

NOTE 5 — The numbering of decoding units is relative to the first decoding unit in access unit 0.

ecified in
DPB size

means, set

s follows:
(C-1)

Otherwise

NOTE 4 — If the HRD operates at access(unit level, each time a decoding unit that is an entire access unit is refnoved from

cess unit is
the picture
put delays.

Lccess unit

lected per step 4 above. The value of n is incremented by 1 for each subsequent access unit in decoding order.

ding unit.
le of m is

—  Picture n refers to the coded picture or the decoded picture of access unit n.

The HRD

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 DPB

fullne

ss is set equal to 0).

NOTE 6 — After initialization, the HRD is not initialized again by subsequent buffering period SEI messages.

— 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.

€110 maRcearespeciiedinsubely e 4—andthe HRDP4s5tsed E—-E€ee1—€o fOrmance

The requiseraen a fFe-5P tbetan 4 H &
ve in this subclause and to check conformance of decoders as specified in subclapse C.5.

of bitstreams as specified abo

NOTE J — While conformance is guaranteed under the assumption that all picture-rates and clocks used to gererate the bitstream
match gxactly the values signalled in the bitstream, in a real system each of these may vary from the signalled opspeciffed value.

All the arithmetic in this annex is performed with real values, so that no rounding errors can propagate. For eample, the
number off bits in a CPB just prior to or after removal of a decoding unit is not necessarily an integer.

The varialjle ClockTick is derived as follows and is called a clock tick:
(lockTick = vui_num_units_in_tick + vui_time scale (C-2)
The varialile ClockSubTick is derived as follows and is called a clock sub-tick:

(lockSubTick = ClockTick + ( tick divisor minus2 + 2 ) (C-3)

C.2 Dperation of coded picture buffer (CPB)

C.2.1 (eneral

The specifications in this subclause apply independently to’each set of CPB parameters that is present and fo both the
Type I angl Type II conformance points shown in Figure C-1, and the set of CPB parameters is selected as specified in
subclause [C.1.

C.2.2 Timing of decoding unit arrival

If SubPicHrdFlag is equal to 0, the variable SubPicParamsFlag is set equal to 0, and the process in specified in the
remainder|of this subclause is invoked.with a decoding unit being considered as an access unit, for derivation of the
initial and|final CPB arrival times for ac¢ess unit n.

Otherwise| (SubPicHrdFlag is equal\to 1), the process in specified in the remainder of this subclause is first inyoked with
the variable subPicParamsFlag sét equal to 0 and a decoding unit being considered as an access unit, for derivdtion of the
initial and final CPB arrival times for access unit n, and then invoked with subPicParamsFlag set equal fo 1 and a
decoding ynit being considered as a subset of an access unit, for derivation of the initial and final CPB arrivafl times for
the decodipng units in.a¢cess unit n.

The variaples Init€pbRemovalDelay[ SchedSelldx ] and InitCpbRemovalDelayOffset] SchedSelldx | are {lerived as
follows:

d o v oHowmg—conditrons—a e pb ovatDetaytSehedSeHdx | and
InitCpbRemovalDelayOffset[ SchedSelldx ] are set equal to the values of the buffering period SEI message syntax
elements nal initial alt cpb removal delay[ SchedSelldx ] and nal initial alt cpb removal offset] 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 initial arrival time of decoding unit m is derived as follows:

—  If therdecodimgumit s decodinmg unit O~ r="0); mitATTivat Timef 61=1;
—  Othefwise (the decoding unit is decoding unit m with m > 0), the following applies:

— |fcbr_flag[ SchedSelldx ] is equal to 1, the initial arrival time for decoding unit m is equal to”the fjnal arrival
ime (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 ]

—  Ptherwise (cbr flag[ SchedSelldx | is equal to 0), the initial arrival ‘time for decoding unit m is (derived as
follows:

if( IsubPicParamsFlag )
initArrivalTime[ m | = Max( AuFinalArrivalTime[\m — 1 ], initArrivalEarliestTime[ m ]) (C-5)
else
initArrivalTime[ m ] = Max( DuFinalArrivalFime[ m — 1 ], initArrivalEarliestTime[ m ] )

vhere initArrivalEarliestTime[ m ] is derived as fellows:
- The variable tmpNominalRemovalTime,is'derived as follows:

if( !subPicParamsFlag )
tmpNominalRemovalTime = AuNominalRemovalTime[ m ] (C-6)
else
tmpNominalRemovalTime = DuNominalRemovalTime[ m ]

where AuNominalRemovalTime[ m ] and DuNominalRemovalTime[ m ] are the nominal CPB removal
time of access unitun and decoding unit m, respectively, as specified in subclause C.2.3.

- If decoding-‘unit m is not the first decoding unit of a subsequent buffering period,
initArrivalEarliestTime[ m ] is derived as follows:

initArrivalEarliestTime[ m | = tmpNominalRemovalTime — ( InitCpbRemovalDelay[ SchefiSelldx ]
+ InitCpbRemovalDelayOffset[ SchedSelldx ] ) + 90000 (C-7

- Otherwise (decoding unit m is the first decoding unit of a subsequent buffering period),
ihitArrivalEarliestTime[ m ] is derived as follows:

initArrivalEarliestTime[ m ] = tmpNominalRemovalTime —
( InitCpbRemovalDelay[ SchedSelldx ]+ 90000 ) (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:

© ISO/IEC 2013 — All rights reserved 213


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

ISO/IEC 23008-2:2013(E)

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

DpbDelayPffset are derived as follows:

The variable BitRate[ SchedSelldx ] comes into effect at the initial CPB arrival time of the current access unit.

The variable CpbSize[ SchedSelldx ] comes into effect as follows:

—  |f the new value of CpbSize[ SchedSelldx ] is greater than the old CPB size, it comes into effect af the initial
CPB arrival time of the current access unit.

—  Otherwise, the new value of CpbSize[ SchedSelldx ] comes into effect at the CPB remigyal time of the current
hccess unit.

variabples InitCpbRemovalDelay[ SchedSelldx ], InitCpbRemovalDelayOffset[ SchedSelldx ], CpbDelay(Qffset, and

If on¢ or more of the following conditions are true, CpbDelayOffset is set-€qual to the value of the buffeting period
SEI thessage syntax element cpb_delay offset, DpbDelayOffset is setequal to the value of the buffering period SEI
messjige syntax element dpb_delay_offset, and InitCpbRemovalDelay[ SchedSelldy ] and
InitCpbRemovalDelayOffset[ SchedSelldx ] are set equal to the\yalues of the buffering period SEI messphge syntax
elem¢nts nal_initial alt cpb_removal delay[ SchedSelldx J.and nal initial alt cpb removal offset] Sche¢dSelldx ],
respeftively, when NalHrdModeFlag is equal to 1,cery'vcl initial alt cpb removal delay[ SchedSefldx ] and
vel_ipitial_alt cpb_removal offset] SchedSelldx ], respectively, when NalHrdModeFlag is equal to 0, [where the
buffefing period SEI message containing the syntax:élements is selected as specified in subclause C.1:

—  JAccess 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 ¢qual to 1.

—  JAccess unit 0 is a BLA access unit for which the coded picture has nal unit type equal to BLA W|[LP or is a
CRA access unit, and the value oftirap_cpb_params_present flag of the buffering period SEI messape is equal
0 1, and one or more of the folowing conditions are true:

- UseAltCpbParamsFlag for access unit 0 is equal to 1.
- DefaultlnitCpbParamsFlag is equal to 0.

Othegwise, InitCpbRemevalDelay[ SchedSelldx ] and InitCpbRemovalDelayOffset] SchedSelldx ] are s¢t equal to
the values of the buffering period SEI message syntax elements nal_initial cpb_removal delay[ SchedSe¢lldx ] and
nal_ifitial cpb-rémoval offset] SchedSelldx ], respectively, when NalHrdModeFlag is equal fo 1, or
vel_ipitial epb,Temoval delay[ SchedSelldx ] and vcl initial cpb removal offset] SchedSelldx ], reppectively,
when| NalHrdModeFlag is equal to 0, where the buffering period SEI message containing the syntax dlements is
selected'as specified in subclause C.1, CpbDelayOffset and DpbDelayOffset are both set equal to 0.

The nominal removal time of the access unit n from the CPB is specified as follows:

214

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 O that is not a RASL, RADL
or sub-layer non-reference picture, AuCpbRemovalDelayVal is the value of AuCpbRemovalDelayVal derived

he values of the syntax elements concatenation_flag and au cpb_removal delay delta mingsl, reppectively,
n the buffering period SEI message, selected as specified in subclause C.1, associated with adcess uit n.

After the derivation of the nominal CPB removal time and before the derivation of th¢’ DPB outpjut time of
hecess unit n, the values of CpbDelayOffset and DpbDelayOffset are updated as follows:

- If one or more of the following conditions are true, CpbDelayOffset is"set equal to the vqlue of the
buffering period SEI message syntax element cpb_delay offset, and DpbDelayOffset is set equal to the
value of the buffering period SEI message syntax element dpb_delayoffset, where the buffefing period
SEI message containing the syntax elements is selected as specifigdyin subclause C.1:

— Access unit n is a BLA access unit for which the ooded picture has nal unit typg equal to
BLA W _RADL or BLA N LP, and the value of irap* cpb_params present flag of thd buffering
period SEI message is equal to 1.

— Access unit n is a BLA access unit for which the coded picture has nal unit typg equal to
BLA W _LP or is a CRA access unit, and the value of irap cpb params present flag of the
buffering period SEI message is equal to 1%,and UseAltCpbParamsFlag for access unit n is equal to 1.

- Otherwise, CpbDelayOffset and DpbDelay©ffset are both set equal to 0.

—  When access unit n is not the first accesssunit of a buffering period, the nominal removal time of|the access
hinit n from the CPB is specified by:

AuNominalRemovalTime[ n ] = AuNominalRemovalTime[ firstPicInCurrBuffPeriod ] +
ClockTick ¥(;AuCpbRemovalDelayVal — CpbDelayOffset ) (C-12)

where AuNominalRemovalTime][ firstPicInCurrBuffPeriod ] is the nominal removal time of the fiirst access
Iinit of the current buffering period, and AuCpbRemovalDelayVal is the value of AuCpbRemovglDelayVal
erived according tg"alr cpb_removal delay minusl in the picture timing SEI message, selected ap specified
n subclause C.1, associated with access unit n.

The yariable duCpbRemovalDelaylnc is derived as follows:

—  [fsub_pic_cpb params_in_pic_timing_sei flag is equal to 0, duCpbRemovalDelaylnc is set equal tp the value
bfidu” spt_cpb _removal delay increment in the decoding unit information SEI message, selected ap specified
1n subclause C.1, associated with decoding unit m.

—  Otherwise, if du_common_cpb_removal delay flag is equal to 0, duCpbRemovalDelaylnc is 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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—  If decoding unit m is the last decoding unit in access unit n, the nominal removal time of decoding unit m
DuNominalRemovalTime[ m ] is set equal to AuNominalRemovalTime[ n ].

—  Otherwise (decoding unit m is not the last decoding unit in access unit n), the nominal removal time of
decoding unit m DuNominalRemovalTime[ m ] is derived as follows:

if( sub_pic_cpb params in pic timing sei flag)
DuNominalRemovalTime[ m ] = DuNominalRemovalTime[ m+ 1 ] —
ClockSubTick * duCpbRemovalDelaylnc (C-13)
else
DuNominalRemovalTime[ m ] = AuNominalRemovalTime(n ) —
ClockSubTick * duCpbRemovalDelaylnc

If SubPicHrdFlag is equal to 0, the removal time of access unit n from the CPB is specified as follows, where
AuFinalArrivalTime[ n ] and AuNominalRemovalTime[ n ] are the final CPB arrival time and nominal CPB removal

1 taxzalsz £ it
time, respgetively-ofaceess-tita:

if( [low_delay hrd flag[ HighestTid ] || AuNominalRemovalTime[ n] >= AuFinalArrivalTime['n,}
AuCpbRemovalTime[ n ] = AuNominalRemovalTime[ n ]

elsg (C-14)
AuCpbRemovalTime[ n ] = AuNominalRemovalTime[ n ] + ClockTick *

Ceil( ( AuFinalArrivalTime[ n ] — AuNominalRemovalTime[ n ] ) + ClockTicke)

NOTE || - When low delay hrd flag[ HighestTid] is equal to 1 and AuNominalRemovalTime[n] is |less than
AuFinajArrivalTime[ n ], the size of access unit n is so large that it prevents removal at the neminal removal time.

Otherwise|(SubPicHrdFlag is equal to 1), the removal time of decoding unit m fronnthe’ CPB is specified as follows:

if( [low_delay hrd flag[ HighestTid ] || DuNominalRemovalTime[ m}.>= DuFinalArrivalTime[ m ] )
DuCpbRemovalTime[ m ] = DuNominalRemovalTime[ m ]
elsq (C-15)
DuCpbRemovalTime[ m ] = DuFinalArrivalTime[ m ]

NOTE P — When low delay hrd flag[ HighestTid ] is equal te{)1¥ and DuNominalRemovalTime[ m] is |less than
DuFinaflArrivalTime[ m ], the size of decoding unit m is so large that.it prevents removal at the nominal removal time.

If SubPicHrdFlag is equal to 0, at the CPB removal time of access unit n, the access unit is instantaneously decpded.

Otherwise| (SubPicHrdFlag is equal to 1), at the CPB removal time of decoding unit m, the decodipg unit is
instantanepusly decoded, and when decoding unit m isthe last decoding unit of access unit n, the following applies:

—  Pictufe n is considered as decoded.

—  The final CPB arrival time of access unit'n, i.e. AuFinalArrivalTime[ n ], is set equal to the final CPB afrival time
of thg last decoding unit in access unitn, i.e. DuFinal ArrivalTime[ m ].

—  The njominal CPB removal time of access unit n, i.e. AuNominalRemovalTime[ n ], is set equal to the nominal CPB
remoyal time of the last decoding unit in access unit n, i.e. DuNominalRemovalTime[ m ].

—  The €PB removal timgof-dccess unit n, i.e. AuCpbRemovalTime[ m ], is set equal to the CPB removal {ime of the
last decoding unit in‘access unit n, i.e. DuCpbRemovalTime[ m ].

C3 PDperation/of the decoded picture buffer (DPB)

C.3.1 (eneral

The specifications in this subclause apply independenily to cach set ol DPB parameters selected as specified in
subclause C.1.

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,
C.3.3 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.
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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.

NOTE — Although setting NoOutputOfPriorPicsFlag equal to no_output of prior pics_flag is preferred under

‘l,llUDU bUllL‘li‘LiUllb, i,‘llC L‘lUbUL‘lUl l/lllL‘lCl LUDI, ib a‘llUWCL‘l AI,U DC‘I, IJUCU‘LPU‘LCH‘I iUlPibbr}aé ‘LU 1 11T i,‘lllb vase.
- Otherwise, NoOutputOfPriorPicsFlag is set equal to no_output_of prior pics_flag.

2. The value of NoOutputOfPriorPicsFlag derived for the decoder under test is applied forthe’HRD} such that
wwhen the value of NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in.th¢ DPB afe emptied
vithout output of the pictures they contain, and the DPB fullness is set equal to O.

—  When both of the following conditions are true for any pictures k in the DPB, all such pictures k in the DPB are
remoyed from the DPB:

—  picture k is marked as "unused for reference"

—  picture k has PicOutputFlag equal to 0 or its DPB output time is lesg’than or equal to the CPB remoyal time of
he first decoding unit (denoted as decoding unit m) of the current\picture n; i.e. DpbOutputTime[| k ] is less
han or equal to CpbRemovalTime( m )

—  For epch picture that is removed from the DPB, the DPB fullngss 1s decremented by one.
C.3.3 Picture output
The procgsses specified in this subclause happen instantaneously at the CPB removal time of acceps unit n,
AuCpbRemovalTime[ n ].
When picture n has PicOutputFlag equal to 1, its DPB'output time DpbOutputTime[ n ] is derived as follows,| where the
variable firstPicInBufferingPeriodFlag is equal te\l if access unit n is the first access unit of a buffering pefiod and 0
otherwise;
if( [SubPicHrdFlag ) {
DpbOutputTime[ n ] = Au€pbRemovalTime[ n | + ClockTick * picDpbOutputDelay (C-16)
if( firstPicInBufferingPeriodFlag )
DpbOutputTime[ iy —= ClockTick * DpbDelayOffset
} else
DpbOutputTime['n/] = AuCpbRemovalTime[ n | + ClockSubTick * picSptDpbOutputDuDelay
where picDpbOutputDelay is the value of pic_dpb output delay in the picture timing SEI message assodiated with
access unjt n, and picSptDpbOutputDuDelay is the value of pic spt dpb output du delay, when presdnt, in the
decoding it information SEI messages associated with access unit n, or the value of pic_dpb output du dplay in the
picture tirhing SEI message associated with access unit n when there is no decoding unit information SHI message
associated|_ with a nit n _or n ing unit information SEI message associat ith a nit n has

pic_spt dpb_output du delay present.

NOTE — When the syntax element pic_spt_dpb_output_du delay is not present in any decoding unit information SEI message
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 instantancously at the CPB removal time of access unit n,
CpbRemovalTime[ n ].

The curreit decoded picture is stored in the DPB in an empty picture storage buffer, the DPB fullness is inereimented by
one, and the current picture is marked as "used for short-term reference".

C4 Bitstream conformance
A bitstreain of coded data conforming to this Specification shall fulfil all requirements specifiedun this subclause.

The bitstrgam shall be constructed according to the syntax, semantics, and constraintsspecified in this Specification
outside of]this annex.

The first cpded picture in a bitstream shall be an IRAP picture, i.e. an IDR picture,.a €RA picture or a BLA pidture.
The bitstrgam is tested by the HRD for conformance as specified in subclause €1.

For each ¢urrent picture, let the variables maxPicOrderCnt and minPicOtderCnt be set equal to the maximym and the
minimum,|respectively, of the PicOrderCntVal values of the following pictures:

—  The durrent picture.

—  The previous picture in decoding order that has Tempotalld equal to 0 and that is not a RASL picturg, a RADL
pictufe, or a sub-layer non-reference picture.

—  The ghort-term reference pictures in the RPS of the current picture.

— All |pictures n that have PicOutputFlag equal to 1, AuCpbRemovalTime[n] Igss than
AuCpbRemovalTime[ currPic ], and DpbOutputTime[ n | greater than or equal to AuCpbRemovalTime| currPic ],
wher¢ currPic is the current picture.

All of the following conditions shall be-fulfilled for each of the bitstream conformance tests:

1. Fof each access unit n, with n greater than 0, associated with a buffering period SEI message, let the variable
deltaTime90Kk[ n ] be specified as follows:

deltaTime90kfn ] = 90000 * ( AuNominalRemovalTime[ n | — AuFinalArrivalTime[n—1]) (C-18)

The value of IiitCpbRemovalDelay[ SchedSelldx ] is constrained as follows:
— | If cbr™Mlag[ SchedSelldx ] is equal to 0, the following condition shall be true:

InitCpbRemovalDelay[ SchedSelldx ] <= Ceil( deltaTime90k[ n ] ) (C-19)

Otharunca (ehe Aol QoA dQalTAy 1 1 aqal 40 1Y tha £o11 000 nditina choll ha ¢ .

ST W SO OO g o thCao Tt 15 u\iuun tO—15tiCTOTIO W 1115 CoRattoR-Sarroe-true:

Floor( deltaTime90k[ n ] ) <= InitCpbRemovalDelay[ SchedSelldx ] <= Ceil( deltaTime90k[ n]) (C-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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4. 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 ]).

5. 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.

6. 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
AuCpbRemovalTime[ currPic |, where currPic is the current picture, shall be less than or equal to
sps_max_dec pic buffering minus1[ HighestTid ].

7. Al] reference pictures shall be present in the DPB when needed for prediction. Each picturg that has
Pi¢OutputFlag equal to 1 shall be present in the DPB at its DPB output time unless it is removed, froth the DPB
before its output time by one of the processes specified in subclause C.3.

8. Fof each current picture, the value of maxPicOrderCnt— minPicOrderCnt Cshall be |ess than
MgxPicOrderCntLsb / 2.

9. Thg value of DpbOutputinterval[ n ] as given by Equation C-17, which is the diffeterice between the dutput time
of p picture and that of the first picture following it in output order and having PicOutputFlag equal|to 1, shall
satjsfy the constraint expressed in subclause A.4.1 for the profile, tier and Jeyel specified in the bitstjeam using
thd decoding process specified in clauses 2 through 10.

10. Fof each current picture, when sub pic cpb params in pic\timing sei flag is equal tp 1, let
tmpCpbRemovalDelaySum be derived as follows:

tmpCpbRemovalDelaySum = 0
for(1=0; 1 <num_decoding units_minusl; i++) (C-21)
tmpCpbRemovalDelaySum += du_cpb remgval delay increment minusl[i]+ 1

THe value of ClockSubTick * tmpCpbRemovalDelaySum shall be equal to the difference between the jominal
CHEB removal time of the current access unit and>the' nominal CPB removal time of the first decoding uhit in the
cufrent access unit in decoding order.

C.S5 Decoder conformance

C.5.1  (eneral
A decoder|conforming to this Specification shall fulfil all requirements specified in this subclause.

A decodeq claiming conformancg;to a specific profile, tier and level shall be able to successfully decode all |bitstreams
that conform to the bitstreanr conformance requirements specified in subclause C.4, in the manner specified inf Annex A,
provided that all VPSs, SRSs“and PPSs referred to in the VCL NAL units, and appropriate buffering period gnd picture
timing SE[ messages are\conveyed to the decoder, in a timely manner, either in the bitstream (by non-VCL NAL units),
or by extefnal meansnot specified in this Specification.

When a bifstream eontains syntax elements that have values that are specified as reserved and it is specified thdt decoders
shall ignoge valiies of the syntax elements or NAL units containing the syntax elements having the reserved yalues, and

the bitstretmis-otherwise conforming to-this Specification—aconforming decoder shall decode the bitstream-ih the same

manner as it would decode a conforming bitstream and shall ignore the syntax elements or the NAL units containing the
syntax elements having the reserved values as specified.

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 that r and
c( r) are within the limits as specified in Annex A for the maximum bit rate and buffer size for the specified profile, tier
and level.

NOTE [l — InitCpbRemovalDelay[ SchedSelldx ] can be different from one buffering period to another and” havg¢ to be re-
calculated.

For outpuf timing decoder conformance, an HRD as described above is used and the timing (relafive to the delivery time
of the firsf bit) of picture output is the same for both the HRD and the DUT up to a fixed delay.

For outpuf order decoder conformance, the following applies:

—  The HSS delivers the bitstream BitstreamToDecode to the DUT "by demand" ftorh the DUT, meaning that the HSS
delivgrs bits (in decoding order) only when the DUT requires more bits to progeed with its processing.

NOTE 2 — This means that for this test, the coded picture buffer of the DUT could be as small as the size of the largest
Hecoding unit.

— A m¢dified HRD as described below is used, and the HSS delivers the bitstream to the HRD by ¢ne of the
schedules specified in the bitstream BitstreamToDecode suchvthat the bit rate and CPB size are reptricted 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 SchedSelljdx and the
HRD| parameters are selected as specified(\in subclause C.1. The DPB size is piven by
sps_thax_dec_pic_buffering minus1[ HighestTid | +'1. Removal time from the CPB for the HRD is tHe final bit
arrivgl time and decoding is immediate. The.operation of the DPB of this HRD is as described in subclguses C.5.2
through C.5.2.3.

C.5.2 Qperation of the output order DPB

C.5.2.1 (eneral

The decoded picture buffer contains picture storage buffers. Each of the picture storage buffers contains ja decoded
picture thdt is marked as "used for reference" or is held for future output. The process for output and removal pf pictures
from the DPB as specified in subclause C.5.2.2 is invoked, followed by the invocation of the process for picture
decoding, | marking, additional bumping, and storage as specified in subclause C.5.2.3. The "bumping" [process is
specified in subclause(@:5.2.4 and is invoked as specified in subclauses C.5.2.2 and C.5.2.3.

C.5.2.2 Qutputand removal of pictures from the DPB

The outpuf d@nd,removal of pictures from the DPB before the decoding of the current picture (but after parsing the slice

header of the—first—sheeofthe—currentpreturerhappens—mstantancousty—whenrthe—firstdecodmegontt—of-the—-access unit
P yhapp y 24

containing 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
regardless of the value of no_output of prior pics flag.

under test,

NOTE — Although setting NoOutputOfPriorPicsFlag equal to no_output of prior pics_flag is preferred under

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.

The value of NoOutputOfPriorPicsFlag derived for the decoder under test is applied for the HRD as follows:

output of the pictures they contain, and the DPB fullness is set equal to 0.

If NoOutputOfPriorPicsFlag is equal to 1, all picture storage buffers in the DPB are emptied without

Otherwise (NoOutputOfPriorPicsFlag is equal to 0), all picture storage buffers containing a picture that is

marked as "not needed for output”" and "unused for reference" are emptied (without output), and all non-

empty picture storage buffers in the DPB are emptied by repeatedly invoking the "bumpin

g" process

T
S

S
19

w2

wn

specified in subclause C.5.2.4, and the DPB fullness is set equal to 0.

wise (the current picture is not an IRAP picture with NoRaslOutputFlag equal to 1), all pictufe'stor
ining a picture which are marked as "not needed for output" and "unused for reference" are l€mptig
t). For each picture storage buffer that is emptied, the DPB fullness is decremented by,one/When o
b following conditions are true, the "bumping" process specified in subclause C.5.2'4-is invoked
further decrementing the DPB fullness by one for each additional picture storage buffer that is em
of the following conditions are true:

he number of pictures in the DPB that are marked as "neededfor output" is grg
bs max_num_reorder pics[ HighestTid ].

bs_max_latency increase plusl[ HighestTid ] is not equal to 0 and.there is at least one picture in th
marked as "needed for output" for which the associated variablg.PicLatencyCount is greater than
psMaxLatencyPictures[ HighestTid ].

he number of pictures in the DPB is greater than or e
pbs_max_dec_pic_buffering minus1[ HighestTid | + 1:

C.5.2.3 Picture decoding, marking, additional bumpingsand storage

The proce
the curren

For each
to PicLate]
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picture is

If the
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sses specified in this subclause happen instantaneously when the last decoding unit of access unit n
picture is removed from the CPB.

icture in the DPB that is marked as "needed for output", the associated variable PicLatencyCount i
hcyCount + 1.

it picture is considered as decoded after the last decoding unit of the picture is decoded. The curre
tored in an empty picture sterage buffer in the DPB, and the following applies:

current decoded picture has PicOutputFlag equal to 1, it is marked as "needed for output” and its
ble PicLatencyCount 19 set equal to 0.

wise (the current decoded picture has PicOutputFlag equal to 0), it is marked as "not needed for outy

The currenpt decoded picture is marked as "used for short-term reference".

When one
repeatedly

The

or more-of the following conditions are true, the "bumping" process specified in subclause C.5.2.4
untiknone of the following conditions are true:
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is invoked

ter than

number of I‘\i(‘ﬁ]f‘PQ in the DPR that are marked as '"needed for mlfpnf" is ore

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 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:

The picture that is first for output is selected as the one having the smallest value of PicOrderCntVal of all
pictures in the DPB marked as "needed for output".

cropped picture is output, and the picture is marked as "not needed for output".
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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)

D.1 General

This annex specifies syntax and semantics for SEI message payloads.

SEI messages assist in processes related to decoding, display or other purposes. However, SEI messages are not required
for constrycting the luma or chroma samples by the decoding process, Conforming decoders are not required to process

this information for output order conformance to this Specification (see Annex C for the specification of conformance).
Some SEI|message information is required to check bitstream conformance and for output timing decoder. cenformance.

In subclause C.5.2, specification for presence of SEI messages are also satisfied when those messages (ot somp subset of
them) are conveyed to decoders (or to the HRD) by other means not specified in this Specificatione When present in the

bitstream,| SEI messages shall obey the syntax and semantics specified in subclause 7.3.5_dnd-this annex.

When the

content oflan SEI message is conveyed for the application by some means other than presence’ within the bit§tream, the
representafion of the content of the SEI message is not required to use the same syntax specified in this ann¢x. For the

purpose of counting bits, only the appropriate bits that are actually present in the bitstréam 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 if( payloadType == 2)

pan-scan rect( pavloadSize )
r — p— r 7

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 == 229

post_filter hint( payloadSize )

else if( payloadType-== 23)

tone_mapping(info( payloadSize )

else if( payloadType == 45)

frame /packing_arrangement( payloadSize )

else ifgpayloadType == 47)

display_orientation( payloadSize )

1 Ve ] el —_—10Q
CISU T pPayroadaTypo TZG)

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)
i
coneatenation—fiag -
ay_cpb_removal_delay_delta_minusl u(w)

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_removal ‘delay] i | u(v)

vel_initial_alt_cpb_removal_offset[ i | u(v)
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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 u(v)
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 <nuify decoding units minusl )

du_cpb_removal_delay_increment_minus1[ i u(v)

D.2.4 Pan-scan rectangle SEI message syntax

pan_pcan_rect( payloadSize ). { Descriptor
p4n_scan_rect_id ue(v)
pgn_scan_rect_cancel flag u(l)

if{ 'pan_scan rect” cancel flag) {

pan_scan_ent_minusl ue(v)

for(i='0;1 <= 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_offset[ i | 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 ) { Descriptor
ity_t_t35_country_code b(8)
if( itu_t_t35_country_code != OxFF)
i=1
elge {
itu_t_t35_country_code_extension_byte b(8)
i=2
}
dqd {
itu_t_t35_payload_byte b(8)
i++
} while( i < payloadSize )
H
D.2.7 User data unregistered SEI message syntax
user |data_unregistered( payloadSize ) { Descriptor
uyid_iso_iec_11578 u(128
fop(i=16; i < payloadSize; i++.)
user_data_payload_byte b(8)
i
D.2.8 Recovery point:SEI message syntax
recoyery point( payloadSize ) { Descriptor
recovery_poc_cnt se(v)
exact_match_flag u(l)
broken_link flag u(l)
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 )

second_scene_id ue(v)

D.2.10 Bicture snapshot SEI message syntax

picture_snapshot( payloadSize ) { Descriptor

snapshot_id ue(v)

D.2.11 Progressive refinement segment start SEI message syntax

progfessive_refinement_segment_start( payloadSize ) { Descriptor
progressive_refinement_id ue(v)
pic_order_cnt_delta ue(v)

H

D.2.12 Progressive refinement segment'end SEI message syntax

progtessive_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(l)
film_grain_transfer_characteristics u(8)
film_grain_matrix_coeffs u(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 minus} c\]; i++) {

intensity_interval_lower_bound[c ][ 1] u(8)
intensity_interval_upper_bound] c }|4i] u(8)
for(j =0;j <= num_model values\minusl[ c ]; j++)
comp_model value[ c ][ i ][54 se(v)
§
}
film_grain_characteristics-persistence_flag u(1)

D.2.14 Post-filter hint'SEI message syntax

post [filter~hint( payloadSize ) { Descqptor
filter—hintsize—y et
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_model_id ue(v)

if( tone_map model id == 0) {

min_value u(32)

max_value u32)
} 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 == EXTENDED ISO )

exposure_index_valae u(32)
exposure_compéensation_value_sign_flag u(l)
exposure_compéensation_value_numerator u(16)
exposur€  compensation_value_denom_idc u(16)
ref_screen_luminance_white u(32)
extennded_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(16)
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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(l)
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

displpy orientation( payloadSize)) Descriptor
dipplay orientation_cancel_flag u(l)
if{ !display_orientation 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

decofled picture hash( payloadSize ) { Descriptor
hgsh_type u(g)
fop( 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
adtive_video_parameter_set_id u(4)
self _contaified’ cvs_flag u(l)
nq_parameter_set_update_flag u(l)
m,m_sps_ids_minusl ue(v)
for(1=0;1 <= num_sps_ids_minus]; i++)

active_seq_parameter_set id[ i ] ue(v)
}
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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 ’Ilemporal 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 Sgcalable nesting SEI message syntax

scalaple nesting( payloadSize ) { Descriptor
birstream_subset_ﬂag u(l)
ngsting_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)
}
} ¢lse {
all_layers_flag u(l)
if( lall layersiflag ) {
nesting ‘no_op_max_temporal_id_plusl u(3)
nesting_num_layers_minus1 ue(v)

for(1=0;1 <= nesting num_layers minusl; i++)

nesting_layer id[ 1 | 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_sel_message_payload_byte b(3)
b

D.3 SEI payload semantics

D.3.1 (eneral SEI payload semantics

reserved_|payload_extension_data shall not be present in bitstreams conforming\tosthis version of this Sp¢cification.
However, | decoders conforming to this version of this Specification shall )ignore the presence and| value of
reserved payload extension data. When present, the length, in bits, of resefved payload extension data is equal to
8 * payloadSize — nEarlierBits — nPayloadZeroBits — 1, where nEarlierBits\is the number of bits in the sei |payload( )
syntax stricture that precede the reserved payload extension data syntax €lement, and nPayloadZeroBits is the number
of payload bit equal to zero syntax elements at the end of the sei_payload( ) syntax structure.

payload_bit_equal_to_one shall be equal to 1.

payload_bit_equal_to_zero shall be equal to 0.

NOTE [l — SEI messages with the same value of payloadEype are conceptually the same SEI message regardless of whether they
are confained in prefix or suffix SEI NAL units.

NOTE P — For SEI messages with payloadType inhe range of 0 to 47, inclusive, that are specified in this Specification, the
payloaqType values are aligned with similar SEI messages specified in Rec. ITU-T H.264 | ISO/IEC 14496-10.

The semantics and persistence scope for each SEI message are specified in the semantics specification for eacl particular
SEI message.

NOTE B — Persistence information for\SEI messages is informatively summarized in Table D-1.

© ISO/IEC 2013 — All rights reserved 235


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

	Introduction
	General
	Prologue
	Purpose
	Applications
	Publication and versions of this Specification
	Profiles, tiers and levels
	Overview of the design characteristics
	How to read this Specification

	Scope
	Normative references
	General
	Identical Recommendations | International Standards
	Paired Recommendations | International Standards equivalent 
	Additional references

	Definitions
	Abbreviations
	Conventions
	General
	Arithmetic operators
	Logical operators
	Relational operators
	Bit-wise operators
	Assignment operators
	Range notation
	Mathematical functions
	Order of operation precedence
	Variables, syntax elements, and tables
	Text description of logical operations
	Processes

	Bitstream and picture formats, partitionings, scanning proce
	Bitstream formats
	Source, decoded, and output picture formats
	Partitioning of pictures, slices, slice segments, tiles, cod
	Partitioning of pictures into slices, slice segments, and ti
	Block and quadtree structures
	Spatial or component-wise partionings

	Availability processes
	Derivation process for z-scan order block availability
	Derivation process for prediction block availability

	Scanning processes
	Coding tree block raster and tile scanning conversion proces
	Z-scan order array initialization process
	Up-right diagonal scan order array initialization process
	Horizontal scan order array initialization process
	Vertical scan order array initialization process


	Syntax and semantics
	Method of specifying syntax in tabular form
	Specification of syntax functions and descriptors
	Syntax in tabular form
	NAL unit syntax
	General NAL unit syntax
	NAL unit header syntax

	Raw byte sequence payloads, trailing bits, and byte alignmen
	Video parameter set RBSP syntax
	Sequence parameter set RBSP syntax
	Picture parameter set RBSP syntax
	Supplemental enhancement information RBSP syntax
	Access unit delimiter RBSP syntax
	End of sequence RBSP syntax
	End of bitstream RBSP syntax
	Filler data RBSP syntax
	Slice segment layer RBSP syntax
	RBSP slice segment trailing bits syntax
	RBSP trailing bits syntax
	Byte alignment syntax

	Profile, tier and level syntax
	Scaling list data syntax
	Supplemental enhancement information message syntax
	Slice segment header syntax
	General slice segment header syntax
	Reference picture list modification syntax
	Weighted prediction parameters syntax

	Short-term reference picture set syntax
	Slice segment data syntax
	General slice segment data syntax
	Coding tree unit syntax
	Sample adaptive offset syntax
	Coding quadtree syntax
	Coding unit syntax
	Prediction unit syntax
	PCM sample syntax
	Transform tree syntax
	Motion vector difference syntax
	Transform unit syntax
	Residual coding syntax


	Semantics
	General
	NAL unit semantics
	General NAL unit semantics
	NAL unit header semantics
	Encapsulation of an SODB within an RBSP (informative)
	Order of NAL units and association to coded pictures, access
	General
	Order of VPS, SPS and PPS RBSPs and their activation
	Order of access units and association to CVSs
	Order of NAL units and coded pictures and their association 
	Order of VCL NAL units and association to coded pictures


	Raw byte sequence payloads, trailing bits, and byte alignmen
	Video parameter set RBSP semantics
	Sequence parameter set RBSP semantics
	Picture parameter set RBSP semantics
	Supplemental enhancement information RBSP semantics
	Access unit delimiter RBSP semantics
	End of sequence RBSP semantics
	End of bitstream RBSP semantics
	Filler data RBSP semantics
	Slice segment layer RBSP semantics
	RBSP slice segment trailing bits semantics
	RBSP trailing bits semantics
	Byte alignment semantics

	Profile, tier and level semantics
	Scaling list data semantics
	Supplemental enhancement information message semantics
	Slice segment header semantics
	General slice segment header semantics
	Reference picture list modification semantics
	Weighted prediction parameters semantics

	Short-term reference picture set semantics
	Slice segment data semantics
	General slice segment data semantics
	Coding tree unit semantics
	Sample adaptive offset semantics
	Coding quadtree semantics
	Coding unit semantics
	Prediction unit semantics
	PCM sample semantics
	Transform tree semantics
	Motion vector difference semantics
	Transform unit semantics
	Residual coding semantics



	Decoding process
	General decoding process
	NAL unit decoding process
	Slice decoding process
	Decoding process for picture order count
	Decoding process for reference picture set
	Decoding process for generating unavailable reference pictur
	General decoding process for generating unavailable referenc
	Generation of one unavailable picture

	Decoding process for reference picture lists construction

	Decoding process for coding units coded in intra prediction 
	General decoding process for coding units coded in intra pre
	Derivation process for luma intra prediction mode
	Derivation process for chroma intra prediction mode
	Decoding process for intra blocks
	General decoding process for intra blocks
	Intra sample prediction
	General intra sample prediction
	Reference sample substitution process for intra sample predi
	Filtering process of neighbouring samples
	Specification of intra prediction mode INTRA_PLANAR
	Specification of intra prediction mode INTRA_DC
	Specification of intra prediction mode in the range of INTRA



	Decoding process for coding units coded in inter prediction 
	General decoding process for coding units coded in inter pre
	Inter prediction process
	Decoding process for prediction units in inter prediction mo
	General
	Derivation process for motion vector components and referenc
	Derivation process for luma motion vectors for merge mode
	Derivation process for spatial merging candidates
	Derivation process for combined bi-predictive merging candid
	Derivation process for zero motion vector merging candidates
	Derivation process for luma motion vector prediction
	Derivation process for motion vector predictor candidates
	Derivation process for temporal luma motion vector predictio
	Derivation process for collocated motion vectors
	Derivation process for chroma motion vectors

	Decoding process for inter prediction samples
	General
	Reference picture selection process
	Fractional sample interpolation process
	General
	Luma sample interpolation process
	Chroma sample interpolation process

	Weighted sample prediction process
	General
	Default weighted sample prediction process
	Explicit weighted sample prediction process



	Decoding process for the residual signal of coding units cod
	General
	Decoding process for luma residual blocks
	Decoding process for chroma residual blocks


	Scaling, transformation and array construction process prior
	Derivation process for quantization parameters
	Scaling and transformation process
	Scaling process for transform coefficients
	Transformation process for scaled transform coefficients
	General
	Transformation process

	Picture construction process prior to in-loop filter process

	In-loop filter process
	General
	Deblocking filter process
	General
	Derivation process of transform block boundary
	Derivation process of prediction block boundary
	Derivation process of boundary filtering strength
	Edge filtering process
	Vertical edge filtering process
	Horizontal edge filtering process
	Decision process for luma block edges
	Filtering process for luma block edges
	Filtering process for chroma block edges
	Decision process for a luma sample
	Filtering process for a luma sample
	Filtering process for a chroma sample


	Sample adaptive offset process
	General
	Coding tree block modification process



	Parsing process
	General
	Parsing process for 0-th order Exp-Golomb codes
	General
	Mapping process for signed Exp-Golomb codes

	CABAC parsing process for slice segment data
	General
	Initialization process
	General
	Initialization process for context variables
	Storage process for context variables
	Synchronization process for context variables
	Initialization process for the arithmetic decoding engine

	Binarization process
	General
	Truncated Rice (TR) binarization process
	k-th order Exp-Golomb (EGk) binarization process
	Fixed-length (FL) binarization process
	Binarization process for part_mode
	Binarization process for intra_chroma_pred_mode
	Binarization process for inter_pred_idc
	Binarization process for cu_qp_delta_abs
	Binarization process for coeff_abs_level_remaining

	Decoding process flow
	General
	Derivation process for ctxTable, ctxIdx and bypassFlag
	General
	Derivation process of ctxInc using left and above syntax ele
	Derivation process of ctxInc for the syntax elements last_si
	Derivation process of ctxInc for the syntax element coded_su
	Derivation process of ctxInc for the syntax element sig_coef
	Derivation process of ctxInc for the syntax element coeff_ab
	Derivation process of ctxInc for the syntax element coeff_ab

	Arithmetic decoding process
	General
	Arithmetic decoding process for a binary decision
	General
	State transition process

	Renormalization process in the arithmetic decoding engine
	Bypass decoding process for binary decisions
	Decoding process for binary decisions before termination


	Arithmetic encoding process (informative)
	General
	Initialization process for the arithmetic encoding engine (i
	Encoding process for a binary decision (informative)
	Renormalization process in the arithmetic encoding engine (i
	Bypass encoding process for binary decisions (informative)
	Encoding process for a binary decision before termination (i
	Byte stuffing process (informative)



	Sub-bitstream extraction process

