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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
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Introduction

This document defines a storage format based on, and compatible with, the ISO Base Media File Format
(ISO/IEC 14496-12), which is used by the MP4 file format (ISO/IEC 14496-14) and the Motion JPEG 2000
file format (ISO/IEC 15444-3) among others. This document enables video streams formatted as Network

Adaptation Layer Units (NAL Units) to
a) beused in conjunction with other media streams, such as audio,

b) be usedin an MPEG-4 systems environment, if desired,

c) bgformatted for delivery by a streaming server, using hint tracks, and
d) inheritall the use cases and features of the ISO Base Media File Format on which MP4 and Mj2-are

This document may be used as a standalone document; it specifies how NAL unit structuredvideo c
shall e stored in an ISO Base Media File Format compliant format. However, it is notmally used
context of a specification, such as the MP4 file format, derived from the ISO Base Media File Formd
permifs the use of NAL unit structured video such as AVC (ISO/IEC 14496-10) video and High Effi
Video [Coding (HEVC, ISO/IEC 23008-2) video.

The 10 Base Media File Format is becoming increasingly common as a geheral-purpose media con
format for the exchange of digital media, and its use in this context should accelerate both adoptic
interoperability.

based.

pntent
in the
t, that
ciency

tainer
n and
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Information technology — Coding of audio-visual objects —

Part 15:

Car
vid

parameter of a MIME type, as specified in IETF RFC 6381.

2 N

riage of network abstra

ction layer (NAL) unit structured

b-parameters applying when sample entries specified in this document daxe used as the 'c

prmative references

hs AVC

decs'

The f¢llowing documents, in whole or in part, are normatively réferenced in this document anpd are

indisp

ISO/IE
ISO/THC 14496-10Y, Information technology — Coding efaudio-visual objects — Part 10: Advanced video

ISO/IHC 23008-2, Information technology — High;efficiency coding and media delivery in heterog

enviro

ISO/IHC 23008-12, Information technology <= MPEG systems technologies — Part 12: Image file format

hments — Part 2: High efficiency video coding

ensable for its application. For dated references, only the edition cited applies. For undated refefences,
the latlest edition of the referenced document (including any anighdments) applies.

C 14496-12, Information technology — Coding of audioisual objects — Part 12: ISO base media file format

coding

pneous

ISO/IHC 23090-3, Information technology — Coded representation of immersive media — Part 3: Vgrsatile

video (
ISO/IE

ISO/IH
video (

IETF K
IETF K

3 T

oding

C 23094-1, Information technology — General video coding — Part 1: Essential video coding

oding
FC 4648, The)Basel6, Base32, and Base64 data encodings
FC 638X MIME codecs and profiles

prms, definitions, abbreviated terms and conventions

C 23094-2, Information technology - General video coding — Part 2: Low complexity enhan¢ement

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 14496-10, ISO/IEC 23008-2,
ISO/IEC 23090-3 or ISO/IEC 23094-1, and the following apply.

ISO an

d IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

1) Under preparation. Stage at the time of publication: ISO/IEC DIS 14496-10:2024.
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1


https://www.iso.org/obp/ui
https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

— IE
3.11

ISO/IEC 14496-15:2024(en)

C Electropedia: available at https://www.electropedia.org/

3D-AVC NAL unit
3D AVC VCL NAL unit
NAL unit with type 21 with avc_3d_extension_flag equal to 1

3.1.2

aggregator
in-stream structure using a NAL unit header for grouping of NAL units belonging to the same sample

3.1.3

altern
set of
VVCb

3.14

applic
video

Note 1
ISO/IE

3.1.5
AU- o]
non-V

Note 1
applies
VPS, SI
and 3)

3.1.6
AVCb

ate region set
rectangular regions that are alternatives to be used as a rectangular region when reconstrug
tstream from a VVC extraction base track

able video coding standard
foding standard for the data carried in the track

to entry: The video coding standard can be ISO/IEC 14496-10, ISO/IEC,23008-2, ISO/IEC 2309
C 23094-1.

picture-level non-VCL NAL unit
L. NAL unit that applies to one or more entire AUs or one or more entire pictures

to entry: An AU-level non-VCL NAL unit applies to one or mgpeventire AUs. A picture-level non-VCL N/
to one or more entire pictures. In VVC, AU-level or picture-level non-VCL NAL units include: 1) all the D
PS, PPS, AUD, PH, EOS, and EOB NAL units; 2) APS NAL units that apply to one or more entire AUs or pi
SEI NAL units that only contain SEI messages that applyto one or more entire AUs or pictures.

hse layer

maxinjum subset of a bitstream that is AVC compatible

Note 1

to entry: The AVC base layer is represented by AVC VCL NAL units and associated non-VCL NAL units. T|

base lajyer is not using any of the functionality-of ISO/IEC 14496-10:—, Annex G, Annex H, Annex I, or Annex J.

Note 2

3.1.7

AVCp
sampl
consid

3.1.8

to entry: The AVC base layer itself can be a temporal scalable bitstream.

hrameter set sample
P in a parameter set-elémentary stream that consists of those parameter set NAL units that ar
ered as if presentin the video elementary stream at the same instant in time

AVC sample

aCCesSs

unit as-defined in ISO/IEC 14496-10

3.19

ting a

D-3, or

AL unit
CI, OPI,
ctures;

he AVC

b to be

AVC NALAunit
AVCVCLNAL unitoranon-VCL NAL unitassociated withan AVC VCL NAL unitas specified in ISO/IEC 14496-10

3.1.10

AVC VCL NAL unit
NAL unit with type 1 to 5 (inclusive)

© ISO/IEC 2024 - All rights reserved
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canonical order
order of NAL units that conforms to the applicable video standard

Note 1

to entry: When a single track carries a video bitstream, the NAL units are stored in the canonical order. When

multiple tracks are used to a carry a video bitstream, an implicit or explicit video bitstream reconstruction process
might be applied to recover the canonical order.

3.1.12

canonical stream format
elementary stream that contains NAL units in the canonical order and conforms to the constraints specified

width

3.1.15
defau
defaul

3.1.16
elem
seque

Note 1

set elementary stream, and video and parameter set elementary stream.

Note 2
an AV(Q
ISO/IE

3.1.17
extrag
in-stre

Note 1

racks

ed frame dimensions
and height of the decoded frame after applying the output cropping parameters

t sample group description index
t _group description index of sampleGroupDescriptionBox With&@rsion greater than or equdl to 2

ntary stream
ce of one or more bitstreams of the applicable video stafidard

to entry: The term elementary stream is not directly related to the terms video elementary stream, parpmeter
to entry: The applicable video standard can be inclided as a prefix to the term elementary stream. For eyample,

elementary stream refers to an elementary stréam that is a sequence of one or more bitstreams conforming to
[ 14496-10.

Ctor
am structure using a NAL unit header for extraction of data from other tracks

be see

pointiyg to.

3.11

HEVC|sample
accesgunit as defifnied'in ISO/IEC 23008-2

3.11

impligit recenstruction
recongtruction of a stream of access units from two or more tracks not using extractors

to entry: Extractors contaiminstructions on how to extract data from other tracks. Logically an Extracfor can
1 as a pointer to data. While-reading a track containing Extractors, the Extractor is replaced by the d3ta it is

3.1.20
in-stream structure
structure residing within sample data
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3.1.21

layer

scalable layer

<SVC, MVC, and MVD> set of VCL NAL units with the same values of dependency_id, quality_id, and tem
id, and the associated non-VCL NAL units

poral_

Note 1 to entry: A scalable layer with any of dependency_id, quality_id, and temporal_id not equal to 0 enhances the

video by one or more scalability levels in at least one direction (temporal, quality or spatial resolution)

Note 2 to entry: SVC uses a "layered" encoder design that results in a bitstream representing "coding layers". In some
pubhcatlons the 'base layer is the f1rst quallty layer of a spec1f1c codmg layer In some pubhcatlons the base layer is

scalable layer
<HEV( and VVC> set of VCL NAL units with the same value of nuh_layer_id and the associatednon-VCL NA

vay for

[ units

e sub-

sented

x H of

n-VCL

'C VCL

MVC+Dldepth NAL unit

MVC+Ddepth VCL NAL unit
NAL unit with type 21 containing a coded slice extension for a depth view component

3.1.29
MVD NAL unit
MVD VCL NAL unit

NAL unit with type 21, containing a coded slice extension for a depth view component coded with MVC+D or

3D-AVC, or a 3D-AVC texture view component
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3.1.30

MVD sample

one or more view components as defined in Annex [ or Annex ] of ISO/IEC 14496-10:— and the associated non-
VCL NAL units, where each view component contains a texture view component, a depth view component or both

3.1.31

NAL-unit-like structure

data structure that is similar to a NAL unit in the sense that it also has a NAL unit header and a payload, with
a difference that the payload might not follow the start code emulation prevention mechanism required for
the NAL unit syntax

3.1.3
native¢ly present
not in¢luded in an aggregator or an extractor

Note 1|to entry: Data referred to by (hence not included in) an aggregator is considered as natively present. Data
includ¢d in an aggregator is not considered as natively present.

3.1.33
operating point
<SVC,MV(C, and MVD> independently decodable subset of a layered bitstream

Note 1|to entry: Each operating point consists of all the data needed to decode this particular bitstream subset

Note 2|to entry: In an SVC stream an operating point represents a particuldr spatial resolution, temporal resg¢lution,
and qufality, and can be represented either by (i) specific values of DTQ (dependency_id, temporal_id and quality_id)
or (ii) $pecific values of P (priority_id) or (iii) combinations of them (e:g{PDTQ). Note that the usage of priority_id is
defined by the application. In an SVC file a track represents one or niore operating points. Within a track tiersfcan be
used tq define multiple operating points.

Note 3|to entry: The bitstream subset of an MVC or MVD operating point represents a particular set of targetfoutput
views at a particular temporal resolution, and consists of‘all the data needed to decode this particular bitftream
subset|In MVD each target output view in the bitstream subset of an MVD operating point can contain a texturle view,
a depth view or both.

Note 4[to entry: An operating point is referred to.ds)an operation point in Annex H of ISO/IEC 14496-10:—.

3.1.3

operating point
<HEV(> independently decodable subset of a layered bitstream, where one or more layers in the set of{layers
are ingdlicated to be output layers

Note 1[to entry: Each operating point consists of all the data needed to decode this particular bitstream subset
Note 2[to entry: An operating’point is referred to as an output operation point in ISO/IEC 23008-2.

3.1.35
operaging point
<VVCx tempotral/subset of an output layer set (OLS), identified by an output layer set (OLS) index|and a
highedt value'of Temporalld

Note 1[toentry: Each operating point consists of all the data needed to decode this particular bitstream subset

Note 2 to entry: An operating point is referred to as an operation point in ISO/IEC 23090-3.

3.1.36
output layer set

set of layers consisting of the layers of one of the specified layer sets, where one or more layers in the set of
layers are indicated to be output layers, as specified in ISO/IEC 23008-2 or ISO/IEC 23090-3
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3.1.37
parameter set

<AV(, SVC, MVC, MVD, HEVC, L-HEVC, VVC, EVC> video parameter set, sequence parameter set, picture

parameter set, or adaptation parameter set as defined in the applicable video standard
Note 1 to entry: This term is used to refer to all types of parameter sets.

<LCEVC> sequence_configuration, global_configuration, or additional_info

Note 2 to entry: As defined in ISO/IEC 23094-2.

3.1.38

parameter set elementary stream
elementary stream containing samples made up of only sequence and picture parameter set-NAL
synchfonized with the video elementary stream

3.1.39
pictuye unit
set of YCL NAL units and their associated non-VCL NAL units

Note 1| to entry: The association of VCL NAL units and non-VCL NAL units with picture units is specified
applicgble video standard.

3.1.40
prefiy NAL unit
NAL uhpit with type 14

Note 1|to entry: Prefix NAL units provide scalability information abetit AVC VCL NAL units and filler data NAI
Prefix NAL units do not affect the decoding process of a legacy AVE decoder. The behaviour of a legacy AVC file
as aresponse to prefix NAL units is undefined.

units

in the

L units.
reader

icture

ned in

hnd all

sub-picture tier
<SVC> tier that consists of sub-pictures that are constrained so that any coded slice that is not inclu

ded in

the tier representation of this sub-picture tier is not referred to in inter prediction or inter-layer prediction

for decoding of this sub-picture tier

3.1.46
sub-layer
temporal sub-layer

<HEVC> set of VCL NAL units with a particular value of Temporalld and the associated non-VCL NAL units

© ISO/IEC 2024 - All rights reserved
6


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

ISO/IEC 14496-15:2024(en)

3.1.47

sublayer
temporal sublayer
<VVC> set of VCL NAL units with a particular value of Temporalld and the associated non-VCL NAL units

3.14

8

SVC enhancement layer

layer

that specifies a part of a scalable bitstream that enhances the video

Note 1 to entry: An SVC enhancement layer is represented by SVC VCL NAL units and the associated non-VCL NAL units
and SEI messages.

Note 2[to entry: Usually an SVC enhancement layer represents a spatial or coarse-grain scalability (CGS) codin
(identified by a specific value of dependency_id).

3.14

SVC NAL unit
SVC V(L NAL unitoranon-VCL NAL unitassociated withan SVC VCL NAL unitas specifiedin1SO/IEC 144

Note

ISO/IEL 14496-10:—.

3.1.5

SVC sample

NAL

repregented by the track

3.1.5

SVC sfream

bitstr¢am represented by the operating point for which dependency_id is equal to mDid, temporal_id
greatgst temporal_id value among mOpSet, and qualitydd is the greatest quality_id value among m
where] the greatest value of dependency_id of all thé<operating points represented by DTQ (depen

id, te

depenflency_id equal to mDid is mOpSet.

Note

There ¢an be NAL units that are not required for decoding this operating point.

3.1.5

SVC VCL NAL unit
NAL upit with type 20, or a NAL unit with type 14 when the immediately following NAL unit is an A\
NAL upit

Note 1|to entry: SVC VCL NABunits do not affect the decoding process of a legacy AVC decoder.

3.1.5

tempgral layer representation
representation of a temporal layer

temp

3.1.5
tier

9

1 to entry: The association of non-VCL NAL units with svc VCL NAL units i$ specified in Anne

a

ynits that belong to an access unit as defined in ISO/IEC 14496-10:—, subclause 7.4.1.2, a1

poral_id and quality_id) combinations is equal to mDid, and the set of all the operating point

1| to entry: The term "SVC stream" is referenced by 'decoding/accessing the entire stream' in this doc

2

3

g layer

196-10

x G of

nd are

is the
OpSet,
Hency_
s with

ument.

/C VCL

Jral layer-and all lower temporal layers

<SVC, MVC, and MVD> set of operating points within a track, providing information about the operating
points and instructions on how to access the corresponding bitstream portions (using maps and groups)

Note 1 to entry: In SVC file format a tier represents one or more scalable layers of an SVC bitstream. In HEVC and VVC,
the term tier is used to represent a part of the interoperability point representation consisting of profile, tier, and

level.

Readers should not be confused about these two different meanings of the word "tier".

Note 2 to entry: The term "tier" is used in SVC file format to avoid confusion with the frequently used term layer. A tier
represents a subset of a track and represents an operating point of an SVC bitstream. Tiers in a track subset the entire
track, no matter whether the track references another track by extractors.
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Note 3 to entry: An MVC or MVD tier represents a particular set of temporal subsets of a particular set of views.

3.1.55

tier representation

representation of the tier

bitstream subset that is required for decoding the tier, consisting of the tier itself and all the tiers on which
the tier depends

3.1.56
video elementary stream
elementary stream containing access units made up of NAL units for coded picture data

3.1.57
videofand parameter set elementary stream
elementary stream containing access units with coded pictures and with parameter sets

3.1.58
video|stream
self-cdntained independently decodable video bitstream

3.1.59
virtugl base view
AVC compatible representation of an independently coded non-base view

Note 1|to entry: The virtual base view of an independently coded non-base‘view is created according to the process
specifipd in ISO/IEC 14496-10:—, subclause H.8.5.5. Samples containing data units of an independently cod¢d non-
base view and samples of the virtual base view are aligned by decodingtimes.

3.1.60
VVC bjtstream
bitstr¢am conforming to the VVC standard (ISO/IEC 23090-3)

Note 1[to entry: Unless otherwise scoped in the text, theterm VVC bitstream refers to the entire bitstream thatthe file
writerlincludes in a file, possibly stored in multiple tracks. In some occasions, Clause 11 specifically refers to the VVC
bitstrepm contained in a track, either natively or though resolving ' subp' track references or 'recr' track refefences.

3.1.61
VVC extraction base track
VVC tifack that references another VVCtrack through a 'recr' track reference

3.1.62
VVC merge base track
VVC tyjack that references VVC'subpicture tracks though a 'subp' track reference

3.1.6
VVC npn-VCL track
track fhat contains‘only non-VCL NAL units and is referred to by a VVC track through a 'vvcN' track reference

3.1.6
VVC suibpicture
subpidtureas defined in in the VVC standard (ISO/IEC 23090-3)

Note 1to entry: Unless otherwise scoped in the text, the terms VVC subpicture and subpicture are used interchangeably.

3.1.65

VVC subpicture track

track that contains either a sequence of one or more VVC subpictures forming a rectangular region or a
sequence of one or more complete slices forming a rectangular region

© ISO/IEC 2024 - All rights reserved
8


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

3.1.66
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track that represents a VVC elementary stream by including NAL units in its samples and/or sample entries,
and possibly by associating other VVC tracks containing other layers and/or sublayers of the VVC elementary
stream through 'vvcb' entity group and the 'vopi' sample group or through the 'opeg' entity group, and
possibly by referencing VVC subpicture tracks

3.2 Abbreviated terms

3D-AVC

Three-dimensional Advanced Video Coding [refers to ISO/IEC 14496-10 when the techniques in

3D-HHVC

A3D

NOTE 1

ALF
APS
AU

AUD
AVC

BLA
CBR
CLVS
CRA
CTU
CVS
DCI
DRA

The abbreviation A3D is used in terminology related to syntax elements_and structures, wherg
abbrevjiation 3D-AVC is used otherwise.

Anmex | {Muttiview amd Depth Video with Ertranced Nom=-Base View Coding)are im use]

Three-dimensional High Efficiency Video Coding [refers to ISO/IEC 23008-2 when thé tech
in Annex I (3D High Efficiency Video Coding) are in use]

Three-dimensional Advanced Video Coding [refers to ISO/IEC 14496-10 when‘the technig
Annex ] (Multiview and Depth Video with Enhanced Non-Base View Coding) are in use]

Adaptive Loop Filter
Adaptation Parameter Set
Access Unit

Access Unit Delimiter

Advanced Video Coding. Where contrastedwith SVC, MVC, or MVD in this document, thi

niques

jues in

bas the

S term

refers to the main part of ISO/IEC 14496-10:—, including none of Annex G (Scalable Video C¢ding),

Annex H (Multiview Video Coding), Annex I (Multiview and Depth Video Coding), and A
(Multiview and Depth Video with-Enhanced Non-Base View Coding)

Broken Link Access

Constant Bit Rate

Coded Layer Video-Sequence
Clean Random Aecess

Coding Tree-Unit

Coded.Video Sequence

Decoding Capability Information

Dynamic Range Adjustment

nnex J

EOB
EOS
EVC
FF
GC
GDR

End of Bitstream

End of Sequence

Essential Video Coding

File Format

Global Configuration for LCEVC [ISO/IEC 23094-2]

Gradual Decoding Refresh
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HEVC High Efficiency Video Coding

HRD Hypothetical Reference Decoder

ID Identifier

IDR Instantaneous Decoding Refresh

[RAP Intra Random Access Point

ISOBMFF ISO Base Media File Format (ISO/IEC 14496-12)

LCEV( Low Complexity Enhancement Video Coding [ISO/IEC 23094-2]

L-HEVC Layered High Efficiency Video Coding

LMCS Luma Mapping with Chroma Scaling

MVC Multiview Video Coding [refers to ISO/IEC 14496-10 when the techniques.ih Annex H (Multiview
Video Coding) are in use]

MVCD Multiview Video Coding Plus Depth [refers to ISO/IEC 14496-10:when the techniques in Annex I
(Multiview and Depth Video Coding) are in use]

MVC+D Multiview Video Coding Plus Depth [refers to ISO/IEC 14496-10 when the techniques in Annex |
(Multiview and Depth Video Coding) are in use]

NOTE?  The abbreviation MVCD is used in terminology related €6 Syntax elements and structures, where¢as the

abbrevfiation MVC+D is used otherwise.

MV-HEVC Multiview High Efficiency Video Codingfréfers to ISO/IEC 23008-2 when the techniques in
Annex G (Multiview High Efficiency Video Coding) are in use]

MVD Multiview Video Coding Plus Depth\[refers to ISO/IEC 14496-10 when the techniques in Annex I
(Multiview and Depth Video Coding) or Annex ] (Multiview and Depth Video with Enhanced
Non-Base View Coding) are in-use]

NAL Network Abstraction Layer

OPI Operating Point Information

PH Picture Header

PPS Picture Parameter Set

PU Picture*Unit

RADL Random Access Decodable Leading

RASL Random Access Skipped Leading

RBSP Raw Byte Sequence Payload

ROI Region-Of-Interest

SAP Stream Access Point

SC Sequence Configuration for LCEVC [ISO/IEC 23094-2]

SEI Supplemental Enhancement Information

SH Slice Header

© ISO/IEC 2024 - All rights reserved
10


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

ISO/IEC 14496-15:2024(en)

SHVC Scalable High efficiency Video Coding [refers to ISO/IEC 23008-2 when the techniques in Annex H
(Scalable High Efficiency Video Coding) are in use]

SPS Sequence Parameter Set

STSA Step-wise Temporal Sub-layer Access [in the context of ISO/IEC 23008-2] or Step-wise Temporal
Sublayer Access [in the context of ISO/IEC 23090-3]

SvC Scalable Video Coding [refers to ISO/IEC 14496-10:— when the techniques in Annex G (Scalable
Video Coding) are in use]

TSA Temporal Sub-Iayer Access

VCL Video Coding Layer

VPS Video Parameter Set

VVC Versatile Video Coding

3.3 (onventions

Mathematical functions:

_ X ; X<=y
Min(x,y) =
y 5 X>y

4 General definitions

4.1 pPverview

The sgecifications in this clause apply to all coding@ystems identified in this specification, unless specifically

over-rjdden by definitions in the clause for a specific coding system.

4.2 PBample and configuration definition

4.2.1 | General

For sanple formats specified {h,this document, a sample contains an access unit or a part of an acce$s unit

(e.g. if] a track containing a'part of a multi-layer video bitstream), where an access unit is as defined|in the

appropriate specification.

4.2.2 | Canonicalorder and restrictions

NOTE]1 Anelementary stream is stored in the ISO Base Media File Format in a manner that a single track contains

the elementary stream in the canonical stream format or a reader can reconstruct the canonical stream format from

multiple tracks carrying the elementary stream. The canonical stream format is as neutral as possible so that sfystems

that nged-to customize the stream for delivery over different transport protocols — MPEG-2 Systems, RTP, |and so

on — 1Eed IOt TEMOVE IMfOTTITAtion {ToNT the elemmentary strean witite being free toadd to the etementary stream.

Furthermore, a canonical stream format allows such operations to be performed against a known initial state.

When multiple tracks are used to store an elementary stream, as may be the case for Clauses 6, 7, 9, 10, and
11, some tracks may contain canonical streams while others may need to be processed (e.g. when extractors
are used or when an implicit reconstruction of access units is needed) to produce a canonical stream.

The canonical stream format is an elementary stream that satisfies the following conditions:

— SEI NAL units: All SEI NAL units shall be contained in the parameter set arrays, or in the sample whose
decoding time is at the time, or immediately precedes the time (with no intervening samples), when the
SEI messages come into effect instantaneously. In general, SEI messages for a picture shall be included
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in the sample containing that picture and that SEI messages pertaining to a sequence of pictures shall
be included in the sample containing the first picture of the sequence to which the SEI message pertains.
The order of SEI messages within a sample is as defined in the applicable video coding standard.

— NAL unit order: The sequence of NAL units in an elementary stream and within a single sample shall be
in a valid decoding order for those NAL units as specified in the applicable video coding standard.

— All timing information is external to stream: Picture Timing SEI messages that define presentation
or composition timestamps may be included in the video elementary stream, as these messages contain
other information than timing, and may be required for conformance checking. However, all timing
1nformat10n is prov1ded by the 1nformat10n stored in the Varlous sample metadata tables and this

NOTE %

strean] at the file format level can invalidate or make inconsistent any embedded timing inforniation present
the video stream.

— No start codes: The elementary streams shall not include start codes. As stored, each NAL

pr
Sy

st
4.2.3

4.2.3.

This s
by tha
eleme

An acd

— Ld
of]

This constraint is imposed due to the fact that post-compression editing, combination; 0¥ re-timi

Fream to insert those start codes.
Sample format

| Definition

k external framing. The syntax of a sample is configured via the decoder specific configuration
itary stream. An example of the structure of a yideo sample is depicted in Figure 1.

Access Slice Slice

Unit SEI NAL Unit NAL Unit
Delimiter NALEUnit (Primary (Redundant
NAL Unit (if-present) Coded Coded Picture)
(if present) 1 Picture) (if present)

Length
Length
Length

Iy Length

Figure 1 — Example structure of a sample

ess unit is made up af '3 set of NAL units. Each NAL unit is represented with a:

ngth: Indicates thelength in bytes of the following NAL unit. The length field may be configure
1, 2, or 4 bytes,

Jtream

this f11e format should be 1gnored as it may contradict the tlmlng prov1ded by the file format atld may
nqt be correct or consistent within itself.

ng of a
within

Linit is

eceded by a length field as specified in 4.2.3; this enables easy scanning of the sample's NAL] units.
stems that wish to deliver, from this file format, a stream using start ¢odés will need to reformpat the

ibclause defines the structure of the samples. Samples’are externally framed and have a size supplied

For the

1 to be

— NAL Unit: Gontains the NAL unit data as specified in the applicable video coding standard.
4.2.3. Syntax
aligned\S; TS NAEFSamot=
{
for (i=0; i<sample size; ) // to end of the sample

{

unsigned int ( (DecoderConfigurationRecord.LengthSizeMinusOne+1) *8)
NALUnitLength;

bit (NALUnitLength * 8) NALUnit;

i += (DecoderConfigurationRecord.LengthSizeMinusOne+1l) + NALUnitLength;
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4.2.3.3 Semantics

DecoderConfigurationRecord indicates the record in the matching sample entry (e.g.
AVCDecoderConfigurationRecord in the case of AVC).

NALUnitLength indicates the size of a NAL unit measured in bytes. The length field includes the size of both
the NAL header and the NAL unit payload but does not include the length field itself.

NALUnit contains a single NAL unit. The syntax of a NAL unit is defined in the appropriate specification (e.g.
[SO/IEC 14496-10) and includes both the NAL unit header and the variable-length NAL unit payload.

4.2.4 [Optional boxes in the sample entry

Unlesq otherwise explicitly specified, the optional boxes, including the BitrRateBox, in the sample| entry
docunjent the information for the output bitstream by the file parser reconstructed from this track and all
the tracks this track depends on for decoding.

4.3 Video track structure

In the[terminology of ISO/IEC 14496-12, both video and parameter set tracks are video or visual fracks.
They therefore use:

a) ahandler type of 'vide' inthe HandlerBox;

b) aYyideo media header 'vmhd';

¢) and, as defined below, a derivative of the visualsampleEnt zin
A videp stream is represented by one or more video tracks ina file.

If therg is more than one track representing scalable aspécts of a single stream, then they form alternatives
to each other, and the field 'a1ternate group' should\be'used, or the composition system used should| select
one of|them, as appropriate. See ISO/IEC 14496-12 for informative labelling of why tracks are memlbers of
alternpte groups.

4.4 T[Template fields used

The IS0 Base Media File Format defines’a number of fields that have default values but that may be defined
for usg¢ by specific sub-systems. Tracks containing video data may use the following template fields:

a) allternate group in the TfagkHeaderBox (see 5.4.8 on stream switching).
b) template field 'depthlinthe visualsampleEntry to document the presence of alpha.

depth takes one of the following values:

018 - the vidégd sequence is in colour with no alpha
0428 — the yideo sequence is in grayscale with no alpha
0420 - thevideo sequence has alpha (gray or colour)

4.5 Visual width and height

The width and height fields in a visualsampleEntry shall correctly document the maximum cropped frame
dimensions in any sample of the video stream that is described by that entry.

The width and height fields do not reflect any changes in size caused by SEI messages such as pan-scan. The
visual handling of SEI messages such as pan-scan is both optional and terminal-dependent.

Note that the visual size in the SPS or PPS may be either frame or field size; in the sample entry, it is always
the frame size.
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The width and height fields in the track header may not be the same as the width and height fields in
the one or more visualSampleEntry in the video track. As specified in the ISO Base Media File Format, if
normalized visual presentation is needed, all the sequences are normalized to the track width and height for

presentation.

4.6 Decoding time (DTS) and composition time (CTS)

Samples are stored in the file format in decoding order. If picture reordering is not used and decoding and
composition times are the same, then presentation is the same as decoding order and only the time-to-

sample 'stts' table is used. Note that any kind of picture may be reordered, not only B-pictures.

If dec¢ding time and composition time differ, the composition time-to-sample 'ctts' table is alsou
conjurction with the 'stts' table.

4.7 Bample groups on random access recovery points 'ro11' and random access’points

This vlersion of ISO/IEC 14496-15 disallows the presence of sampleToGroupBox with §hcuping type]
to 'rofi1' and version greater than 0 in tracks with sample entries specified in ISO/IEC 14496-15
than (lauses 7 and 11. Parsers according to this version of ISO/IEC 14496-15 shall ignore sampleToGr

sed in

rap '

equal
other
upBox

with drouping type equal to 'ro11' and version greater than 0 in tracks with'sample entries specified in

ISO/IHC 14496-15 other than Clauses 7 and 11.

This version of ISO/IEC 14496-15 disallows the presence of sampleTo&FoupBox With grouping type
to 'rap ' and version greater than 0 in tracks with sample entries specified in ISO/IEC 14496-15
than (lause 7. Parsers according to this version of ISO/IEC 14496-15 shall ignore sampleToGroupBo
grouping type equal to 'rap ' and version greater than 0-in)tracks with sample entries speci
ISO/IHC 14496-15 other than Clause 7.

NOTE]1 Thevideo coding system can include the concept of gradual decoding refresh (GDR). For AVC and HEY
can be|signalled in the bit-stream using the recovery point SEI'message. This message is found at the beginnin

equal
other
. with
ied in

/C, this
7 of the

randor access, and indicates how much data needs to be decoded subsequent to the access unit at the position of the

SEI mejssage before the recovery is complete. For VVCthe recovery point SEI message is not supported. Inste
gradudl decoding refresh is indicated normatively witha GDR picture that has a ph_recovery_poc_cnt syntax g
in its picture header. The GDR picture is indicated by a GDR NAL unit type and the value of the ph_recovery_j
syntax|element is used to identify the recovery point picture.

When(all access units in output orden(starting from the access unit at the position of a recovery po

ad, the
lement
oc_cnt

nt SEI

message can be successfully decoded after random access, i.e. when the recovery_frame_cnt syntax element

of the fFecovery point SEI messagetisiequal to 0, the Random Access Point (' rap ') sample grouping sha
used. The Random Access Point\(**ap ') sample grouping should not be used for VVC.

This doncept of gradual recovery is supported in the file format also by using visualRollRecover
Groupg. In order that thé\group membership marks the sample containing the recovery point SEI mess
for VVIC the GDR picture;the 'ro11 distance' is constrained to being only positive (i.e. a post-roll). Iy
words] visualRoliReloveryEntry Groups can be used when the value of the recovery_frame_cnt
element of the regovery point SEI message is greater than 0 or when the value of the ph_recovery_p
syntax elementin VVC is greater than 0.

NOTE The roll-group counts samples in the file format; this does not necessarily match the way that the dig

uld be

yEntry
hge, or
other
syntax
oc_cnt

tances

are refrésented in the recovery point SEI message or by the ph_recovery_poc_cnt syntax element in VVC.

Within a stream, it is necessary to mark the beginning of the pre-roll, so that a stream decoder may start
decoding there. However, in a file, when performing random access, a deterministic search is desired for the

closest preceding frame that can be decoded perfectly (either a sync sample, or the end of a pre-roll).

4.8 Hinting

Note that what the hint tracks call "B frames" are actually 'disposable’ pictures or non-reference pictures,

for example as defined in ISO/IEC 14496-10.
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Care should be taken when the structures in Annex A (aggregators or extractors) are in use and the track
is hinted. These structures are defined only for use in the file format and should not be transmitted. In
particular, a hint track that points at an extractor in a video track would cause the extractor itself to be
transmitted (which is probably both incorrect and not the desired behaviour), not the data the extractor
references. Hint tracks should normally directly reference NAL units specified in the applicable video coding
standard.

4.9 On change of sample entry (informative)

In this clause, resetting decoding can be regarded as a similar process as starting the decoding from the
beginning of a video stream

A change in the sample entry is caused, for example, by a change of parameter set(s) reusing thd same
parameter set ID(s) in a visualSampleEntry.

For the single-layer video file formats specified in Clauses 5 and 8, the video decoder for decoding|of the
bitstream output from the file parser is expected to be reset at the first sample at which’the samplg entry
changes.

For the file format specified in Clause 11, the video decoder for decoding of the bitstream output from the file
parseif is expected to be reset at the first sample at which the sample entry changes if the following applies.

— Thereisno 'dcfi' sample group, as specified in subclause 11.4.11, included in the track.

When|more than one sample entry is used in a track, random accessing is enabled if a video str¢am is
encoded and encapsulated in the track as follows:

— Tle first sample that a sample entry is associated with (i.exfapplies to) is a sync sample.

— D¢coding of samples that a sample entry is associated'with does not rely on data from any sample not
agsociated with the sample entry or data from any.other sample entry.

For the multi-layer video file formats specified in;€lauses 6 and 7, the video decoder for decoding|of the
bitstream output from the file parser is expected to be reset at the first sample in the base track or s¢alable
base track (as defined in Clauses 6 and 7) at.which the sample entry changes. When more than one §ample
entry fis used in the base track or scalablé-base track, random accessing is enabled if a video str¢am is
encoded and encapsulated in the track as\follows:

— The first sample that a sample entry in the base track or scalable base track is associated with is a
sylnc sample.

— D¢coding of the set of .access units from the first access unit containing the first sample in the base

track associated witlca-sample entry to the last access unit containing the last sample in the bas¢ track
agsociated with the-sample entry, inclusive, does not rely on data from any access unit earlier thlan the
fifst access unitdnydecoding order or data from any sample entry associated with a sample contaijned in
arf access unit'earlier than the first access unit in decoding order.

NOTE When'parameter sets are stored other than in the sample entry, i.e. either in a separate parameter sef track,
or in the saniples in the video track, it is possible that there are two parameter sets with the same identifier, with the
semantics (defined in the applicable video coding standard) that the second occurrence replaces the first frqm that
time ohwards in the stream. Converting such a stream to a form in which all parameter sets are in a single pample
entry involves more than moving the applicable NAL units into the sample entry; one of the two occurrences will
need a new identifier value, and the video NAL units that refer to it by identifier will also need updating. Alternatively,
multiple sample entries can be used for the storage of parameter sets with same ID, in which case sample to sample
entry association needs rewriting.

In the following, let the L-HEVC base track be the track referred to by a track reference of type 'oref’
(when present) or the present track (when it contains an 'oinf' sample group). For the multi-layer video
file formats specified in Clause 9, the video decoder for decoding of the bitstream output from the file
parser is expected to be reset at the first sample in the L-HEVC base track at which the sample entry or the
'oinf' sample group description entry changes. When more than one sample entry or 'oinf' sample group
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description entry is used in the L-HEVC base track, random accessing is enabled if a video stream is encoded
and encapsulated in the track as follows:

— The first sample that a sample entry or an 'oinf' sample group description entry in the L-HEVC base
track is associated with has an IRAP picture (as specified in ISO/IEC 23008-2) at the lowest layer carried
in the track.

— Decoding of the set of access units from the first access unit containing the first sample in the L-HEVC
base track associated with a sample entry or an 'oinf' sample group description entry to the last access
unit containing the last sample in the L-HEVC base track associated with the sample entry or 'oinf"
sample group description entry, inclusive, does not rely on data from any access unit earlier than the first

aqcess umnit im decoding order or data fTomnT any Sammpie emntry or "oint ™ Salnpie group description entry

agsociated with a sample contained in an access unit earlier than the first access unit in decoding|order.

4.10 BEI information box

4.10.1 Definition

Box Tyjpe: 'seii!

Contalner: Scheme Information box ("schi') or visualSampleEntry

Manddtory: Yes (in the schemeInformationBox), No (in a VisualSamp¥eEntry)
Quantjty: One (in the schemeTInformationBox), Zero or onein a visualSampleEntry)

The SEI Information box documents the SEIs in a stream:{When contained in a visualSampldEntry,
numRequiredstls shall be 0. By inspecting the SEI Informatioh box a player will know which SEI mefsages
it can pssume to be present, and which are deemed necessary by the file author for correct playback.|There
might|be other SEIs present in the bitstream that are nat-documented by this box.

4.10.4 Syntax

aligngd (8) class SeilnformationBox extends Box ('seii') {
ungigned int (16) numRequiredSEIs;
for (i = 0; 1 < numRequiredSEIs;\ud++) {
ungigned int (16) requiredSEI ID;
}
ungigned int (16) numNotReqguiredSEIs;
for (i = 0; 1 < numNotRedulredSEIs; i++) {
ungigned int (16) notrequigredSEI ID;
}

4.10.3 Semantics

requifedsEl 10 takes on the value "payloadType" of an SEI message present in the bitstream that is deemed
ng¢cessary by the file author for correct playback.

notrequinedse1 1D takes on the value "payloadType" of an SEI message present in the bitstream thaf is not
deemednetessary by the fiteauthor forcorrect playback:

4.11 Post-decoder requirements scheme for signalling of SEI

4.11.1 General

In order to handle situations where the file author requires certain actions on the player or renderer, the
ISO base media file format specifies the restricted-video mechanism where sample entries are hidden
behind the generic sample entry 'resv'. The mechanism applies to all coding systems identified in this
document. For the case of signalling of SE], a file author can list occurring SEI message IDs and classify them
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into two categories: those that are deemed required by the file author for correct playback, and others. The
occurrence of either type of SEI messages can be signalled in the SEI Information box.

4.11.2
The sc

Definition

heme for signalling of SEI is defined here.

The SchemeType 'ase1’ is used.

The SEI information box is mandatory in the SchemelnformationBox under the 'ase1' scheme. In this case,
it contains information about the SEI messages present in the bitstream. Although the SEI messages are not

requi

distin
requiy
The S}
SEl In

4.12

Memb

'subp]|,

of typ

A 'suy

As implied by the general semantics of a track reference to a tragk<group_id specified in ISO/IEC 14

any si

subclause 11.6.3 or for extraction as specified in Clause A.3:and Clause A.7 or for bitstream reconstr

ed for decoding, the file author may require Certain actions for Tendering or Other pur poses., 1
puishes between an SEI that is required to be understood for correct playback and an SEI that
ed for correct playback (but may enhance playback).

I messages listed here should be stored either in the bitstream or in the Configuration Recor
ormation box does not contain the actual SEI messages, it only lists those that occlrin the bitst

Alternative extraction source track grouping

ers of the track group with track group type equalto 'alte' are alterndtives to be used asasou
"scal' or 'sabt' track reference. The value of (f1ags & 1) shall be equal to 1 ina TrackGroupT
b 'alte’ to indicate the uniqueness of track group id as specifiedin1SO/IEC 14496-12.

e box
is not

d. The
ream.

rce for
ypeBox

p', 'scal' or 'sabt' track reference may refer to a track gréip id value of an 'alte' track

hgle track of an 'ai1te' track group is a valid source for VV& subpicture track selection as speci

from

NOTE

track g
merge
the sar
reader

group
4.13

4.13.1

The v
when
link sk

the folir-character €ode of the associated sample grouping type. Consequently, a sampleToGroupBox (

'nalm

which

A trac

ile tracks as specified in subclause 10.5.4.

Tracksinan 'alte' track group could representdifferent source content as long as any track in the
roup is a suitable source for AVC or HEVC extracters or for the reconstruction of a VVC access unit in

he source content. When the same 'alte' track group is referenced multiple times from a single sam

5 are generally advised to select differentitracks from this track group with different non-zero alte
values to resolve the references.

NAL unit map entry

Definition

LUMapEntry may besed to assign an identifier, called group1p, to each NAL unit. The natuMag
present, shall beZlihked to a sample group description providing the semantics of that groupr
all be providéd by setting the grouping type parameter of the sampleToGroupBox of type 'nd

shall never use version 0 of the box. It is not permitted to indicate an associated grouping tj
the safuple group description definition does not provide semantics for group1p.

sroup.
96-12,
ied in
uction

alte'
a VVC

base track. Tracks that have the same non-zér¢’alternate group value in the TrackHeaderBox represent

ble, file
fnate

Entry,
D. This
im' to

ftype
e for

meter

k Shall not contain both a sampleToGroupBox of type 'nalm' associated with grouping type par

equal

U a particutar vatue grouptype amd sampIeToGroupBox  Of type grouptype. Wiema track tomn

ains a

SampleToGroupBox Of type 'nalm' associated with grouping type parameter grouplype, NAL units of the
mapped sample are indirectly associated with the sample group description of type groupType through the
groupID of the NALUMapEntry applicable for that sample. When a track contains a sampleToGroupBox of type
groupType, each sample is directly mapped to the sample group description of type groupType through the
sampleToGroupBox Of type groupType and all NAL units of the mapped sample are associated with the same
groupID.
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Syntax

NALUMapEntry () extends VisualSampleGroupEntry ('nalm') {
(6) reserved = 0;

igned int(1l) large size;

igned int(1l) rle;

(large _size) {

unsigned int (16) entry count;

1se {

unsigned int(8) entry count;

for (i=1; i<= entry count; i++) {

if (rle) {

4.13.3

large|

16

rle inflicates whether run-length encoding is used (1) to assign gxoGp1D to NAL units or not (0).

entry|
cqg
W

NALU
as

group]

ok
to
is
gy

Each N

— If
o1

— Ot
NA

When
by def

if (large size) {

unsigned int (16) NALU start number;
} else {

unsigned int (8) NALU start number;
}

}
unsigned int (16) grouplID;

Semantics

size indicates whether the number of NAL units entries in the track’samples is represented d
bits.

count specifies the number of entries in the map. Note that when rie is equal to 1, the entry
rresponds to the number of runs where consecutive NAL units are associated with the same
hen rieis equal to 0, entry count represents the total number of NAL units.

tart number is the 1-based NAL unit index in the sample of the first NAL unit in the curre
sociated with group1D.

D specifies the unique identifier ofsthe group. All NAL units mapped to the same group
rticular groupip value have the sahie properties in all the sample groups that indicate a m
that particular group1p value ahd-are contained in this track. More information about the
provided by the sample group description entry with this groupId and grouping type equal
ouping_type_parameterOftheSampleToGroupBoxOftype'nalmh

[AL-like-structure, if any, that is present in a sample is treated as follows:

the NAL-unit-like-structure is an aggregator, all NAL units aggregated by the aggregator by ind
by reference countas a single NAL unit in the indexing provided by the NALUMapEntry.

herwise, the“NAL-unit-like structure counts as one NAL unit in the indexing provided |
LUMapEngry; prior to resolving or processing the NAL-unit-like structure.

used with movie fragments, new NAL unit maps can be defined for the duration of the movie frag
ning aNew SampleGroupDescriptionBox in the TrackFragmentBox aS defined in ISO/IEC 14496-

n 8 or

| count

proup.

nt run

ith a
Apping
group
to the

lusion

by the

ments,
| 2.
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4.14 Rectangular region group entry

4.14.1 Definition

Group Type: ‘trif!

Container: SampleGroupDescriptionBox('sgpd')

Mandatory: No

Quantjty: Zero or more

The rdctangularRegionGroupEntry may be used to describe a rectangular region.

NOTE1 The definition of a rectangular region can depend on coding systems. Clauses 10 and 11 specify the
RectantgularRegionGroupEntry for HEVC and VVC, respectively.

NOTE2 TheRectangularRegionGroupEntry used to be called TileRegionGroupEntry.

The gjouping type parameter is not defined for the sampleToGroupBox with grouping type 'trif’.
4.14.24 Syntax

class|RectangularRegionGroupEntry () extends VisualSampleGroupEntey ('trif')

{
uns
un
if

elj

4.14.3

group]
V4
a

igned int (16) grouplID;
igned int(l) rect region flag;
(!rect region flag)
bit (7) reserved = 0;
e {
unsigned int(2) independent idc;
unsigned int (1) full picture;
unsigned int (1) filtering disabled;
unsigned int (1) has dependency list;
bit (2) reserved = 0;
if (!full picture) {
unsigned int (16) horizontal offiset;
unsigned int (16) vertical offiset;
}
unsigned int (16) region width)
unsigned int (16) region height;
if (has_dependency listiy
unsigned int (16) dependency rect region count;
for (i=1; i<= depkendency rect region count; i++)
unsigned int{16) dependencyRectRegionGrouplD;

Semanties

D is awnique identifier for the rectangular region group described by this sample group entr
lue©fgroup1Dd in a rectangular region group entry shall be greater than 0. The value 0 is resery

ise the

y. The
red for

bpecial use.

When there is sampleToGroupBox of type 'nalm' and grouping type parameter equal to 'trif', a

Sa

mpleGroupDescriptionBox of type 'trif' shall be present, and the following applies:

— The value of group1D in a rectangular region group entry shall be equal to the group1D in one of the

entries of NALUMapEntry.

— A NAL unit being mapped to groupID 0 by a NALUMapEntry implies that the NAL unit is required for

decoding any rectangular region in the same coded picture as this NAL unit.
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NOTE 1 There can be multiple rectangular region group entries with the same values of horizontal
offset, vertical offset, region widthand region height, respectively, but with different groupid
values, for describing varying dependencies.

rect region flag equal to 1 specifies that the region covered by the NAL units within a picture and

associated with this rectangular region group entry is a rectangular region, and further information
of the rectangular region is provided by subsequent fields in this rectangular region group entry. The
value 0 specifies that the region covered by the NAL units within a picture and associated with this
rectangular region group entry is not a rectangular region, and no further information of the region is
provided in this rectangular region group entry.

NQIE 2 Tha - £ oot 1o vcadtabho callad s 2 reci-on—~t
T—Fr = e regror—Erog—HSedate-Be-cae =+ reegror—r

1 =
oS

hen a multi-layer bitstream is carried in one or more tracks, for any two layers layerA and/layerB of
bitstream, the following constraint applies: When a NAL unit of layerA is associated with'a gtoup1p
vdlue gldA for which the corresponding rect_region_flag is equal to 1, and a NAL unit of layerB is
agsociated with a group1D value gldB for which the corresponding rect region flagis equal to 1, gldA
sHall not be equal to gldB.

indep¢ndent idc specifies the coding dependencies between each rectangular region associated with this

rectangular region group entry and other rectangular regions in the same pic¢ture or in reference pictures
offthe same layer. Inter-layer dependencies, if any, are indicated by a list of'dégendencyrRectRegionGtoupID
(When has_dependency list isequalto 1).

This field takes the following values:

—{ When independent_idc is equal to 0, the coding dependengies between this rectangular regipn and
other rectangular regions in the same picture or in reféfence pictures of the same layer is|either
described by a list of dependencyRectRegionGrouplB (When has dependency list is equal t 1) or
unknown (when has dependency 1list is equal to 0):

—{ When independent_idc is equal to 1, there aréno temporal dependencies between this rectapgular
region and the rectangular regions with different group1p in any reference pictures of the samg layer
but there can be coding dependencies between this rectangular region and a rectangular fegion
with the same group1D in a reference picture of the same layer.

— When independent idc is equal.to*2, there are no coding dependencies between this rectangular
region and any rectangular region in a reference picture of the same layer.

— The value 3 is reserved.

full picture, when set, indicates that each rectangular region associated with this rectangular region

grjoup entry is a completé picture, in which case region width and region height shall be set|to the
width and height, respéectively, of the complete picture, and independent idc shall be setto 1 or 2.

filtefing disabled,when set, indicates that for each rectangular region associated with this rectapgular

rejgion groupsentry the in-loop filtering operation does not require access to pixels adjacent fo this
relctanguldr region, i.e., bit-exact reconstruction of the rectangular region is possible without de¢oding
thle adjacent rectangular regions.

has d¢penhdency list, when set to 1, indicates that dependency rect region count and, when depen ency

rect region count IS greater than U, a list of dependencyRectRegionGrouplD are present. When set to 0,
dependency rect region count iS not present and no dependencyRectRegionGroupID is present.

horizontal offset andvertical offset give respectively the horizontal and vertical offsets of the top-left

pixel of the rectangular region that is covered by the NAL units in each rectangular region associated
with this rectangular region group entry, relative to the top-left pixel of the base region, in luma samples.
The base region used in the RectangularRegionGroupEntry is the picture to which the NAL units in a
rectangular region associated with this rectangular region group entry belongs.

NOTE 3  The definition of the base region can be overridden by a specific coding system. Clause 10 overrides
the definition of the base region for HEVC and L-HEVC.
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region width and region height give respectively the width and height of the rectangular region that is
covered by the NAL units in each rectangular region associated with this rectangular region group
entry, in luma samples.

NOTE4  For coded streams using spatial scalability and rectangular regions on both the base and
enhancement layers, when each layer is carried in its own track, the RectangularRegionGroupEntry sample
descriptions of the base layer will give coordinates expressed in luma samples of the base layer, while the
RectangularRegionGroupEntry sample descriptions of an enhancement layer will give coordinates expressed
in luma samples of the enhancement layer.

dependency rect region count indicates the number of rectangular regions each rectangular region
associated with this rectangular region group entry depends on

dependencyRectRegionGroupID gives the grouptdp of a rectangular region (as defined |by a

RectangularRegionGroupEntry) that this rectangular region depends on. For a particulafr)tectapgular
rejgion associated with this rectangular region group entry, the rectangular regions it depends dn may
bg from the same layer or the reference layers.

4.15 Layer information sample group

4.15.1 Definition

The lipt of layers and sub layers a track carries is signalled in the Layer Information sample grqup. In
the coptext of subclause 4.15, the term sub-layer is a collective term.for the term sub-layer as defined in
ISO/IHC 23008-2 and the term sublayer as defined in ISO/IEC 23090-3.

The gouping type parameter is not defined for the sampleToGfpupBox with grouping type '1inf".

4.15.2 Syntax

class|LayerInfoGroupEntry extends VisualSampleG¥oupEntry ('linf') {

bif (2) reserved = 0;
ungigned int (6) num layers in track;
fof (i=0; i<num layers in track; i++) {

bit (2) reserved = 0;

unsigned int(l) irap gdr pics inllayer only flag;
unsigned int (1) completeness .flag;

unsigned int (6) layer id;

unsigned int (3) min TemporalId;

unsigned int (3) max TempokalId;

bit (1) reserved = 0;

unsigned int (7) sub_fgayeér presence flags;

4.15.3 Semantics

irap ¢dr pics/®i layer only flag: equal to 1 specifies that the i-th layer with nuh_layer_id equal to
l14qyer id-contains only IRAP pictures and GDR pictures with ph_recovery poc_cnt equal to 0 gnd all
IRAP.and GDR pictures with ph_recovery_poc_cnt equal to 0 for the i-th layer are present in the|track.
idap~gdr pics in layer only flag equal to O specifies that the i-th layer with nuh_layer_id equal to
layer T @y comntaim pictures other tham IRAP pictures or GBRpictures with phrecovery—poc_cnt
equal to 0.

completeness flag: equal to O specifies that when min Temporal1d is equal to 0, all pictures of the i-th
layer with Temporalld value equal to 0 are present in the track. completeness flagequal to 1 specifies
that when min_Temporalid is equal to 0, all pictures of the i-th layer with Temporalld value equal to
0 may not be present in the track and all pictures of the i-th layer with Temporalld value equal to 0
that are neither IRAP pictures nor GDR pictures with ph_recovery _poc_cnt equal to 0 are present in the
track. When min Temporal1d is not equal to O for the i-th layer, the meaning of completeness flag is
unspecified for the i-th layer.
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num_layers_in_ track: The number oflayers carried in any sample of this track associated with this sample group.

layer id: nuh layer id ofthe layer carried in the associated samples. The instances of this field shall be in
ascending order of 1ayer id in the loop.

min_ TemporalId: The minimum Temporalid value for the sub-layers in the layer within the track. When
irap gdr pics in layer only flag is equal to 1 for the i-th layer, min Temporal1d shall be equal to 0
for the i-th layer.

max_TemporalId: The maximum Temporalid value for the sub-layers in the layer within the track. When
irap gdr pics in layer only flagis equal to 1 for the i-th layer, max Temporal1d shall be equal to 0

fC tha : th lauar
Tty ©f

sub lgyer presence flags: Each bit of this field at bit position bitPos in the range of min Temporgl1d to
mgx TemporalId indicates that the sub-layer with Temporal1d equal to bitPos is natively present|(when
thie bit is equal to 1) or present by extractors (when the bit is equal to 0) in the track. Bit$)of this field at
bif positions less than min TemporalId or greater than max Temporalld are unspecified.

4.16 Btorage of SEI manifest and SEI prefix indication SEI messages

When [one or more SEI NAL units containing an SEI manifest SEI message and /0r"an SEI prefix indication SEI
message need to be stored, they should be stored in the decoder configurationinformation as follows

— Fqr AVC, SVC, MVC, and MVD, these SEI NAL units should be stored as instandes of

sdquenceParameterSetNALUnit in AvCDecoderConfigurationRecord, SVCDecoderConfigurationHecord,
M{CDecoderConfigurationRecord, and MVDDecoderConfigurati@gnRecord, respectively.

— Fqr HEVC and L-HEVC, these SEI NAL units should be stored as instances of nalunit with NAT, unit type
indicating a prefix SEI NAL unit in HEVCDecoderConfiguidtionRecord and LHEVCDecoderConfigurgtionR
edord, respectively.

— Fqr VVC, these SEI NAL units should be stored ag\instances of nal _unit with NAL, unit type indicating a
P efix SEI NAL unit in vvcDecoderConfigurati@nRecord.

When|a parameter set elementary stream is.ifuse for AVC, SVC, MVC, or MVD, SEI NAL units containing an
SEI mgnifest SEI message and/or an SEI prefix indication SEI message should also be placed in the pargmeter
set elementary stream.

4.17 Supplementary track reference

Multirhedia applications may'offer a functionality, sometimes referred to as picture-in-picture servyice, of
displaying a video with a smaller spatial resolution over a video with a bigger spatial resolution. |n this
context, the videos with.the smaller and bigger spatial resolutions referred to as the supplementary| video
and the main video, respectively.

[SO/IHC 14496-12,supports such a functionality when an explicit association between a pair of main video
and supplemeritary video is not necessary, e.g., when the file contains only two video tracks, by providing the
size, positien~and layer of the main video and supplementary video through the header of their resgective
tracksl Régardless of whether the association between a pair of main video and supplementary video is
explicltlysignalled, for each pair of main video and supplementary video, the window in the main video for
overlaying the supplementary video, which is smaller in size than the main video, is indicated by the values
of the matrix fields of the TrackHeaderBoxes of the supplementary video track and the main video track, and
the value of the 1ayer field of the TrackHeaderBox of the supplementary video track shall be less than that of
the main video track, to layer the supplementary video in front of the main video.

In some cases, a file writer may want or need to explicitly signal the association between a pair of main
video and supplementary video. For example, when there are more than three video tracks in the file while
only two of the video tracks are intended to be used together to provide a combined experience, an explicit
signalling of the association is needed. For this purpose, the 'supm' track reference is defined and indicates
that the video in the referencing track or in any track in the alternate group to which the referencing track
belongs, if any, can be used as a supplementary video, and that the corresponding main video can be the
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video contained in at least a referenced track or any track in the alternate group to which the referenced
track belongs, if any.

A track with a track reference of type 'supm' shall have a handler 'vide' (specified in ISO/IEC 14496-12) or
'pict' (specified in ISO/IEC 23008-12).

For ea

ch pair of supplementary video and main video, the following applies:

— The track containing the supplementary video is also referred to as the supplementary video track.

— The main video track is a referenced track of the 'supm' track reference or any track in the alternate
group to which the referenced track belongs, if any.

— It[shall be possible to reconstruct a bitstream representing the main video from the main videc
adcording to the specifications for the sample entry of the main video track.

EXAMPLE1 In two examples where the video codec used for a main video is HEVC or L-HEVC, the'main vig
be confained either in a single track or in multiple tracks consisting of an HEVC or L-HEVC tile bagefrack and a 1

of HE

the mafin video track is that single track. In the latter case, the main video track is the tile base track.

EXAM]
either
tracks
track i

4.18

4.18.1

When
units
correg
video
shall i
region
data W
suppld
sampl

possible.

When
target
video

video,
synch

4.18.2

class

or L-HEVC tile tracks containing 'tbas' track references that refer to the tile base track. In the forme

PLE2  Intwo examples where the video codec used for the main video is VVC, the/main video can be coy
n a single track or in multiple tracks consisting of a VVC merge base track'and a number of VVC sub

referenced by the VVC merge base track through the 'subp' track reference.)ln the former case, the mai
that single track. In the latter case, the main video track is the VVC merge)base track.

Picture region replacement sample group

Definition
PicRegionReplacementEntry is present in a supplementary video track, it indicates that th

ponding NAL units of the supplementary vidé€o. In this case, the following are required: 1) Thd
rodec is used for coding of the supplementary video and the main video; 2) The to-be-replaced
e coded with NAL units containing thedata for the corresponding region and excluding any d
s outside of the corresponding region;3) No data outside the to-be-replaced region shall ref
hithin the to-be-replaced region; arid 4) The replacement of these NAL units by the NAL units
mentary video track (sample by.sample) produces a bitstream compliant to the one indicated
e entry. The absence of this sample group indicates that it is unknown whether such replacen

this sample group js, present, the player may choose to replace the NAL units representi
supplementary region in the main video with the corresponding NAL units of the supplem
before sending to.the video decoder for decoding. In this case, for a particular picture in thd
the corresponding NAL units of the supplementary video are all the NAL units in the decoding

ronized samplein the supplementary video track.
Syntax
RieRegionReplacementEntry () extends VisualSampleGroupEntry ('pprr') {

track

eo can
umber
kI case,

tained
bicture
h video

e NAL

Fepresenting the target supplementary video *region in the main video can be replaced with the

P same
region
hta for
brence
of the
by the
nent is

ng the
entary
b main
-time-

b'+ LA 0
itAS—reserved

unsigned int (3) region id type;
unsigned int(8) num region ids minusl;
for (i=0; i<=num region ids minusl; i++)

4.18.3

unsigned int716) region:id[i];

Semantics

region_id_type indicates the type for the value taken by the region_id. If the video codec used for the main
video track is VVC (i.e., the sample entry type is 'vvci' or 'vvi1'), in which case the video codec used
for the supplementary video track is also VVC, region_id type equal to 0 specifies that the region IDs
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are VVC subpicture IDs. Otherwise, the value of region_id type equal to 0 is reserved. When region_
id type is equal to 1, the region IDs are the group1D values in the NAL unit map sample group for the
NAL units that may be replaced by the NAL units of the supplementary video track. region id type

values greater than 1 are reserved.

num region ids minusl plus 1 specifies the number of the following region id[i] fields.

NOTE The number of regions can be restricted by a specification that uses the picture region replacement

sample group through referring to this document.

region id[i] specifies the i-th ID for the NAL units representing the target picture region.

The following constraints apply:

hen region id typeisequalto 1,the mainvideo trackshallhavea 'naim' sample group withgro
type parameter equal to 'pprr' indicating the NAL units in the main video that may bedeplaced
NAL units in the supplementary video track with the same group1D values.

hen region id type is equal to 1 and num region ids minusl is equal to 0, al\\ralm' sample
sHall not be present in the supplementary video track and all the NAL units of)th€ supplementary
trhck are inferred to have groupip equal to region id[0].

hen region id typeisequaltoland num region ids minus1 is greatexrthan0,a 'naim' sample
wjth grouping type parameter equal to 'pprr' shall be present in the-Supplementary video tra
pijovide a mapping of group1D values to NAL units.

hen region id typeisequalto 0, both the main video and thésupplementary video shall include
slice NAL units with subpicture IDs equal to all region idjsnvalues.

5 AVC elementary streams and sample definitions

iview and Depth ¥ideo with Enhanced Non-Base View Coding).
This clause specifi€s-the elementary stream and sample structure used to store AVC visual content.

The stjorage of AVC content uses the existing capabilities of the ISO base media file format but also d
extengions to:support the following features of the AVC codec.

a) Switching pictures enable switching between different coded streams and substitution of pi

ping_
by the

group
video

group
rk and

coded

0/IEC,
stems

reams

art of
Video
nnex J

efines

ctures

within the same stream.

b) Sub-sequences and layers provide a structuring of the dependencies of a group of pictures to prov
a flexible stream structure (e.g. in terms of temporal scalability and layering).

c¢) The sequence and picture parameter set mechanism decouples the transmission of infreq
changing information from the transmission of coded macroblock data. Each slice containing the

ide for

uently
coded

macroblock data references the picture parameter set containing its decoding parameters. In turn,
the picture parameter set references a sequence parameter set that contains sequence level decoding

parameter information.
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5.2 Elementary stream structure

Two types of elementary streams are defined for storing AVC content (see also Figure 2):

— Avideo elementary stream contains all video coding related NAL units (i.e. those NAL units containing
video data or signaling video structure) and may contain non-video coding related NAL units such as SEI
messages and access unit delimiter NAL units. Aggregators and Extractors, when present, shall not be
directly output by file parsers.

Parameter set elementary streams shall not contain video coding related NAL units (i.e. those NAL
units containing video data or signalling video

— Video elementary stream with no parameter sets: In this case, sequence and picture’parameter set

N

unjits shall not be part of AVC samples within the stream itself.

— V
w
in
w

L units shall be stored in the sample entries of this track. Sequence and picture parameter s¢t NAL

deo elementary stream possibly including parameter sets: In this case, the’sample entry indicates
hether the stream may contain parameter sets of given types, in addition t6 other parameters pr
the sample entry. Sequence and picture parameter set NAL units may thetefore be part of AVC sgmples
thin the stream itself.

bvided

— Video elementary stream and parameter set elementary stream: In this case, sequence and picture

P4
ng

The
spec

ifled in Table 1.

Table 1 — NAL Unit types'in elementary Streams

rameter set NAL units shall be transmitted only in the papameter set elementary stream an
ither be present in the sample entries nor the AVC samplesofithe video elementary stream.

1 shall

types of NAL units that are allowed in each of the videe and parameter set elementary streamns are

Value of Description Video elementary Video elementary | Parametgr set
nal gnit type stream (sample entry |stream (sample entry| elementary
'avcl' or 'avc2') 'avc3!' or 'avcd') stream

0 Unspecified See Annex F See Annex F See Annlex F

1 Coded slice of a non-IDR Yes Yes No
picture
slice_layer_without_partition-
ing_rbsp()

2 Coded slice-data partition A Yes Yes No
slice_data’ partition_a_layer_
rbsp(}

3 Coded slice data partition B Yes Yes No
slice_data_partition_b_layer_
rbsp()

4 Coded slice data partition C Yes Yes No
slice_data_partition_c_layer_
rbsp3

5 Coded slice of an IDR picture Yes Yes No
slice_layer_without_partition-
ing_rbsp()

6 Supplemental enhancement Yes. Yes Only 'declara-

information(SEI)
sei_rbsp()

Except for the Sub-se-
quence, layering or
Filler SEI messages

Except for the Sub-se-
quence, or layering SEI
messages

tive' SEIs should
be present
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Table 1 (continued)

Value of Description Video elementary Video elementary | Parameter set
nal unit type stream (sample entry |stream (sample entry| elementary
'avcl' or 'avc2') 'avc3!' or 'avcd') stream

7 Sequence parameter set (SPS) No. Yes Yes

seq_parameter_set_rbsp( ) If parameter set elemen- | Parameter set elemen-
tary stream is not used, | tary stream shall not
SPS shall be stored in be used
the Decoder Specific
Information.

8 Picture parameter set (PPS) No. Yes Yes

pic_parameter_set_rbsp() If parameter set elemen-| Parameter set elemen-
tary stream is not used, | tary stream shall not
PPS shall be stored in be used
the Decoder Specific
Information.

9 Access unit delimiter (AU Yes Yes No
Delimiter)
access_unit_delimiter_rbsp()

10 End of sequence Yes Yes No
end_of_seq_rbsp()

11 End of stream Yes Yes No
end_of_stream_rbsp()

12 Filler data (FD) No Yes No
filler_data_rbsp()

13 Sequence parameter set Na. Yes Yes
extension If parameter;set elemen- | Parameter set elemen-
seq_parameter_set_exten- tary strearm is not used, | tary stream shall not
sion_rbsp() Sequence Parameter be used

SetExtension shall be
stored in the Decoder
Specific Information.
14...18 Reserved Not specified by this Not specified by this | Not specified by
document document this document

19 Coded slice of an auxiliary Yes Yes No
coded picture witheut parti-
tioning
slice_layer.without_partition-
ing_rbsp()

40...23 Reserved Not specified by this Not specified by this | Not speciffied by
document document this document
24 -31 Unspecified See Annex F See Annex F See Annlex F
AU Delimiter | SEI Messages VCL
NAL unit NAL units NAL units.
(if present) (if present) e.g. Slice

\ Access Unit

Y

a) Single video elementary stream containing NAL units
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Video Slice Slice
ES NALU | NALU
/ ‘/‘V/v
Parameter Param
Set ES NALU L L

b) Synchronized video and parameter sets with arrows denoting synchronization between streams

Figure 2 — AVC elementary stream structure

5.3

5.3.1

The c3
to the

— Vi
D:

bample and configuration definition

Canonical order and restrictions

nonical stream format is an AVC elementary stream that satisfies the following!eonditions in ad
ogeneral conditions in 4.2.2:

deo data NAL units (Coded Slice, Coded Slice Data Partition A, Coded Slicé-Data Partition B, Code
ita Partition C, Coded Slice IDR Pictures): All slice and data partition NAL\units for a single pictur

bd
— P
sh

NOTE
that pi

NOTE %

the vid

every part of the video elementary stream to find relevant parameter sets. It also avoids dependencies of ing

durati
sets in
set ele
Param
permit]

— P
fr
st
E3
de

NOTE
useas

s:lmple shall contain at least one VCL NAL unit of the primary coded'picture.

presenI both the sample entries and as\part of the samples.

contained within the sample whose decoding time and compositiontime are those of the picturt

rameter sets: If a parameter set elementary stream is usedjthen the sample in the parameter s
all have a decoding time equal or prior to when the parameter set(s) comes into effect instantang

|  This means that for a parameter set to be used in aicture it is to be sent prior to the sample con
Cture or in the sample for that picture.

When the sample entry name is 'avcl' or 'avc2', parameter sets are stored either in the sample en
eo stream or in the parameter set stream, but néver in both. This ensures that it is not necessary to e

n between the sample that contains the parameter set definition and the samples that use it. Storing par
the sample entries of a video stream provides a simple and static way to supply parameter sets. Par
mentary streams on the other hand.ate 'more complex but allow for more dynamism in the case of u
bter sets can be inserted into the (video elementary stream when the file is streamed over a transpg
s such parameter set updates. When the sample entry name is 'avc3' or 'avc4’, then parameter sets

rameter set track: A sync sample in a parameter set track indicates that all parameter sets 1]
bm that (decoding) time forward in the video elementary stream are in that or succeeding parg
ream samples. Alse there shall be an AVC parameter set sample at each pointa parameter setis up
ch AVC parameter'set sample shall contain exactly the sequence and picture parameter sets nee
code the relévant section of the video elementary stream.

The-lis¢ of a parameter set track in the file format does not require that a system delivering video
bparate elementary stream for parameter sets. Instead, implementations can choose to map parameter

dition

d Slice
e shall
e, Each

tream
eously.

faining

(ries of
kamine
efinite
hmeter
hmeter
bdates.
rt that
can be

eeded
meter
dated.
ded to

ontent
sets to

in-banr patameter set NAL units in the video elementary stream or use some out-of-band delivery mechanism Tefined

by the

ransport layer.

— SEImessage NAL units: The order of SEl messages within a sample is as defined in ISO/IEC 14496-10:—,
subclause 7.4.1.2.

— Access unit delimiter NAL units: The constraints obeyed by access unit delimiter NAL units are defined

in

ISO/IEC 14496-10:—, subclause 7.4.1.2.3.

— Sub-sequence andlayering SEImessages. Sub-sequence orlayering SEl messages should notoccurinthe
AVC elementary stream. Specifically, the sub-sequence information, sub-sequence layer characteristics,
and sub-sequence characteristics SEI messages should not occur in the stored AVC elementary stream.

In

stead, all such information is stored as external metadata as described in 5.4.7.
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— Redundant picture: NAL units within a single access unit shall be ordered in non-decreasing order of
redundant picture count (redundant_pic_cnt).

— Slice groups: NAL units within a primary coded picture or a redundant coded picture shall be ordered
in non-decreasing order of slice group identifier. Within the same slice group, slices shall be ordered by
their first Macroblock location (first_mb_in_slice in the slice header).

NOTE 4  Slice groups are stored in a canonical order to ease hinting, and to make it easier to find a primary coded
picture within a sample.

— Filler data V1deo data is naturally represented as varlable bit rate in the file format and should be filled
fo in the

format stored stream when the sample entry does not also permlt parameter sets
NOTE$% The removal or addition of Filler Data NAL units, start codes, SEI messages or Filler Datd SEI m¢ssages

can ch@nge the bit-stream characteristics with respect to conformance with the HRD when operatingthe HRD[in CBR
mode gs specified in ISO/IEC 14496-10:—, Annex C.

5.3.2 | Decoder configuration information
5.3.2.1 AVC decoder configuration record

5.3.2.1.1 Definition

This record contains the size of the length field used in each sample‘to indicate the length of its contained
NAL upnits as well as the initial parameter sets. This record is externally framed (its size is supplied |y the
structpre that contains it).

This rlecord contains a version field. This version of the’specification defines version 1 of this rfecord.
Incompatible changes to the record will be indicated by a change of version number. Readers shall not
attempt to decode this record or the streams to which'it applies if the version number is unrecognized.

Compgtible extensions to this record will extend“it and will not change the configuration version code.
Readefs should be prepared to ignore unrecognized data beyond the definition of the data they undefstand
(e.g. after the parameter sets in this documentj.

When|used to provide the configuration pf
— aparameter set elementary stream,
— ayideo elementary stream wSed in conjunction with a parameter set elementary stream,

the configuration record §hall contain no sequence or picture parameter sets (numOfSequenceParamet¢rSets
and nymofPictureParametersets shall both have the value 0).

When|used to provide the configuration of a video elementary stream used without a parameter set
elementary stream, the configuration record may or may not contain sequence or picture paramet¢r sets
(numOf SequengeParameterSets OI numOfPictureParameterSets INay or may not have the value 0).

The v3luesfor aAvcprofileIndication, AVCLevelIndication, and the flags that indicate profile compatibility
Shall ra) VQ]IH Fnr a" paramofor sets nffho stream ﬂncr‘rll‘\nr‘ hv thig rnr‘nrﬂ Thn ]ovo] lnr‘lr‘ahr\n c]‘\q” ] dicate

a level of capability equal to or greater than the highest level 1nd1cated in the included parameter sets; each
profile compatibility flag may only be set if all the included parameter sets set that flag. The profile indication
shall indicate a profile to which the entire stream associated with this configuration record conforms. If
the sequence parameter sets are marked with different profiles, and the relevant profile compatibility flags
are all zero, then the stream may need examination to determine which profile, if any, the entire stream
conforms to. If the entire stream is not examined, or the examination reveals that there is no profile to which
the entire stream conforms, then the stream shall be split into two or more sub-streams with separate
configuration records in which these rules are met.
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Explicit indication can be provided in the AVC Decoder Configuration Record about the chroma format and
bit depth used by the AVC video elementary stream. The parameter 'chroma format idc' present in the
sequence parameter set in AVC specifies the chroma sampling relative to the luma sampling. Similarly the
parameters 'bit depth luma minus8'and 'bit depth chroma minus8'in the sequence parameter set specify
the bit depth of the samples of the luma and chroma arrays. The values of chroma format idc, bit depth
luma minus8' and 'bit depth chroma minus8' shall be identical in all sequence parameter sets in a single
AVC configuration record. If two sequences differ in any of these values, two different AVC configuration
records will be needed. If the two sequences differ in color space indications in their VUI information, then
two different configuration records are also required.

The array of sequence parameter sets, and the array of picture parameter sets, may contain SEI messages of
a 'declprative’ nature, thatis, those that provide information about the stream as a whole. An example ¢f such
an SEl|is a user-data SEI. Such SEIs may also be placed in a parameter set elementary stream. NALUi types
that are reserved in ISO/IEC 14496-10 and in this document may acquire a definition in future;and readers
should ignore NAL units with reserved values of NAL unit type when they are present in these,arrays

NOTE This 'tolerant’ behaviour is designed so that errors are not raised, allowing the possibility of backwards-
compafible extensions to these arrays in future specifications.

When|Sequence Parameter Set Extension NAL units occur in this record with awcprofileIndicatior equal
to 66, [/7, or 88, they should be placed in the Sequence Parameter Set Array.

5.3.2.1.2 Syntax

aligngd(8) class AVCDecoderConfigurationRecord {
ungigned int(8) configurationVersion = 1;
ungigned int (8) AVCProfileIndication;
ungigned int(8) profile compatibility;
ungigned int (8) AVCLevelIndication;

bif (6) reserved = '111111'b;

ungigned int (2) lengthSizeMinusOne;

bif (3) reserved = '111'b;

ungigned int (5) numOfSequenceParameterSets;

for (i=0; i< numOfSequenceParameterSets; (it+) {

unsigned int (16) sequenceParameterSetlength ;
bit (8*sequenceParameterSetLength), equenceParameterSetNALUnit;

ungigned int (8) numOfPictureParameterSets;

foy (i=0; 1< numOfPictureParameterSets; i+4+) |

unsigned int (16) pictureParameéterSetLength;

bit (8*pictureParameterSetfilength) pictureParameterSetNALUnit;

if| AVCProfileIndicatiom = 66 && AVCProfileIndication != 77 &&
AVCProfileIndication = 88 )
{
bit (6) reserveds=)'111111"'b;
unsigned int (Z97)chroma format;
bit (5) reseryed = '11111'b;
unsigned ind€(3) bit depth luma minus8;
bit (5) reServed = '11111'b;

unsigned/int (3) bit depth chroma minus8;

unsigned int (8) numOfSequenceParameterSetExt;

foA (i=0; i< numOfSequenceParameterSetExt; i++) {
unsigned int (16) sequenceParameterSetExtLength;

PR e 3 :
DDLU TO CUUCIICErdLdINIC LS L OTLLXLLEIIYULIL) STUUCIICErdldllICLTCTL OTLLXLNALUITLL,

5.3.2.1.3 Semantics
AVCProfileIndication contains the profile code as defined in ISO/IEC 14496-10.

profile compatibility is a byte defined exactly the same as the byte that occurs between the profile 1DC
and 1evel 1DC in a sequence parameter set (SPS), as defined in ISO/IEC 14496-10.
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AVCLevelIndication contains the level code as defined in ISO/IEC 14496-10.

lengthSizeMinusOne indicates the length in bytes of the NALUnitLength field in an AVC video sample or AVC
parameter set sample of the associated stream minus one. For example, a size of one byte is indicated
with a value of 0. The value of this field shall be one of 0, 1, or 3 corresponding to a length encoded with
1, 2, or 4 bytes, respectively.

numOfSequenceParameterSets indicates the number of SPSs that are used as the initial set of SPSs for
decoding the AVC elementary stream.

sequenceParameterSetLength indicatesthelengthinbytesofthe SPSNAL unitasdefinedinISO/IEC 14496-10.

sequefceParameterSetNALUnit contains a SPS NAL unit, as specified in ISO/IEC 14496-10. SPSs shall occur
inforder of ascending parameter set identifier with gaps being allowed.

numOfPictureParametersSets indicates the number of picture parameter sets (PPSs) that are used |as the
inftial set of PPSs for decoding the AVC elementary stream.

pictufeParameterSetLength indicates the length in bytes of the PPS NAL unitas definedin ISO/IEC 14496-10.

pictuteParameterSetNALUnit containsa PPS NAL unit, as specified in ISO/IEC 14496-10. PPSs shall o¢cur in
orlder of ascending parameter set identifier with gaps being allowed.

chromg format contains the chroma format indicator as defined by the-chroma_format_idc paramegter in
ISP/IEC 14496-10.

bit depth luma minus8 indicates the bit depth of the samples in the-Luma arrays. For example, a bit d¢pth of
8 |s indicated with a value of zero (BitDepth = 8 + bit_depthi\luma_minus8). The value of this fielfd shall
bg in the range of 0 to 4, inclusive.

bit dépth chroma minus8 indicates the bit depth of the.samples in the Chroma arrays. For exampl¢, a bit
dd¢pth of 8 is indicated with a value of zero (BitDepth= 8 + bit_depth_chroma_minus8). The value|of this
figld shall be in the range of 0 to 4, inclusive.

numOf§equenceParameterSetExt indicates the number of Sequence Parameter Set Extensions that arg used
for decoding the AVC elementary streams

sequeliceParameterSetExtLength indicates’the length in bytes of the SPS Extension NAL unit as defined in
ISP/IEC 14496-10.

sequefceParameterSetExtNALUnstcontains a SPS Extension NAL unit, as specified in ISO/IEC 14496-10.
5.4 Derivation from ISO)base media file format

5.4.1 | AVC file typeand identification

Conformance witlrthis document is indicated by the presence of the brand of a specification that permlits the
inclusjon of AVE content, in the compatible brands list of the FileTypeBox as defined in ISO/IEC 14496-12.
The file extension normally matches the major brand.

AVC cdntent may be used in an MPEG-4 context; in a file with extension ".mp4", the major brand may be avci'.

Readers conformant to this document should read the file if a suitable brand occurs in the compatible-
brands list. Other structures and/or track types, defined in specifications other than that identified by the
brand, may be present, and these may be ignored by a reader conformant with the specification identified by
the brand.
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AVC video stream definition

5.4.2.1 Sample entry name and format

5.4.2.1.1 Definition

Sample Entry Types: 'avcl', 'ave2', 'ave3', 'avcd'

Container: Sample Description Box (*stsd')

Mandgtory——AmavcTavez S ave s oravea —sampleentry s mandatory

Quantjty: One or more sample entries may be present

Box Type: ‘aveC!

Contalner: AVC Sample Entry ('avcl’, 'avc2', 'ave3', Or 'avca')

Mandgtory:  Yes

Quantjty: One

Box Tyfpes: 'm4ds"','btrt'

Container: AVC Sample Entry (ravcl', 'ave2', 'ave3', @ aves ')

Mandg4tory:  No

Quantjty: Zero or one

An AV(C visual sample entry shall contain an-AVC Configuration Box, as defined below. This inclu
AVCDedoderConfigurationRecord, as defined+in 5.3.2.1.

An optional BitRateBox may be present/in the AVC visual sample entry to signal the bit rate informa
the AVC video stream. Extension déscriptors that should be inserted into the Elementary Stream Desq

when
Multig
indica
The s

applie
profile
Annex

The s3

1Ised in MPEG-4, may also/be‘present.

le sample entries may be used, as permitted by the ISO Base Media File Format specificat
Le sections of vided'that use different configurations or parameter sets.

mple entry nameé 'avcl' or 'avc3' may only be used when the stream to which this samplg
5 is a compliant AVC stream as viewed by an AVC decoder operating under the configuration (ing
and level),given in the avcconfigurationBox. Extractor and aggregator NAL-unit-like structur
| A) shall'not be present.

mple entry name 'avc2' or 'avc4' may only be used when Extractors or Aggregators (Annex|

les an

tion of
riptor,

on, to

entry
luding
s (see

A) are
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requir
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-type

brands). This sample entry type indicates that, in order to form the intended AVC stream, Extractors shall
be replaced with the data they are referencing, and Aggregators shall be examined for contained NAL Units.
The syntax and semantics of Extractors and Aggregators are specified in Annex A. Tier grouping may be
present.

5.4.2.1.2 Syntax

/7

class

Visual Sequences
AVCConfigurationBox extends Box('avcC') {

AVCDecoderConfigurationRecord () AVCConfig;

}
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class MPEG4ExtensionDescriptorsBox extends Box ('m4ds') {
Descriptor Descr[0 .. 255];

}

class AVCSampleEntry () extends VisualSampleEntry (type) {

}

// type is 'avcl' or 'avc3'

AVCConfigurationBox config;
MPEG4ExtensionDescriptorsBox () ; // optional
BitRateBox () ; // optional

class AVC2SampleEntry () extends VisualSampleEntry (type) {

// type is 'avc2' or 'avc4'

AVCConfigurationBox avcconfig;

MPEG4ExtensionDescriptorsBox descr; // optional
BifRateBo (WA upt,iuual

}

5.4.2.1.3 Semantics

Compré¢ssorname in the base class visualsampleEntry indicates the name of the compréessor used with the
vdlue "\012avc coding" being recommended; the first byte is a count of the remaining bytes, here
represented by \012, which (being octal 12) is 10 (decimal), the number of bytes'in the rest of the ptring.

confiq is defined in 5.3.2. If a separate parameter set stream is used, numOQfSequenceParameterSefts and
nymOfPictureParameterSets shall both be zero.

Descr [is a descriptor that should be placed in the Elementarystreambeseriptor when this stream is ysed in
an} MPEG-4 systems context. This does not include sL.configbeseriptor Or DecoderConfigDesciiptor,
byt includes the other descriptors in order to be placed after the sLconfigbescriptor.

5.4.3 | AVC parameter set stream definition

5.4.3.1 Sample entry name and format

5.4.3.

Sampl

Conta

Mand4

Quant

An AV
define

5.4.3.

class

}

AV

.1 Definition

e Entry Type: 'avcep'

ner: Sample Description Box{")stsd')

tory: Yes

ty: One or more sample entries may be present

C parameter stream sample entry shall contain an AVC Parameter Stream Configuration H

d below.

.2 Syntax

AVCParameterSampleEntry () extends VisualSampleEntry ('avcp') {
Corf¥gurationBox config;

0X, as

5.4.3.1.3 Semantics

Compressorname in the base class visualsampleEntry indicates the name of the compressor used with the
value "\016avC Parameters" being recommended (\016 is 14, the number of bytes in the rest of the
string).

config is defined in 5.3.2. numOfSequenceParameterSets and numOfPictureParametersSets shall both be zero.

© ISO/IEC 2024 - All rights reserved
32


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

ISO/IEC 14496-15:2024(en)

5.4.3.2 Sample format

5.4.3.2.1 Definition

This subclause defines the sample format for AVC Parameter set streams. An AVC parameter set s
contains only one or more sequence, picture parameter set, or sequence parameter set extension NAL

5.4.3.2.2 Syntax

aligned(8) class AVCParameterSample
{

ungigned int PictureLength = sample size;
//Size of AVCParameterSample from SampleSizeBox
fot (i=0; i<PictureLength; ) // to end of the picture

unsigned int ( (AVCDecoderConfigurationRecord.LengthSizeMinusOne+1) *8)
NALUnitLength;

bit (NALUnitLength * 8) NALUnit;

i += (AVCDecoderConfigurationRecord.LengthSizeMinusOne+l) + NALUnitLehgth;

5.4.3.2.3 Semantics

NALUn]tLength indicates the size of a NAL unit measured in bytes. The length field includes the size ¢
thle one-byte NAL header and the EBSP payload but does not include the length field itself.

NALUnit contains a single NAL unit. The syntax of a NAL unit i$.defined in ISO/IEC 14496-10 and in|
bqth the NAL unit header and the variable-length NAL unitpayload.

5.4.3. Track reference

Atrackreference of type 'avcp' inthe video elementary stream track reference table, referencing the pars
set strpam, is used to connect from the video elementary stream to the parameter set elementary strean

5.4.4 | Parameter sets
This spibclause applies when a separate parameter set stream is not used.

Each AVC sample entry, which contains the AVC video stream decoder specific information, includes a
of SPSs and PPSs. This group-of_parameter sets functions much like a codebook. Each parameter s
an idepntifier, and each slice.references the parameter set it was coded against using the paramete

ample
units.

f both

cludes

meter

group
et has
r set's

the sample entry needs to change to a second sample entry, which contains the updated Value for PPS 2
as well as the original values of PPSs 1 and 3 and SPS 1. This second sample entry is used for samples 5
through 10.

— Systems wishing to send SPS or PPS updates will need to compare the two configurations to find the

differences in order to send the appropriate parameter set updates.

NOTE1 When several parameter sets are used and parameter set updating is desired, a separate parameter set

elementary stream can be used.
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NOTE 2  Decoders conforming to this document need to support both parameter sets stored in separate elementary
streams as well as parameter sets stored in the AVC sample entries, unless restricted by another specification using
this one.

When the sample entry name is 'avc3' or 'avc4', parameter sets may be present in both sample entry and
as part of samples, and an update of a parameter set by a parameter set of the same type that is stored as
part of a sample is possible.

5.4.5 Syncsample

A sample is considered as a sync sample if the video data NAL units in the sample indicate that the primary
coded|[picture contained in the sampie {5 an instantaneous decoding refresh (IDR) picture:

When|the sample entry name is 'avci' or 'avc2', all SPSs and PPSs needed to decode the vidéo,datla NAL
units in the sample of the IDR picture and the following samples in decode order are contained inithe decoder
configuration of the video elementary stream or in a separate parameter set elementary stream samgjle.

When|the sample entry name is 'avc3' or 'avc4', the following applies:

a) Iffhe sample is a sync sample, all parameter sets needed for decoding the sample shall be included|either
in[the sample entry or in the sample itself.

b) Otherwise (the sample is not a sync sample), all parameter sets needed for decoding the sam¢ shall
b¢ included either in the sample entry or in any of the samples sinee) the previous sync sample|to the
sample itself, inclusive.

A pargdmeter set elementary stream sample is a sync sample if and\only if all parameter sets required by the
associpted video elementary stream from the time of the AVC parameter set sample forward are supplied, in
the paframeter set stream, before they are required by the associated video elementary stream.

5.4.6 | Shadow sync

The uge of the shadow sync table to indicate alternate encodings of a sample for random access are supported
as defined in the ISO Base Media File Format. A shadow sync shall indicate a sample that is a random jaccess
point as specified in the general requirements.and for the specific coding format in the track.

While|the use of shadow sync is supported for backward compatibility reasons, this use is deprecated and
use ofthe mechanisms defined in 5.4.8.is recommended.

5.4.7 | Layering and sub-sequences

5.4.7.1 Overview

Streams may be constructed so that the referential dependencies between samples allow only subsetq of the
samples to be sentto-the decoder. This mechanism is called thinning a stream. Thinning discards entife sets
of saniples using Knowledge of what other sets of pictures this set of pictures depends on and what gicture
sets in turn dépend on it.

The r¢
Sampl
organized such that a sample in layer N has no dependenc1es on samples in layers greater than N.

ferentlal dependenc1es between samples 1n a stream are structured into layers and sub-seqiiences.
dmples are

Sub-sequences are as defined in ISO/IEC 14496-10:—, Annex D. Dependency relations between sub-sequences
represent the dependency structure of a stream. Each sub-sequence belongs to one and only one layer. A
sample shall reside in one layer and in one sub-sequence only.

Layering and sub-sequence information is represented in the file format to allow systems reading the files to
understand the ways in which stream thinning may be achieved without having to examine the dependency
structure of every sample.
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Layer and sub-sequences are represented in the AVC file format as Sample Group. An AVC file shall contain
zero or one instance of a SampleToGroupBox (per track) with a grouping type equal to 'avii'. This
sampleToGroupBox instance represents the assignment of samples in a track to layers. An accompanying
instance of the sampleGroupDescriptionBox with the same grouping type shall, if it exists, contain
AvVCLayerEntry sample group entries describing the layers. Similarly, an AVC file shall contain zero or one
instance of a sampleToGroupBox (per track) with a grouping type equal to 'avss'. This sampleToGroupBox
instance represents the assignment of samples in a track to sub-sequences. An accompanying instance of the
SampleGroupDescriptionBox with the same grouping type shall, if it exists, contain avcsubSequenceEntry
sample group entries describing the sub-sequences.

5.4.7.2 Sub-seauence descrintion entrv
LR b | ) o Y

5.4.7.2.1 Definition

Group|Type:  ‘'avss'

Container: SampleGroupDescriptionBox('sgpd')
Mandatory: No

Quantjty: Zero or more.

A subi{sequence description entry is a sample group entry that describésa sub-sequence. A sub-sequé¢nce is
a set df samples in a track belonging to the same layer. A sub-sequence‘depends on another sub-sequpnce if
and only if there exists a sample in the sub-sequence that is directlyreferentially dependent on some §ample
in the|other sub-sequence. All samples in a sub-sequence shall-directly depend only on (i.e., refer to] other
samples within the same sub-sequence or samples in the sub-sequences on which is it dependent. A sub-
sequelce depends on zero or more sub-sequences in the lower layers. A sub-sequence shall not dep¢nd on
any other sub-sequence in the same or higher layer.

At mojt one partition of an AVC stream into layers_ shall exist in the AVC file format; that is, there is|either
zero of one instances of the sample group boxes ($ampleToGroupBox, SampleGroupDescriptionBox) perl track
concerning the grouping of samples into layers.and sub-sequences.

The gouping type parameter is not defined-for the sampleToGroupBox with grouping type 'avss'.

5.4.7.2.2 Syntax

aligngd (8) class Dependencylnfic
{

unsigned int (8) SubSegDirectionFlag;
unsigned int (8) TayerNumber;
unsigned int (6)\" subSequenceldentifier;
}
class |AVCSubSequé€nceEntry () extends VisualSampleGroupEntry ('avss')

unsigned Y'nt (16) subSequenceldentifer;
unsigred” int (8) layerNumber;
ungigired int (1) durationFlag;
unsihgned int (1) avgRateFlag;
unsigned int (6) reserved = 0;
if (durationFlag)
unsigned int (32) duration;
if (avgRateFlag)

{

unsigned int (7) reserved = 0;
unsigned int (1) accurateStatisticsFlag;
unsigned int(16) avgBitRate;
unsigned int (16) avgFrameRate;
}
unsigned int (8) numReferences;
DependencyInfo dependency[numReferences];
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5.4.7.2.3 Semantics

subSegDirectionFlag, layerNumber and subSequenceIdentifier within the Dependencylnfo(ﬂassidenﬁfy
a sub-sequence that is used as a reference for this sub-sequence. Only direct, not indirect, referential
dependencies shall be identified. The identified sub-sequence has sub-sequence identifier equal
to subsequenceIdentifier and resides in the layer having the layer number equal to 1ayerNumper. If
subSegDirectionFlag is 0, the sub-sequence used as a reference for this sub-sequence is the closest
sub-sequence among all the candidate sub-sequences whose first picture precedes the first picture
of this sub-sequence in decoding order and that resides in the indicated layer and has the indicated

syb-sequence identifier; 'closest' means that among all the candidate sub-sequences the first pict

t
If

thle closest sub-sequence among all the candidate sub-sequences whose first pictureysuccee

fir
in

subSe
layer)

durat]
V4

avgRat
N&
de

durat]

accury
ag
st

av

avgBif
S€
in
(021

t

avglrj
N
ca

thie avgBitRate is calculated as follows provided that t; # t,: avgBitRate = round(B + ((t, - t;) * 10

referenced sub-sequence is the closest to the first picture of this sub-sequence in decoding
subSegDirectionFlag is equal to 1, the sub-sequence used as a reference for this subiseque

st picture of this sub-sequence in decoding order and that resides in the indicated layer and h
dicated sub-sequence identifier; 'closest’ has the same meaning as above.

luenceTdentifier gives the identifier for the sub-sequence.
lumber gives the layer number to which the sub-sequence belongs.

onFlag equal to 0 indicates that the duration of the target sub-sequence is not specified. Other
lue of 1 indicates that the duration field indicates the duration ef this sub-sequence.

eFlag equal to 0 indicates that the average bit rate and the average frame rate of the targe
quence are unspecified. Otherwise, a value of 1 indicates that the average rate characterist
ScrﬁkﬂibytheaccurateStatisticsFlag, avgBitRate,andangrameRatefkﬂd&

on indicates the duration of the target sub-sequence in clock ticks of a 90-kHz clock.

teStatisticsFlag indicates how reliable the values of avgBitRate and avgFrameRat
curateStatisticsFlag equal to 1 indicates,that avgBitRate and avgFrameRate are roundeg
htistically correct values. accurateStatidsticsFlag equal to 0 indicates that avgBitRat
gFrameRate are estimates and may deviate somewhat from the correct values.

Rate gives the average bit rate ini (3000 bits)/second of this sub-sequence. All NAL units of th
quence are taken into account in'the calculation. In the following, B is the number of bits in all NA
the sub-sequence. t; is the decoding timestamp of the first picture of the sub-sequence (in de
der), and t, is the decodingtimestamp of the last picture of the sub-sequence (in decoding order)

= t,, avgBitRate shall'be 0.

meRate gives tlieyaverage frame rate in units of frames/(256 seconds) of this sub-sequen
AL units of this sub-sequence are taken into account in the calculation. The average frame
Iculated agcording to the presentation timestamp of the frame. In the following, C is the numn

fr

sequende (in decoding order). Then, the avgFrameRate is calculated as follows provided that {

(in decoding order), and t, is the presentation timestamp (in seconds) of the last picture of th
ai‘gFrameRate = round(C * 256 + (t, - t;)). If t; = t,, avgFrameRrate shall be 0. Value zero indic3

hmes in €he sub-sequence. t; is the presentation timestamp of the first picture of the sub-seq

ure of
order.
nce is
s the
as the

wise, a

t sub-
cs are

- are.
from
- and

s sub-
|, units
roding
Then,
D0)). If

ce. All
rate is
ber of
juence
e sub-
L *
tes an

unspecified frame rate.

numReferences gives the number of sub-sequences directly referenced in this sub-sequence. dependency is
an array of bependencyInfo structures giving the identifying referenced sub-sequences.
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3 Layer description entry

3.1 Definition

Group Type:  ‘'avil’

Conta

iner: SampleGroupDescriptionBox(‘sgpd')

Mandatory:  No

Quantity: Zero or more.

A layer sample group entry defines the layer information for all samples in a layer. Layers are fiunjbered
with rlon-negative integers. Layers are ordered hierarchically based on their dependency on each other: A

layer lhaving a larger layer number is a higher layer than a layer having a smaller layer nuniber. The
are orflered hierarchically based on their dependency on each other so that a layer does.not depend

layers
bn any

highei| layer and may depend on lower layers. The lowest layer is numbered as zero@nd other laygrs are

given

predidted from layer 0O, pictures in layer 2 may be predicted from layers 0 and 1, etc:

The gjouping type parameter is not defined for the sampleToGroupBox withgrouping type 'avii'.

5.4.7.3.2 Syntax

class

{

ung
ung

un
un

ung

5.4.7.]

layerfumber givesthe number of this layerwith the base layer being numbered as zero and all enhang

la

accurgteStatisticsFlag indicates how reliable the values of avgBitRate and avgFrameRat
adcurateStatisticsFlag egual to 1 indicates that avgBitRate and avgFrameRate are rounded

st

aylgFrameRate are estinrates and may deviate somewhat from the correct values.

avgBifRate gives the average bit rate in units of 1000 bits per second. All NAL units in this and lowe
sequence layers<@né taken into account in the calculation. The average bit rate is calculated accprding
to| the decoding timestamp. In the following, B is the number of bits in all NAL units in this and
syb-sequencellayers. t; is the decoding timestamp of the first picture in this and lower sub-sequence

la

#
u

ronsecutive numbers. In other words, layer 0 is independently decodable, pictutes in layer 1 1

AVCLayerEntry () extends VisualSampleGroupEntry ('avllk')
igned int layerNumber;
igned int reserved = 0;

)

)

) accurateStatisticsFlag;
6) avgBitRate;

6) avgFrameRate;

igned int

(8
(7
igned int (1
(1
igned int (1

8.3 Semantics

yers being numbered as one or higher with consecutive numbers.

btistically correct values: accuratestatisticsFlag equal to 0 indicates that avgBitRat

pers insthe presentation order, and t, is the decoding timestamp of the latest picture in this and

[ favgBitRate = round(B + ((t, - t;) * 1000))). If t; = t,, avgBitRate shall be 0. Value zero indic3

hay be

ement

L are.
from
e and

r sub-
lower

lower

syb-sequence layers in the presentation order. Then, avgBitRrate is calculated as follows provided that t;

tes an

Specified bitTate:

avgFrameRate gives the average frame rate in units of frames/(256 seconds). All NAL units in this and
lower sub-sequence layers are taken into account in the calculation. In the following, C is the number
of frames in this and lower sub-sequence layers. t; is the presentation timestamp of the first picture in
this and lower sub-sequence layers in presentation order, and t, is the presentation timestamp of the
latest picture in this and lower sub-sequence layers in the presentation order. Then, the avgFrameRate
is calculated as follows provided that t; # t,: avgFrameRate = round(C * 256 + (t, - t;)). If t; = t,,
avgFrameRate shall be 0. Value zero indicates an unspecified frame rate.
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5.4.8 Alternate streams and switching pictures

5.4.8.1 Switching pictures

In typical streaming scenarios, one of the key requirements is to scale the bit rate of the compressed data
in response to changing network conditions. The simplest way to achieve this is to encode multiple streams
with different bandwidths and quality settings for representative network conditions. The server can then
switch amongst these pre-coded streams in response to network conditions. In earlier standards, switching
between streams is only possible at I-pictures, because the pictures may only be switched when there are no
dependencies on prior pictures for reconstruction.

AVC includes supports for SP-pictures and Sl-pictures ("switching pictures") that allow switching frdm one
stream to another while still supporting inter coding of switching pictures. Figure 3 shows how SP pictures
are uspd to switch between two different bit streams.

Stream 2 P
(Track 2) 23
S3
Stream 1
(Track 1) P.
\

Figure 3 — Stream switching

In the] file format, switching pictures are stored in switching picture tracks, which are tracks separate
from tlhe track that is being switched from_and the track being switched to. Switching picture tracks can
be identified by the existence of a specific-required track reference in that track. A switching picturg is an
alternptive to the sample in the destination track that has exactly the same decoding time. If all switching
picturps are SI pictures, then no further information is needed.

If any |of the pictures in the switching track are SP pictures, then two extra pieces of information rhay be
needef. First, the source track that is being switched from shall be identified by using a track refgrence
(the squrce track may becthe’same track as the destination track). Second, the dependency of the switching
picturg on the samplesinthe source track may be needed, so that a switching picture is only used when the
pictures on which itdepends have been supplied to the decoder.

This dependeney is represented by means of an optional extra sample table. There is one entry per §ample
in the|switching track. Each entry records the relative sample numbers in the source track on which the
switchingpicture depends. If this array is empty for a given sample, then that switching sample contgins an
SI pictjure, If the dependency box is not present, then only SI-frames shall be present in the track.

A switching sample may have multiple coded representations with different dependencies. For AVC video,
the multiple representations of a switching sample are stored in different switching tracks (i.e. access unit).
For example, one switch track might contain a SP-picture representation dependent on some earlier samples,
used for stream switching, while another switch track may contain another representation as an Sl-picture,
used for random access.

5.4.8.2 Alternate group

The ISO Base Media File Format (but not the version one specification of the MPEG-4 file format, which is
branded as 'mp41') supports the use of what is called alternate tracks. Each track can optionally specify
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an alternate group (in the track header box) that groups together alternate encodings of the same content.
Thus, each alternate bit-stream can be stored as a separate track and related together as alternate tracks.
All the tracks that form a group that may be switched between, but not the tracks containing the switching
pictures, shall be a member of an a1ternate group with a non-zero group identifier.

An alternate group is not needed if there is only one primary track, with a switching track. This switching
track may contain SI pictures, or SP pictures for trick modes or error resilience, which predict both from and

to the

same track.

5.4.8.3 Track references

The syvitching track shall be linked to the track into which it switches (the destination track) by 3

refere

If the

switches (the source track) by a track reference of type 'swtr' in the switching picture track.
5.4.8.4 Sample dependency
5.4.8.4.1 Definition

Box Type: 'sdep’

Conta

Mandgtory: No

Quant

This s
table i

This box contains the sample dependencies for-each switching sample. The dependencies are stored

table,
Sampl

5.4.8.4.2 Syntax

aligngd (8) class SampleDependancyBox
exftends FullBox ('sdep',(version = 0, 0) {
fof (i=0; i < sample yeQunt; i++) {

5.4.8.4.34._Semantics

hce of type 'swto' in the switching picture track.

switching track contains SP pictures, the switching track shall be linked to the track-from wj

ner: Sample Table ‘stb1"

ty: Zero or exactly one.

ibclause defines the dependencies of each switching sample on sample(s) in the source tracl
5 only needed in a switching track that has a sgurce (*swtr') track dependency.

bne record for each sample. The size of the table, samp1le count is taken from the sample count]
b Size Box ("stsz') or Compact Sample-Size Box ('stz2"').

unsigned int (16)sdependency count;
for (k=0; k < depe€ndency count; k++) {
signed ing«(16) relative sample number;

}

track

hich it

x. This

in the
in the

dependency count 1S an Integer that counts the number ol samples In the source track on which this
switching sample directly depends.

relative sample number iS an integer that identifies a sample in the source track. The relative sample
numbers are encoded as follows. If there is a sample in the source track with the same decoding time,
it has a relative sample number of 0. Whether or not this sample exists, the sample in the source track
that immediately precedes the decoding time of the switching sample has relative sample number -1, the
sample before that -2, and so on. Similarly, the sample in the source track that immediately follows the
decoding time of the switching sample has relative sample number +1, the sample after that +2, and so on.
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Definition of a sub-sample for AVC

For the use of the subsampleInformationBox (ISO/IEC 14496-12) in an AVC stream, a sub-sample is defined
as one or more contiguous NAL units within a sample and having the same value of the following fields;
RefPicFlag, RedPicFlagand velNalunitFlag. Each sub-sample includes both NAL unit(s) and their preceding
NAL unit length field(s). The presence of this box is optional; however, if present in a track containing AVC
data, it shall have the semantics defined here.

The subsample priority field shall be set to a value in accordance with the specification of this field in
ISO/IEC 14496-12.
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e sub-sample consists of an SEI NAL unit, or a redundant coded picture).

dec specific parameters field of the Subsample Information box is defined for AVC as.follows

unsigned int (1) RefPicFlag;
unsigned int (1) RedPicFlag;
unsigned int (1) VclNalUnitFlag;
bit (29) reserved = 0;

Flag equal to O indicates that all the NAL units in the sub-sample have nal ref idc equal to O.

fricFlag equal to 1indicates that all the NAL units in the sub-sample have'nal ref idc greater

Flag equal to 0 indicates that all the NAL units in the sub-sample’have redundant pic cnt ed
RedPicFlag equal to 1 indicates that all the NAL units in thelsub-sample have redundant p
eater than 0.

UnitFlag equal to 0 indicates that all NAL units in thésub-sample are non-VCL NAL units. V
dicates that all NAL units in the sub-sample are VCL NAL units.

/C elementary stream and sample definitions

Dverview

ause specifies the storage format of\ §VC data. It extends the definitions of the storage format
[se 5.

han 0.

jual to
lc cnt

alue 1

pf AVC

nex D,

he existing capabilities of the ISO base media file format and the plain AVC file format (i.e. 4
L specified in Clause 5). In addition, the following new extensions, among others, to suppor
c features are specified:

alable or multiview grouping (see Annex B) indicates the association of NAL units with different
d hierarchy levels of scalability.

ygregators\énable efficient scalable grouping of NAL units by changing irregular patterns of NAJ

tractors enable efficient extraction of NAL units from other tracks than the one containi

he file
t SVC-

types

L units

dia dqtq

m

hg the

oo troreos

d) Temporal metadata statements (see Annex C) store time-aligned information of media samples.

e) svcCConfigurationBox in track having a sample entry specified in Clause 5 enables the storage of an
SVC bitstream in a manner that the AVC compatible base layer can be used by any plain AVC file format
compliant reader.
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6.2 Elementary stream structure

SVC streams are stored in accordance with 5.2, with the following definition of an SVC video elementary stream:

— An SVC Video Elementary Streams contains all video coding related NAL units (i.e. those NAL
units containing video data or signalling video structure, possibly after resolution of extractors and
aggregators) and may contain non-video coding related NAL units such as SEI messages and access
unit delimiter NAL units. Aggregators and Extractors, when present, shall not be directly output by file
parsers.

SVC streams may also be stored using associated parameter set streams, if needed.

For SV
from £

C streams, Table 1 is updated as follows in Table 2; only entries where the definition for SVG
\VC, are shown.

Table 2 — NAL Unit types in SVC and AVC Streams

differs

Value of nal Description |AVCvideo elemen-| SVCvideo elemen-| SVCvideoeler | Parameter set
unifc type tary stream tary stream (sam- | mentary stream elemegﬁ:ry
ple entry 'avcl’', (sample‘entry stre
'avc2',0r 'svcl') | 'aved '\, favcd', or
Vve2')
14 Prefix NAL unit in Not specified Yes Yes No
scalable extension
prefix_nal_unit_
rbsp()
15 Subset sequence Not specified No, Yes. Yes
parameter set If parameter set el- Parameter set
subset_seq_pa- ementary stream is | elementary stream
rameter_set_rbsp( notused, Subset SPS| shall not be used.
) shall be stored in
the Decoder Specific
Information.
20 Coded slice in Not specified Yes Yes No
scalable extension
slice_layer_ exten-
sion_rbsp()
24 -31 Not specified See Annex F See Annex F See Annex F See Annex F
NOTE slice_layer_extension_rbsp was previously called slice_layer_in_scalable_extension_rbsp.
Therejmay be AVC VCL NAI( units, SVC VCL NAL units and other NAL units, i.e. non-VCL NAL units, pregent in
an SV( video elementary-stream. Additionally, there may be Aggregators and Extractors present in an SVC
video flementary stream.
An AVLC VCL NALuhit in an SVC video elementary stream conforming to one or more profiles specified in
ISO/IHC 14496<10:—, Annex G, shall be immediately preceded by a prefix NAL unit containing the scalpbility
information fér'the AVC VCL NAL unit. In this file format an AVC VCL NAL unit and the immediately prefeding

prefix

and thie"AVC VCL NAL unit provides the NAL unit type and payload.

NAL unit are logically seen as one NAL unit: the prefix NAL unit provides the scalability infor

Tnation

6.3 Use of the plain AVC file format

The SVC file format is an extension of the plain AVC file format defined in Clause 5 of this document.

Subclause 5.4.7 is defined for use with plain AVC streams. Its use with SVC streams is deprecated.
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6.4 Sample and configuration definition

6.4.1 Canonical order and restrictions

The following restrictions apply to SVC data in addition to the requirements in subclause 5.3.1.

— SVC coded slice NAL units (Coded slices in scalable extension): All SVC coded slice NAL units for a
single instant in time shall be contained in the sample whose composition time is that of the picture
represented by the access unit. An SVC sample shall contain at least one AVC or SVC VCL NAL unit.

Prefix NAL units (Prefix NAL unit in scalable extension): Each prefix NAL unit is placed immediately

bdfore the corresponding AVC VCL NAL unit, providing scalability information about the AVC VCL NAL unit.
NOTE Prefix NAL units can also be associated with filler data NAL units.

— Aggregators/Extractors: The order of all NAL units included in an Aggregator or referenced|by an
Extractor is exactly the decoding order as if these NAL units were present in a sample not contfaining
aggregators or extractors. After processing the Aggregator or the Extractor, alll\NAL units shal] be in
vdlid decoding order as specified in ISO/IEC 14496-10.

6.4.2 | Decoder configuration record

When the decoder configuration record defined in subclause 5.3.2.1 is usedfora stream that can be interpreted

as eitHer an SVC or AVC stream, the AVC decoder configuration recordshall reflect the properties of the AVC

compdtible base layer, e.g. it shall contain only parameter sets needed for decoding the AVC base layer.

If the sample entry name is 'svc1', a parameter set stream may be used with SVC streams, as with AVC

streams, in which case, parameter sets shall not be included.in the decoder configuration record. Oth¢rwise

(the sgmple entry name is 'svc2'), parameter sets may bé:stored in both the decoder configuration record

or as pjart of samples while a parameter set elementary stseam shall not be used.

Sequence or picture parameter sets are numbered inworder of storage from 1 to numofSequenceParamet¢rSets

or nufOfPictureParameterSets respectively. Sequence and Picture parameter sets stored in this reqord in

a file rhay be referenced using this 1-based indexby the TnitialParametersetBox.

The 4gvcbecoderConfigurationRecord iscstructurally identical to an AvcDecoderConfigurationHecord.

Howetver, the reserved bits preceding-ahd succeeding the lengthsizeMinusone field are re-definef. The

syntay is as follows:

aligngd (8) class SVCDecoderGonfigurationRecord {

ungigned int (8) configufationVersion = 1;

ungigned int (8) AVCPrefiYelndication;

ungigned int (8) profile compatibility;

ungigned int (8) AVE€LevelIndication;

ungigned int (1) _cdnplete representation;

bif (5) reserved\d '11111'b;

ungigned inty29) lengthSizeMinusOne;

bif (1) resenved = '0'b;

ungigned ¥ (7) numOfSequenceParameterSets;

for (i=0y> i< numOfSequenceParameterSets; i++) {
unSigned int (16) sequenceParameterSetLength ;
P40 (8*sequenceParameterSetLength) sequenceParameterSetNALUnit;

}

}

unsigned int (8) numOfPictureParameterSets;
for (i=0; i< numOfPictureParameterSets; i++) {

unsigned int (16) pictureParameterSetLength;
bit (8*pictureParameterSetlLength) pictureParameterSetNALUnit;

The semantics of the fields avcProfileIndication, profile compatibility, and AVCLevelIndication differ
fronltheAVCDecoderConfigurationRecordaSfOHOVV&
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The fields avcprofileIndication, AvCLevelIndication carry the profile and level indications, respectively,
indicating the profile and level of the entire scalable stream in this track. They, and the profile
compatibility field, shall have values such that an SVC decoder supporting these values is able to decode
bitstreams conforming to the profile, level and profile compatibility flags indicated in any of the sequence
parameter sets or subset sequence parameter sets contained in this record.

The semantics of other fields are as follows, or are as defined for an AvcbecoderConfigurationRecord:

complete representation iS set on a minimal set of tracks that contain a portion of the original encoded
scalable stream, as defined in subclause 6.5.1. Other tracks may be removed from the file without loss of
any portion of the orlglnal encoded bitstream, and, once the set of tracks has been reduced to only those

in

numOf
SV
in
sequel]
sequel
P4
jor:
6.5

6.5.1
A scal

more ¢perating points of the scalable stream. A scalable streain may, of course, be further thinned, if d

There

information. All these tracks shall have the flag "cofiplete representation” setin all their sample e

This g
Let th

$equenceParametersets indicates the number of SPSs and subset SPSs that are used for decodi

the Lomplete bUDbet dlly further removat of I track TemoveS O pOf(lO[l of theencoded informmat

[C elementary stream. The value of numofsequenceparametersets shall be in the range-of 0
clusive.

ceParameterSetLength indicates the length in bytes of the SPS or subset SPS NALunit.

ceParameterSetNALUnit contains a SPS or subset SPS NAL unit. SPSs shall ocetir in order of asce
rameter set identifier with gaps being allowed. Subset SPSs shall etcur in order of ascq
rameter set identifier with gaps being allowed. Any SPS shall occur before€ all the subset SPSs, i

Derivation from the ISO base media file format
SVC track structure

hble video stream is represented by one or more video.tracks in a file. Each track represents

is a minimal set of one or more tracks that, whén-taken together, contain the complete set of er

Foup of tracks that form the complete encoded information are called the "complete subset".

temporal_id and quality_id) combinations; that has the least values of dependency_id temporal_

qualit

operafing point shall be nominated‘as the 'scalable base track'. All the other tracks that are part
same $calable encoded informationishall be linked to this base track by means of a track reference g

'sbas

"complete subset" are retained; all other tracks shall represent subsets, copies (i.e. the same media d

re-or
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resoluf
layer, H

e lowest operating point be the one_of\all the operating points represented by DTQ (depende

_id, respectively. The track that'has the flag "complete representation” set and contains the

(scalable base). The complete encoded information can be retained when the tracks included

erings of the complete’subset.

| An alternate~group can also include completely independent bitstreams, as well as alternative op
pf the same bitstream. The SVC tracks in the alternate group are to be examined to see how many scalab
are identified:

"A_scalable bitstream" can require more than one track to represent it (consider a stream with
ions\low-frame-rate base layer, and a high resolution enhancement layer, and a high frame-rate enhan

on.

Ing the
to 64,
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utmissing the data for high resolution high frame-rate). However, such a scalable bitstream is typically

a non-

confor

ming bitstream.

All the tracks sharing the same scalable base track shall share the same timescale as the scalable base track.

6.5.2

Data sharing and extraction

Different tracks may logically share data. This sharing can take one of the following two forms:

a) The sample data is copied (i.e., the same media data is present) in different tracks.

b) There may be instructions on how to perform this copy at the time that the file is read.
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For the second case, Extractors (defined in A.3) are used.
6.5.3 SVCvideo stream definition
6.5.3.1 Sample entry name and format

6.5.3.1.1 Definition

Sample Entry Types: 'svcl’, 'svc2'

Contalner: Sample Description Box ('stsd')

Mandgtory: One of the 'avcl', 'ave2', rave3’, 'avcd', 'svel', and 'sve2' sample entries is mandatpry.

Quantjty: One or more sample entries may be present
Box Types:  'sveC!
Contalner: SVC Sample Entry (*svcl', or 'sve2')

Mandgtory: Yes

Quantjty: One
Box Types:  'seib’
Contalner: SVC Sample Entry ('svel', or 'svc2')

Mandgtory: No
Quantjty: Zero or one

If an SVC elementary stream contains an,AVC compatible base layer, then an AVC visual sample entry ('lavc1’,
"ave2 |, 'ave3', or 'avcd') shall be used. Here, the entry shall contain initially an avcconfiguratilonBox,
possibly followed by an svcconffgurationBox as defined below. The avcconfigurationBox documerpts the
Profilg, Level and Parameter,Set/information pertaining to the AVC compatible base layer as defiped by
the avpecoderconfiguratienRécord. The svcconfigurationBox documents the Profile, Level, and pxssibly
also pprameter sets pertaining to the entire stream containing the SVC compatible enhancement layers as
defineld by the svcbecqodexConfigurationRecord.

[f the $VC elementdryStream does not contain an AVC base layer, then an SVC visual sample entry (*s+yc1' or
'sve2 |) shall beaised. The SVC visual sample entry shall contain an svcconfigurationBox, as defined pelow.
This ifcludes.an/svcbecoderConfigurationRecord, as defined in this document.

The 14ngthsizeMinusone field in the SVC and AVC configurations in any given sample entry shall hgve the
same value.

A priority assignment URI provides the name (in the URI space) of a method used to assign priority_id
values. When it occurs in an AVC or SVC sample entry, exactly one URI shall be present, that documents the
priority_id assignments in the stream. The URI is treated here as a name only; it should be de-referenceable,
though this is not required. File readers may be able to recognize some methods and thereby know what
stream extraction operations based on priority_id would do.
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Extractors or aggregators may be used for SVC VCL NAL units in 'avc2', 'aved?', 'svel' or 'sve2' tracks.

NOTE

When 'avcl' or 'ave3' sample entry is used and both AVC and SVC configurations are present, it can
be necessary to indicate an unrealistic level for the AVC base layer, to accommodate the bit rate of the entire stream,
because all the NAL units are considered as included in the AVC base layer and hence can be fed to the decoder, which
is expected to discard those NAL unit it does not recognize.

Either or both of a scalabilityInformationSEIBox Or SVCConfigurationBox may be presentin an 'avecl' or
"avc3' sample entry. In this case the avcsvcsampleEntry definition below applies.

The parameter sets required to decode a NAL unit that is present in the sample data of a video stream, either

directly or by reference from an Extractor, shall be present in the decoder configuration of that video stream
or in the associated parameter set stream (if used).
Table B shows for a video track all the possible uses of sample entries, configurations and the’SV( tools
(exclufling timed metadata, which is always used in another track):

Table 3 — Use of sample entries for AVC and SVC tracks

sample entry name with configuration records meaning

'avcl| or 'avc3' AVC Configuration Only A plain AVC track with AVCG.INAL units only; Extragtors,
aggregators, and tier grouping shall not be present.

'avcl| or 'avc3' AVC and SVC Configurations An SVC track withboth AVC and SVC NAL units; Extrac-
tors and aggregatoers shall not be present.

"ave2| or 'avcd' AVC Configuration Only A plain AVC trdack with AVC NAL units only; Extragtors
may be presént and used to reference AVC NAL unijts;
Aggregators may be present to contain and referepce
AVC NAL'units; Tier grouping may be present.

'avc2|] or 'avc4' AVC and SVC Configurations An’SVC track with both AVC and SVC NAL units; Extrac-
ters and aggregators may be present; Extractors rhay
reference both AVC and SVC NAL units; Aggregatofs
shall not contain but may reference AVC NAL unitq, and
may both contain and reference SVC NAL units; Tipr
grouping may be present.

"svelf or 'sve2! SVC Configuration An SVC track without AVC NAL units; Extractors shall
be present to reference AVC NAL units (from a different
track) and may also be used to reference SVC NALJunits;
Aggregators may be present to contain and reference
SVC NAL units; Tier grouping may be present.

6.5.3.1.2 Syntax
class|SVCConfigurationBox extends Box('svcC') {

SV
}

class

{

un

}

class

DecoderConfigurdtionRecord () SVCConfig;
ScalabilityinformationSEIBox extends Box('seib', size)
ignedsint (8*size-64) scalinfosei;

S¥CBriorityAssignmentBox extends Box('svcP')

{

unsigned int (8) method count;
string PriorityAssignmentURI [method count];

}

class

AVCSVCSampleEntry () extends AVCSampleEntry ('avcl' or 'avec3') {

SVCConfigurationBox svcconfig; // optional
ScalabilityInformationSEIBox scalability; // optional
SVCPriorityAssignmentBox  method; // optional

}

class

AVC2SVCSampleEntry () extends AVC2SampleEntry('avc2' or 'avcd') {

SVCConfigurationBox svcconfig; // optional
ScalabilityInformationSEIBox scalability; // optional
SVCPriorityAssignmentBox method; // optional
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// Use this if the track is NOT AVC compatible

class

SVCSampleEntry () extends VisualSampleEntry ('svcl' or 'svc2') {

SVCConfigurationBox svcconfig;
MPEG4ExtensionDescriptorsBox descr; // optional
ScalabilityInformationSEIBox scalability; // optional
SVCPriorityAssignmentBox method; // optional

6.5.3.1.3 Semantics

When the sample entry is 'svcl' or 'svc2', Compressorname in the base class visualsampleEntry indicates
the name of the compressor used, with the value "\012svc coding" being recommended (\012 is 10, the

ny

scalit
IS
nqg

metho
'

Prior]
of]

6.5.4

The vi
are th

'avcl

decod

6.5.5

mber of bytes in the rest of the string).

D/IEC 14496-10:—, Annex G. The 'size' field of the container box ScalabilitylnformationSEIBo
t be equal to 0 or 1.

_count provides a count of the number of following URIs. This field shall take thevalue 1 inan -
vc2', 'ave3', 'aved!', 'svel' Or 'sve2' sample entry.

absence of this box, the priority assignment method is unknown.

SVC visual width and height

e cropped frame dimensions of the AVC base layer, if the stream is described by a sample entry

ng the entire stream.

Sync sample

For vigleo data described by a sample entry of type 'avci', 'avc2', 'avc3', or 'avcd', the sync sampl

identif
bitstrg

ies IDR access units for both an AVC.decoder, and an SVC decoder (if any) operating on the
am.

For vidleo data described by a sample éntry of type 'svc1', the sync sample table identifies IDR acces

in the

entire SVC bitstream.

For vidleo data described by a sample entry of type 'svc2', the sync sample table identifies IDR acces

in the
a) If
ei

b) Of
be

entire SVC bitstream,.and additionally the following applies:

the sample is a syne sample, all parameter sets needed for decoding that sample shall be in
ther in the sample‘entry or in the sample itself.

herwise (the*sample is not a sync sample), all parameter sets needed for decoding the sampl
included either in the sample entry or in any of the samples since the previous sync sample

sampleiitself, inclusive.

NOTE

fosei contains an SEI NAL unit containing only a scalability information SEI message as'spécified in

k shall

avcl',

tyAssignmentURT provides a unique name of the method used to assign/priority_id values. In tHe case

sual width and height documented in a visualsampleEntry.@f a stream containing SVC VCL NAL unit

ftype

, 'avec2', 'ave3' Or 'avc4'; otherwise they are the cropped frame dimensions of decoded pictures by

b table
entire

5 units

5 units

rluded

e shall
to the

The sync sample table, if present, documents only access units that are IDR access units for both the AVC

compa

tible base layer and the layer corresponding to decoding the entire bitstream contained in the track. Inc

ase the

documenting of layer-specific IDR access units is desired, the stream can be stored in separate tracks, e.g. two tracks,
one containing the AVC base layer with a sample entry of type 'avcl' or 'avc3', and the other containing the SVC
enhancement layers with a sample entry of type 'svcl' or 'svc2'. However, extractors are then used for tracks that
are not the scalable base track.

6.5.6

Shadow sync

A shadow sync box shall not be used for video data described by an 'svc1' or 'svc2' sample entry. Its use for

SVCis

deprecated.
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6.5.7 Independent and disposable samples box

If the sampleDependencyTypeBox is used in a track that is both AVC and SVC compatible, then care should be
taken that the information provided by this box is true no matter what valid subset of the SVC data (possibly
only the AVC data) is used. The 'unknown' values (value 0 of the fields sample depends on, sample is
depended_on, and sample_has_redundancy) may be needed if the information varies.

6.5.8 Sample groups on random access recovery points 'roll' and random access points 'rap

For video data described by a sample entry of type 'avci', 'avc2', 'ave3' or 'avc4', the random access
recovery sample group and the random access point sample group identify random access recovery points
and rqndom access points, respectively, for both an AVC decoder, and an SVC decoder (if any) operatiing on
the enfire bitstream.

NOTE If the random access recovery points or the random access points for the AVC decoder and/the’SVC decoder
operatjng on the entire bitstream are not all aligned, the random access recovery points table or thé random|access
point thble, respectively, will not document all of them. In this case, the stream can be stored.iftmultiple tradks, e.g.
two trgcks, one containing the AVC base layer with a sample entry of type 'avcl' or 'avc3', and'the other containing
the SV€ enhancement layers with a sample entry of type 'svcl' or 'svc2'.

For vidleo data described by a sample entry of type 'svc1' or 'svc2’, the information provided by the random
accesgrecovery sample group and the random access point sample group is\true for any valid subsef] of the
entire|SVC bitstream.

6.5.9 | Definition of a sub-sample for SVC
This sfibclause extends the definition of a sub-sample for AVC im5.4.9.

For thg use of the subsampleInformationBox (ISO/IEC 14496512) in an SVC stream, a sub-sample is defined
as ong or more contiguous whole NAL units having the, same values of the following fields: RefPjcFlag,
RedPi¢Flag, VclNalUnitFlag, IdrFlag, Priorityld, Dependencyld, Qualityld, Temporalld, UseRefBasePfcFlag,
DiscardableFlag and StoreBaseRepFlag, specified subsequently. Each sub-sample includes both NAL pinit(s)
and tHeir preceding NAL unit length field(s). Thepresence of this box is optional; however, if present in a
track ¢ontaining SVC data, it shall have the semantics defined here.

Asrequired in 5.4.9, the subsample priorityfield shall be set to a value in accordance with the specification
of this|field in ISO/IEC 14496-12.

The cd dec specific parameters field of the SubSampleInformationBox iS defined for SVC as follows:

unsigned int (1) RefPdcFlag;

unsigned int (1) RedPicFlag;

unsigned int (1) MclNalUnitFlag;

bit (6) reserved\=-0;

unsigned int(IY)IdrFlag;

unsigned ipt\g) PriorityId;

bit (1) reserved = 0; // corresponding to no_inter layer pred flag
unsignedsint (3) Dependencyld;

)
unsignedvint (4) QualityId;
unsigned int (3) Temporalld;
unSigned int (1) UseRefBasePicFlag;
urfgigned int (1) DiscardableFlag;
bit (L) reserved = U, corresponding Lo output rlag

unsigned int (1) StoreBaseRepFlag;
bit (1) reserved = 0;

For an AVC VCL NAL unit in an SVC context, the prefix NAL unit shall be grouped with the AVC VCL NAL unit
in the same sub-sample, and its fields values apply to the AVC VCL NAL unit.

RefPicFlag equal to O indicates that all the NAL units in the sub-sample have nal_ref_idc equal to 0.
RefPicFlag equal to 1 indicates that all the NAL units in the sub-sample have nal_ref_idc greater than 0.
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RedPicFlag equal to 0 indicates that all the NAL units in the sub-sample have redundant_pic_cnt equal to
0. RedPicFlag equal to 1 indicates that all the NAL units in the sub-sample have redundant_pic_cnt
greater than 0.

VclNalUnitFlag equal to O indicates that all NAL units in the sub-sample are non-VCL NAL units. Value 1

in

dicates that all NAL units in the sub-sample are VCL NAL units.

IdrFlag indicates the idr_flag value of the NAL units in the sub-sample. All the NAL units in the sub-sample
shall have the same value of idr_flag.

PriorityId indicates the priority_id value of the NAL units in the sub-sample. All the NAL units in the sub-
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7 MVC and MVD elementary stréam and sample definitions

7.1

This ¢
in Clay

The fi

and Apnex D uses the.existing capabilities of the ISO base media file format and the plain AVC file form

the fil
MVC-

a M
hi

\L units in the sub-sample shall have the same value of no_inter_layer_pred_flag.

b-sample shall have the same dependency_id value.

AL units in the sub-sample shall have the same value of use_réf_base_pic_flag.

dableFlag indicates the discardable_flag value of the-NAL units in the sub-sample. All the NAI
the sub-sample shall have the same discardable_flagwvalue.

TE This is not the same definition as the discardable field in the sub-sample information box.

aseRepFlag indicates the store_base_rep_flag'value of the NAL units in the sub-sample. All th
lits in the sub-sample shall have the same-value of store_base_rep_flag.

Dverview

ause specifies the storage format of MVC data. It extends the definitions of the storage format
[se 5.

e format for storage of MVC and MVD content, as defined in this clause, Annex A, Annex B, An

rLayerPredFlag indicates the no_inter_layer_pred_flag of the NAL units in the sub-sample. All the

encyId indicates the dependency_id value of the NAL units in the sub-sample. All the NAL unitqin the

yId indicates the quality_id value of the NAL units in the sub-sample. All the'NAL units in the sub-
sample shall have the same quality_id value.

al1d indicates the temporal_id value of the NAL units in the sub-sample. All the NAL units in the sub-
sample shall have the same temporal_id value.

BasePicFlag indicates the use_ref base_pic_flag value of the”’NAL units in the sub-sample. All the

L units

e NAL

pf AVC

nex C,

hnd MV Dzspecific features are specified.

hltiview grouping (see Annex B) indicates the association of NAL units with different typ¢
prarchy levels of scalability.

at (i.e.

e format specified in Clause 5). In addition, the following new extensions, among others, to sfipport

bs and

b) Aggregators enable efficient scalable grouping of NAL units by changing irregular patterns of NAL units
into regular patterns of aggregated data units.

c¢) Extractors enable efficient extraction of NAL units from other tracks than the one containing the
media data.

d) Temporal metadata statements (see Annex C) store time-aligned information of media samples.

e) MvcConfigurationBox in a track having a sample entry specified in Clause 5 enables the storage of an
MVC or MVD bitstream in a manner that the AVC compatible base layer can be used by any plain AVC file
format compliant reader.
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The support for MVC or MVD includes a number of tools, and there are various 'models' of how they might
be used. In particular, an MVC or MVD stream can be placed in tracks in a number of ways, among which are

the fol

lowing:

a) all the views in one track, labelled with sample groups;

b) each view, including both texture views and depth views when both are present, in its own track,
labelled in the sample entries;

¢) ahybrid, one track containing all views, and one or more single-view tracks each containing a view that
can be independently coded;

d) thie expected operating points each in a track (e.g. the AVC base, a stereo pair, a multiview scene

M

e) (for MVD only) each texture or depth view in its own track, labelled in the sample entries:

The M
for SV
provid
a few
If mon

MVC dr MVD bitstream, the use of the sample grouping mechanism is recommended. The sample gr

mech3
for cef

to form regular NAL unit patterns within samples. Thus, SVC-like’sample grouping, aggregators, an

definif

The M
view, §
param
the Mu

A play]
tracks

point ¢ver tracks that also contain other data. The display characteristics of players may differ; for ex

the ny
order
and d
(' swtc

When

VD scene).

C in Clause 6. Storage of multiple views per track can be used, e.g. when a content provider w4
e amultiview bitstream that is not intended for subsetting or when the bitstreadm has been crea
bre-defined sets of output views (such as 1, 2, 5, or 9 views) where tracks/can be created accor
e than one view is stored in a track and there are several tracks (mefé than one) representi

nism is used to define tiers identifying the views present in the tra¢kand to extract required NA
tain operating points conveniently. The sample grouping mechanism is usually used with aggre

ions for sample groups are specified for MVC or MVD.

ltiviewInformationBox ('mvci') is specified to indicate information that applies to more th
uch as the target output views in one or more MultivYewGroupBoxes. Characteristics (such as ¢
eters) of the respective bitstream subset can also‘be indicated within the MultiviewGroupBos
[ tiviewRelationAttributeBox ('mvra '), whichiis'similar to the TrackSelectionBox.

er should have means to determine which wiews are preferred for displaying, and select one o
that provide the data for the desired operating point, preferring a track that is specific to that ope

mber of simultaneously displayedviews and the optimal angle between views can be differ

fferentiating characteristicssbetween them can be indicated with the MultiviewGroupRelat
"), which also includes the-Multiview Relation Attributes box ('mvra').

an MVC or MVD bitstream is represented by multiple tracks and a player uses an operating

that c
them f
i.e., an
numb¢
operat
MVD I
or imy

ntains data in multiple tracks, the player shall reconstruct MVC or MVD access units before p
o the MVC or MVD'decoder. An MVC or MVD operating point may be explicitly represented by 4
access unit is.reconstructed simply by resolving all extractors and aggregators of a sample
er of operating points is large, it may be space-consuming and impractical to create a track fg
ing point-in such a case, MVC or MVD access units are reconstructed as specified in 7.6.2. The N
Decoder-€onfiguration record contains a field indicating whether the associated samples use ¢
licit access unit reconstruction (see the explicit au track field).

or an

VC and MVD file format allows storage of one or more views into a track, similaply to the sfipport

Ints to
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Hingly.
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to guide a player for selection of butput views, alternative groups of output views and the common
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7.2 Overview of MVC or MVD Storage

The storage of MVC and MVD streams can be supported by a number of structures, including information
in the sample entry, the media information box, and sample groups. Table 4 provides an overview of the
structures provided, their names, and a brief description of their functions.

NOTE

Each group of rows starting with an entry in the left column (e.g. 'minf', ' 2vc?') document a containment
structure within that container; the higher level containment is not shown.
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Table 4 — Box, sample entry and group structures for MVC and MVD Streams

Box Name Brief Description
minf Media Information Box
mvci Multiview Information Box
nveg Multiview Group Box Spec!fl_es a rr_1u1t1v1ew group for the views of the
multiview video stream that are output
buff |Buffering Information Box Contains the buffer_lqg information c_)f.the bit-
stream subset specified by the multiview group
Indicates the relation of the tracks or tiers of
mvra |[Multiview Relation Attribute Box the respective multiview group with each other
(when contained in a MultiviewGrodpEock)
Provides information about the bitrate values
tibr |Tier Bit Rate Box of the bitstream subset specifi¢dby the multiv-
iew group
Provides information abgdut the profile, level,
tiri |Tier Information Box frame size, discardability,-and frame-rate|of the
bitstream subset specified by the multivigw
group
vwdi |Multiview Scene Information Box InFilcates Fhe Naximum disparity ina scene
with multiple views
Specifies'aset of multiview groups from which
swtc Multiview Group Relation Box one multiview group is decoded and play¢d at
anytime
Indicates the relation of the multiview
mvra |Multiview Relation Attribute Box groups with each other (when contained {n a
MultiviewGroupRelationBox)
pyen Sample Entry (Npte: various codes are used for sample pn-
tries)
. View Scalability Information SEI Cpntams anlS.EI NAL unit containing onlyja
vsib Message Box view scalability information SEI message(as
& specified in ISO/IEC 14496-10:—, Annex H
Contains camera parameters that define the lo-
- cation and orientation of the camera refefence
ecam Extrinsic Camiera Parameters Box .
frame with respect to a known world refdgrence
frame
Contains camera parameters that link thq pixel
. I coordinates of an image point with the cofre-
icam Intrinsic Camera Parameters Box . : >
sponding coordinates in the camera refergnce
frame
. . s Indicates the views included in the track (when
vwid View Identifier Box . .
included in a sample entry)
Provides a URI containing a unique name|of
mvcE, MVC View Priority Assignment Box |the method used to assign content_priority_id
values for the View Priority sample grouging
oy CC MVC Configuration Box
Contains the MVD decoder configuration
mvdC MVCD Configuration Box record and the MVD depth resolution box (for
MVD streams only)
3dpr MVD Depth Resolution Box Provides the resolution of depth views (for
MVD streams only)
. MVD Scalability Information SEI Contaln§ an SEI NAL unit containing only an
3sib Message Box MVCD view scalability information SEI message
8 as specified in ISO/IEC 14496-10:—, Annex |
sgpd Sample Group Description Box
mvif Multiview Group Entry Contains the following boxes
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Table 4 (continued)
Box Name Brief Description
buff Buffering Information Box Contains the buffer information of the tier
ldep Tier Dependency Box ;(iirgéﬁlet]he tiers that the current tier is de-
) o Contains parameter sets needed for decoding
SViP Initial Parameter Sets Box this tier and all the tiers it depends on
- Prioritv Range Box Reports the minimum and maximum priori-
P y g ty_id of the NAL units mapped to this tier
tibr Tier Bit Rate Box Efrg‘ggfs information about the bit rate vilues
Provides information about the profile, leel,
tiri Tier Information Box frame size, discardability, and frame-rate|of a
tier
vipr View Priority Box Labels views with prioritieés-based on conftent
vwid View Identifier Box Indicates the views included in the tier (when
included in a MultiviewGroupEntry,)
o Provides adjustéd decoding times when High
drrt Decode Re-timing Group Entry temporal la}]Iers are discarged s
Provides the mapping of NAL units to multiv-
senm Sample Map Group Entry iew groups for all samples in the track

The st

ructures within a sample entry provide information for thé decoding or use of the samples |(video

infornpation) that are associated with that sample entry. Sample\groups provide time-varying inforijation

about

the track as a whole, assisting (for example) with the extraction of subsets of the media within 4 track.

Informpation in the MultiviewInformationBox (appearing‘in’the media information box) can span deveral

tracks|
track

7.3

MVC

video plementary stream:

and is descriptive of collections of tracks, even though the MultiviewInformationBox resides|in the
ontaining the base view of the stream.

MVC and MVD elementary stream structures

nd MVD streams are stored in accordance with 5.2, with the following definition of an MVC o MVD

— An MVC and MVD Video Elementary Stream contains all video coding related NAL units (i.e] those
NAL units containing video data or signalling video structure, possibly after resolution of extractdrs and
aggregators) and may contain non-video coding related NAL units such as SEI messages and accefs unit
dglimiter NAL units. Aggregators and Extractors, when present, shall not directly output by file parsers.

MVC and MVD streamsmiay also be stored using associated parameter set streams, when needed.

For M}

/C and MVD<streams, Table 1 is amended by the following table Table 5.
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Table 5 — NAL Unit types in MVC, MVD, and AVC Streams

Value of Description AVCvideo | MVCvideo | MVCvideo | MVD video | MVD video | Parameter
nal unit type elementary | elementa- | elementa- | elementa- | elementa- |setelemen-
- - stream ry stream | rystream | rystream | rystream |tarystream
(sample (sample (sample (sample
entry entry name | entry name | entry name
'avel', 'ave3', 'mvdl’, 'mvd3’,
'ave2', 'avcd', 'mvd2’, 'mvd4’,
'mvcl',or| 'mvc3',or| 'a3dl’',or| 'a3d3"',or
'mvc2'") 'mvcd') 'a3d2") 'a3d3")
14 Prefix NAL unit Not speci- Yes Yes Yes Yes No
prefix_nal_unit_rbsp() fied
15 Subset sequence parameter set Not speci- No Yes No Yes Ves
subset_seq_parameter_set_ fied Parameter Parameter
rbsp() set elemen- set elemen-~
tary stream tary stream
shall not be shall notbe
used used
20 Coded slice extension Not speci- Yes Yes Yes Yes No
slice_layer_extension_rbsp() fied
21 Coded slice extension for a Not Not Not Yes Yes INo
depth view component or a 3D- specified specified specified
AVC texture view component
slice_layer_extension_rbsp()
24-31 Not specified Notspeci- | See Annex F | See Annex E _|/See Annex F | See Annex F | See Annex F
fied
Theremay be AVC VCL NAL units, MVC VCL NAL units and other NAL units, i.e. non-VCL NAL units, prefent in
an MV video elementary stream. There may be AVC VCL NAL units,MVC VCL NAL units, MVD VCL NAI} units,

and ng
or Ext

An AV
specif
NALu
seen a

7.4
The M

n-VCL NAL units present in an MVD video elementary stréam. Additionally, there may be Aggregators
ractors present in an MVC or MVD video elementary, stream.

C VCL NAL unit in an MVC or MVD video elementary stream conforming to one or more p
ed in Annex H, Annex I, or Annex ] of ISO/IEC 14496-10:—, shall be immediately preceded by a
hit. In this document, an AVC VCL NAL unit and‘the immediately preceding prefix NAL unit are lo
5 one NAL unit.

[Use of the plain AVC file format,

ofiles
prefix
ically

VC or MVD file format is an extension of the plain AVC file format defined in Clause 5 of this docyiment.

Subclduse 5.4.7 is defined for usegwith plain AVC streams. Its use with MVC and MVD streams is deprégcated.

7.5

7.5.1
The fo
M

Sample and configuration definition

Canonical order and restriction

llowing restrictions apply to MVC and MVD data in addition to the requirements in subclause 5

a

VC caded slice NAL units (Coded slice extension): All MVC coded slice NAL units for a single ins

ti‘Ine shall be contained in the sample whose composition time is that of the picture represented
C

3.1.

tantin
by the

ess unit. An MVC Qnmplp shall contain atleast one AVC or MVC VCL NAL unit

MVD VCL NAL units (Coded slice extension): All MVD VCL NAL units for a single instant in time shall be

contained in the sample whose composition time is that of the picture represented by the access unit. An
MVD sample shall contain at least one AVC, MVC or MVD VCL NAL unit.

Prefix NAL units: Each prefix NAL unitis placed immediately before the corresponding AVC VCL NAL unit.

Aggregators/Extractors: The order of all NAL units included in an Aggregator or referenced by an

Extractor is exactly the decoding order as if these NAL units were present in a sample not containing
aggregators or extractors. After processing the Aggregator or the Extractor, all NAL units shall be in
valid decoding order as specified in ISO/IEC 14496-10.
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7.5.2 Decoder configuration record

7.5.2.1 MVC decoder configuration record

When the AVC decoder configuration record (as defined in subclause 5.3.2.1) is used for a stream that can
be interpreted as either an MVC or AVC stream, the AVC decoder configuration record shall reflect the
properties of the AVC compatible base view, e.g. it shall contain only parameter sets needed for decoding the
AVC base view.

If the sample entry name is 'mvc1l' or 'mvc2’', a parameter set stream may be used with MVC streams, as
with AVC streams. In that case, parameter sets shall not be included in the decoder configuration record.
Otheryise (the sample entry name is 'mvc3' or 'mvc4'), parameter sets may be stored in both the,décoder
configuration record or as part of samples while a parameter set elementary stream shall not be-tised!

Sequence or picture parameter sets, including subset sequence parameter sets, are numbered in order of
storage from 1 to numOfSequenceParameterSets O numOfPictureParameterSets, respectively. Sequence
and picture parameter sets stored in this record in a file may be referenced using this-+based index by the
InitiglParameterSetBox

The MvCDecoderConfigurationRecord is structurally identical to an AvcDe€qderConfigurationHecord
Howeyver, the reserved bits preceding and succeeding the lengthsizeMinugone field are re-definef. The
syntay is as follows:

aligngd (8) class MVCDecoderConfigurationRecord {
ungigned int (8) configurationVersion = 1;

ungigned int (8) AVCProfilelIndication;

ungigned int(8) profile compatibility;

ungigned int (8) AVCLevellndication;

ungigned int (1) complete representation;

ungigned int(l) explicit au track;

bif (4) reserved = '1111'b;

ungigned int (2) lengthSizeMinusOne;

bif (1) reserved = '0'b;

ungigned int (7) numOfSequenceParameterSets;

for (i=0; i< numOfSequenceParameterSets,\r++) {

unsigned int (16) sequenceParameterSetlength ;
bit (8*sequenceParameterSetLength) “seéquenceParameterSetNALUnit;

ungigned int (8) numOfPictureParameterSets;

fof (i=0; i< numOfPictureParameterSets; i++) {

unsigned int (16) pictureRarameterSetLength;

bit (8*pictureParameterS&tlength) pictureParameterSetNALUnit;

}

The sgmantics of the fields)avcpProfileIndication, profile compatibility, and AVCLevelIndication differ
frOHltheAVCDecoderConfigurationRecordaSfOHOVV&

The figlds avcproffleIndication, AvCLevelIndication carry the profile and level indications, respeqtively,
indicafing the profile and level for the bitstream represented by this track, i.e., the bitstream that contains
all the|viewsof'this track and the views required for decoding of this track and wherein all the views fin this
track arethe target output views. If avcLevelIndication is equal to 0, the level that applies to the bitdtream
defined“above operating with all the views of this track being the target output views is unspdcified.
AVCProfileIndication, profile compatibility, and AvVCLevelIndication, 1I non-zero, shall have values
such that an MVC decoder supporting these values is able to decode bitstreams conforming to the profile,
level and profile compatibility flags indicated in any of the sequence parameter sets or subset sequence
parameter sets contained in this record.

The semantics of other fields are as follows, or, if not present in the following, are as defined for an
AVCDecoderConfigurationRecord:

complete representation iS set on a minimal set of tracks that contain a portion of the original encoded
stream, as defined in 7.6.1. Other tracks may be removed from the file without loss of any portion of the
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original encoded bitstream, and, once the set of tracks has been reduced to only those in the complete
subset, any further removal of a track removes a portion of the encoded information.

explicit au trackissetonatrackthatis'complete’; itis not necessary to determine the view dependencies,
nor calculate whether views not present in this track should be found from other tracks. However,
subject to the rules for the sample entry types, extractors may be present and need to be followed to
gather all the NAL units needed.

numOfSequenceParameterSets indicates the number of SPSs and subset SPSs that are used for decoding the
MVC elementary stream.

S n . Co T 21 andicatac tha longth 1n hutac af+ho SDC Ax ciheat CDC NAT 1313
equepeebarametersethength—Rndicatesthelength-inbytesofthe SPS-ersubset SPSNAL

1
T \Z23ea-y

SequelnceParameterSetNALUnit contains a SPS or subset SPS NAL unit as specified in Annex
ISP/IEC 14496-10:—. SPSs shall occur in order of ascending parameter set identifier with, gaps

al

Any SPS shall occur before all the subset SPSs, if any.

7.5.2.2 MVD decoder configuration record

The
MVCDe

When

interp

When

be int¢rpreted as an MVC or MVD stream, the MVC decoder configuration record shall reflect the proy

of the

contaipn only parameter sets needed for decoding the MVC compatible bitstream subset.

If the Jample entry name is 'mvd1l’', 'mvd2', 'a3dl.' (OF 'a3d2', a parameter set stream may be used wit
streams, as with AVC and MVC streams. In that\Case, parameter sets shall not be included in the d
configuration record. Otherwise (the sample‘entry name is 'mvd3', 'mvd4’', 'a3d3' or 'a3d4'), parg
sets may be stored in both the decoder configuration record or as part of samples while a parame

eleme

Seque

storage from 1 to numOfSequencgéBarameterSets O numOfPictureParameterSets, respectively. Sequen
picturp parameter sets stored ifi this record in a file may be referenced using this 1-based index

Initial

The semantics of the fields AvcprofileIndication, profile compatibility, and AVCLevelIndicatiojf

from

and Aj

the se

The
MVCDe

T

owed. Subset SPSs shall occur in order of ascending parameter set identifier with gapsbéing al

syntax  structure  of MvDDecoderConfigurationRecord is (/exactly the  samg
oderConfigurationRecord.

the AVC decoder configuration record (as defined in subclause 5,3.2.1) is used for a stream that

the MVC decoder configuration record (as defined in suliclause 7.5.2.1) is used for a stream th

MVC compatible bitstream subset (i.e. the bitstream'subset with only the texture views), e.g.

ntary stream shall not be used.

nce or picture parameter sets, including subset sequence parameter sets, are numbered in oj

ParameterSetBox.

he MVCDecodexConfigurationRecord as follows. AvCProfileIndication, profile compatib

uencesparameter sets or subset sequence parameter sets contained in this record.

H of
being
owed.

can be

Feted as an MVD stream, the AVC decoder configuration record-shall reflect the properties of the AVC
compdtible base view, e.g. it may contain only parameter sets needed for decoding the AVC base view.

at can
erties
it may

h MVD
bcoder
meter
ter set

der of
ce and
by the

differ
llity,

'CLevelIndidation, if non-zero, shall have values such that a MVD decoder supporting these values is
able tq decodeditstreams conforming to the profile, level and profile compatibility flags indicated in

any of

pr an

betnantics of other fields are as follows, or, if not present, are as defined fi

odertonriguratlonkecord.

numOfSequenceParameterSets indicates the number of SPSs and subset SPSs that are used for decoding the

M

VD elementary stream.

sequenceParameterSetNALUnit, when contained in the MVCD Configuration Box, contains a SPS or subset
SPS NAL unit as specified in Annex [ of ISO/IEC 14496-10:—. sequenceParameterSetNALUnit, when
contained in the A3D Configuration Box, contains a SPS or subset SPS NAL unit as specified in Annex ]
of ISO/IEC 14496-10:—. SPSs shall occur in order of ascending parameter set identifier with gaps being
allowed. Subset SPSs shall occur in order of ascending parameter set identifier with gaps being allowed.
Any SPS shall occur before all the subset SPSs, if any.
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7.6 Derivation from the ISO base media file format

7.6.1 MVC and MVD track structures

An MVC or MVD stream is represented by one or more video tracks in a file. Each track represents one or
more views of the stream. For a track in a file storing an MVD video stream, the track may contain texture
only, depth only or both texture and depth.

There is a minimal set of one or more tracks that, when taken together, contain the complete set of encoded
information. All these tracks shall have the flag "complete representation" set in all their sample entries.
This group of tracks that form the complete encoded information are called the "complete subset".

The trjack that has the flag "complete representation” set and contains NAL units of the base iew with
temporal_id equal to 0 shall be nominated as the 'base view track’. All the other tracks that are-part] of the
same ptream shall be linked to this base track by means of a track reference of type 'sbas-(view|base).
The cgmplete encoded information can be retained when the tracks included in the "complete subs¢t" are
retainpd; all other tracks shall represent subsets, copies (i.e. the same media data) oryfe-orderings|of the
complete subset.

All thg tracks sharing the same base view track shall share the same timescale agthe scalable base tragk. For
MVD dtreams, all the tracks containing the texture view and the depth view of/a particular view shal] share
the same timescale. Note that the texture view and the depth view of a partigular view have the samg value
of view _id.

If a vigw represented by a track uses another view represented by another track as an inter-view prediction
referepce, a track reference of type 'scal' shall be included in the track referring to the source track for
inter-yiew prediction.

For MYD streams, if a depth view is stored in a different¢rack than the track containing the texturg view
associpted with the depth view, a track reference of type@deps ' shall be included in the track containing the
depth view, referring to the track containing the texture view. The presence of this track reference indicates
that the current track contains the depth view thatiSassociated with a texture view in the referenced track.

NOTE If a track containing a part of an MVC or MVD bitstream is removed from a file, care needs to be tgken to
remov¢ also those tracks that contain 'scal' and“sbas' track references to the removed track and referenceq to the
multivlew groups that include the removed track.

7.6.2 | Reconstruction of an access unit

In order to reconstruct an access unit from samples of one or more MVC or MVD tracks, the [target
output views may need to_be’ determined first, by examining the MultiviewGroupBox (7.7.3) apd the
MultiyiewGroupRelationBox/(7.7.4). The explicit au track flag equal to 1 states that this tradgk is a
complete operating pojnt;nionetheless, the track should be examined to determine which views delivered by
this trpck are the output'views.

If the §larget outputviews are not exactly represented by any track marked with explicit au track equal to
1 in the MVC decoder configuration record, access units are reconstructed as follows.

The vipwsthatare required for decoding the determined target output views can be concluded from reference
view iflentifiers included in the View Identifier box, the 'sca1' track references, or Tier Dependency boxes.

If several tracks contain data for the access unit, the alignment of respective samples in tracks is performed
on decoding time, i.e. using the time-to-sample table only without considering edit lists.

An access unit is reconstructed from the respective samples in the required tracks and tiers by arranging
their NAL units in an order conforming to ISO/IEC 14496-10. Duplicate copies of NAL units, when present,
need to be removed in order to conform to ISO/IEC 14496-10. The following order provides an outline of the
procedure to form a conforming access unit:

— All parameter set NAL units (from the associated parameter set tracks and from the associated
elementary stream tracks).
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tracks).

pr

7.6.3

ecedes the depth view component.

Sample entry

View components in ascending order of view order index value.

7.6.3.
7.6.3.

7.6.3.

Box Ty

Conta

Mandz

Quant

This s

1.1

| Boxes for sample entry
Intrinsic camera parameters box

[.1.1 Definition

pe: 'icam'
ner: Sample Entry ("avcl', 'avec2', 'ave3', 'avcd',
'mvcl', 'mvc2', 'mvc3', 'mvc4d',
'mvdl', 'mvd2', 'mvd3', 'mvd4',
'a3dl', 'a3d2', 'a3d3', 'a3d4')
tory: No
ty: Zero or more
ibclause specifies intrinsic camera parameters»that link the pixel coordinates of an image poir

the co

relate

7.6.3.1.1.2 Syntax

class|IntrinsicCameraParametersBoX extends FullBox
ungigned int (6) reserved=0y
ungigned int (10) ref view \hd;
ungigned int (32) prec_ fiogal length;
ungigned int (32) prec(pgincipal point;
ungigned int (32) prec . Skew factor;
ungigned int (8) exponent focal length x;
signed int (64) mantissa focal length x;
ungigned int (8) exponent focal length y;
signed int (p4) mantissa focal length y;
ungigned inte(89H exponent principal point x;
signed 1418, (64) mantissa principal point x;
ungignedelnt (8) exponent principal point y;
signed int (64) mantissa principal point y;
ungigned int (8) exponent skew factor;
signed int (64) mantissa skew factor;

('icam', version=0, flags) {

7.6.3.1.1.3 Semantics

reserved this field shall be equal to zero

All SEI NAL units (from the associated parameter set tracks and from the associated elementary stream

Within a view component, if both texture and depth are present, then the texture view component

NAL units within a texture or depth view component are in their appearance order within the sample.

t with

'responding coordinates in the camera reference frame. A specification of focal length and parameters
| to the geometric distortion due to cameraoptics is given in Annex H of ISO/IEC 14496-10:—.

ref view idindicates the view_id identifying a view for which intrinsic camera parameters are indicated in

this Intrinsic Camera Parameters Box
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prec_focal length specifies the exponent of the maximum allowable truncation error for focal_length_x
and focal_length_y as given by 2-prec_focal length The value of prec focal length shall be in the range
of 0 to 31, inclusive.

prec_principal point specifies the exponent of the maximum allowable truncation error for principal_
point_x and principal_point_y as given by 2-prec_principal_point The value of prec principal point shall
be in the range of 0 to 31, inclusive.

prec_skew factor specifies the exponent of the maximum allowable truncation error for skew factor as
given by 2prec_skew_factor, The value of prec_skew factor shall be in the range of 0 to 31, inclusive.

expongrt—feeat—tength—Speecih o P 3 = e A on. The
vdlue of exponent focal length x shall beinthe range of 0 to 62, inclusive. The value 63 is reseryed for
future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified focdl length.

mantigsa focal length x specifies the mantissa part of the focal length of the i-th camera,iftthe horizontal
direction.

expongnt focal length y specifies the exponent part of the focal length in the vertical direction. The¢ value
offexponent focal length y shall be in the range of 0 to 62, inclusive. The"value 63 is reserved for
future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating.an unspecified focal length.

mantigsa focal length y specifies the mantissa part of the focal length inthe vertical direction.
mantigsa principal point x specifies the mantissa part of the principal point in the horizontal direftion.

expongnt principal point y specifies the exponent part of the'principal point in the vertical dirgction.
The value of exponent principal point_y shall be in theyrange of 0 to 62, inclusive. The valu¢ 63 is
relserved for future use by ITU-T | ISO/IEC. Decoders shalltreat the value 63 as indicating an unspecified
pifincipal point.

mantigsa principal point vy specifies the mantissa part of the principal point in the vertical directipn.

expongnt skew factor specifies the exponent part of the skew factor. The value of exponent skew factor
shall be in the range of 0 to 62, inclusive, The value 63 is reserved for future use by ITU-T | ISO/IEC.
Décoders shall treat the value 63 as indi¢ating an unspecified skew factor.

mantigsa skew factor specifies the mantissa part of the skew factor.

The intrinsic matrix A for the camera associated to the view indicated by ref view id is represented as
followp:

fpcalLengthX skewFactor principalPointX
0 focalLengthY principalPointY
0 0 1

Each domponent of-the intrinsic matrix is obtained from the variables specified in Table 6 as the varjable x
computed as fallows.

— Ifp<€£63,x=2831%(1+n+ 2v), withv=max(0,e +p-31)

20132
A2

. 1 o o [ & el £ PaWatal
— Ifetsequatto O, x=2 M m,with v=Tmax(0, p~30)
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Table 6 — Association between camera parameter variables and syntax elements

X e n p
focalLengthX exponent_focal_length_x mantissa_focal_length_x prec_focal_length
focalLengthY exponent_focal_length_y mantissa_focal_length_y prec_focal_length

principalPointX exponent_principal_point_x mantissa_principal_point_x prec_principal_point
principalPointY exponent_principal_point_y mantissa_principal_point_y prec_principal_point
skewFactor exponent_skew_factor mantissa_skew_factor prec_skew_factor

7.6.3. 1 -2—Extrinsic-cameraparameters bex

7.6.3.1.2.1 Definition

Box Type: 'ecam’

Contalner: Sample Entry ("avcl', 'avec2', 'ave3', 'avcd',

'mvcl', 'mvc2', 'mvc3', 'mvcéd',
'mvdl', 'mvd2', 'mvd3', 'mvd4',
'a3dl', 'a3d2', 'a3d3', 'a3d4')

Mandgtory: No

Quantjty: Zero or more

This dqubclause specifies extrinsic camera parameters that.define the location and orientation [of the

camerp reference frame with respect to a known world reference frame. A specification of extrinsic damera

paramjeters including translation vector and rotation matrixis given in Annex H of ISO/IEC 14496-10:

The extrinsic camera parameters are specified according to a right-handed coordinate system, whegre the

upper

having non-negative coordinates. With these spé&¢ifications, a 3-dimensional world point, wP=[x
mapped to a 2-dimensional camera point, cP =f{u'v 1], according to:

sHcP=A*R1*(wP-T)

where
box (s
scalar
AR T

7.6.3.

class
un;
un
un
un
fol

left corner of the image is the origin, i.e., the:(0, 0) coordinate, with the other corners of the

pe 7.6.3.1.1), R denotes the\iverse of the rotation matrix R, T denotes the translation vector, a
value) is an arbitrary scale¢ factor chosen to make the third coordinate of cP equal to 1. The elem
are determined according the syntax elements signalled in this box and as specified below.

[.2.2 Syntax

image
y z] is

A denotes the intrinsic cameraparameter matrix that can be indicated by an intrinsic camera parameters

nd s (a
ents of

Extrinsic€ameraParametersBox extends FullBox ('ecam',6 version=0, flags) {
igned iQ1%(6) reserved=0;
ignedeant (10) ref view id;
ignedr<int (8) prec_rotation param;
$igned int (8) prec_translation param;
(F=1; j<=3; j++) { /* row */
for (k=1; k<=3; k++) { /* column */
unsigned int (8) exponent r([j][k];

signed int (64) mantissa r [Jj][k];
}
unsigned int (8) exponent t[j];
signed int (64) mantissa t[j];

7.6.3.1.2.3 Semantics

reserved this field shall be equal to zero
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ref view idindicates the view_id identifying a view for which intrinsic camera parameters are indicated in
this Intrinsic Camera Parameters Box

prec_rotation param specifies the exponent of the maximum allowable truncation error for r[ j ][ k | as
given by 2prec_rotation_param_ The yalue of prec_rotation param shall be in the range of 0 to 31, inclusive.

prec translation paramspecifies the exponent of the maximum allowable truncation error for t[ j | as given
by 2prec_translation_param The value of prec  translation paramshall be in the range of 0 to 31, inclusive.

exponent_r[j][k] specifies the exponent part of (j, k) component of the rotation matrix. The value of
exponent_r[j][k] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use by

ITII TI1ISOEC Doacadarcechalltraattha ualiia 62 ~c i dicating an yincnacifiod rotatinny maatiy
A= e~y G erS-Starttredt e vyarhe-ooaSHheteath S uhRSpecearotatdohiatx

mantig

expons

manti

Tle rotation matrix R is represented as follows:

The trpnslation vector T is represented as follows:

—~+

— Ifp<e<63,x=231*(1+n+2Y), with v=max(0,e +p-31)

— If

esfponent t[7] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use by
| ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified translatiomwvector.

E[0]
E1]

tE[ 2]
Each domponent of the rotation matrix and the translation vector is obtained from the variables speci
Table ¥ as the variable x computed as follows:

TG DTto

sa_r[j][k] specifies the mantissa part of (j, k) component of the rotation matrix.

sa_t[j] specifies the mantissa part of the j-th component of the translation vector.

E[0][0] rE[O0][1] rE[0][2]
E[1][0] rE[1][1] rE[1][2]
E[2][0] rE[2][1] rE[2][2]

e is equal to 0, x = 2-30+V) * nywith v = max(0, p - 30)

Table 7 — Association between camera parameter variables and syntax elements

nt_t[j] specifies the exponent part of the j-th component of the translation vectory The value of

ITUT

ffied in

X e n
FE[j ][ k] exponent_r[j][ k] mantissa_r[j][ k] prec_rotatlzon_paralm
tE[j] exponent_t[j ] mantissa_t[j ] prec_translation_param
7.6.3.1.3 View identifier box
7.6.3.1.3.1 Definition
Box Type: 'vwid'
Container: Sample Entry ("avcl', 'avec2', 'ave3', 'avcd',

'mvel', 'mvc2', 'mvc3', 'mvcéd',

'mvdl', 'mvd2', 'mvd3', 'mvd4',

'a3dl', 'a3d2', 'a3d3', 'a3d4')
Or MultiviewGroupEntry

Mandatory:  Yes (for sample entries and the primary group definition in Multiview Group entries)
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Quantity: Exactly one (for sample entries and the primary group definition in Multiview Group entries)
Zero for non-primary group definitions in Multiview Group entries

When included in a sample entry, this box indicates the views included in the track. When included in a
MultiviewGroupEntry, this box indicates the views included in the respective tier. This box also indicates
the view order index for each listed view. Additionally, the box includes the minimum and maximum values
of temporal_id included in the track or tier when the View Identifier box is included in a sample entry or
MultiviewGroupEntry, respectively. Moreover, the box indicates the referenced views required for decoding
the views included in the track or tier. Moreover, for MVD streams, the box indicates, for each of the view
included in the track, the presence of texture and/or depth in the track and in the stream.

7.6.3.1.3.2 Syntax

class|ViewIdentifierBox extends FullBox ('vwid', version=0, flags)

{

ungigned int (2) reserved6 = 0;
ungigned int (3) min temporal id;
ungigned int (3) max temporal id;
ungigned int (16) num views;
fof (i=0; i<num views; i++) |
unsigned int (6) reservedl = 0;
unsigned int (10) view id[i];
unsigned int (6) reserved?2 = 0;
unsigned int (10) view order index;
unsigned int (1) texture in stream[i];
unsigned int (1) texture in track[i];
unsigned int (1) depth in stream[i];
unsigned int (1) depth in track[i];
unsigned int (2) base view type;
unsigned int (10) num ref views;
for (3 = 0; J < num ref views; J++) {
unsigned int (4) reserved5 = 0;
unsigned int (2) dependent component *dc[i] [j];
unsigned int (10) ref view id[i] [J&

7.6.3.1.3.3 Semantics

min temporal id, max temporalSid take the minimum and maximum value, respectively, of the temjporal
id[syntax element that is present in the NAL unit header extension of the NAL units mapped to th¢ track
o1f tier when the View Identifier box is included in a sample entry or MultiviewGroupEntry, respedtively.
Fqr AVC streams thistakes the value that is, or would be, in the prefix NAL unit.

num_vjews, when thewiéwIdentiferBox is present in a sample entry, indicates the number of views influded
in[the track. When the viewTdentifierBox is presentin a MultiviewGroupEntry, num views indicates the
nymber of views included in the respective tier.

view {d[ilvihdicates the value of the view_id syntax element in the NAL unit header extension of a
vipw included in the track or tier when the View Identifier box is included in a sample en|try or
MUl E#viewGroupEntry, respectively.

view order index indicates the value of the VOIdx variable, as specified in Annex H of ISO/IEC 14496-10:—,
for a view included in the track or tier when the View Identifier box is included in a sample entry or
MultiviewGroupEntry, respectively

texture in stream([i] equal to 1 indicates that the texture view for the view with view_id[i] is present in the
stream. The value indicates that the texture view for the view with view_id[i] is not present in the stream.

texture in track[i] equal to 1 indicates that the texture view for the view with view_id[i] is present in the
track. The value indicates that the texture view for the view with view_id[i] is not present in the track.
When texture in stream[i] IS equal to 0, the value of texture in track[i] shall be equal to 0.
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depth_in_stream[i] equal to 1 indicates that the depth view for the view with view_id[i] is present in the
stream. The value indicates that the depth view for the view with view_id[i] is not present in the stream.

W

hen texture in stream[i] is equal to O, the value of depth in stream[i] shall be equal to 1.

depth_in track([i] equal to 1 indicates that the depth view for the view with view_id[i] is present in the
track. The value indicates that the depth view for the view with view_id[i] is not present in the track.
When depth in stream[i] is equal to 0, the value of depth_in_track[i] shall be equal to 0. When

te

xture in_track[i] is equal to O, the value of depth_in_track][i] shall be equal to 1.

base view type indicates whether the view is a base view (virtual or not). It takes the following values:

tacthat tha viaw ic na caviavw narvirtial haca viawag
te5S—~tridttrie eW-15+He SeVHEeWHOo Vi ttHaroa5Se-YVIewWs

<5}
o
4

0
1
2
3

num_rq
Vi

depen
alj

T

thall be used to label the non-virtual base view of the MVC bitstream.
s areserved value and shall not be used.

indicates that the view with view_id[i] is a virtual base view. The respective independently
non-base view with view_id[i] resides in another track. When base view tiype is equal to
subsequent num_ref_views shall be equal to 0.

£ views indicates the number of views that may be directly or indirectly referenced by the viey
ew_id([i].

ent component idc[i][j] indicates how the texture view anddepth view of the j-th referenc

r
T

ref v
by
is

View Identifier box is included in a sample ent¥y, it is recommended to indicate the referenced vig

b
7.6.3.]
7.6.3.]

Sampl

t%ﬁ reference view is required. If the value is equal to 1, only<the depth view of the reference ¥

e required for decoding the view with view_id[i]. If the valueds‘equal to 0, only the texture v

quired. If the value is equal to 2, both texture view and depth view of the reference view are red
e value of 3 is reserved.

ew _id[i][j] indicates the view identifier of the j-thview that may be directly or indirectly refej
the view with view_id[i], i.e., that may be requit'ed for decoding of the view with view_id[i]. If
required for decoding the view with view_id[i}, it shall be listed as one of ref_view_id[i][j]. Wh

th anchor and non-anchor access units jn the same sample entry.
P MVC and MVD sample entry deéfinitions
2.1 Definition

e Entry and Box Types:

'mvcl', N'wmvc2', 'mvc3', 'mvcéd',
'mvddN,~'mvd2', 'mvd3', 'mvd4',
'a3glv, 'a3d2', 'a3d3', 'a3d4'

coded
3, the

v with

e view
iew of
iew is
uired.

renced
N view
en the
ws for

Contalner: Sample Description Box ('stsd')
Mandgtory: One of the above listed sample entries is mandatory
Quantrty: OTIE OT TTTOTE SAMMPIE ENtries Mmay be Present

When present, the AVC Configuration Box documents the Profile, Level, and possibly also parameter sets
pertaining to the AVC compatible base view as defined by the avcbecoderConfigurationRecord. When
present, the MVC Configuration Box documents the Profile, Level and Parameter Set information pertaining
to the entire MVC stream as defined by the MvCcDecodercConfigurationRecord. When present, the MVCD
Configuration Box documents the Profile, Level and Parameter Set information pertaining to the entire
MVC+D stream as defined by the MvDpecoderconfigurationRecord. When present, the A3D Configuration
Box documents the Profile, Level and Parameter Set information pertaining to the entire 3D-AVC stream as

define

(ibytheNWDDecoderConfigurationRecord
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For the AVC sample entries 'avcl', 'avc2', 'ave3' and 'avc4', the width and height fields in the sample
entry document the cropped frame dimensions of the AVC base layer. For the MVC sample entries 'mvc1’,
'mvc2', 'mve3', and 'mvc4 ', and for the MVD sample entries 'mvd1', 'mvd2', 'mvd3’', 'mvd4’, 'a3d1’, ra3qdz2’,
'a3d3',and 'a3d4’, the width and height fields in the sample entry document the cropped frame dimensions
achieved by decoding any single texture view of the entire MVC or MVD stream. Furthermore, for MVD
sample entries 'mvdl', 'mvd2', 'mvd3', 'mvd4', 'a3dl’', 'a3d2', 'a3d3’, and 'a3d4’', the depth width and
depth height in the MvDDepthResolutionBox document the cropped frame dimensions achieved by decoding
any single depth view of the entire MVD stream.

The 1engthsizeMinusone field in the AVC, MVC, MVCD, and A3D configurations in any given sample entry
shall have the same value.

A pri(Jrity assignment URI provides the name (in the URI space) of a method used to assign prioi'ity_id
valueg. When it occurs in an AVC or MVC sample entry, exactly one URI shall be present, that decuments the
priority_id assignments in the entire AVC or MVC stream. An MVCD or A3D sample entry shall.not contain an
MVCVi¢wPriorityAssignmentBox (and consequently priority assignment URI can be used neither for MVC+D
streams nor for 3D-AVC streams).

The URI is treated here as a name only; it should be de-referenceable, though this is not requireld. File
readeis may be able to recognize some methods and thereby know what stream extraction operations|based
on priprity_id would do.

The rgquirements for the sample entry types 'avci' and 'avc2' as documented in 6.5.3.1.1 also apply here.

When| present in an AVC, MVC, MVCD, or A3D sample entry, ViewScalabilityInfoSEIBox,
ViewIdlentifierBox, IntrinsicCameraParametersBox, ExtrinsigCaméraParametersBox, MVDScalabllityI

nformdtionSEIBox, BitRateBox and MPEG4ExtensionDescriptofsBox, apply to the entire AVC, MVC, MVC+D,
or 3D-AVC stream, respectively.

The pgrameter sets required to decode a NAL unit that is present in the sample data of a video stream,|either
directly or by reference from an Extractor, shall be present in the decoder configuration of that video dtream
or in the associated parameter set stream (if used).

Table B shows for a video track all the possible ‘iSes of sample entries, configurations, and the MV( tools
(exclufling timed metadata, which is always used in another track).

Table 8 — Use of sample entries for AVC, MVC, MVC+D and 3D-AVC tracks

sample entry name with configuration records meaning

'avell or 'ave3' AVC Configuration Only A plain AVC track with AVC NAL units only; Extractors,
aggregators, and tier grouping shall not be preseft.

'ave2| or 'avcd' AVE Configuration Only Aplain AVC track with AVC NAL units only; Extractors may
be present; Aggregators may be present to contajin and
reference AVC NAL units; Tier grouping may be present.

'avell or 'ave3' AVC and MVC Configurations An MVC track with both AVC and MVC NAL units; fAggre-
gators and Extractors shall not be present.
'ave2| or 'ave4” AVC and MVC Configurations An MVC track with both AVC NAL units and MV|C NAL

units; Extractors may be present and used to refgrence
both AVC and MVC NAL units; Aggregators may be gresent

tocantain and rafaranca bhath AVC A Ad MUC NAT t .
tainandreference both AVC and MYC NAH units;

toO—OoT1t

Tier grouping may be present.

'mvcl' Or 'mvc3' MVC Configuration Only An MVC track without AVC NAL units; Aggregators may
be present to contain and reference MVC NAL units; Tier
grouping may be present.

'mvc2' Or 'mvcd' MVC Configuration Only An MVC track without AVC NAL units; Extractors may be
presentand used to reference MVC NAL units; Aggregators
may be present to contain and reference MVC NAL units;
Tier grouping may be present.
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Table 8 (continued)

sample entry name

with configuration records

meaning

'avcl' or 'avc3'

AVC,MVC, and MVCD Configurations

An MVC+D track with AVC, MVC and MVC+D depth NAL
units; Aggregators and extractors shall not be present;

Tier grouping may be present.

'mvcl' Or "mvc3'

MVC and MVCD Configurations

An MVC+D track without AVC NAL units but with MVC and
MVC+D depth NAL units; Aggregators and tier grouping

may be present.

'mvc2' or 'mvcéd'

MVC and MVCD Configurations

An MVC+D track without AVC NAL units but with MVC

and MVC+D depth NAL units; Extractors, aggre

ators

and tier grouping may be present.

'mvdl| or 'mvd3'

MVCD Configuration Only

An MVC+D track with MVC+D depth NAL unitsonly; Ag-

gregators and tier grouping may be presént.

'mvd2| or 'mvd4'

MVCD Configuration Only

An MVC+D track with MVC+D depth NAIrunits on

ly; Ex-

tractors, aggregators and tier grouping may be present.
'avcll or 'ave3! AVC, MVC, MVCD, and A3D Config-|A 3D-AVC track with AVC, MVC{MVC+D depth, apd 3D-
urations AVC NAL units; Aggregatorsjand extractors shalljnot be

present; Tier grouping may be present.

If MVC Configuration wiere not present in this ex
the track would not-eontain or refer to MVC NAL
If MVCD Configuratien were not present in this ex
the track would“not contain or refer to MVC+D
NAL units.

hmple,
units.
hmple,
depth

'mvcl|' or 'mvc3'

MVC, MVCD, and A3D Configurations

A 3D-AVE-ttack without AVC NAL units but with
MVC+D depth NAL units, and 3D-AVC NAL units; 4
gatots and tier grouping may be present.

I[fMVCD Configuration were not presentin this ex

the track would not contain or refer to MVC+D
NAL units.

MVC,
\ggre-

hmple,
depth

'mvc2|' or 'mvcéd'

MVC, MVCD, and A3D Configurations

A 3D-AVC track without AVC NAL units but with
MVC+D depth NAL units, and 3D-AVC NAL units; Extr]
aggregators and tier grouping may be present.

If MVCD Configuration were not present in this ex

the track would not contain or refer to MVC+D
NAL units.

MVC,
actors,

hmple,
depth

'mvdl| or 'mvd3'

MVCD and A3D Configurations

A 3D-AVC track without AVC or MVC NAL units by
MVC+D depth NAL units and 3D-AVC NAL units; |
gators and tier grouping may be present.

twith
\ggre-

'mvd2| or 'mvd4'

MVCD and A3D Configurations

A 3D-AVC track without AVC or MVC NAL units by
MVC+D depth NAL units and 3D-AVC NAL units; Extr
aggregators and tier grouping may be present.

t with
actors,

'a3dlf or 'a3d3"

A3D Configuration Only

A 3D-AVC track with 3D-AVC NAL units only; Aggrd
and tier grouping may be present.

gators

'a3d2| or 'a3d4v

A3D Configuration Only

A 3D-AVC track with 3D-AVC NAL units only; Extr
aggregators and tier grouping may be present.

hctors,

7.6.3.2:2

o) A
JSyIlitdX

class MVCConfigurationBox extends Box ('mvcC') {

MVCDecoderConfigurationRecord()

}

MVCConfig;

class ViewScalabilityInformationSEIBox extends Box ('vsib', size)

{

unsigned int (8*size-64)

}

mvcscalinfosei;

class MVDDepthResolutionBox extends Box ('3dpr')

{
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unsigned int (16) depth width;

unsigned int (16) depth height;
/* The following 5 fields are collectively optional; they are either all present or a
11 absent. When grid pos num views is not present, the for loop is not present, equiv
alent to grid pos num views equal to 0. These fields may be present or absent wheneve
r the box is present (e.g., in MVCDConfigurationBox or A3DConfigurationBox). */

unsigned int (16) depth hor mult minusl; // optional

unsigned int (16) depth ver mult minusl; // optional

unsigned int (4) depth hor rsh; // optional

unsigned int (4) depth ver rsh; // optional

unsigned int (16) grid pos num views; // optional

for(i = 0; 1 < grid pos num vies; i++) {

bit (6) reserved=0;

urrsTgred Tttt grid pos view _TaiTls
signed int (16) grid pos x[grid pos view id[i]];
signed int(16) grid pos y[grid pos view id[i]];

class |MVCDConfigurationBox extends Box ('mvdC') ({
MVDDecoderConfigurationRecord MVDConfig;
MVIPDepthResolutionBox mvdDepthRes; //Optional

class|A3DConfigurationBox extends Box('a3dC') {
MVIDDecoderConfigurationRecord MVDConfig;
MVIDDepthResolutionBox mvdDepthRes; //Optional

class|MVDScalabilityInformationSEIBox extends Box('3sib', gize)
ungigned int (8*size-64) mvdscalinfosei;

class |AVCMVCSampleEntry () extends AVCSampleEntry (lavcl' or 'ave3') {
VigwScalabilityInformationSEIBox scalabilitys // optional

VigwIdentifierBox view identifiers; {/~optional
MvV¢ConfigurationBox  mvcconfig; // gptional
MV¢ViewPriorityAssignmentBox  view priox¥ty method; // optional
InfrinsicCameraParametersBox intrinsic’ camera params; // optional
ExffrinsicCameraParametersBox extrinsdic camera params; // optional
MV(DConfigurationBox mvcdconfig; // optional
MVPScalabilityInformationSEIBox mvdscalinfosei; // optional

A3PConfigurationBox a3dconfigy // optional

class |AVC2MVCSampleEntry () extiends AVC2SampleEntry ('avc2' or 'avcd') {
VigwScalabilityInformationSEIBox scalability; // optional

VigwIdentifierBox view identifiers; // optional
MvV¢ConfigurationBox(mvCconfig; // optional
MV(ViewPriorityAssighmentBox view priority method; // optional
InfrinsicCameraParametersBox intrinsic camera params; // optional
ExfrinsicCameraPdrametersBox extrinsic_camera_ params // optional
MV¢DConfigurgktionBox mvcdconfig; // optional
MVPScalabidifyInformationSEIBox mvdscalinfosei; // optional

A3JConfigurationBox  a3dconfig; // optional
}

// Us¢ _Bhis if the track is NOT AVC compatible

class MVCSampleEntry () extends VisualSampleEntry ('mvcl', 'mvc2',
'mvc3', or 'mvcd') {

MVCConfigurationBox mvcconfig; // mandatory
ViewScalabilityInformationSEIBox scalability; // optional
ViewIdentifierBox view identifiers; // mandatory
MPEG4ExtensionDescriptorsBox descr; // optional
MVCViewPriorityAssignmentBox view priority method; // optional
IntrinsicCameraParametersBox intrinsic camera params; // optional
ExtrinsicCameraParametersBox extrinsic camera params // optional
MVCDConfigurationBox mvcdconfig; // optional
MVDScalabilityInformationSEIBox mvdscalinfosei; // optional
A3DConfigurationBox a3dconfig; // optional
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class MVCDSampleEntry () extends VisualSampleEntry ('mvdl', 'mvd2',
'mvd3', or 'mvd4') {
MVCDConfigurationBox mvcdconfig; // mandatory
MVDScalabilityInformationSEIBox mvdscalinfosei; // optional
ViewIdentifierBox view identifiers; // mandatory
MPEG4ExtensionDescriptorsBox descr; // optional IntrinsicCameraParametersBo
x intrinsic camera params; // optional
ExtrinsicCameraParametersBox extrinsic camera params // optional
A3DConfigurationBox a3dconfig; // optional
}
class A3DSampleEntry () extends VisualSampleEntry ('a3dl', 'a3d2',
SOt oS¢
A3pConfigurationBox a3dconfig; // mandatory
MVPScalabilityInformationSEIBox mvdscalinfosei; // optional
VigwIdentifierBox view identifiers; // mandatory
MPEG4ExtensionDescriptorsBox descr; // optional IntrinsicCameraParamet&rsBo
x intfinsic camera params; // optional
ExfrinsicCameraParametersBox extrinsic camera params // optional

}

7.6.3.]

When

When

Vi
re

When

Vi
re

depth|width and depth height give the values of the width and height, respectively, of cropped
di
cdntaining the MvDDepthResolutionBox:is included applies.

depth |

to
ngt present, depth hor multyminusl and depth ver mult minusl are inferred to be equal to
ddpth hor rshand depth(ver rshare inferred to be equal to 0.

N

to

N
a

mylt minds¥and depth ver rsh specify the ratio of the height of the luma sample in a texture view com
re

grid |

ifsualsampleEntry indicates the name of the compressor used, withrthe'value "\o12mMvc coding”
re

P.3 Semantics
the sample entry is 'mvcl', 'mvc2', 'mvc3', Or 'mvc4', Compxessorname in the base|

commended (\012 is 10, the number of bytes in the rest of the string).

the sanuﬂe entry is 'mvdl', 'mvd2', 'mvd3', Or 'myd4", Compressorname in the base
sualSampleEntry indicates the name of the compressor usgd; with the value "\013MvcD Coding"
commended (\013 is 11, the number of bytes in the rest of the string).

the sample entry is 'a3di', 'a3d2', 'a3d3',»>0r 'a3d4', Compressorname in the base
sualSampleEntry indicates the name of the compressor used, with the value "\012a3D coding"
commended (\012 is 10, the number of bytes_in the rest of the string).

Imensions of the coded depth view comiponents, in pixels, in the stream to which the samplé

the semantics of the syntax‘elements with the same names in Annex ] of ISO/IEC 14496-10:—.

TE1 InMVC+D bitstreams, the depth sampling information SEI message carries information corresp
depth hor multCmPnusl,depth hor rsh,depth ver mult minusl,and depth ver rsh

fexture view component relative to the width of the luma sample in a depth view component. depti

ativette-the height of the luma sample in a depth view component.

class
being

class
being

class
being

frame
entry

[hor mult minusl,depth hor rshydepth ver mult minusl,anddepth ver rsharespecifiedidentically

When
1, and

onding

TE2Z depfd~hor mult minusl and depth hor rsh specify the ratio of the width of the luma sampple in

L ver
ponent

os/num views specifies the number of views for which grid pos view id[i], grid pos x[gri

_pos

view_id[i]]andgrid_pos_y[grid_pos_view_id[i}]arepresent

grid pos view id[i] specifies a view_id value of a texture view.

grid pos x[grid pos view id[i]] specifies a horizontal offset of a depth sampling grid relative to the
luma texture sampling grid in texture luma sample units. grid pos y[grid pos view id[i]] specifies
a vertical offset of a depth sampling grid relative to the luma texture sampling grid in texture luma
sample units. When no value of grid pos view id[i] isequaltoaview idvalue of atexture view, grid_
pos x[view id] and grid pos y[view id] are inferred to be equal to 0.
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NOTE 3 grid pos num views, grid pos view id[i], grid pos x[grid pos view id[i]] and grid_

pos_ylgrid pos view id[i]] are specified 1dent1cally to the semantics of the syntax elements with the same
names in Annex | of ISO/IEC 14496-10:—. In MVC+D bitstreams, the depth sampling information SEI message
carries information corresponding to depth _hor mult minusl,depth hor rsh,depth ver mult minusl,and

depth ver rsh.

mvdDepthRes contains the width and height of the coded depth view components in the stream to which the
sample entry applies. When not present, the width and height of the coded depth view components are

inferred to be the same as the width and height of the coded texture view components.

mvcscalinfosei contains an SEI NAL unit containing only a view scalability information SEI
message as specified in [SO/IEC 14496-10:—, Annex H. The 'size' field of the container box

VllewScalabllltyInformatlonSEIBox shall not be equal to 0 or 1.

mvdscqlinfosei contains an SEI NAL unit containing only a MVCD scalability infofimation SEI
mpssage as specified in ISO/IEC 14496-10:—, Annex I. The 'size' field of the <‘containgr box

MV DScalabilityInformationSEIBox shall not be equal to 0 or 1.

7.6.4 | Sync sample

A syn¢ sample identifies the presence of an IDR access unit of the MVC or MV D bitstream for any Jample

entry that includes an MVC or MVD configuration record, respectively.

For vifleo data described by a sample entry of type 'mvc3', 'mvc4', 'myd3’', 'mvd4’, 'a3d3’, or 'a3df’, the

followfing applies:

a) Iffthe sample is a sync sample, all parameter sets needed for decoding that sample shall be influded

either in the sample entry or in the sample itself.

b) Otherwise (the sample is not sync sample), all parameter sets needed for decoding the samplg¢ shall
bg included either in the sample entry or in any of.the samples since the previous sync sample|to the

sample itself, inclusive.

7.6.5 | Shadow sync

A shadow sync box shall not be used for video data described by any MVC or MVD sample entry. Its @ise for

MVC o MVD is deprecated.

7.6.6 | Independent and disposable samples box

If the pampleDependencyTypeBos is used in a track that is both AVC and MVC compatible, then care $hould
be talen that the information provided by this box is true no matter what valid subset of the MV[ data
(possiply only the AVC data) is used. The 'unknown' values (value 0 of the fields sample depends on, sgmple

is_depended on, andsdmple has_ redundancy) may be needed if the information varies.

If the pampleDependencyTypeBox is used in a track that is compatible to all of AVC, MVC, and MVD, then care
should be taken that the information provided by this box is true no matter what valid subset of the MV]D data
(possiply only:the AVC data or only the MVC data) is used. The 'unknown' values (value 0 of the fields sfmpie

depends_&n,'sample is depended on,and sample has_ redundancy) may be needed if the information vgries.

7.6.7 Sample groups on random access recovery points 'rol1l' and random access points 'rap '

When version 0 of the sampleToGroupBox is used, the following applies:

— For video data described by a sample entry of type 'avci', 'ave2', 'avc3' or 'avc4', the random access
recovery sample group and the random access point sample group identify random access recovery
points and random access points, respectively, for all of an AVC decoder, an MVC decoder (if any), and an

MVD decoder (if any) operating on the entire bitstream.
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NOTE If the random access recovery points or the random access points for the AVC decoder, the MVC decoder,
and the MVD decoder operating on the entire bitstream are not all aligned, the random access recovery points table
or the random access point table, respectively, will not document all of them. In this case, the stream can be stored in
multiple tracks, e.g. two tracks, one containing the AVC base layer with a sample entry of type 'avcl' or 'avc3', and
the other containing other layers with an MVC or MVD sample entry type.

— For video data described by an MVC sample entry type, the information provided by the random access
recovery sample group and the random access point sample group is true for any valid subset of the
entire MVC bitstream.

— For video data described by an MVD sample entry type, the information provided by the random access
recovery sample group and the random access point sample group is true for any valid subset of in the
erftire MVD bitstream.

Whenversion 1 of the sampleToGroupBox is used, the grouping type parameter specifies the tigr-id value of
the layer(s) or view(s) that are refreshed in the associated sample.

7.7 MVC specific information boxes

7.7.1 | Overview

The fgllowing boxes specify information that relate to more than one putput view of an MVC of MVD
elementary stream. As any subset of views of an MVC or MVD elementary-stream can be chosen for qutput,
the ir;:lt(_)rmation carried in these boxes is not necessarily specific to any track and thus contained sepdrately.
The infformation can be specified for different groups of output views\.

7.7.2 | Multiview information box
7.7.2.1 Definition

Box Type: '‘mvei!

Contalner: MediaInformationBox['minf')
Mandgtory: No

Quantjty: Zero or one

Locatdd in the Media Informatioh*Box of the base view track indicated by the 'sbas' track referende, this
box contains MultiviewGroupBoxes, and MultiviewGroupRelationBoxes.

7.7.2.2  Syntax

aligngd (8) classMultiviewInformationBox
exftends FullBox ('mvci', version = 0, flags) {

}

7.7.3 | Multiview group box

7.7.3.1 Definition

Box Type: 'mveg!
Container: MultiviewInformationBox ('mvci')
Mandatory: No

Quantity: Zero or more
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This box specifies a multiview group for the views of the MVC or MVD stream that are output. Target
output views can be indicated on the basis of track id, tier id, or view id. When the views included in a
track match an operating point, it is recommended to use track id (i.e., entry type equal to 0) within the
MultiviewGroupBox. When multiview sample grouping is in use, and tiers cover more than one view or some
tiers contain a temporal subset of the bitstream, it is recommended to use tier id (i.e., entry type equal to
1) within the MultiviewGroupBox. Otherwise, it is recommended to use one of the view id based indications
(i.e., entry type equal to 2 or 3).

When entry type is equal to 0 or 1, the following applies. Each view in a track or tier that is included in
this box is a target output view, and if a track or tier included in this box contains multiple views, all the
contained views are target output views.

Decodling of the output views may require decoding of other views that are not target output views. The
views [that are required for decoding but are not target output views can be concluded from refenence view
identifiers included in the View Identifier box, the 'sca1' track references, or from the Tier Depefiden¢y box.

If the pbox contains a track_id or tier id that is not present or refers to a view id of-g view that|is not
preseit, the respective view should be considered removed and the multiview group shrould be ignorgd.

7.7.3.2 Syntax

aligngd (8) class MultiviewGroupBox extends FullBox ('mvcg', version.x%0, flags) {
ungigned int (32) multiview group id;
ungigned int (16) num entries;
bif (8) reserved = 0;
for (i=0; i<num entries; i++) {
unsigned int(8) entry type;
if (entry type == 0)
unsigned int (32) track id;
else if (entry type == 1) {
unsigned int (32) track id;
unsigned int (16) tier id;
}
else if (entry type == 2) {
bit (6) reservedl = 0;
unsigned int (10) output view id;
}
else if (entry type == 3) {
bit (6) reserved2 = 0;
unsigned int (10) start view id;
unsigned int (16) view ,cobunt;

}

Ti¢rInfoBox subset stream info; // optional
MultiviewRelationAttyibuteBox relation attributes; // optional
Ti¢rBitRateBox subs@k-Stream bit rate; // optional
BufferingBox subset\Stream buffering; // optional
MultiviewSceneLmfeBox multiview scene info; // optional

7.7.3.3 Semantics

multiyiewN\group id provides a unique identifier for the multiview group within the file.

num_entries is the number of tracks (entry type 0), tiers (entry type 1), target output views (entry type 2),
or continuous sets of target output views (entry type 3) included in this multiview group.

entry type specifies how the target output views are indicated. The following values of entry type are
specified:

0 - all the views included in an indicated track are target output views
1 - the view(s) of an indicated tier within an indicated track are target output views

2 - the view with view_id equal to output_view_id is a target output view
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3 - the views having view_id within the range of start_view_id to (start_view_id + view_count - 1),

inclusive, are target output views

track idindicates a track containing target output views.

tier idindicates a tier within a track where all views within the tier are target output views.

output view idindicates a view_id of a target output view.

start_view idindicates the first view_id in a range of contiguous values of view_id all being target output views.

view count indicates the number of contiguous values of view_id all being target output views.

track]|
tier 1
subsef

vi

relat]
al
id
oy

thle output views are associated with extrinsic camera parameters not’having a constant spacing,

subsef
oy
t i

subset
in

multiy

SH
7.7.4
7.7.4.

Box Ty
Conta
Mandd
Quant
This b

time.
and w

|id indicates a track.
d indicates a tier within a track.

_stream info indicates the characteristics of the bitstream subset containing thesindicated
ews and the views they depend on.

on attributes indicate the relations between output views. If 'ecam' is used.as a common att
the output views are associated with extrinsic camera parameters indicating that the camera
entical rotation and constant spacing. If 'ecam' is used as a differehtidting attribute, at lea|
tput view is associated with extrinsic camera parameters with different rotation from the ot}

_stream bit rate indicates the bit rate statistics of the bitstream subset containing the ind
tput views and the views they depend on. The values of tierBaseBitRate, tierMaxBitRate
erAvgBitRate within the TierBitRateBox are unspecified.

| stream buffering indicates the HRD parameters that apply to the bitstream subset containi
dicated output views and the views they depend on-afd operating with the indicated target output

riew scene_ info contains the maximum disparity in units of integer pixel resolution betwe
atially adjacent output views in any access\unit.

Multiview group relation box

| Definition

pe: 'swtc!

ner: MultiviewlnformationBox('mvci')
tory: No

ty: Zero-or more

ox specifies a set of multiview groups from which one multiview group is decoded and played
[he“given relation attributes specify which features are common in all associated multiview g

butput

ribute,
s have
st one
ers or

icated
and

ng the
views.

PN any

at any
Froups

hich factors make the multiview groups differ from each other. The relation attributes can b

b used

to select a suitable set of multiview groups for playback, e.g. based on the number of output views. The
differentiating attributes can be used to select which multiview group within the set is suitable for the
player, e.g. based on the required level for decoding.

7.7.4.2 Syntax

aligned (8) class MultiviewGroupRelationBox () extends FullBox('swtc', version = 0, fla

gs) |

unsigned int(32) num entries;
for (i=0; i<num entries; i++)

unsigned int (32) multiview group id;
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MultiviewRelationAttributeBox relation attributes;

7.7.4.3 Semantics

num_entries indicates the number of associated multiview groups.

multiview group id is the identifier of an associated multiview group.

relation attributes indicate the relations between the associated multiview groups.

7.7.5

7.7.5.

Box Ty
Conta
Mandz

Quant

When
outpuf
contai

The |
Multiy
a char
differg
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acom
respeq
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| Definition

views of the respective multiview group with each other/When the MultiviewRelationAttribut
hed in a MultiviewGroupRelationBox, it indicates the relation of the multiview groups with each

lultiviewRelationAttributeBox contains commeon and differentiating attributes. Whe

acteristic that is common for each one of the target output views of the multiview group

mon attribute indicates a characteristic-that is common for the indicated multiview groups or
tive target output views in each-gne of the indicated multiview groups, whereas a differen

pe: 'mvra’
ner: MultiviewGroupBox OF MultiviewGroupRelationBox
tory: NoinMultiviewGroupBox, yesinMultiviewGroupRelationBox
ty: Zero or one in MultiviewGroupBox
Onein MultiviewGroupRelationBox
the MultiviewRelationAttributeBox is contained in aMultiviéwGroupBox,itindicates the relation of the

EBox 1S
other.

n the

riewRelationAttributeBox is included in a MultiviewGroupBox, a common attribute indicates

and a

ntiating attribute indicates a characteristigthat differs in at least one of one of the target output views
multiview group. When multiviewRelationAttributeBox isincluded in aMultiviewGroupRelatilonBox,

for the
riating

attribyite indicates a characteristic that differs in at least one of the indicated multiview groups or gt least

one of]

A com

the respective target outputviews in the indicated multiview groups.

mon attribute is associated with an additional parameter, which carries the value of the co

attribyite. The syntax and semantics of the additional parameter depend on the attribute in question.

For ex
multiv
multiv

iew bitstream«Furthermore, a file writer can create a MultiviewGroupRelationBox listing
iew groupsdorstereo pair output and including a MultiviewRelationAttributeBox with co

attribyites number-of views (equal to 2) and in-line camera arrangement. A file reader can stu

Multity
proceg
outpu

yiews at any given time - the terminal may choose which views to output, and it is not limited

information

mmon

ample, a file writef’can create a Multiview Group for each stereo pair suitable for display from a

hll the
mmon
ly the

riewGrotpRelationBox to find the options for stereo pair output and choose one multiview grqup for
singsNote that the presence of views in a group does not necessarily imply they are all suggedted as

by the

group

7.7.5.2 Syntax

aligned(8) class MultiviewRelationAttributeBox
extends FullBox('mvra', version = 0, flags) {
bit (16) reservedl = 0;
unsigned int (16) num common attributes;
for (i=0; i<num common attributes; i++) {

}

unsigned int (32) common attribute;
unsigned int (32) common value;

bit (16) reserved2 = 0;
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unsigned int (16) num differentiating attributes;
for (i=0; i<num differentiating attributes; i++)
unsigned int (32) differentiating attribute;

7.7.5.3 Semantics
common_attribute and differentiating attribute are selected from the list below. Attributes that

can be used as a differentiating attribute are associated with a distinguishing pointer to the field or
information.

common_value specifies the value for the common attribute. Its syntax and semantics depend on the common
atfribute and are specified in Table 9.

Table 9 — Mapping of sync sample status and SAP types to NAL unit type

Name Attribute |Pointer and semantics common_value syntax and semaptics
Profilg 'prfl’ This attribute shall not be included in the bit (24) reserved/= 0;
MultiviewGroupBox. unsigned int (8)
When included in the profilelndication;
MultiviewGroupRelationBox, the attribute |profileIndication is the profile suffy-
refers to the profile required for decoding cient for'décoding the bitstream sybset
the bitstream subset corresponding to the correésponding to all indicated mulfiview

multiview group. The attribute points to the |groups.
profileIndication field of the subset_stream_
info element of the MultiviewGroupBox.

Level "levl! This attribute shall not be included in the bit (24) reserved = 0;
MultiviewGroupBox. unsigned int (8) levelIndicatfion;
When included in the profilelndication is the level sufficfent
MultiviewGroupRelationBox, the attrib- for decoding the bitstream subset ¢or-
ute refers to the level requiredfor decoding |responding to all indicated multiview
the bitstream subset correspanding to the groups, or 0 if the level is unspecified.

multiview group. The attribute points to the
levellndication field of the subset_stream_info
element of the Mult #riewGroupBox.

Bitrate 'bitr' This attribute shall'not be included in the unsigned int (32) bitrate;
MultiviewGroupBox.
When included in the bitrate indicates the average bit rafe in
MultiviewGroupRelationBox, the attribute bits per second of the bitstream subset
refersitothe total size of bitstream subset required for decoding the multiviefw

required for decoding of the multiview group |group. The bitrate may be rounded up.
divided by the duration in the track header

box. The attribute points to the avgBitRate
field of the subset_stream_bit_rate element of
the MultiviewGroupBox, if present, or a value
that would be contained in the avgBitRate
field of the subset_stream_bit_rate element of
the MultiviewGroupBox, if it were present.

Framgrate 'frar' This attribute shall not be included in the unsigned int(16) integer patft;
MultiviewGroupBox. bit (16) reserved = 0;
When included in the
MultiviewGroupRelationBox, the attribute integer_part shall be equal to the output
refers the number of samples in the track rate of decoded access units in second

divided by duration in the track header box. rounded to the closest integer using

the Round function specified in ISO/
IEC 14496-10.
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Table 9 (continued)

Name Attribute |Pointer and semantics common_value syntax and semantics
Number of 'nvws' Number of target output views indicated in unsigned int(32) num views;
output views the MultiviewGroupBox ('mvcg')

If this attribute is included in the num_views indicates the number Of

MultiviewGroupBox, it shall be a common views in the multiview group.

attribute and merely documents the number

of output views in the respective multiview

group.
Intrinsic cam-| 'icam' The intrinsic camera parameters are stored |Unspecified.

era pafame-
ters

In 'avcl', 'avc2', 'avce3', 'avcd', 'mvcl’,
'mvc2', 'mve3', 'mved', 'mvdl’, 'mvd2’,
'mvd3"', 'mvd4', 'a3dl’, 'a3d2’, 'a3d3"', or
'a3d4' Sample Entry (in Sample entry box of
media track).

If this attribute is included in the
MultiviewGroupBox and used as a com-

mon attribute, the intrinsic camera pa-
rameters of the target output views are
identical. If this attribute is included in the
MultiviewGroupBox and used as a differenti-
ating attribute, the intrinsic camera parame-
ters of the target output views differ at least
partly.

If this attribute is included in the
MultiviewGroupRelationBox and used.asa
common attribute, the number of target\out-
put views in all indicated multiview groups
shall be the same and the intrinsic camera
parameters of the respective targét output
views in all indicated multiview-groups are
identical. If this attribute is;inicluded in the
MultiviewGroupRelatidnBox and used as a
differentiating attribute, the intrinsic camera
parameters of the respective target output
views differ at least partly.
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Table 9 (continued)

Name

Attribute

Pointer and semantics

common_value syntax and semantics

Extrinsic

camer

a pa-

rameters

'ecam'

The extrinsic camera parameters are stored
in 'avcl', 'avc2', 'avc3', 'avcd', 'mvcl’,
'mvc2’, 'mve3', 'mvcd ', 'mvdl', ' mvd2’,
'mvd3', 'mvd4', 'a3dl','a3d2’, 'a3d3"', or
'a3d4' Sample Entry (in Sample entry box of
media track).

If this attribute is included in the
MultiviewGroupBox and used as a common

Unspecified.

Cl‘l-.tl ;butc, th‘: I Utat;uu Ulc thc CAaIlICrds fUl ﬂl}
the target output views is the same and, if the
cameras are arranged in linear, elliptical, or
rectangular arrangement, the distance of ad-
jacent cameras is the same. If this attribute is
included in the MultiviewGroupBox and used
as a differentiating attribute, the rotation or
the distance of adjacent cameras in linear,
elliptical, or rectangular arrangement differs.

If the attribute is included in the
MultiviewGroupRelationBox and used as a
common attribute, the relative extrinsic cam-
era parameters target output views in all indi-
cated multiview groups are identical. That is,
the distance of cameras relative to each other
and their rotation matches in the indicated
multiview groups. If the attribute is included
inthe MultiviewGroupRelationBoxand
used as a differentiating attribute, therelative
extrinsic camera parameters of respective
target output views differ at least partly.

Inline
array

view

'ilvi!

If used as a common attribufe} the associated
cameras are located on asfraight line.
When included in a MudtiviewGroupBox, the
attribute shall be a,common attribute.

bit (28) reserved = 0;
unsigned int (2) horizontal (g
unsigned int (2) vertical ord

rder;
er;

horizontal order indicates

the

horizontal order of the views:

the views are in the same horizontal
location

the views are ordered left-to-jight
the views are ordered right-to}-left

the order of the views is und¢fined,
or left and right are not well-d¢fined.

vertical order indicates the vprtical

order of the views:

The views are in the same vertical
location

the views are ordered bottom-to-top
the views are ordered top-to-bottom

the order of the views is undefined,
or top and bottom are not well-
defined.
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Table 9 (continued)
Name Attribute |Pointer and semantics common_value syntax and semantics
Rectangular |'rtvi' If used as a common attribute, the associated |unsigned int (16) row view count;
view array cameras form a rectangular shape and are unsigned int (16) col view count;
regularly spaced along the orthogonal coordi-

nate axes.

When included in a MultiviewGroupBox, the
attribute shall be a common attribute.

row_view count specifies
the number of rows in the
rectangular array.

col view count specifies the number
of colinmns in the rpr‘f;mgu]nr array.

The views are indicated in rastersftan
order in the MultiviewGroupBox.

Planajview |'plvi' If used as a common attribute, the associated |Unspecified.
array cameras are located on a plane, but may be
irregularly spaced.

When included in a MultiviewGroupBox, the
attribute shall be a common attribute.

Elliptifal 'elvi' If used as a common attribute, the associated |[bit (28) n€served = 0;
view array cameras are located on the arc of an ellipse.  |unsigne@ int (2) horizontal drder;
When included in a MultiviewGroupBox, the |[unsigngd int(2) vertical order;

attribute shall be a common attribute.
The semantics are identical to thode for
the Inline view array.

Spherijcal "spvi' If used as a common attribute, the associat- Unspecified.
view array ed cameras are located on the surface ofa
sphere.

When included in aMultiviewGroupBox, the
attribute shall be a common attribite.

Stered view 'stvi' If used as a common attributé, the associated |bit (6) reservedl = 0;
array cameras are a pair of view§suitable for stereo |unsigned int (10) left view ild;
viewing. bit (6) reserved?2 = 0;

When included in a #i¥t i viewGroupBox, the |unsigned int(10) right view Jid;
attribute shall be-a.common attribute.

Geomgtry 'geom' If used as a differentiating attribute, indicates |Unspecified.
that the viewsor groups of views belong to
differentview arrangements (e.g. inline, pla-
nar, etc.)

7.7.6 | Multiview scene-info box

7.7.6.1 Definition

Box Type: \WVprdi’

Contalners MultiviewGroupBox ('mveg!')

Mandatory: No
Quantity: Zero or one

An optional MmultiviewSceneInfoBox includes the maximum disparity between the adjacent views of the
respective multiview group. This information can be used for processing the multiview video prior to
rendering on a 3D display.

NOTE A multiview scene information SEI message, as specified in ISO/IEC 14496-10:—, subclauses H.13.1.4 and
H.13.2.4, can indicate the maximum disparity between any adjacent views in the bitstream. Thus, the Multiview Scene
Info Box represents similar information as carried in the multiview scene information SEI message but is limited to a
certain set of views rather than for all the views in the bitstream.
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The MultiviewSceneInfoBox shall not be present for multiview groups associated with cameras that do not
form a one-dimensional arrangement, such as a line or an arc of an ellipse.

7.7.6.2 Syntax

class MultiviewSceneInfoBox extends Box ('vwdi')

{
unsigned int (8) max disparity;

}
7.7.6.3 Semantics

max_dfsparity Specilies the maximum disparity in units ol integer luma samples between the spatially
adjacent view components (within an access unit) in this multiview group. This information can‘be used
fof processing the multiview video prior to rendering on a 3D display.

7.7.7 | MVC view priority assignment box
7.7.7.1 Definition

Box Type: ‘mvep!

Contajner: Sample Entry (' avcl', 'avc2', 'avc3', 'avcd',
'mvcl', 'mvc2', 'mvc3', 'mvcd',
'mvdl',‘mvd2','mvd3‘,‘mvd4')

Mandgtory: No
Quantjty: Zero or one

A priofity assignment URI provides the name (in the URISpace) of a method used to assign content piority
values| in the View Priority sample grouping. The (URI is treated here as a name only; it should pe de-
referenceable, though this is not required. File readers may be able to recognize some methods and thereby
know what stream extraction or selection of output views based on particular content priority values wold do.

7.7.7.2 Syntax

class |MVCViewPriorityAssignmentBex "extends Box ('mvcP')
{
ungigned int (8) method £aunt;
st¥ing PriorityAssignmefitURI [method count];

}
7.7.7.3 Semantics

methodl count provides a count of the number of following URIs.

Prior]tyAssigfiméntURI provides a unique name of the method used to assign content priority idpalues
in[View Rriority sample groupings. In the case of absence of this box, the priority assignment method is
unknown.

8 HEVC elementary streams and sample definitions

8.1 Overview

The High Efficiency Video Coding (HEVC) standard, jointly developed by the ITU-T and ISO/IEC, offers not
only increased coding efficiency and enhanced robustness, but also many features for the systems that use
it. To enable the best visibility of, and access to, those features, and to enhance the opportunities for the
interchange and interoperability of media.

This clause specifies the storage format for single-layer HEVC (ISO/IEC 23008-2) video streams.
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The storage of HEVC content uses the existing capabilities of the ISO base media file format but also defines
extensions to support the following features of the HEVC codec.

a)

The video, sequence and picture parameter set mechanism decouples the transmission of infrequently
changing information from the transmission of coded block data. Each slice containing the coded block
data references the picture parameter set containing its decoding parameters. In turn, the picture
parameter set references a sequence parameter set that contains sequence level decoding parameter
information, and the sequence parameter set references a video parameter set that contains global
decoding parameter information (across layers).

This document includes the following tools for supporting of HEVC contents:

a)

b)

0

8.2

In Clayse 8, a video stream is represented by one video track in a file.

Tgmporal scalability sample grouping indicates the association of access units with different-hierarchy
leyels of temporal scalability.

Tgmporal sub-layer access sample grouping indicates the identification of access units as_témporal sub-
layer access (TSA) samples.

Step-wise temporal sub-layer access sample grouping indicates the identification ofaccess units ap step-
wise temporal sub-layer access (STSA) samples.

Elementary stream structure

NOTE Some HEVC streams as defined in ISO/IEC 23008-2 include data that can be stored alternatively acqording

to Claujse 9 or 10.

Two types of elementary streams are defined for storing HEVE content:

8.3

8.3.1 | Canonical order and restrictions

Video Elementary Stream that does not contain any)parameter sets; all parameter sets are storgd in a
sample entry or sample entries;

Video and Parameter set elementary stream that may contain parameter sets, and may alsp have
pdrameter sets stored in their sample entry or sample entries.

bample and configuration definition

The cgnonical stream format_is an HEVC elementary stream that satisfies the following conditipns in

additi¢n to the general conditions in 4.2.2:

— All VCL NAL units“for a single picture shall be contained within the sample whose decoding time and

cdmposition time. are those of the picture.

A¢cess unitdelimiter NAL units: The constraints obeyed by access unit delimiter NAL units are defined
in|/ISO/IEE€23008-2.

rameter sets: For a video stream that a particular sample entry applies to, the video paramefer set,
segtreneepatrametersetsand-pieture parameter-sets;shattbestoredonty-irthesampleentry-whHen the
sample entry name is 'hvc1', and may be stored in the sample entry and the samples when the sample
entry name is 'hevl'.

NOTE1 A parameter setto be used in a picture needs to be sent prior to the sample containing that picture or in the
sample for that picture.
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NOTE 2  Storing parameter sets in the sample entries of a video stream provides a simple and static way to supply
parameter sets. Storing parameters in samples on the other hand is more complex but allows for more dynamism in
the case of parameter set updates (a particular parameter set's content is changed but using the same ID) and in the
case of adding additional parameter sets. A decoder initializes with the parameter sets in the sample entry, and then
updates using the parameter sets as they occur in the stream, starting from any sample marked as a sync sample.
Such updating can replace parameter sets with a new definition using the same identifier. Each time the sample entry
changes, the decoder re-initializes with the parameter sets included in the sample entry.

— SEI messages: SEI messages of declarative nature may be stored in the sample entry; there is no
prescription about removing such SEI messages from the samples.

— Filler data. Video data is naturally represented as variable bit rate in the file format and should be filled
fof transmission if needed. Filler Data NAL units and Filler Data SEI messages shall not be presen{ in the
file format stored stream when the sample entry does not also permit in-stream parameter séts.

NOTE The removal or addition of Filler Data NAL units, start codes, SEI messages or Filler Ddta.SEI m¢ssages
can chinge the bitstream characteristics with respect to conformance with the HRD when operating the HRD[in CBR
mode gs specified in ISO/IEC 23008-2 Annex C.

8.3.2 | Decoder configuration information
8.3.2.1 HEVC decoder configuration record

8.3.2.1.1 Definition

This spibclause specifies the decoder configuration information forrdSO/IEC 23008-2 video content.

This record contains the size of the length field used in each.sample to indicate the length of its contained
NAL upits as well as the parameter sets, if stored in the samiple entry. This record is externally framed (its
size is|supplied by the structure that contains it).

This rlecord contains a version field. This version.of the specification defines version 1 of this rfecord.
Incompatible changes to the record will be indi¢ated by a change of version number. Readers shall not
attempt to decode this record or the streams to which it applies if the version number is unrecognizedl.

Compgtible extensions to this record wilkextend it and will not change the configuration version code.
Readefs should be prepared to ignore uhtecognized data beyond the definition of the data they underfstand.

The values for general profile space, general tier flag, general profile idc, general pr¢file
compafibility flags, generpadl\tonstraint indicator flags, general level idc, min spatial
segmenptation idc, chroma format idc, bit depth luma minus8 and bit depth chroma minus8 shall be
valid fpr all parameter sets/that’are activated when the stream described by this record is decoded (referred
to as [all the parameter_sets” in the following sentences in this paragraph). Specifically, the following
restri¢tions apply:

— The value of géteral profile space in all the parameter sets shall be identical.

— The tier indication general tier flag shall indicate a tier equal to or greater than the highgst tier

d with

this configuration record conforms.
NOTE 1 Ifthe sequence parameter sets are marked with different profiles, then the stream could need examination
to determine which profile, if any, the entire stream conforms to. If the entire stream is not examined, or the
examination reveals that there is no profile to which the entire stream conforms, then the entire stream needs to be
split into two or more sub-streams with separate configuration records in which these rules can be met.

— Eachbitin general profile compatibility flags may only be setifall the parameter sets set that bit.

— Each bitin general constraint indicator flags may only be set if all the parameter sets set that bit.
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— The level indication general level idc shall indicate a level of capability greater than or equal to the
highest level in all the parameter sets.

— Themin spatial segmentation idc indication shall indicate a level of spatial segmentation equal to or
less than the lowest level of spatial segmentation indicated in all the parameter sets.

— The value of chroma format idc in all the parameter sets shall be identical.
— Thevalue of bit depth luma minuss8 in all the parameter sets shall be identical.

— Thevalue of bit depth chroma minuss8 in all the parameter sets shall be identical.

depth fas well as other important format information used by the HEVC video elementary stream/Each type
of such information shall be identical in all parameter sets, if present, in a single HEVC configuration rlecord.
If two[sequences differ in any type of such information, two different HEVC sample entries shall be uged. If
the twjo sequences differ in color space indications in their VUI information, then two diffecent HEVC §ample
entriep are also required.

ExplicE indication is provided in the HEVC Decoder Configuration Record about the chroma format and bit

Therel|is a set of arrays to carry initialization NAL units. The NAL unit types are restricted to indicate SPS,
PPS, VIPS, prefix SEI, and suffix SEI NAL units only. NAL unit types that are réserved in ISO/IEC 23008-2
and in|this document may acquire a definition in future, and readers should igfiore arrays with reserjved or
unpermitted values of NAL unit type.

NOTE?2  This 'tolerant’ behaviour is designed so that errors are not raised, allowing the possibility of backwards-
compatible extensions to these arrays in future specifications.

[t is recommended that the arrays be in the order VPS, SPS, PPS; prefix SEI, suffix SEIL

When|general non packed constraint flag (bit 3 of they6-byte general_constraint_indicator_flags) is
equal fo 0 and some of the samples referring to this sample entry represent frame-packed content and any
of the|default display windows specified by the active(SPSs for the samples referring to this sampld entry
coverq more than one constituent frame of the frame-packed content, the restricted video sample entry
'resv| specified in ISO/IEC 14496-12 using the s¢heme type 'stvi' shall be used. In this case, the stereo
schemg¢ in the stereovideoBox should be set to-1,to indicate that the frame packing scheme used in HEVC is
the same as in AVC.

8.3.2.1.2 Syntax

aligngd (8) class HEVCDecoderCaanfigurationRecord ({
ung¢igned int (8) configurdtionVersion = 1;
ungigned int (2) generallprofile space;
ungigned int (1) general-tier flag;
ungigned int (5) genexal profile idc;
ungigned int (32) @general profile compatibility flags;
ungigned int (48) \géneral constraint indicator flags;
ungigned int (). general level idc;
bitf (4) reser¥ed = '1111'b;
ungigned iQ0)(12) min spatial segmentation idc;
bif (6) reserved = '111111'b;
ungigpned™int (2) parallelismType;
bitf (6) “eserved = '111111'b;
ungigned int (2) chroma format idc:
bit (5) reserved = '11111'b;
unsigned int(3) bit depth luma minus8;
bit (5) reserved = '11111'b;
unsigned int (3) bit depth chroma minus8;
unsigned int (16) avgFrameRate;
unsigned int (2) constantFrameRate;
unsigned int (3) numTemporallayers;
unsigned int (1) temporalldNested;
(2)
8

unsigned int lengthSizeMinusOne;

unsigned int (8) numOfArrays;

for (j=0; j < numOfArrays; J++) {
unsigned int (1) array completeness;
bit (1) reserved = 0;
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unsigned int (6) NAL unit type;

unsigned int (16) numNalus;

for (i=0; i< numNalus; i++) {
unsigned int (16) nalUnitLength;
bit (8*nalUnitLength) nalUnit;

8.3.2.1.3 Semantics

general profile space, general tier flag, general profile idc, general profile compatibility

fl@gs; general _ConStralint _Indicator _f1ags, Jgenerdl _Tever 1dc, M _spatiar_segmentaciop idc,
cHroma format idc, bit depth luma minus8 and bit depth chroma minus8 contain the~matching
vdlues for the fields general_profile_space, general_tier_flag, general_profile_idc, genéral pirofile_

O
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thien parallelismType can be set to 2. If the field entropy coding sync enabled flag is equal

al
P3

thlen parallelismType should be set to.(.

avglrg
CQ

constd
CQ
Cd

numTer]
te
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ng

mpatibility_flag[ i ] for i from 0 to 31, inclusive, the 6 bytes starting with the byte containi
neral_progressive_source_flag, general_level_idc, min_spatial_segmentation_idc, chrema_form,
t_depth_luma_minus8 and bit_depth_chroma_minus8 as defined in ISO/IEC 230082y for the str
hich this configuration record applies.

elismType indicates the type of parallelism that is used to meet the restrictions imposed b
atial segmentation idc when the value of min spatial segmentatiofy ¥dc is greater than 0
indicates that the stream to which this configuration record applies supports slice based p
coding. Value 2 indicates that the stream to which this configuration record applies suppor
sed parallel decoding. Value 3 indicates that the stream to whichthis configuration record 3
pports entropy coding synchronization based parallel decoding. Value 0 indicates that the 3
pports mixed types of parallel decoding or that the parallelism type is unknown. The values
n be inferred by the fields tiles enabled flagand entzfpy’ coding sync _enabled flag as defi
D/IEC 23008-2. Specifically: if the fields tiles enabledXNflag and entropy coding sync enable
e both equal to 0 in all PPSs that are activated whén-the stream to which this configuration
plies is decoded, then parallelismType can be sef’to 1. If the field tiles enabled flagis equ
all PPSs that are activated when the stream to~which this configuration record applies is de

PPSs that are activated when the stream to which this configuration record applies is decode
rallelismType can be set to 3. If none afithe above is true (or if it is unknown which of them i

meRate gives the average framé pate in units of frames/(256 seconds), for the stream to whi
nfiguration record applies. Value 0 indicates an unspecified average frame rate.

ntFrameRate equal to Iindicates that the stream to which this configuration record applie
nstant frame rate. Value-2 indicates that the representation of each temporal layer in the strea
nstant frame rate. ¥alde 0 indicates that the stream may or may not be of constant frame rate.

porallayers gréeater than 1 indicates that the stream to which this configuration record apj

sub-layer i ISO/IEC 23008-2) is equal to numTemporalLayers. Value 1 indicates that the str
t temporally scalable. Value 0 indicates that it is unknown whether the stream is temporally sc

tempoj

thlis=configuration record applies is decoded have sps temporal id nesting flag as defin

alTdNested equal to 1 indicates that all SPSs that are activated when the stream to

ng the
at_idc,
bam to

y min
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_flag
record
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mporally scalable and the contained number of temporal layers (also referred to as temporal sub-layer
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ISO/IEC 23008-2 equal to 1 and temporal sub-layer up-switching to any higher temporal layer can be
performed at any sample. Value 0 indicates that the conditions above are not or may not be met.

lengthSizeMinusOne plus 1 indicates the length in bytes of the NALUnitLength field in an HEVC video sample
in the stream to which this configuration record applies. For example, a size of one byte is indicated
with a value of 0. The value of this field shall be one of 0, 1, or 3 corresponding to a length encoded with

1,

2, or 4 bytes, respectively.

numArrays indicates the number of arrays of NAL units of the indicated type(s).
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array_completeness when equal to 1 indicates that all NAL units of the given type are in the following array
and none are in the stream; when equal to 0 indicates that additional NAL units of the indicated type
may be in the stream; the permitted values are constrained by the sample entry name.

NAL unit type indicates the type of the NAL units in the following array (which shall be all of that type); it
takes a value as defined in ISO/IEC 23008-2; it is restricted to take one of the values indicating a VPS,
SPS, PPS, prefix SEI, or suffix SEI NAL unit.

numNalus indicates the number of NAL units of the indicated type included in the configuration record for
the stream to which this configuration record applies. The SEI array shall only contain SEI messages of
a 'declarative’ nature, that is, those that provide information about the stream as a whole. An example of
sychram SEt coutd beauser-data SET:

nalUnjtLength indicates the length in bytes of the NAL unit.

nalunit contains an SPS, PPS, VPS or declarative SEI NAL unit, as specified in ISO/IEC 230082
8.4 DPerivation from ISO base media file format

8.4.1 | HEVC video stream definition

8.4.1.1 Sample entry name and format

8.4.1.1.1 Definition

Sample Entry Types: 'hvcl', 'hevl'
Contalner: Sample Description Box ('stsd')
Mandgtory: An 'hvcl' or 'hevl' sample entry is mandatory

Quantjty: One or more sample entries may be:present

Box Type: 'hveC!

Contalner: HEVC Sample Entry (*hvel' or 'hevi')
Mandgtory: Yes

Quantjty: One

An HHVC visual sapiple entry shall contain an HEVC Configuration Box, as defined below. This inclufdes an
HEVCDgcoderConfaggurationRecord, as defined in 8.3.2.1.

An optional BitKateBox may be present in the HEVC visual sample entry to signal the bit rate inforgation
of thel HEVCvideo stream. Extension descriptors that should be inserted into the Elementary Jtream
Descr1ptor, when used in MPEG-4, may also be present.

Multiple sample entries may be used, as permitted by ISO/IEC 14496-12, to indicate sections of video that
use different configurations or parameter sets.

When the sample entry name is 'hvcil' or 'hevl', the stream to which this sample entry applies shall be a
compliant and HEVC stream as viewed by an HEVC decoder operating under the configuration (including
profile, tier, and level) given in the #HEVCConfigurationBox.

When the sample entry name is 'hvci', the value of array completeness shall be equal to 1 for the arrays of
all types of parameter sets.
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.1.2 Syntax

class HEVCConfigurationBox extends Box ('hvcC') {
HEVCDecoderConfigurationRecord () HEVCConfig;

}

class HEVCSampleEntry () extends VisualSampleEntry ('hvcl' or 'hevl') {
HEVCConfigurationBox config;
MPEG4ExtensionDescriptorsBox (); // optional

8.4.1

.1.3 Semantics

Compréssorname in the base class visualSampleEntry indicates the name of the compressor used, w
vglue "\013HEVC Coding" being recommended (\013 is 11, the number of bytes in the rest pf.the s

HEVCD¢coderConfigurationRecord is defined in 8.3.2.

8.4.2

Parameter sets in sample entry

This spibclause applies to a particular type of parameter sets (VPSs, SPSs, or PPSs) when the particulg
of parameter sets is included in the sample entry.

Each

HEVC sample entry, which contains the HEVC video stream decoder._specific information, incl

group|of the particular type of parameter sets. This group of parameter sets functions much like a cod

Each

Harameter set has an identifier, and each slice references the parameter set it was coded against

the pafameter set's identifier.

In thelfile format each configuration of parameter sets is represented separately. When the value
applicpble array completeness is 1, a parameter set cannot be updated without causing a different s
entry fo be used.

Systems wishing to send parameter set updates will need to compare the two configurations to fi
differgnces in order to send the appropriate parameter set updates.

It is r¢commended that when several paraméter sets are used and parameter set updating is desire
paramjeter sets are included in the samples.ef the stream.

NOTE Decoders conforming to this decuiment need to support both parameter sets stored in the samples
as pardmeter sets stored in the sample entries, unless restricted by another specification using this one.

8.4.3

Sync sample

A syn¢ sample in 'hvci!Cand 'hev1' tracks shall contain VCL NAL units indicating that the coded ¢

with
Rand
layer

quh_layer_id equalyto 0 in the sample is an Instantaneous Decoding Refresh (IDR) picture, a
1m Access (CRA) picture, or a Broken Link Access (BLA) picture. When the coded picture witl
d equal to €.,in a sync sample is a BLA or CRA picture, there shall be no RASL pictures associate

that BLA or CRA picture.

Formdr versions of this specification allowed the presence of RASL pictures associated with sync sa

11gh this is not in conformance with ISO/IEC 14496-12. When RASL pictures are associateﬂi with
a sync sampie, Toois that INSpect onty file-format STructures mignt reacn INcorrect conciusions apout the
dependencies in the bitstream. RASL pictures can be signalled in the file format as leading pictures in the
SampleDependencyTypeBox, and BLA and CRA pictures with RASL pictures can be signalled as a SAP of
type 3, using the SAP sample group or using the RAP sample group. For older files conforming to previous
versions of the specification, when performing random access into this track, or after a discontinuous edit,
the flag HandleCraAsBlaFlag can be set for the HEVC decoder. For environments where HEVC file processors

need information that sync samples are not associated with RASL pictures, the brand 'nras’, as defined in
Clause D.5, may be used to indicate compliance to this document and later versions.
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In the context of L-HEVC file format specified in Clause 9, the signalling of sync samples that concerns a
particular base layer picture can be different from the signalling of sync samples here for the same picture.
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Table 10 indicates the mapping between HEVC VCL NAL unit types, ISOBMFF sync sample status and SAP
types as documented in ISOBMFF.

Table 10 — Mapping of sync sample status and SAP types to NAL unit type

NAL Unit Type ISOBMFF sync SAP type
sample status
IDR_N_LP true 1
IDR_.W_RADL true 2 (if the IRAP has associated RADL pictures)
1 (if the IRAP has no associated RADL pictures)
BLA_N_LCP True T
BLA_W_RADL true 2 (if the IRAP has associated RADL pictures)
1 (ifthe IRAP has no associated RADL pictures)
BLA_W_LP false (*1) 3 (if the IRAP has associated RASL pictures)
true 2 (if the IRAP has no associated RASL pictures but hag’associated RADL
true pictures)
1 (if the IRAP has no associated leading pictures)
CRA false (*1) 3 (if the IRAP has associated RASL pictures)
true 2 (ifthe IRAP has no associated RASL pictures but has associated RADL
true pictures)
1 (ifthe IRAP has no associated ledding pictures)
(*1) se¢ above discussion on sync samples and leading HEVC pictures

When [the sample entry name is 'hev1', the following applies:

— If|the sample is a sync sample, all parameter sets needed‘for decoding that sample shall be influded
either in the sample entry or in the sample itself.

— Otherwise (the sample is not a sync sample), all parameter sets needed for decoding the sample shall be
included either in the sample entry or in any of the samples since the previous sync sample to the 4ample
itgelf, inclusive.

For signalling of various types of random access points, the following guidelines are recommended:

— The sync sample table (and the equivaléent flag in movie fragments) shall be used in an HEVC track junless
al| samples are sync samples. Note' that track fragment random access box refers to the presgnce of
signalled sync samples in a movie fragment.

— The 'ro11' sample group is rTecommended to be used only for gradual decoding refresh (GDR)|based

random access points, i-é, those that contain non-intra coded slices.

— Tlheuse ofthe 'rag>'or 'sync' sample group is optional, depending on the need of either the infor

o
of]

the random, access points.

ation
leading samples associated with the random access points or the picture types (e.g. IDR, CRA, IEBLA)

— The use-efithe Alternative Startup Sequences (ISO/IEC 14496-12) sample group is recommended to be

u§

ed enly with random access points consisting of CRA and BLA pictures.

In the

context nf" thig r‘]ancn fhn ]oaﬂlnrr camn]oc r]oflnnﬂ as part‘ nf" fhn r]nFlh]hnn r\F fhn eSS =5 !

ample

group in ISO/IEC 14496-12, contain Random Access Skipped Leading (RASL) access units as defined in
ISO/IEC 23008-2.

8.4.4

Sync sample sample grouping

8.4.4.1 Overview

Sync samples in HEVC may be of various types. These sample groups may be used to identify the sync
samples of a specific type. If a sample group is given for a specific type of sync sample, then all samples (if
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any) containing that type of sync sample are marked by the group. If the group is absent (there is no sample
to group mapping for that type), it is unknown which samples contain a sync sample of that type.

8.4.4.2 Sync sample sample group entry

8.4.4.2.1 Definition

e. The

tscl'.
layers
of the
Entry

Group Types:  'sync'
Container: SampleGroupDescriptionBox (' sgpd')
Manddtory: No
Quantjty: Zero or more
A synf sample sample group entry identifies samples containing a sync sample of a-specific typ
grouping type parameter is not defined for the sampleToGroupBox with grouping typelisync'.
8.4.4.2.2 Syntax
class|SyncSampleEntry () extends VisualSampleGroupEntry ('sync')
{

bit (2) reserved = 0;

unsigned int (6) NAL unit type;
}
8.4.4.2.3 Semantics
NAL upit type shall be atype that identifies a valid sync sample (e.g. IDR).
8.4.5 | Temporal scalability sample grouping
8.4.5.1 Overview
An HE[VC video track may contain zero or ene instance of a sampleToGroupBox with a grouping type
This dampleToGroupBox instance represents the assignment of samples in the track to temporal
(referred to as temporal sub-layers-or“sub-layers in ISO/IEC 23008-2). An accompanying instance
Sampl¢GroupDescriptionBox withithle same grouping type shall be present, and contain Temporallaye
samplg group entries describing the temporal layers.
There|may also be a set of Temnporal Level sample group definitions (ISO/IEC 14496-12). A sample mapped to
a sample group description’entry with index A of a Temporal Level sample grouping shall also be cons

mapped to the sampleZgroup description entry in the temporal scalability sample group (defined
having temporallagertd equal to A (i.e. a sample to group mapping for the temporal scalability sample
may also be present but is not required).

8.4.5.

Temporal layer sample group entry

idered
here)

group

8.4.5.Z.T Delinition

Group

Types:  'tscl’

Container: SampleGroupDescriptionBox (' sgpd' )

Mandatory: No

Quantity: Zero or more
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A temporal layer sample group entry defines the temporal layer information for all samples in a temporal
layer. Temporal layers are numbered with non-negative integers, and each temporal layer is associated
with a particular value of Temporal1d as defined in ISO/IEC 23008-2. A temporal layer associated with a
Temporalld value greater than 0 depends on all temporal layers associated with lower Temporai1d values. A
temporal layer representation, also referred to as the representation of a temporal layer, associated with a
particular Temporal1d value consists of all temporal layers associated with Temporal1d values less than or
equal to the given Temporal1d value.

The grouping type parameter is not defined for the sampleToGroupBox with grouping type 'tsc1'.

8.4.5.2.2 Syntax

class

{
un
un
un§
un
un
un
un§
un
un
un
un;

8.4.5.]

tempoj

thie VCL NAL units shall have Temporalld, as defined in\ISO/IEC 23008-2, equal to temporallayer]

tlprof
in
ge
w

thle representation of the temporal layer identified by temporalnayerid.

t1MaxH
re

t1Avgy
te|

t1lCon
tg
la

t1Avg]
te|

TemporallayerEntry () extends VisualSampleGroupEntry ('tscl')

temporallayerId;

tlprofile space;

tltier flag;

igned int tlprofile idc;

igned int ) tlprofile compatibility flags;

igned int (8)
(2)
(1)
(5)
(32

igned int (48) tlconstraint indicator flags;
(8)
(16
(16
(8)
(16

igned int
igned int

igned int tllevel idc;

igned int ) tlMaxBitRate;

igned int ) tlAvgBitRate;

igned int tlConstantFrameRate;
igned int ) tlAvgFrameRate;

2.3 Semantics

allayerid gives the ID of this temporal layer. For all samples that are members of this sample

ile space, tltier flag, tlprofile idc, tlprofile compatibility flags, tlconst
dicator flags, and tllevel idc containtthe values of general_profile_space, general_tig
neral_profile_idc, general_profile_compatibility_flag[i] forifrom 0 to 31, inclusive, the 6 bytes st
th the byte containing the general_progressive_source_flag, and general_level_idc, respectivg

itrate gives the maximum rateMn 1000 bits per second over any window of one second, f
presentation of the temporal layer identified by temporalLayer1d.

itRate gives the average bit rate in units of 1000 bits per second, for the representation
mporal layer identified by temporalrayerid.

tantFrameRate equal to 1 indicates that the representation of the temporal layer identif
mporalLayerIg-is 0f constant frame rate. Value zero indicates that the representation of the ter
per identified by'temporalLayer1d may or may not be of constant frame rate.

[rameRate gives the average frame rate in units of frames/(256 seconds), for the representation|
mmporalklayer identified by temporalrayerid. Value 0 indicates an unspecified average frame rat

8.4.6

oroup,
d.

aint
r_flag,
arting
ely, for

or the
of the

ed by
nporal

of the

-

D

Temporal sub-layer access sample grouping

8.4.6.1 Overview

An HEVC video track may contain zero or one instance of a sampleToGroupBox with a grouping type 'tsas'.
This sampleToGroupBox instance represents the marking of samples as temporal sub-layer access points. An
accompanying instance of the sampleGroupbescriptionBox with the same grouping type shall be present.
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8.4.6.2 Temporal sub-layer access sample group entry

8.4.6.2.1 Overview

Group

Types:  'tsas’

Container: SampleGroupDescriptionBox('sgpd')

Mandatory: No

Quant

This s
is not

8.4.6.1

class
{
}

8.4.7

8.4.7.

An HE
This s
points
preser

When
sub-la

8.4.7.
8.4.7.

Group
Conta
Mandd
Quant

This s

paramg

t.

temporalIdNested in the applicable sample entry is equal to 1, the quantity of step-wise ter
yer access sample group entry shall be zero.

P Step-wise temporal layer sample’group entry

.1 Definition

Types:  'stsa’

ner: SampleGroupDescriptionBox('sgpd')

tory: No

ty: Zero or one

hmple group is used to mark step-wise temporal sub-layer access (STSA) samples. The grouping]

ter iSnot defined for the sampleToGroupBox with grouping type 'stsa’.

ty: Zero or one
hmple group is used to mark temporal sub-layer access (TSA) samples. The grouping type Parameter
lefined for the sampleToGroupBox with grouping type 'tsas’.
p.2  Syntax
TemporalSubLayerEntry () extends VisualSampleGroupEntry ('tsas')

Step-wise temporal layer access sample grouping
| Overview
VC video track may contain zero or one instance of a Samp¥e35GroupBox with a grouping type '[stsa’.
bmpleToGroupBox instance represents the marking of saniples as step-wise temporal sub-layer faccess
. An accompanying instance of the sampleGroupbescriptionBox with the same grouping type shall be

nporal

| type

8.4.7.:

class
{
}

8.4.8

o] Pal .
o JYIItdX

StepwiseTemporallayerEntry () extends VisualSampleGroupEntry ('stsa')

Definition of a sub-sample for HEVC

For the use of the subsampleInformationBox (ISO/IEC 14496-12) in an HEVC stream, a sub-sample is defined
on the basis of the value of the f1ags field of the sub-sample information box as specified below. The presence
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of this box is optional; however, if present in a track containing HEVC data, the 'codec_specific parameters'
field in the box shall have the semantics defined here.

flags specifies the type of sub-sample information given in this box as follows:

0: NAL-unit-based sub-samples. A sub-sample contains one or more contiguous NAL units.
1: Decoding-unit-based sub-samples. A sub-sample contains exactly one decoding unit.
2: Tile-based sub-samples. A sub-sample either contains one tile and the associated non-VCL
NAL units, if any, of the VCL NAL unit(s) containing the tile, or contains one or more non-VCL
NAL Units.
NOTE]1 Tile-based sub-samples can be used to address individual tiles within a slice, whereas tilé regipns (as
definedl in Clause 10) can only be used for a set of tiles that are enclosed in one or more complete slice segmentg.
3: CTU-row-based sub-samples. A sub-sample either contains one CTU row within a slice and the

Other

The s
ISO/IH

The 44
(e.g. th

When
in the

The cq

one or more non-VCL NAL units. This type of sub-sample information/shall not be used
entropy_coding_sync_enabled_flag is equal to 0.

4: Slice-based sub-samples. A sub-sample either contains one slice\(Where each slice may c
one or more slice segments, each of which is a NAL unit) and the associated non-VCL NAI|
if any, or contains one or more non-VCL NAL units.

5: Picture-based sub-samples. A sub-sample contains@ne coded picture and the associate
VCL NAL units.

values of f1ags are reserved.

psample priority field shall be set to a valuerin-accordance with the specification of this f
C 14496-12.

scardable field shall be set to 1 only if this sample is still decodable if this sub-sample is dis
e sub-sample consists of an SEI NAL unit).

the first byte of a NAL unit is included in a sub-sample, the preceding length field shall also be in
same sub-sample.

if (flags == 0) {
unsigned int (1) SubLayerRefNalUnitFlag;
unsigned int(¥)) RapNalUnitFlag;
unsigned int«1) VclNalUnitFlag;
bit (29) resServed = 0;

dec_specific parameters—field of the subsampleInformationBox is defined for HEVC as followyq:

associated non-VCL NAL units, if any, of the VCL NAL unit(s) containing the €TU row or contains

when

pntain
units,

d non-

ield in

arded

rluded

} else if {f+ags == 1)
bit (32yreserved = 0;
else i€\ (flags == 2) {
unsigned int(2) vcl idc;
bt (2) reserved = 0;
unsigned int(4) log2 min luma ctb;
EERaY w'gﬂ o w'n%(ﬂ’)\ +1 7

unsigned int (12) ctb:y;

} else if (flags == || flags == 4) {
unsigned int(2) vcl idc;
bit (30) reserved = 0;

} else if(flags == 5) {

unsigned int (1) DiscardableFlag;

unsigned int (6) VclNalUnitType;

unsigned int (6) LayerId;

unsigned int (3) TempId;

unsigned int (1) NoInterLayerPredFlag;

unsigned int (1) SubLayerRefNalUnitFlag;
rve

bit (14) rese
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}

SubLayerRefNalUnitFlag equal to 0 indicates that all NAL units in the sub-sample are VCL NAL units of a
sub-layer non-reference picture as specified in ISO/IEC 23008-2. Value 1 indicates that all NAL units in
the sub-sample are VCL NAL units of a sub-layer reference picture as specified in ISO/IEC 23008-2.

RapNalUnitFlag equal to O indicates that none of the NAL units in the sub-sample has nal unit type equal

to

IDR W RADL, IDR N LP, CRA NUT, BLA W LP, BLA W RADL, BLA N LP, RSV IRAP VCL22, O

I RSV_

1rRAP vcL23 as specified in ISO/IEC 23008-2. Value 1 indicates that all NAL units in the sub-sample have
nal unit type equal to IDR w RADL, IDR N LP, CRA NUT, BLA W LP, BLA W _RADL, BLA N LP, RSV_
TRAP_VCL22, Or RSV_TRAP VCIL23 as specified in ISO/IEC 23008-2.

VclNal
in

vel i

fo
0:
1:

3:

log2 1
0:
1:
2:
3:

ctb x

sample when flagsisequal to 2 and'vcl idcisequalto 1 or 2, in units derived from 10g2 min luj

as

ctb y

sample when flags is €qual to 2 and vcl_idcis equal to 1 or 2, in units derived from 1og2 min luj

as

Discaj

N

NOTE %

VclNa]
ur

:[the sub-sample may contain both VCL and non-VCL data, which shall\b& associated with each

UnitFlag equal to O indicates that all NAL units in the sub-sample are non-VCL NAL unitsi\\
dicates that all NAL units in the sub-sample are VCL NAL units.

c indicates whether the sub-sample contains Video Coding Layer (VCL) data, non-VCL data, or b
lows:

the sub-sample contains VCL data and does not contain non-VCL data

the sub-sample contains no VCL data and contains non-VCL data

For example, a sub-sample may contain a decoding unit information-SEI message followed by
of NAL units associated with the SEI message.

reserved

in luma_ctb indicates the unit of ctb_x and ctb_vy, specified as follows:
8 luma samples

16 luma samples

32 luma samples

64 luma samples

specifies the 0-based coordinate of the right-most luma samples of the tile associated with th

specified above.

specifies the 0-based coordinate the bottom-most luma samples of the tile associated with th

specified above.

\L units in¢he sub-sample shall have the same discardable_flag value.
This-snot the same definition as the discardable field in the SubSampleInformationBox.

ynitType indicates the nuh_unit_type value of the VCL NAL units in the sub-sample. All the V(

alue 1

pth, as

other.
the set

e sub-
ha ctb

e sub-
ha ctb

dableFlag jndicates the discardable_flag value of the VCL NAL units in the sub-sample. All the VCL

L NAL

Hefinthacunh camnlo chall hauo tha cnma nuh it funao yalnag
O It C oo oT i preoticr oty oSSt ottty pevarats

LayerId indicates the nuh_layer_id value of the NAL units in the sub-sample. All the NAL units in the sub-

sa

mple shall have the same nuh_layer_id value.

TempId indicates the Temporalld value of the NAL units in the sub-sample. All the NAL units in the sub-

sa

mple shall have the same Temporalld value.

NoInterLayerPredFlag indicates the value of the inter_layer_pred_enabled_flag of the VCL NAL units in the
sub-sample. All the VCL NAL units in the sub-sample shall have the same value of inter_layer_pred_
enabled_flag.
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8.4.9 Handling non-output samples

HEVC allows for file format samples that are used only for reference and not output (e.g. a non-displayed
reference picture in video). When any such non-output sample is present in a track, the file shall be
constrained as follows:

a) Anon-output sample shall be given a composition time that is outside the time-range of the samples that
are output.

b) An editlist shall be used to exclude the composition times of the non-output samples.

c¢) Whenthetrackincludesa composition0ffsetrRox [‘otrts')

1)| version 1 of the compositionoffsetBox shall be used,
2)| the value of sample offset shall be set equal to -231 for each non-output sample,

3)| the compositionToDecodeBox ('cslg') should be contained in the sampleTabldBox ('stbl')|of the
track, and

4) when the compositionTobecodeBox is present for the track, the value of LeastbecodeToDisplaybelta
field in the box shall be equal to the smallest composition offset in“the CompositionOff$etBox
excluding the sample offset values for non-output samples.

NOTE Thus, leastDecodeToDisplayDelta is greater than -231,

9 Layered HEVC elementary stream and sample definitions

9.1 Pverview

This clause specifies the storage format of coded video. data of layered HEVC (L-HEVC), which inclufes all
the layered HEVC extensions that use the same layered design specified in Annex F of ISO/IEC 23j008-2.
Thesellayered HEVC extensions include SHVC, MV-HEVC, and 3D-HEVC. This clause also specifies the storage
of temjporal sub-layers of a layer in more than-one track. This clause extends the definitions of the sforage
format of HEVC in Clause 8.

The file format as defined in this clauserand Annex A uses the existing capabilities of the ISO base jmedia
file format and the plain HEVC file format (i.e. the file format specified in Clause 8). Clause D.4 spEcifies
brand$ for layered HEVC. The follewing structures or extensions, among others, to support L-HEVC-specific
featurps are used:

a) Aggregators enable efficient scalable grouping of NAL units by changing irregular patterns of NAL units
info regular patternsof aggregated data units.

NOTE1 Wheny'eompared to Aggregators for AVC/SVC/MVC, the syntax and semantics of the NAL unit
header syntax-element in the L-HEVC aggregator have been modified and the scope of the aggregator hds been
copstrained.

b) Extracters enable efficient extraction of NAL units from other tracks than the one containipg the
media data.

NOTE 2  When compared to Extractors for AVC/SVC/MVC, the syntax and semantics of the L-HEVC Extractors
have been modified.

€) LHEVCConfigurationBox in a track having a sample entry specified in Clause 8 enables the storage of an
L-HEVC bitstream in a manner that the HEVC compatible base layer can be used by any plain HEVC file
format compliant reader. L-HEVC data can be stored with the base layer or in one or more dedicated tracks.

d) An L-HEVC bitstream using an externally provided base layer compatible with an external codec (e.g.
AVC) stored in a way that the base layer can be used by any file format reader compliant to that external
codec (e.g. plain AVC file format compliant reader).
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9.2 Overview of L-HEVC storage

The support for L-HEVC includes a number of tools, and there are various 'models’ of how they might be
used. In particular, an L-HEVC stream can be placed in tracks in a number of ways, among which are the
following:

a) all the layers in one track;
b) eachlayer or sub-layer in its own track;

c) the expected operating points each in a track (e.g. the HEVC base, a stereo pair, a multiview scene).

The L{HEVC file format allows storage of one or more layers into a track. Storage of multiple layers per track
can bg used. For example, when a content provider wants to provide a multi-layer bitstream-that|is not
intended for subsetting, or when the bitstream has been created for a few pre-defined sets of @utput|layers
where|each layer corresponds to a view (such as 1, 2, 5, or 9 views), tracks can be created acéordingly.

Whenlan L-HEVC bitstream is represented by multiple tracks and a player uses an operating point for|which
the layers are stored in multiple tracks, the player shall reconstruct L-HEVC access»units before passing
them o the L-HEVC decoder. An L-HEVC operating point may be explicitly represénted by a track, i.g., each
sampl in the track contains an access unit, where some or all NAL units of the access unit may be confained
ferred to by extractors and aggregators. If the number of operating points is large, it may be space-
consuming and impractical to create a track for each operating point. In suchya case, L-HEVC access unfits are

The sfjorage of L-HEVC bit streams is supported by structures such'as the sample entry, Operating |[Points
Infornmpation ('oinf') sample group, and Layer Information (' 1#nt") sample group. The structures within
le entry provide information for the decoding or use’ of the samples, in this case coded|video
infornjation, that are associated with that sample entry. The-Operating Points Information sample|group
records information about operating points such as the layers and sub-layers that constitute the opdrating
point, |[dependencies (if any) between them, the profile,dével, and tier parameter of the operating point, and
other such operating point relevant information. The layer information sample group lists all the layers and
sub-layers carried in the samples of the track. Thednformation in these sample groups, combined withj using
track references to find tracks, is sufficient for a-reader to choose an operating point in accordance with its
capabllities, identify the tracks that contain the relevant layers and sub-layers needed to decode the ¢hosen
operating point, and efficiently extract thems

When [the samples of a track contain temporal sub-layers of an HEVC base layer but do not contain, natively
or thrpugh extraction, the temporal sub-layer with Temporalld equal to 0 of an HEVC base layer, an 'fhvc2?,
or 'nef2' sample entry shall bensed. When the samples of a track contain, natively or through extraction,
an HEVC compatible base layer or a temporal subset of an HEVC base layer including a sub-layef with
Tempqralld equal to 0, an 'h¥c1', 'hevl', 'hvc2', 'hev2', 'hve3', Or 'hev3' sample entry shall be used.

NOTE When a samplesentry type 'hvc2', 'hev2', 'hve3' or 'hev3' is used in a track containing the basg layer,
parserf complying only with non-layered HEVC storage specified in Clause 8 are not able to process the track.

The L{HEVC fileformat supports a hybrid codec configuration where the base layer is coded using an external
video fodec (e:g”AVC). The base layer, if coded using an external codec specification (e.g. ISO/IEC 14496-10),
shall He stored according to the external codec file format (e.g. the AVC file format as specified in Clauke 5).

9.3 L-HEVC elementary stream structure

L-HEVC streams are stored in accordance with subclause 8.2, with the exception that an L-HEVC stream
may be represented by more than one video track in a file, and with the following definition of an L-HEVC
video elementary stream:

— An L-HEVC video elementary stream contains all video coding related NAL units (i.e. those NAL
units containing video data or signalling video structure, possibly after resolution of extractors and
or aggregators) and may contain non-video coding related NAL units such as SEI messages and access
unit delimiter NAL units. Aggregators and Extractors, when present, shall not be directly output by file
parsers.
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9.4 Sample and configuration definition

9.4.1 Overview

A sample in an 'hvecl' or 'hevl' track with the L-HEVC configuration is an L-HEVC sample, while a sample
in an 'hvcl' or 'hevl' track without the L-HEVC configuration is not an L-HEVC sample. Throughout
Clause 9, unless mentioned otherwise, an access unit refers to an L-HEVC access unit and is as defined in

ISO/IEC 23008-2 Annex F.

9.4.2 Canonical order and restrictions

The following restrictions apply to L-HEVC data in addition to the requirements in subclause 8.3.1.

— Iffall VCL NAL units for a single picture are stored in the same track, they shall be contained
the sample whose decoding time and composition time are those of the picture. Otherwise (i.e.

within
when

pieces of a coded picture are stored in samples of different tracks), each of these samples shall hgve the

d¢coding time and composition time that are those of the coded picture.

— VCL NAL units: All VCL NAL units within one access unit and belonging to thelayers representgd by a
track shall be contained in the sample and the sample shall not contain NALunits of any other accegs unit.
After resolution of extractors and aggregators, when present, an L-HEVGsample shall contain an integer
nymber of picture units. The picture units in an L-HEVC sample shall ble stored in their decoding grder.

— Aggregators and extractors: Each aggregator is allowed to aggregate NAL units belonging

orf extractors. After processing the aggregator or the extractor, all NAL units shall be in valid de
onder as specified in ISO/IEC 23008-2.

[0 one

pifture unit only. The order of all NAL units included in an,aggregator or in a resolved extragtor is
exactly the decoding order as if these NAL units were presént'in a sample not containing aggrejgators

coding

— Carriage of external-codec coded base layer track: An external-codec (e.g. AVC) coded bas¢ layer

cddec file format (e.g. the AVC file format as specified in Clause 5).

9.4.3 | Decoder configuration record

sHall always be carried in a track of its own, andshall consist of samples as specified in the external

When|the decoder configuration record.defined in subclause 8.3.2.1 is used for a stream that ¢an be
interpreted as either an L-HEVC or HEVC stream, the HEVC decoder configuration record shall apply|to the
HEVC fompatible base layer, and shduld contain only parameter sets needed for decoding the HEVC basg¢ layer.

The syntax of LHEVCDecoderCdnfigurationRecord is as follows:

aligngd (8) class LHEVCPegeoderConfigurationRecord {

ungigned int (8) cenhffgurationVersion = 1;

bitf (4) reserved,< 1111"'b;

ungigned int (F¥2N/min spatial segmentation idc;
bif (6) reserwed = '111111'b;

ungigned iAH(2) parallelismType;

bif (2) resetved = '11'b;

ungigned~int (3) numTemporallayers;
ungigned int (1) temporallIdNested;
ungigned int (2) lengthSizeMinusOne;

unsigned int (8) numOfArrays;
for (j=0; j < numOfArrays; Jj++) {
unsigned int(l) array completeness;
bit (1) reserved = 0;
unsigned int (6) NAL unit type;
unsigned int (16) numNalus;
for (i=0; i< numNalus; i++) {
unsigned int (16) nalUnitLength;
bit (8*nalUnitLength) nalUnit;
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The semantics of the fields that are common to LHEVCDecoderConfigurationRecord
and HEVCDecoderConfigurationRecord remain unchanged. If  the track containing
LHEVCDecoderConfigurationRecord has a 'scal' track reference, the semantics of the fields apply to the
output bitstream resulting from the explicit reconstruction process. Otherwise, if there is at least one
operating point for which the highest output layer is natively present in the track, the semantics of the fields
apply to all (implicitly reconstructed) output bitstreams of the operating points for which the highest sub-
layer of the highest output layer is natively present in the track. Otherwise, the semantics of the fields apply
to all sub-layers natively present in the track.

For each auxiliary picture layer included in the track, it is recommended to include, within na1unit, an SEI
NAL unit containing a declarative SEI message, such as the depth representation information SEI message
for depth auxiliary picture layers, specifying characteristics of the auxiliary picture layer.

9.5 DPerivation from the ISO base media file format and the HEVC file format (Clause 8)

9.5.1 | L-HEVC track structure

An L-HEVC stream is represented by one or more video tracks in a file. Each track tepresents one of more
layers|or sub-layers of the coded bitstream.

Therelis a minimal set of one or more tracks that, when taken together, contaitrthe complete set of erjcoded
information. This group of tracks that forms the complete encoded information is called the "coplete
subset". The complete encoded information can be retained when the tracks'included in the "complete subset”
are refained; all other tracks shall represent subsets or copies (through'extractors) of the complete subset.

All tracks of the complete subset shall be indicated with a track group of type 'cstg' (complete subsef track
grouping).

For earh valid pair of nuh_layer_id and Temporalld among all'the coded pictures of an L-HEVC bitstredm, the
complete subset shall include one and only one track:in‘which the '1inf' sample group indicates that the
sub-layer identified by nuh_layer_id and Temporalld,is hatively present.

NOTE Consequently, a file reader can extract a-sub-bitstream of any operating point without the need t¢ parse
Aggregators and Extractors.

For an L-HEVC bitstream with an external*base layer (i.e., when an active VPS of the bitstream has vps_
base_lpyer_internal_flag equal to 0 anld wps_base_layer_available_flag equal to 1), the base layer is always
assignled one track of its own. A track containing an external base layer for an L-HEVC bitstream shallfnot be
a part|of the 'cstg' track group,efithe tracks of that L-HEVC bitstream.

If an LFHEVC bitstream has an‘external base layer, the track containing the external base layer is nomjinated
as the|base track. Otherwise/the track with the lowest temporal sub-layer (the VCL NAL units of which have
Tempqralld equal to 0)-of.the base layer natively present is nominated as the base track.

All the other tracks:that are part of the same stream shall be linked to the base track by means of g track
referehce of typesbas'. All the tracks sharing the same base track shall share the same timescale|as the
scalablle base track.

Trackg that contain extractors shall be linked to the tracks from which they extract data using the |scal"
track feference type.

If a track containing parts of an L-HEVC bitstream is removed from a file, tracks that contain 'scal' and
'sbas' track references to the removed track should also be removed.

When the base layer is coded using AVC, the base layer track shall be constructed according to Clause 5
without using separate parameter set tracks.
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9.5.2 Data sharing and reconstruction of an L-HEVC bitstream

9.5.2.1 General

NOTE1 When only the entire base layer carried in the base track is played or when only certain sub-layers, carried
in the base track, of the base layer are played, and the base track natively contains all the required sub-layers of the
base layer as identified by the HEVCDecoderConfigurationRecord of the base track, the reconstruction processes of
this clause are unnecessary.

Different tracks may logically share data through the use of extractors (defined in Clause A.7).

In ordertereconstruetanraeeess s or-samples-of-multiple-tra AFFyHE-at , , the
target|output layers and the operating point they belong to may need to be determined first.
NOTE 2 Players can conclude the layers that are required for decoding the determined target outputlayers from

operatjng point list included in the Operating Points Information sample group. Tracks that carpy the re¢levant
layers for an operating point can be obtained by following the 'oref' track references and infermation in the layer
informption sample group.

If several tracks contain data for the access unit, the alignment of respective samples'in tracks is perfprmed
based|on the sample decoding times, i.e. using the time-to-sample table only withqut considering edit|lists.

When|an L-HEVC stream is represented by multiple tracks, the decoding times of the samples shall be such
that if{the tracks were combined into a single stream ordered by increasing decoding time, the acce$s unit
order vould be correct as specified in ISO/IEC 23008-2.

If the §rack containing the highest sub-layer of the highest layer of addesired operating point has 'scal| track
references, all access units of the track for that operating pointare reconstructed by solving the extrjactors
and aggregators in the samples of that track, and the result is the bitstream of the operating poirt; this
recongtruction process is referred to as explicit reconstruetion.

Otheryise, a sequence of access units is reconstructed\from the respective samples in the required ftracks
according to the implicit reconstruction process as.described in 9.5.2.2.

9.5.2.2 Implicit reconstruction

In the|implicit reconstruction, the required tracks are selected based on the layers they carry andg their
referenhce layers as indicated by the Qperating Points Information and Layer Information sample groups.
When|reconstructing a bitstreamqcontaining a sub-layer for which the VCL NAL units have Temporalld
greatqr than 0, all lower sub-layers:(i.e., those for which the VCL NAL units have smaller Temporalld) ithin
the same layer are also included'in the resulting bitstream and the required tracks are selected accorflingly.

Each d4ccess unit is reconstructed as described below, the reconstructed access units are placed irfto the
L-HEV[C bitstream in inCreasing order of decoding time, and the duplicates of end of bitstream (EOB) and
end of|sequence (EOS)\WAL units are removed from the L-HEVC bitstream, as described further below.

Aggrepators, whenpresent, are resolved, while extractors, when present (natively present or resolvedl from
aggregators), are discarded without being resolved, and the resultant NAL units are arranged in an order
conforming e 1SO/IEC 23008-2.

When|réconstructing an access unit, picture units (as specified in ISO/IEC 23008-2) from samples having
the same decoding time are placed into the access unit in increasing order of the nuh_layer_id value. The
reconstructed access units are placed into the output bitstream in increasing order of the decoding time.

For a particular access unit for which the NAL units are stored in multiple tracks, there may be more than
one of the tracks containing an EOB NAL unit in the respective samples. In this case, only one of the EOB NAL
units shall be kept in the final reconstructed access unit, placed at the end of the access unit; other EOB NAL
units are discarded.

For access units that are within the same coded video sequence of an HEVC or L-HEVC bitstream and that
belong to different sub-layers stored in multiple tracks, there may be more than one of the tracks containing
an EOS NAL unit in the respective samples. In this case, only one of the EOS NAL units shall be kept in the last
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of these access units (the one with the greatest decoding time) in the final reconstructed bitstream, placed
after all NAL units, except the EOB NAL unit (when present), of the last of these access units, and other EOS
NAL units are discarded. Similarly, there may be more than one of such tracks containing an EOB NAL unit
in the respective samples. In this case, only one of the EOB NAL units shall be kept in the final reconstructed
bitstream, placed at the end of the last of these access units, and other EOB NAL units are discarded.

Since a particular layer or sub-layer may be represented by more than one track, when figuring out the
required tracks for an operating point, a selection may need to be made among the set of tracks that all carry
the particular layer or sub-layer.

The final required tracks, after selection among the tracks carrying a same layer or sub-layer, may
still cpltectively tarry some tayers or sub-tayers tirat do mot betong to the target operating point. The
recongtructed bitstream for the target operating point should not contain the layers or sub-layers\that are
carrief in the final required tracks but do not belong to the target operating point.

NOTE Some L-HEVC decoder implementations take as input a bitstream as well as the target eutput layer set
index and the highest Temporalld value of the target operating point, which correspond to the TargetOlsldx and
Highes|tTid variables in ISO/IEC 23008-2 Clause F.8, respectively. In this case the bitstreantbeconstructed by the
file pafser can contain layers or sub-layers that do not belong to the target operating poinht, because these Il-HEVC
decoddrs are capable of removing the layers not included in the target output layer set'and the sub-layers beyond
the hiihest Temporalld value. Some other L-HEVC decoder implementations input a bitstream that is required not to
contaifp any other layers and sub-layers than those included in the target operating\point. In this case the file|parser
needs fo ensure that the reconstucted bitstream does not contain any other layenS and sub-layers than those included
in the ffarget operating point.

9.5.3 | L-HEVC video stream definition
9.5.3.1 Sample entry name and format
9.5.3.1.1 Definition

Sample Entry Types: 'hvc2', 'hev2', "hve3', "hev3d®; '1hvl', 'lhel’
Contalner: Sample Description Box ('stsay)
Mandgtory: An 'hvcl', 'hevl', 'hvc2 \\Hev2', 'hve3', 'hev3', '1hvl', Or 'lhel’

sample entry is mandatory

Quantjty: One or more sample entries may be present
Box Type: " 1hvCg
Contalner: HEVC Sample Entry ("hvecl', "hevl', 'hve2', 'hev2', "hvc3', or 'hev3') or L-HEVC Samplq Entry

(Mnvi'or '1hel")

Mandgtory:* No for HEVC sample entries, yes for L-HEVC sample entries

Quantity: Zero or one for HEVC sample entries, one for L-HEVC sample entries

When the sample entry name is ' 1hv1', the value of array completeness shall be equal to 1 for the arrays of
all types of parameter sets.

When the sample entry name is 'hev2' or 'hev3' and the sample entry contains the HEVC configuration
only, the same constraints as specified in subclause 8.4.3 for the sample entry name 'hevi' apply.
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When the sample entry name is '1he1’, or when the sample entry name is 'hev1’, 'hev2' or 'hev3' and the
sample entry contains both HEVC and L-HEVC configurations, the following applies:

NOTE1 The constraints below impose restrictions on placement of out-of-band parameter sets (in sample entries)
and in-band parameter sets (in samples), in order to enable convenient random access from access units containing
IRAP pictures at least in some layers. With these constraints, a file reader that initializes with the sample entries and
rolls forward from an access unit wherein all pictures are IRAP pictures will have all the parameter sets it needs.

a) For any particular sample in a particular track, the temporally collocated sample in another track is
defined as the one with the same decoding time as that of this particular sample.

b) Foran IRAP picture of a given sample, track and layer, each parameter set needed for decoding the IRAP
pifture shall be included in one of the following:

1)| the sample entry that applies to the given sample in the given track

2)| when implicit reconstruction is used, the sample entry of the initial sample of a'track carrying a
reference layer of the given layer, where the initial sample is either the given-sample's temporally
collocated sample, when the temporally collocated sample contains an IRAP picture of the reference
layer, or the previous sample that contains an IRAP picture of the reference layer

3)[ the given sample itself, possibly by using extractors

4)| when present, any temporally collocated sample of the tracks carrying reference layers of the given
layer, possibly by using extractors

c¢) Fqr anon-IRAP picture of a given sample, track and layer, eachi-parameter set needed for decoding that
pifture shall be included in one of the following:

1)| the sample entry that applies to the given sample in-the given track

2)| when implicit reconstruction is used, the samplé entry of the initial sample of a track carrying a
reference layer of the given layer, where the initial sample is either the given sample's temporally
collocated sample, when the temporally collocated sample contains an IRAP picture of the reference
layer, or the previous sample that contains an IRAP picture of the reference layer

3)| any of the samples in the given track’since the previous sample containing an IRAP picture|in the
given layer to the given sample itself, inclusive, possibly by using extractors

4)| when present, any of the samples in a track carrying a reference layer of the given layer sirjce the
temporally collocated satnple of the previous sample containing an IRAP picture in the given layer
to the temporally collocated sample of the given sample, inclusive, possibly by using extractors

The pgrameter sets needed\for decoding a picture in a sample of a track using extractors shall only be lpcated
in meglia samples (of that“track or of dependent tracks through extractors), or in the sample desctiption
entry pssociated with that sample, and parameter sets carried in sample entries of other tracks are ignored
in thig case. This implies that when extractors are used, some parameter sets may be duplicated |in the
sample description of tracks with extractors and in the other tracks depended on this track. When ifnplicit
recongtructiens used, the sample entries of a track shall only contain the parameter sets used in that track
and shall net-contain the parameter sets used in dependent or depended on tracks. These paramet¢r sets
may bpstored in the sample or in the sample description associated to the sample, according to the Jample
entry cype tsed:

When present, parameter sets in the sample entry of an HEVC/L-HEVC track and, in case implicit
reconstruction is used, in the sample entries of the tracks depended on, shall be output in the reconstructed
bitstream in increasing layer order, and before any parameter sets present in the samples.

In case two parameter sets with different content but using the same ID are present, it may not be possible
to use a single sample entry of type 'hvci', 'hvc2', 'hve3' or 'lhvi’'; file packagers should create either
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different sample entries of type 'hvcl’', 'hvc2, 'hve3' or 'lhvl', or use in-band parameter sets through
'hevl', 'hev2', 'hev3' Or 'lhel' sample entries.

NOTE 2 It can happen, in files mixing both implicit reconstructions and extractors, that gathering parameter
sets from sample entries result in duplicates; additionally, presence of such duplicates are conformant with
ISO/IEC 23008-2, a file reader can discard them.

NOTE3  When an extractor track is used in implicit reconstruction, file readers do not need to look at the sample
entries of tracks the extractor track depends on for their parameter sets, since these parameter sets are duplicated in
the sample entry of the extractor track.

For an HEVC or L-HEVC bitstream carried in more than one track, when the sample entry name of the base
track s 'hvc1', 'hvc2' or 'hvc3', the sample entry name of other tracks carrying the same bitstrear shall
be 'hvic2', 'hve3' or '1hvi', and when the sample entry name of the base trackis 'hevi', 'hev20r '|hev3’,
the sample entry name of other tracks carrying the same bitstream shall be 'hev2', 'hev3' or fike1",

For ar] L-HEVC bitstream whose base layer is an AVC bitstream, when the sample entry name of the base
track |s 'avcl' or 'avc2', the sample entry name of the other tracks carrying theyassociated LtHEVC
bitstr¢am shall be 'hvc2', 'hve3', or '1hv1', and when the sample entry name of the base track is 'avg3' or
'avc4 |, the sample entry name of the other HEVC tracks carrying the associated L)RHEVC bitstream shall be
'hev2], "hev3' Or '"lhel'.

NOTE 4 The above constraints mandate convenient random access (see NOTE=I\in this subclause 9.5.3.1.1) to be
enablefl and indicated for either all tracks carrying an HEVC or L-HEVC bitstream ot none of the tracks.

When[the samples of a track contain a temporal subset of an HEVC basgjlayer, the value of numTemporallayers
field In the HEvVCConfigurationBox shall match the number-‘of temporal sub-layers present [n the
track, [natively or through extraction. Here, the entry shall,gontain an HEVCConfigurationBox, p@ssibly
followed by an 1LHEvVCConfigurationBox as defined below: The HEvVCConfigurationBox documen‘ts the
Profil¢, Tier, Level, and possibly also parameter sets of theclHEVC compatible base layer as defined py the
HEVCD¢coderConfigurationRecord. The LHEVCConfigurafdionBox possibly documents parameter sets|of the
L-HEVIC compatible enhancement layers as defined by‘the LHEVCDecoderconfigurationRecord, stored|in the
LHEVC(onfigurationBox.

If the [samples of a track do not contain, neither natively nor through extraction, an HEVC base layer,
then the sample entry type 'ihvi' or 'ihel' shall be used and the sample entry shall contain an
LHEVC(onfigurationBox, aSs defined below:;This includes an LHEVCDecoderConfigurationRecord, aS defined
in thisdocument.

The 14ngthsizeMinusone field in the:L.-HEVC and HEVC configurations in any given sample entry of LtHEVC
and HEVC tracks sharing the same base track shall have the same value.

NOTE$  When the base layep is coded by AVC, the lengthSizeMinusOne field for the L-HEVC tracks sharfng the
same blase track have the same value, but that value does not have to be equal to the 1engthSizeMinusoOne field|for the
AVC track.

NOTE When HEVC compatibility is indicated, it can be necessary to indicate a high enough level for th¢ HEVC
base layer to acedmmodate the bit rate of the entire bitstream, because all the NAL units are considered as irjcluded
in the HEVC base"layer and hence can be fed to the decoder, which is expected to discard those NAL unit it dpes not
recognfize./This case happens when the "hvcl', 'hevl', 'hvc2', 'hev2', "hvc3' or 'hev3' sample entry [s used
h HEVC and L-HEVC conflguratlons are present. However when only an HEVC and L- HEVC conflgurdtlon is

3 ] 3 a of the
base layer bltstream In thlS case, cautlon is to be taken that the proflle t1er and level (PTL) in the VPS base (i.e.
the first PTL structure in a VPS) might be "greater” than the PTL of the base layer that is to be included in the
HEVCDecoderConfigurationRecord. Rather, the PTL information in the first PTL structure in the VPS extension can
be included in HEVCDecoderConfigurationRecord.

An LHEVCConfigurationBox may be present inan 'hvel', 'hevl', '"hvc2', 'hev2', 'hvc3' Or 'hev3' sample
entry. In this case the #HEVCLEVCSampleEnt ry definition below applies.

Table 11 shows for a video track all the possible uses of sample entries, configurations and the L-HEVC tools:
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Table 11 — Use of sample entries for HEVC and L-HEVC tracks

sample entry name |with configuration records meaning

'hvcl

'or 'hevl' HEVC Configuration Only A plain HEVC track without NAL units with nuh_layer_id
greater than 0; Extractors and aggregators shall not be

present.

'hvcl

'or 'hevl' HEVC and L-HEVC Configura- An L-HEVC track with both NAL units with nuh_layer_id
tions equal to 0 and NAL units with nuh_layer_id greater than

0; Extractors and aggregators shall not be present.

'hvc?2

'or 'hev2' HEVC Configuration Only A plain HEVC track without NAL units with nuh_layer_id

greater than 0; Extractors may be present and used

to

to 0 or 2 in extractors; Aggregators may be present
contain and reference NAL units.

reference NAL units; constructor_type shall bejequal

Lo

'hve2

'or 'hev2' HEVC and L-HEVC Configura- An L-HEVC track with both NAL units with_nuh_layy{
tions equal to 0 and NAL units with nuh_layer id greater
0; Extractors and aggregators may be present; Extr
may reference any NAL units; cong#ructor types
be equal to 0 or 2 in extractors;*Aggregators may bd
contain and reference any NAL units.

r_id
than
hctors
hall
th

'hve3

' or 'hev3' HEVC Configuration Only A plain HEVC track withgutNAL units with nuh_lay
greater than 0; Extractors may be present and used
reference NAL units;Constructor type shall be eg
0,2, 3,4,5 or 6 in‘extractors; Aggregators may be p
to contain and reference NAL units.

br_id
to
jual to
Fesent

'hve3

' or 'hev3' HEVC and L-HEVC Configura- An L-HEVCrack with both NAL units with nuh_layy
tions equal to 0and NAL units with nuh_layer_id greater
0; Extractors and aggregators may be present; Extr
may reference any NAL units; constructor types
beequalto 0, 2, 3,4, 5 or 6 in extractors; Aggregato
both contain and reference any NAL units.

r_id
than
hctors
hall

'S may

'lhvl

', "lhel" L-HEVC Configuration Only An L-HEVC track with NAL units with nuh_layer_id
er than 0 and without NAL units with nuh_layer_id ¢
to 0; Extractors shall not be present; Aggregators m
present to contain and reference NAL units.

breat-
qual
ay be

When
units ¥y

9.5.3.

class
LHH

}

class
LHH

}

// Usd

class
LHH

an 'hvc2', 'hev2', '1hvl', or '1hell ' track does not contain extractors and does not contain VC
vith Temporalld equal to 0, the track shall contain VCL NAL units with exactly one nuh_layer_id

.2 Syntax

LHEVCConfiguratilonBox extends Box ('lhvC') {
VCDecoderConfigurationRecord () LHEVCConfig;

HEVCLHVCSafpléEntry () extends HEVCSampleEntry () {
VCConfigurationBox lhvcconfig;

thisSif track is not HEVC compatible
LHEVESampleEntry () extends VisualSampleEntry ('lhvl', or 'lhel') {
VCConfigurationBox lhvcconfig;

MPH

L NAL
value.

GAFxtensionDescriptorsBo QO optional

9.5.3.1.3 Semantics

When the sample entry is '1hv1' or 'lhel', Compressorname in the base class visualsampleEntry indicates
the name of the compressor used with the value "\0141LHEVC Coding" being recommended (\014(octal) is
12 (decimal), the number of bytes in the rest of the string). When the sample entry is 'hvc2', 'hev2', "hvc3'
or 'hev3', Compressorname in the base class visualsampleEntry indicates the name of the compressor used
with the value "\013HEVC Coding" being recommended (\013 is 11, the number of bytes in the rest of the
string).
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L-HEVC visual width and height

The width and height documented in the visualsampleEntry shall be set as follows:

— Ifthe sample entry typeis 'hvcl' or 'hevl', thewidthand height documented in the visualsampleEntry
shall be set according to subclause 4.6 using only the base layer information.

— Otherwise, if the sample entry type is 'hvc2', 'hev2', 'hve3' or 'hev3' and the track does not contain
an L-HEVC configuration record, the width and height documented in the visualsampleEntry shall be
set according to the width and height of the base layer of the bitstream resulting either by resolving the
extractors, when the track contains extractors, or by implicit reconstruction, when the track does not
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herwise (the sample entry type is 'hvc2', 'hev2', 'hve3' or 'hev3' and the track containg-aw L
nfiguration record or the sample entry type is 'lhel’ or 'lhvl'), width and height shall
hximum cropped frame dimensions of the decoded pictures, within the scope of the.sample er
y layer in the track that is marked as an output layer of any output layer set.

Sync sample
amples in a track of a particular sample entry type shall conform to thefollowing constraints:

the sample entry type is 'hvcil' or 'hevi'and the track does not contain an L-HEVC configu
cord, the specifications of 8.4.3 apply.

herwise, if the sample entry type is 'hvcl' or 'hevl' and thétrack contains an L-HEVC configy
cord, each sync sample of the track shall contain an IRAP picture in all layers represented by thé

herwise, if the sample entry typeis 'hvc2', 'hev2', 'hve3' or 'hev3' and the track contains extr
ch sync sample of the track shall contain an IRAP pictare in all layers represented by the track
tively or through extraction.

herwise, if the sample entry type is 'hvc2',shev2', 'hve3' or 'hev3', and the track does not ¢
tractors, contains a sub-layer with Temporalld equal to 0 for one or more layers, and does not c

L-HEVC configuration record, each sync¢sample of the track shall contain an IRAP picture wit
ber_id equal to 0.

herwise, if the sample entry typejis 'hvc2', 'hev2', '1hvl', or '1hel' and the track does not ¢

HEVC configuration record,"each sync sample of the track shall contain an IRAP picture in all
tively present in the track:

herwise (the sample-entry type is 'hvc2', 'hev2', "1hvl', or 'lhel’, and the track does not c
tractors and does.hot contain any sub-layer with Temporalld equal to 0), each sync sample of th
all contain a TSApicture with Temporalld equal to the lowest Temporalld present in the track.

As can.béobserved from the list above, in some cases sync samples need the presence of an IRAP pid
han one layer. If layer-specific information is needed, the 'sap ' sample grouping can be used.
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tractors, contains a sub-layer with Temporalld equal to 0 for one or more layers, and contaiins an

layers

pntain
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ture in

amples are documented in the syncsampleBox and, for movie fragments, with sample is non|

sampld

| sync_

flag equal to 0, as specified in ISO/IEC 14496-12. Sync samples may be additionally documenfted by

the stream access point 'sap ' sample group.

When a sync sample contains natively or through extraction a BLA or CRA picture in a layer that does not
have an alternative output layer, as defined by HEVC, in an output layer set represented by the track, there
shall be no RASL pictures associated with the BLA or CRA picture.

Former versions of this specification allowed the presence of RASL pictures associated with BLA and
CRA pictures contained in sync samples, although this is not in conformance with ISO/IEC 14496-12. For
environments where HEVC file processors need information that BLA or CRA pictures contained in sync
samples are not associated with RASL pictures, the brand 'nras’, as defined in Clause D.5, may be used to
indicate compliance to this and later versions of this specification.
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9.5.6 Independent and disposable samples box

If the sampleDependencyTypeBox is used in a track that is both HEVC and L-HEVC compatible, then care

should be taken that the information provided by this box is true no matter what valid subset of the L

-HEVC

data (possibly only the HEVC data) is used. The 'unknown' values (value 0 of the fields sample depends on,

sample is depended on, and sample_has_redundancy) may be needed if the information varies.

9.5.7 Stream access point sample group

To provide information of all SAPs, the SAP sample group 'sap ' specified in ISO/IEC 14496-12 is used.

The sgmantics of layer _1d method idc equal to U 1s speciiied in ISU/TEC 14496-12.

When|layer id method idcisequal to 0,a SAP is interpreted as follows:

— Iffthe sample entry type is 'hvc2', 'hev2', '1hvl', or '1hel’, and the track does not contain extr
anjd does not contain any sub-layer with Temporalld equal to 0, a SAP specifies access to all th
layers present in the track.

— Otherwise, a SAP specifies access to all layers present natively or through extraction in the track.

If the sample entry type is 'hvc2', 'hev2', '1hvl', or 'lhel', and thetrack does not contain ext
s not contain any sub-layer with Temporalld equal to 0, a TSA picture with Temporalld equal to the
Tempofalld present in the track serves as a SAP.

When|layer id method idcisequalto 1, each bitin the field target {avers represents alayer carried
track. [Since this field is only 28 bits in length, the indication of SAPS in a track is constrained to a may
of 28 layers. Each bit of this field starting from the least significant bit (LSB) shall be mapped to the
layer |id values signalled in the Layer Information sample group ('1inf') associated with that sam
ascending order of 1ayer id values.

For expmple, if a track carries layer with 1ayer id values 4, 10, and 29, then the 1ayer id 4 is mapped
least sjignificant bit, the 1ayer id 10 is mapped to the'second least significant bit, and the 1ayer id 29
to the|third least significant bit. A value of one in-the bit signals that in the sample the mapped layel
picturp that is a SAP. In the previous example Fable 12 gives an example of layer specific SAP informat

Table 12 — Bit pattern for the target.layer field of the 'sap ' sample grouping for an examplé

case.described above. (informative)

Bit pattern oftarget layers (LSB right|layer idvalues (among 4, 10,
most bit) 29) of SAPs
000000000000000000000010 {10}
000000000000000000000100 {29}
006000000000000000000101 {29, 4}

When|[SAP sample-groups are used, they shall be used on all tracks carrying an L-HEVC bitstream.
extradtors arefused in a track, the SAPs of those layers referred to by extractors are also documente
SAP d¢pcumentation shall be consistent for any given layer.
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9.5.8 LTFhe 'ro11', 'rap ', 'sync', 'tsas' and 'stsa' sample groups

When included in the base track, the information provided by the 'ro11', 'rap ', and 'sync' sample groups

applies to the base layer only, not considering any other layers that are present in the samples.

Whenincludedinan 'hve2', 'hev2', 'hve3', or 'hev3' track thatis not the base track and contains extractors,
the information provided by the 'ro11', 'rap ', and 'sync' sample groups in sampleToGroupBox(es) with
version equal to 0 applies to the track, after resolving extractors and aggregators contained in the track.

When included in an 'hvc2', 'hev2', "1hv1', or '1hel’ track that is not the base track, does not contain
extractors, and natively contains only one layer (including its lowest sub-layer), the information provided
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by the 'ro11', 'rap ', and 'sync' sample groups in sampleToGroupBox(es) with version equal to 0 applies to
that layer.

NOTE When a 'roll", 'rap ', or 'sync' sample group concerns a predicted layer, it indicates characteristics
that apply when all the reference layers of the predicted layer are available and decoded. The sample group can be
used to initiate decoding of the predicted layer.

The presence of the 'sync', 'rol1', and 'rap ' sample groups in 'hvc2', 'hev2', 'hve3', 'hev3', 'lhvl’,
or 'lhel' tracks natively containing more than one layer or natively containing one layer but not its
lowest sub-layer is disallowed in this version of ISO/IEC 14496-15, and parsers according to this version of
ISO/IEC 14496-15 shall ignore sampleGroupDescriptionBoxes and sampleToGroupBoxes With grouping type

e ual b 1 1 111 o y anthin oy ch tracl-o
q FO vIe—S— roTrT 5 O rap vV It ttrtraticss

For the 'tsas' and 'stsa' sample groups, the specifications in 9.5.7 apply with 'sap ' beingreplafed by
'tsas| and 'stsa', respectively, and "SAP" being replaced by "TSA point" and "STSA point", respectively.

9.5.9 | Definition of a sub-sample for L-HEVC

The specifications of 8.4.8 apply.

9.5.10 Handling non-output samples

What |s specified in 8.4.9 is not always applicable when multiple layers are-involved. If what is specified in
8.4.9 dannot be followed, then the composition time of a sample shall be'set as if the sample were an putput
sample (i.e., at least one picture of the sample is output). If the decoding of a sample results into no putput
picturgs, the presentation of the sample is omitted and the duratioh of the previous sample is extended, so
that the following samples have correct composition timing.

9.6 L-HEVC specific structures
9.6.1 | External base layer sample group

9.6.1.]1 Definition

When| a multi-layer HEVC bitstream .uses an external base layer (i.e., when an active VPS pf the
bitstregam has vps_base_layer_interndl_flag equal to 0 and vps_base_layer_available_flag equal to(1), an
LhvcEfternalBaselLayerInfo sample grouping may be used to signal parameters that are required for
inter-lpyer prediction from the external base layer to a track containing L-HEVC samples. When a sample is
linked| to the zero index of this'sample grouping, it means that no decoded base layer picture is used for the
decod|ng of that sample.

9.6.1.2 Syntax

aligngd (8) class ™ hvcExternalBaselayerInfo() extends VisualSampleGroupEntry('lbli')
{
bif (1) reserved = '1'b;
ungigned,int (1) bl irap pic flag;
ungigfted int (6) bl irap nal unit type;
signed int (8) sample offset;

9.6.1.3 Semantics

In this subclause, the term current sample refers to the sample that is associated with an entry in the
LhvcExternalBaseLayerInfo sample group in an L-HEVC track.

bl irap pic flagspecifiesthe value ofthe B11rapricFlag variable for the associated decoded picture, when
that decoded picture is provided as a decoded base layer picture for the decoding of the current sample.
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bl irap nal unit_type specifies, when b1l irap pic flag is equal to 1, the value of the nal_unit_type
syntax element for the associated decoded picture, when that decoded picture is provided as a decoded
base layer picture for the decoding of the current sample.

sample offset gives the relative index of the associated sample in the track containing the base layer (i.e,,
the track referred to by the 'sbas' track reference). The decoded picture resulting from the decoding
of the associated sample in the track containing the base layer is the associated decoded picture that
should be provided for the decoding of the current sample. sample offset equal to 0 specifies that the
associated sample has the same, or the closest preceding, decoding time compared to the decoding
time of the current sample; sample offset equal to 1 specifies that the associated sample is the next
sample relative to the associated sample derived for sample offset equal to 0; sample offset equal to
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[ sample offset equal to 0, and so on.
The operating points information sample group

|  Definition

ations are informed about the different operating points provided by,a given L-HEVC bitg
eir constitution by using the Operating Points Information sample group ('oinf'). Each ope
s related to an output layer set, a max Temporalld value, and a profile; level and tier signali

rovides the dependency information between layers, the types of scalabilities coded in the L-HH
1, and the dimension identifiers that relate to any particular layer for a given scalability type.

tracks of an HEVC bitstream containing only NAL units-xith nuh_layer_id 0 and for which ter
ers are split across several tracks, there is no requirement for any track to carry 'oinf' sample

tracks of an L-HEVC bitstream, there shall be exactly one track among this set that carries an

specifies that the associated sample is the previous sample relative to the associated sample derived

tream
rating
ng. All

group
VC bit

nporal
croup.

oinf'

b group. Except the tracks that carry the 'oipft” sample group, all other tracks of that LFHEVC
am shall have a track reference of type 'orefil\ to the track that carries the 'oinf' sample group they
to.

An L-HEVC bitstream usually requires’using only one track with 'oinf' sample group information.

er, extractors enable creating new bitstreams with different profiles and levels not signaled in the
briginal bitstream for which data is\extracted. Using extractors can require additional 'oinf' to st
on information of these new bitstreains.

one with the same decoding time as that of this particular sample. For each sample sy in a tr
s an 'oref' track reference to the track Tk that carries the 'oinf' sample group, the follow app

there is a temporally collocated sample sk in the track Tk, then the sample su is associated w

herwise, thesample snis associated with the same 'oinf' sample group entry as the last of the sz
the trackx that precede the sample sy in decoding time.

several VPSs are referenced by an L-HEVC bitstream, it may be needed to include several ent

the sa

oinf'
bre the

efined
ack TN
lies:

th the

mples

ries in

pleGroupDescriptionBox with grouping type 'oinf'. For more common casesvvherezasing

le VPS

is present, it is recommended to use the default sample group description index and include the Operating
Points Information sample group in the sample table box, rather than including it in each track fragment.

'Thegrouping_type_parameteriSnOtdeﬁnedfbrtheSampleToGroupBox vvﬂilgroupingtype'oinfh

An operating point shall contain at least one other layer in addition to an external base layer.

9.6.2.2 Syntax

class

OperatingPointsRecord {

unsigned int (16) scalability mask;
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bit (2) reserved = 0;
unsigned int (6) num profile tier level;
for (i=1; i<=num profile tier level; i++) {
unsigned int(2) general profile space;
unsigned int (1) general tier flag;
unsigned int (5) general profile idc;
unsigned int (32) general profile compatibility flags;
unsigned int (48) general constraint indicator flags;
unsigned int(8) general level idc;
}
unsigned int (16) num operating points;
for (i=0; i<num operating points; i++) {
unsigned int (16) output layer set idx;
TS Tged Tt (8 ma X _temporat _1td;
unsigned int(8) layer count;
for (j=0; j<layer count; j++) {
unsigned int(8) ptl idx;
unsigned int (6) layer id;
unsigned int (1) is outputlayer;
unsigned int(l) is alternate outputlayer;

}

unsigned int (1) frame rate info flag
unsigned int (1) bit rate info flag
if (frame rate info flag) {

unsigned int (16) avgFrameRate;

bit (6) reserved = 0;

unsigned int (2) constantFrameRate;

unsigned int (16) minPicWidth;
unsigned int (16) minPicHeight;
unsigned int (16) maxPicWidth;
unsigned int (16) maxPicHeight;
unsigned int (2) maxChromaFormat;
unsigned int (3) maxBitDepthMinus8;
bit (1) reserved = 0;

)

)

if (bit_rate_info_flag) {
unsigned int (32) maxBitRate;
unsigned int (32) avgBitRate;

}

ungigned int(8) max layer count;
fof (i=0; i<max layer count; i++) ¥
unsigned int(8) layerID;
unsigned int(8) num direct ref layers;
for (3J=0; j<num direct ref'layers; j++) {
unsigned int (8) direet\wef layerID;
}
for (3=0; j<l6; J++){
if (scalability mask & (1 << 3))
unsigned i@Q%£(8) dimension identifier;

}

class |OperatiugPointsInformation extends VisualSampleGroupEntry ('oinf') {
Op¢ratingPeintsRecord oinf;

9.6.2. Semantics

scalability mask: This field indicates the scalability types that are represented by the access units
resolved from the samples that are associated with this 'oinf' sample group entry. Each bit in the
scalability mask field denotes a scalability dimension as coded in the scalability mask flag of the
VPS extension syntax as defined in ISO/IEC 23008-2. The most significant bit in the scalability mask
field corresponds to scalability mask flag[0] of the VPS extension syntax. A one in a bit position
indicates that the scalability dimension is present.

num profile tier level: Gives the number of following profile, tier, and level combinations as well as the
associated fields.
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general profile space, general tier flag, general profile idc, general profile compatibility
flags, general constraint indicator flags, and general level idcaredefinedinISO/IEC23008-2.

num_operating points: Gives the number of operating points for which the information follows.

output layer set idx is the index of the output layer set that defines the operating point. The mapping
between output layer set idx andthe layer id values shall be the same as specified by the VPS for
an output layer set with index output layer set idx.

max_temporal id: Givesthe maximum Temporalld of NAL units of this operating point.

layer count: This field indicates the number of necessary layers, as defined in ISO/IEC 23008-2

Of
ptl 1
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samples parameter in ISO/IEC 23008-2 for thestream of the operating point.

maxPi
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maxChi

fo

maxBif
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frame |

The value'1l indicates that frame rate information is present for the operating point.

OperatingPointsRecord, of the listed profile, level, and tier flags for a layer with identifier eg

samples parameter in ISO/IEC 23008-2 for the stream, of the operating point.

samples parameter in ISO/IEC 23008-2!for the stream of the operating point.

erating point.

x: Indicates the index, where value 1 is the first entry in the list of profile, tierylevel

yer id. When the value of pt1 idx equals zero for a layer, that layer shall be assumed to h
ofile, level, and tier signalled. pt1_idx shall be equal to 0 for an external base lager, When pt1|
ual to 0 for a layer that is not an external base layer, that layer shall not be an output layer or
at is a direct or indirect reference layer of any output layer of the operating peint.

id: provides the nuh_layer_id values for the layers of the operating point.

ernate outputlayer: This flag when set indicates that this layer can be considered as an alt
tput layer for this operating point. This flag is set to one if.and only if one layer in the operating
sits is _outputlayer flag set.

width specifies the least value of the luma widthdndicators as defined by the pic_width_in]|
Height specifies the least value of the luma Height indicators as defined by the pic_height_in|
width specifies the greatest value of theluma width indicators as defined by the pic_width_in]]

Height specifies the greatest value of the luma height indicators as defined by the pic_heig
ma_samples parameter in ISQ/IEC 23008-2 for the stream of the operating point.

omaFormat specifies the greatest value of the chroma_format indicator as defined by the ch
rmat_idc parameter in\JSO/IEC 23008-2 for the stream of the operating point.

DepthMinus8 speeifies the greatest value of the luma and chroma bit depth indicators as d
the bit_depth yps_luma_minus8 and bit_depth_vps_chroma_minus8 parameters, respectiv
D/IEC 23008+2-for the stream of the operating point.

[rate infid flag equalto 0 indicates that no frame rate information is present for the operating

f this

in the
ual to
hve no
| idx is
h layer

putlayer: A flag that indicates if the layer is an output layer or notZA-one indicates an output layer.

ernate
r point

luma_
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luma_

ht_in_

roma_

efined
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point.

bitirc

tedinfo_flag equal to 0 indicates that no bitrate information is present for the operating point. The

value 1 indicates that bitrate information is present for the operating point.

avgFrameRate gives the average frame rate in units of frames/(256 seconds) for the operating point. Value 0

in

dicates an unspecified average frame rate.

constantFrameRate equal to 1 indicates that the stream of the operating point is of constant frame rate.
Value 2 indicates that the representation of each temporal layer in the stream of the operating point is
of constant frame rate. Value 0 indicates that the stream of the operating point may or may not be of
constant frame rate.
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maxBitRate givesthe maximum bit rate in bits/second of the stream of the operating point, over any window
of one second.

avgBitRate gives the average bit rate in bits/second of the stream of the operating point.

max_layer count: The count of all unique non-base layers in all of the operating points.

layeriD: nuh_layer_id of a layer for which the all the direct reference layers are given in the following loop
Ofdirect_ref_layerl&

num direct ref layers: The number of direct reference layers for the layer with nuh layer id equal to

1
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_ref layerID: nuh_layer_id of the direct reference layer.

ion_identifier: Setto the value of the dimension_id field as specified in the VPS extension syr
fined in ISO/IEC 23008-2.

The layer information sample group

6t of layers and sub layers a track carries is signalled in the Layer Information sample gr
ed in subclause 4.15. The values of irap gdr pics in layer only flag and completeness fla
e equal to 0.

L.-HEVC track, including the base track (when coded with HEVC); shall carry a '1inf' sample g1

several VPSs are referenced by an L-HEVC bitstream, it may be needed to include several ent|
pleGroupDescriptionBox With grouping_type '1inf'. For/more common cases where a sing
bent, it is recommended to use the default sample gtoup description index and include the

The decoding time hint sample group

| Definition

ecoding time hint sample group description entry ('opth') records a delta time in terms of thg
given by timescale of the MediafeaderBox). The corrected decoding time is defined as the sum|
ime associated with a sample through the sampleToGroupBox of type 'opth' and the decoding t
mple. The corrected decodingtimes conform to the hypothetical reference decoder of ISO/IEC 23
ing according to a partitioning scheme where each layer is in its own bitstream partition, as d
IEC 23008-2.

pleToGroupBoxes\for the decoding time hint sample group shall include grouping type pard
ouping type parameter field is specified for the decoding time hint sample group as follows:

igned intJ(1®) reserved = 0;
igned img(16) operating point index;

ing Point index specifies the index of the operating point, as given in the asso
ingPointsInformation sample group description, for which this sample group provides the cor
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9.6.4.2 Syntax

class

OperatingPointDecodeTimeHint ()

extends VisualSampleGroupEntry ('opth')

{

signed int (32) delta time;

}
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9.6.4.3 Semantics

delta_ time plus the decoding time (derived from the TimeTosampleBox and TrackRunBoxes, if any) provides
the corrected decoding time of the associated sample. Time-scale units, as given by timescale of the
MediaHeaderBox Of this track, are used for the calculation of delta time.

10 Storage of tiled HEVC and L-HEVC video streams

10.1 Overview

[SO/IHC 23008-2 video provides support for coding of rectangular regions called tiles. HEVC tiles do njt have
coding dependencies with other HEVC tiles in the same coded picture but may have coding dependencies
with dther HEVC tiles from previous coded pictures or may be independently decoded. This clause defines
tools to describe and manipulate tiles, including:

— dgscription of HEVC tiles and their temporal coding dependencies with other HEVC-tiles,
— trpck(s) extracting one or several tiles from other track(s), and

— trpck(s) containing only data from one or several HEVC tiles for fast access,te’a rectangular region over
a hetwork.

A rectpngular region for HEVC shall consist of one or more complete HEVC tiles in one or more complete
slice segments that are within the same coded picture and contain noether HEVC tiles. The slice segmgnts of
arectangular region may but need not be contiguous in decoding @rder.

Rectafpgular regions can be described through rectangular region visual sample group description ¢ntries
(i.e., irjstances of RectangularRegionGroupEntry) With rect vegion flagequal to 1.

NOTE The RectangularRegionGroupEntry and rectetegion flag usedtobe called TileRegionGroupEntry
and tifle region flag.

If each sample of a track consists of NAL unit$’of only one rectangular region, sampleToGrouppBox of
type ftrif' can be used to associate samples to the rectangular region, but this sampleToGroupBox of
type '[crif' can be omitted if the default sample group description index is used (i.e., when the vlersion
of the| sampleGroupbescriptionBox of {ype 'trif' is equal to or greater than 2). Otherwise, samples,
NAL units, and rectangular regions dre associated with each other through sampleToGroupBoxes df type
'nalm| and grouping type paramegter equal to 'trif' and SampleGroupDescriptionBox of type 'ngdim’. A
RectapgularRegionGroupEntry describes:

— atrectangular region composed of HEVC tiles, and

— cqding dependencjes.between HEVC tiles in this rectangular region and HEVC tiles in other rectapgular
regions.

Each gectangula®ReégionGroupEntry is assigned a unique identifier, called group1p. This identifier ¢an be
used tp associate' NAL units in a sample to a particular RectangularRegionGroupEntry.

Positignirig and size of rectangular regions are identified using luma sample coordinates.

When USed with movie [Tagments, RectangularRegionGroupkntry can be detined for the duration of the
movie fragment, by defining a new sampleGroupbDescriptionBox in the track fragment box as defined in
ISO/IEC 14496-12. However, there shall not be any RectangularRegionGroupEntry in a track fragment that
has the same groupID as a RectangularRegionGroupEntry already defined.

For HEVC and L-HEVC tile tracks as defined in this document, the base region used in the
RectangularRegionGroupEntry is the picture to which the tiles in a rectangular region associated with this
rectangular region group entry belongs

Sub-tracks can be defined by grouping the different rectangular regions for this sub-track, using a
TileSubTrackGroupBox in the sub-track definition box.
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NAL units mapped to a rectangular region may either be carried in the video track, as usual, or in a separate

track called tile track. Tile tracks are defined for both HEVC and L-HEVC.

10.2 NAL unit map entry

The specification of NAL unit map entry can be found in subclause 4.13.

10.3 Tile region group entry

The specification of tile region group entry can be found in subclause 4.14.

10.4 Il'ile sub track definition

10.4.1 Overview

A tile §ub track describes one or more tile regions.

An addlitional descriptive attribute 'tile' may be used to indicate the sub track is a spatial part of the track.
Name Attribute Description
Tiling 'tile' The sub-track is spatial part or il of the track.

A tile gub track is defined as a group of tile regions using the TileSubTrackGroupBox.
10.4.2 TileSubTrackGroupBox

10.4.2.1 Definition

Box Type: "tstb!
Contalner: SubTrackDefinitionBox ('strd')
Mandgtory: No

Quantjty: Zero or one

10.4.2.2 Syntax

aligngd (8) class TileSubTrackGroupBox extends FullBox ('tstb', 0, 0) {
ungigned int (16) item.count;
fox (i = 0; i< item_count; i++) |

unsigned int (I6) tileGrouplD;

}

10.4.2.3 Semantics

The u1|1ion of tileGroupIDs in this box describes the sub track defined by this box.

item count counts the number of tile groups listed in this box.

tileGroupID is the identifier of the tile region group (group1p) contained in this sub track. group1p is defined

in RectangularRegionGroupEntry.
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10.5 HEVC and L-HEVC tile track

10.5.1

Overview

There are cases where storing NAL units of HEVC or L-HEVC tile regions in different tracks are useful for
easy access to one or a few particular tile regions. For such cases, tile tracks may be created using the
HEVCTileSampleEntry, HEVCTileSSHInfoSampleEntry O LHEVCTileSampleEntry sample deSCI‘iptiOI‘I format.

An HEVC or L-HEVC tile track is a video track in which there is a 'tbas' track reference to the HEVC or
L-HEVC track, respectively. This HEVC or L-HEVC track is refered to as the HEVC or L-HEVC tile base track
of the HEVC or L-HEVC tile track, respectively. The sample entry type for an HEVC tile track is 'hvt1' or

'hvt3
tracks
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tile trg
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case, it

discard un-needed NAL units.

When

DescriptionBox Of a tile track shall not carry NAL units that apply to any entire coded picture,
AL units that do not apply to a tile shall not be carried in the tile traek containing that tile. TH
hat apply to a tile shall be carried in the tile track containing that tile:

| When a NAL unit applies to multiple tiles, these tiles can only be(stored in the same tile track.

rack shall only depend on the tile base track and shall be\independent from any other tile tra
s VCL NAL units of the same layer as this tile track.

pgments.

VC or L-HEVC sample in the tile base trackgis' considered as a sync sample if and only if the {
ng from the merging of the corresponding-samples of all tile tracks and the tile base track, as def
is a sync sample as defined for a non tiledHEVC or L-HEVC track, respectively, that has the sample
qual to that in the tile base track and-the same configuration records as those in the tile base trad

s a sync sample.

bSampleInformationBog dnd sample groupings defined for regular HEVC or L-HEVC tracks alsa
(C or L-HEVC tile tracks,respectively.

Many aspects-ofithe tile track can be discovered by inspecting the base track if they are not ex
d in the tile trackj for example, a 'rol1' sample group.

An implementation can decide to decode only a subset of the tiles of an HEVC or L-HEVC stream.
can use.the dependency information in the RectangularRegionGroupEntry sample group descript|

either.
e NAL

k that

VC or L-HEVC sample of a tile track consists of one or more complete tiles in one or more complete

ample
ned in
e entry
k.

e base

apply

plicitly

In this
jons to

d4imed metadata track is linked to a tile base track with a 'cdsc' track reference, it descrih

es the

HEVC video bitstream carried by the tile base track and all the associated tile tracks, and in this case the

timed

metadata track shall not be linked to the associated tile tracks.
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10.5.2 Sample entry name and format for HEVC tile tracks

10.5.2.1 Definition

Sample Entry Type: 'hvt1’

Container: Sample Description Box ('stsd")

Mandatory: No

Quantity: Zero or more sample entries may be present

This $ample entry describes media samples of an HEVC tile track. The width and heidght pf the

visualsampleEntry for an HEVC tile track (sample entry type 'hvt1') shall be set to the widthrand hejight of

the mfnimum bounding box enclosing all tile regions contained in the track. The layout inférmation|in the
track header (i.e., layer, matrix, width and height) of an HEVC tile track shall be ignored by file parsers.

CleanjpertureBox and pPixelAspectRatioBox shall not be presentin an 'nhvt1' sample deseription.

10.5.2.2 Syntax

class |HEVCTileSampleEntry () extends VisualSampleEntry ('hvtl') {

HEYCTileConfigurationBox config(); // optional
}
class |HEVCTileConfigurationBox extends Box ('hvtC') {
HEYCTileTierLevelConfigurationRecord () HEVCTileTierLevelConfig;
}
aligngd (8) class HEVCTileTierLevelConfigurationRecord {
ungigned int (8) configurationVersion = 1;
bif (7) reserved = 0;
ungigned int (1) mcts tier flag;
ungigned int (8) mcts level idc;
bif (8) reserved = 0;

}

10.5.2.3 Semantics

The HeEvCTilesampleEntry shall not centain any HEvVCConfigurationBox, LHEVCConfigurationHox OF

MPEG4ExtensionDescriptorsBox; these~hoxes are found in the tile base track's sample description.|Other

optional boxes may be included. There are usually as many entries in the samplebescriptionBox of an HEVC

tile track as there are entries in the\samplebDescriptionBox of the tile base track.

Optionjally, the HEVCTileSampleEntry may contain one HEVCTileTierLevelConfigurationRecord, uped to

indicafe the tier and level information in the case the tile region in this tile track is a motion-constrained tile

or tile[set.

Comprg¢ssorname in the/base class visualsampleEntry indicates the name of the compressor used with the
vdlue "\020HEYE Tile Coding" being recommended; the first byte is a count of the remaining byte, here
representéd by \020, which (being octal 20) is 16 (decimal), the number of bytes in the rest of the string.

mcts fie# ¥lag, mcts level idc are setto the values of the fields mcts_tier_flag and mcts_level_idqdin the
tepiporal motion-constrained tile sets SEI message if the tile region in the tile track is a temporal motion-

constrained tile set as delined in ISU/IEC Z3008-Z. If the tile region In the tile track 1s not the same
as any of the temporal motion-constrained tile set in the stream or no temporal motion-constrained
tile sets SEI message is present in the stream, an appropriate value according to the temporal motion-
constrained tile sets SEI as defined in ISO/IEC 23008-2 shall be set.
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10.5.3
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Sample entry name and format for L-HEVC tile tracks

.1 Definition

Sample Entry Type: '1ht1'

Contai

ner: Sample Description Box ('stsd')

Mandatory: No

Quant

ty: Zero or more sample entries may be present

This §
Visual

of the

ample entry describes media samples of an L-HEVC tile track. The width and heidght pf the
sampleEntry for an L-HEVC tile track (sample entry type '1nht1') shall be set to the width-and jheight
minimum bounding box enclosing all tile regions of all layers contained in the traek. The |layout

informpation in the track header (i.e., 1ayer, matrix, width and height) of an L-HEVC tile track shall be

ignore
sampl

10.5.3

class

}

10.5.3

The 1
MPEGA4H
option
L-HEV

Comprdg

"

re

10.5.4

Since
'sabt
'alte
recony
When

The bikstream is reconstructed as follows:

a) Fd
fi

1)

d by file parsers. CleanapertureBox and PixelAspectRatioBox shall not be pnésent in an
e description.

.2 Syntax

LHEVCTileSampleEntry () extends VisualSampleEntry ('lhtl') {

.3 Semantics

HEVCTileSampleEntry shall not contain any LHEVCCGOfigurationBox, HEVCConfigurationH
xtensionDescriptorsBox; these boxes are found in_ the tile base track's sample description.
al boxes may be included. There are usually as many entries in the samplebescriptionBox
C tile track as there are entries in the samplebess®iptionBox of the tile base track.

presented by \022, which (being octal 22) is 18 (decimal), the number of bytes in the rest of the §

Bitstream reconstruction from-tile base and tile tracks

extractors cannot be used in‘a tile base track, a tile base track shall indicate the tile ordering
track reference to the tilejtracks. When a 'sapt' track reference points to a track group id
track group, any singlé.track of the 'alte' track group is a valid tile track to be used in the bit{
truction. The 'sabt_track reference may only be used to refer to tile tracks from a tile base

stly reconstructed to consist of the following NAL units in the order listed:

If the picture unit corresponds to a sample that is the first sample of a set of samples assg

2)
3)

adeal 1 b 4=l de . A CIOL DAL e Ao 1. 4=l 1 b
WILIL d bdllllJlC CIILI y, LIIT l.)dl dlIIITLCT STLS dIlIU SL1 INAL UILILS CUIILAITIITU 11T UIIT bdlllplC CIILI _y
NAL units in the sample of the tile base track

NAL units in the samples of the tile tracks in the order of the 'sabt ' track references

Then the following steps apply, in the order listed, for the above-reconstructed picture unit:

4)

If there is one or more than one EOS NAL unit present, an EOS NAL unit is placed at the end
picture unit and any other EOS NAL unit is removed.
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If there is one or more than one EOB NAL unit present, one EOB NAL unit is placed at the end
picture unit; any other EOB NAL unit is removed.

of the

b) Ifonly one layer is involved, the reconstructed picture unit is the access unit. Otherwise, the access unit

is

reconstructed from all the picture units of the involved layers as specified in 9.5.2.2.

c) Finally, the bitstream is reconstructed from the reconstructed access units as specified in 9.5.2.2.

NOTE

Picture units, access units, and bitstreams reconstructed as above do not always conform to
ISO/IEC 23008-2. For example, for a picture unit reconstructed as above, some VCL NAL units covering some tiles of
the picture can be missing due to the regions represented by those tiles are not needed by the application.

10.5.5

When
size of

The s4
Table

10.5.4
10.5.6

Sampl
Conta
Mand4

Quant

An 'hy
tile trd
HEVC
box en
matriy
Pixell]

Sample entry names for tile base tracks

no NAL unit is included in a sample in a tile base track (i.e. all the NAL units are in the tile tracK
the sample may be 0, and the sample documents the timing and other sample propertiesof the s

mple entry names of a tile base track and the corresponding tile tracks shall e one of the r
3.

Table 13 — Sample entry names for a tile base track and the corresponding tile tracks

Sample entry name for a tile base Sample entry name fora corre-
track sponding tile track
hvc2 hvtl
hev2 hvtl
lhvl 1ht1
lhel 1ht1
HEVC tile track with slice segment header info

.1 Definition

e Entry Type: 'hvt3!

ner: Sample Description Box (ystsd')

tory: No

ty: Zero or more sample entries may be present

3" track shall have’a 'tbas' track reference to an HEVC tile base track. The specifications for

ck specified in-10%5 apply to the 'nhvt3' track. The width and height of the visualSampleEntry

closing all tile regions contained in the track. The layout information in the track header (i.e.,
, widthnand height) of an HEVC tile track shall be ignored by file parsers. cleanapertureBo
L spectRatioBox Shall not be presentin an 'hvt3' sample description.

s), the
hmple.

DbWS in

HEVC
for an

tile track (sample entry type 'nvt3') shall be set to the width and height of the minimum boynding

layer,
< and

For eq

ch_VCL NAL unit in 'nhvt3' tracks there shall be a preceding slicesegmentfdeaderinfo NAL-unit-like

structure that documents its slice segment header length.

NOTE

Even though SliceSegmentHeaderInfo NAL-unit-like structures are informational in nature, client
implementations can rely on their presence for correct behaviour and performance reasons. Signalling a track as
"hvt3'allows such clients to check compatibility.

10.5.6.2 Syntax

class

HEVCTileSSHInfoSampleEntry () extends VisualSampleEntry ('hvt3') {

HEVCTileConfigurationBox config(); // optional

}
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10.5.6.3 Semantics

The constraints and semantics of HEVCTileSSHInfoSampleEntry are identical to those of HEVCTileSampleEntry
as specified in subclause 10.5.2.3.

10.6 HEVC slice segment data track

10.6.1 Overview

The general definition of sample format as provided in subclause 4.2.3 does not apply to the definition of

'hvt2

tracks-

The sa
slice_§
data is

"hvt?2
the sli
to be
includ
track
there

track]|

10.6.2
10.6.2

Sampl
Conta
Mandz
Quant

This s
of the
width
track.
segme
preset

The sa
slice_§
other

mple format of an 'hvt2' track consists of one and only one instance of the HEVC syntax el
egment_data( ) and rbsp_slice_segment_trailing_bits( ) of an independent slice segment: No
present in samples of 'hvt2' tracks.

tracks avoid the need to have a slice segment header redundantly present forrapplications
ce segment header is adjusted depending on which composition of tracks isymerged to a bitg
lecoded. Appropriate slice segment headers for an 'hvt2' track are present\n extractor tracl
e samples from the 'nhvt2' tracks by reference of type 'scal'. It is not péssible to process an
vithout an 'hvc2', 'hev2', 'hve3', or 'hev3' track that contains slicersegment headers native
spective slice segment data by reference from the 'nvt2' track through'extractors.

|in movie shall be equal to 0 in the TrackHeaderBox of 'hvt2' tracks.
Sample entry name and format for HEVC slice segment data tracks
.1 Definition

e Entry Type: 'hvt2!

ner: Sample Description Box ('stsd')

tory: No

ty: Zero or more sample enfries may be present

hmple entry describes the media samples of an HEVC slice segment data track. The width and }
7isualsampleEntry for anlHEVC slice segment data track (sample entry type 'nvt2') shall be set
and height of the minimum bounding box enclosing the independent slice segments contained
The layout information in the track header (i.e., 1ayer, matrix, width and height) of an HEV]
nt data track shall\be'ignored by file parsers. cleanApertureBox and PixelAspectRatioBox shall
tinan 'hvt2'w@Sample description.

mple format-of an 'hvt2' track shall consist of one and only one instance of the HEVC syntax elg
egment.udata( ) and rbsp_slice_segment_trailing_bits( ) of a typically independent slice segmg
lata shall be present in samples of 'nhvt2' tracks.

All 'n

ments
other

where
tream
(s that
hvt2!
ly and

height
to the
in the
C slice
not be

ments
nt. No

t2) tracks referenced by the same extractor track and the extractor track shall share thd

same

timescale.

NOTE

Ifan 'hvt2' track is removed from a file, all extractor tracks that refence the 'hvt2' track need to

also be

removed. If an extractor track is removed from a file, all 'hvt2' tracks that the extractor track references need to be
removed provided that there is no other extractor track referencing them.

10.6.2.2 Syntax

class

HEVCSliceSegmentDataSampleEntry () extends VisualSampleEntry ('hvt2') {

HEVCTileConfigurationBox config(); // optional

}
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10.6.2.3 Semantics

'TheHEVCSliceSeqmentDataSampleEntryShallnOtCODtaHlaDYHEVCConfigurationBox,LHEVCConfigurationBox
Or MPEG4ExtensionDescriptorsBox; these boxes are found in the sample description of the track containing

extrac

tors for including the slice segment data by reference. Other optional boxes may be included.

Optionally, the HEVCSliceSegmentDataSampleEntry may contain one HEVCTileConfigurationBox, used
to indicate the tier and level information in the case the slice segment data in this track is for a motion-
constrained tile or tile set.

Compressorname in the base class VlsualSampleEntry indicates the name of the compressor used Wlth the

11.1

11.1.1

The V¢
featur
enhan

format

This c
Multi-

the string.

VC elementary streams and sample definitions
Dverview

General

es for the systems that use it. To enable the best visibility of,‘and access to, those features,
ce the opportunities for the interchange and interoperability/of media, this clause specifies the s
for both single-layer VVC bitstreams and multilayer VVCbitstreams with more than one layer.

tes here represented by \025, Wthh (belng octal 25)is 21 (dec1mal) the number of bytes in'the rest

rsatile Video Coding (VVC) standard (ISO/IEC 23090-3) offers in¢reased coding efficiency and many

hnd to
torage

ause specifies the storage of layers and temporal sublayers of a VVC bitstream in more than one track.
frack storage could be used for accessing and playing the layers or temporal sublayers seledtively.

Subcldquse 11.1.4 contains an overview of storage optidns for VVC bitstreams with multiple layers or

sublay
This d

ers.

in im
Subcl

lause specifies the storage of rectangular regions of one or more VVC subpictures or sli

ersive video applications where only a subset of the video content is viewed at any m
use 11.1.5 contains an overview féxr'storage using VVC subpicture tracks.

indivi}lual VVC subpicture tracks. Such storage could be used for accessing VVC subpicture tracks sele

This c
the sa
NAL u

ause enables storing non-VCL NAL units in VVC non-VCL tracks. Such storage could be used for s

hits only when needed.

Subclduse 11.6 specifies a ‘process for reconstructing of a VVC bitstream that readers shall use wh

multip

11.1.2

The st
exteny

le tracks carry NAL-Units of the bitstream.

Background: features of VVC

orage of-VVC content uses the existing capabilities of the ISO base media file format but also d
ions tosupport the following features of the VVC codec:

a) Pdr

rameter setsand DCland OPI NAL units:

ces as
ctively
bment.

haring

e non-VCL NAL units amdng multiple VVC tracks or VVC subpicture tracks and accessing ngn-VCL

Enever

efines

The VPS, SPS, and PPS mechanism decouples the transmission of infrequently changing information
from the transmission of coded block data. Each coded picture references the PPS containing its decoding
parameters. In turn, the PPS references an SPS that contains sequence level decoding parameter
information, and the SPS references a VPS that contains global decoding parameter information across
layers. When the referenced VPS ID has a value zero, the bitstream contains only one layer and there is
no VPS actually referenced.

The APS mechanism allows efficient storage and transmission of information that typically has a large
number of variations within a bitstream and is often updated across pictures, such as parameters for the
adaptive loop filter (ALF), parameters for the adaptive in-loop reshaper, also known as luma mapping
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b)

11.1.3

This dpcument specifies the following types of tracks for carriage of VVC elementary streams:

a)
b)

ISO/IEC 14496-15:2024(en)

with chroma scaling (LMCS), and parameters for a scaling list, which associates each frequency index
with a scale factor for a scaling process specified in ISO/IEC 23090-3. APSs carrying parameters for ALF,
LMCS, and scaling list are also referred to as ALF APS, LMCS APS, and scaling list APS, respectively. Each
slice containing the coded block data may reference one or more APSs containing ALF parameters for
the slice. Moreover, each picture header may reference APSs of any type.

A VVC bitstream may contain DCI NAL units containing parameters describing the maximum capability
needed for decoding the entire bitstream.

A VVC bitstream may also contain OPI NAL units containing the indication of the operating point, which
is determined by the target output layer set and target highest Temporalld.

Picture header:

picture header (PH) structure includes parameters that have the same value for all slices|of a pfcture,
is[present for each picture, and is present either in its own PH NAL unit or directly in.the slice header
). A PH structure can only be included in the SH of a slice if it is the only slicecdtr the picture. The
pilesence of a PH structure in a SH is indicated by the first bit in the SH. Within a CLVS, PH structures can
only be either all in PH NAL units or all in SHs. When a PH NAL unit is present, some parameters thay be
pilesent either in the PH NAL unit or in the SH of slices associated with the PH NAL unit.

Sybpictures:

AVVCsubpictureis arectangular region of one or more slices within apicture. A VVC subpicture cc:lntains
onje or more complete tiles or a part of only one tile. An encoder mdy treat the subpicture boundaries like
pifture boundaries and may turn off loop filtering across the subpicture boundaries. Thus, it is pgssible
to| encode subpictures so that selected subpictures can be eXtracted from VVC bitstream(s) or merged
to[ a destination VVC bitstream. Furthermore, such VVChitstream extraction or merging operations
cdn be performed without modifications of the VCL NAfi\units. The subpicture identifiers (IDs) for the
sybpictures that are present in the bitstream may be jndicated in the SPS(s) or PPS(s).

Types of tracks for carriage of VVC elementary streams

VYC track
VVYC non-VCL track

NOTE1 A VVC non-VCL traekieould contain APSs, which carry ALF, LMCS, or scaling list parameterf, with
orwithout other non-VCL NAL-units, stored in and transmitted through a track that is separate from the track
coptaining the VCL NAL unjts? A VVC non-VCL track could also contain picture header NAL units, with or without
'S NAL units, and with\or without other non-VCL NAL units, stored in and transmitted through a trackjthat is

NOTE 2 . VVC non-VCL tracks and VVC subpicture tracks enable an optimal delivery of VVC video in str¢gaming
applications as follows. These tracks can each be carried in DASH representations of their own, and for dgcoding
arld rendering of a subset of the tracks, the DASH representations containing the subset of the VVC subpicture
tr cks as well as the DASH representation contalmng the non-VCL tracks can be requested by the cllent s¢gment

T ] 3 d, and

transmlssmn of unnecessary subplctures can also be avmded

NOTE3  When a VVC subpicture track contains one or more complete slices but not all slices of a subpicture,
all slices in the subpicture track belong to the same subpicture, and any VVC merge base track that references the
subpicture track, through the 'subp' track reference, also references the subpicture track(s) that contain(s) the
rest of the slices from the same subpicture.
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11.1.4 Overview of VVC storage with multiple layers or sublayers

A VVC elementary stream with multiple layers can be placed in tracks in several ways, among which are the

following:
a) all the layers in one track, where all the layers correspond to an operating point;

b) all the layers in one track, where there is no operating point that contains all the layers;

c) one or more layers or sublayers in individual tracks, where a bitstream containing all samples of

indicated one or more tracks corresponds to an operating point;

d) orle or more layers or sublayers in individual tracks, where there is no operating point that cont3
NAL units of a set of one or more tracks.

ins all

The VYC file format allows storage of one or more layers into a track. Storage of multiple layets per track can

be usgd. For example, when a content provider wants to provide a multi-layer bitstream thatis not inf
for subsetting, or when the bitstream has been created for a few pre-defined sets of @tput layers
each layer corresponds to a view (for example stereo pair), tracks can be created accordingly.

When|a VVC bitstream is represented by multiple tracks and a player uses an operating point for wh
layers|are stored in multiple tracks, the player shall reconstruct VVC access uits before passing them
VVC decoder as specified in subclause 11.6.

A VV( operating point may be explicitly represented by a track, i.e., €ach sample in the track conta
accesq unit natively or through resolving 'subp' or 'recr' track references (when present), and th
resolvjing 'vveN' track references (when present). The access units:¢ontain NAL units from all the laye
sublayers that are part of the operating point.

The stprage of VVC bitstreams is supported by structures such as the

a) sample entry,

b) VYVC bitstream entity group ('vvcb'),
c) Operating Points Information (' vopi') samiple group,

d) Operating Points Entity Group (' opegl).

ended
where

ch the
to the

ins an
rough
rs and

When(|the track does not natively contain a VVC bitstream and does not represent a VVC bitstream after

resolving 'subp', 'recr' and 'vyéwttrack references (when present), one of the following shall apply:

— Tle track has an 'vreg' track reference to an 'opeg' entity group.

— The track has a 'vref©track reference to a track that contains a 'vopi' sample group.

— Thetrack contaihsa 'vopi' sample group and all layers and sublayers specified in the 'vopi' sample
NOTE For example, when a single-layer VVC bitstream contains two temporal sublayers stored in different

the trafck thatscontains the sublayer with Temporalld equal to 1 contains an 'vref' track reference to the tral
contaifs the'sublayer with Temporalld equal to 0.

croup.

tracks,
ick that

The st es within a sample en provide information for the decoding o e of the
case coded video and non-VCL data information, that are associated with that sample entry.

The Operating Points Information sample group records information about operating points such

in this

as the

layers and sublayers that constitute the operating point, dependencies (if any) between them, the profile,

tier, and level parameter of the operating point, and other such operating point relevant information.

The Operating Points Entity Group records information about operating points such as the layers and
sublayers that constitute the operating point, dependencies (if any) between them, the profile, tier, and
level parameter of the operating point, and other such operating point relevant information, as well as,

identification of the tracks carrying each operating point.
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The information in these sample groups, combined with using track references to find tracks, or in the
operating points entity group is sufficient for a reader to choose an operating point in accordance with its
capabilities, identify the tracks that contain the relevant layers and sublayers needed to decode the chosen
operating point, and efficiently extract them.

11.1.5 Overview of VVC storage with VVC subpictures

11.1.5.1 Options to store VVC subpictures

VVC subpictures can be stored in different ways:

a) VY
tr
bi
su

b) VY
of]

11.1.5

VVC stibpicture tracks enable the storage of VVC subpictures as separate. tracks so that any combina

subpid
the sa
region

[tis pq

a) Encoding the video content with multiple subpictures into a VVC bitstream, extracting the

SU
a

b) Sy
er]

/C subpictures can be stored into several different 'vvc1'/'vvil' or 'vvs1' tracks,i.e., VVC subg
hcks. VVC subpictures stored in different VVC subpicture tracks can be merged into a-singl
[stream based on a VVC merge base track that references the VVC subpicture tracks or,base
bpicture entity group.

/C subpictures of a VVC bitstream can be stored into a single 'vvc1'/'vvil' trackifrom which a
VVC subpictures can be extracted into another VVC bitstream based on a VVG.extraction base {

.2 VVC subpicture tracks, VVC merge base tracks, and VVC subpicture-entity groups

tures can be streamed or decoded. VVC subpicture tracks enable'tepresenting rectangular reg
me video content at different bitrates or resolutions. Consequently, bitrate or resolution emphd
s can be adapted dynamically by selecting the VVC subpictute tracks that are streamed or deco

ssible to create VVC subpicture tracks in two ways, presented in Figure 4:

bpicture sequences from the VVC bitstream, andstoring each extracted coded subpicture seque
vvs1' VVC subpicture track.

litting the uncompressed video before encoding into multiple uncompressed subpicture seqy
coding each uncompressed sequence @s a VVC bitstream, and storing each VVC bitstrean
vel'/'vvil' track.
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multiple subpictures subpicture sequences
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Figure 4 — Possibilities for creating VVC subpicture tracks
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pSsible to mix the above-described ways of creating the VVC subpicture tracks. For examplg

, after

extrac

ting coded subpictures, they could be stored as 'vvcl'/'vvil'" tracks, which would require cr

some high-level syntax structures, such as parameter sets.

eating

One or more VVC merge base tracks are created for a set of VVC subpicture tracks or 'alte' track groups
of VVC subpicture tracks. A VVC merge base track references to VVC subpicture tracks or 'aite' track
groups of VVC subpicture tracks through a 'subp' track reference. In addition, a VVC merge base track
contains a subpicture order ('spor') sample group, which specifies, either implicitly or explicitly, an order
of 'subp' track references. A VVC merge base track represents a VVC bitstream that is formed by merging
the referenced VVC subpicture tracks in the order specified by the subpicture order sample group. When an
'alte’ track group is referenced, readers may select any VVC subpicture track from the 'aite' track group
for merging. When a track reference index of the same 'aite' track group is included multiple times in a
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'spor' sample group description entry, a reader is expected to resolve it to different VVC subpicture tracks.
A reader shall reconstruct a VVC bitstream by following the bitstream reconstruction process for a VVC

merge

NOTE

Subpig
be me
paranmi

Annex G contains examples of the usage of VVC merge base tracks and VVC subpicture tracks.

11.1.5
VVC s

indiviglual VVC subpictures can be reconstructed from a 'vvcil'/'vvil' VVE€%%traction base track

track
Figurd

One of more VVC extraction base tracks are created for extracting one or more VVC subpictures frq

'vvcl
track

contaipns a rectangulanregion order (' rror') sample group, which specifies an order of rectangular r
to be ¢xtracted from-the track referenced through the 'recr' track reference. A VVC extraction basg
repredents a VV((bitstream that is formed by extracting the referenced VVC subpictures corresp

to the

A reader shall reconstruct a VVC bitstream by following the bitstream reconstruction process for
extradtion base track, as specified in subclause 11.6.

base track, as specified in subclause 11.6.

A VVC subpicture track that does not contain content intended for displaying (referred to as a substitute
subpicture trackin this NOTE) can be indicated with a box header flag of vvcConfigurationBox or VveNALUConfigBox
in the sample entry and can be used for either or both of the following purposes: 1) A substitute subpicture track can
be referenced by a VVC merge base track when the other referenced VVC subpicture tracks would not fill in the entire
picture area. 2) A player can select a substitute subpicture track from an 'alte' track group, when a VVC merge base
track references the 'alte' track group and no other VVC subpicture track of the 'alte' track group is available, e.g.
due to a delayed transmission.

ture entity groups may be created for representing combinations of VVC subpicture tracks that
rged as VVC bitstreams. A reader needs to create some high-level structures of the bitstreany
eter sets, when merging VVC subpicture tracks as suggested by subpicture entity groups!

.3 VVC extraction base track extracting subpictures from a VVC track

ibpictures of a VVC bitstream can be stored into a single 'vvc1'/'y#iD' track. In this caj

reference 'recr' to the track containing all VVC subpictures of thé VVC bitstream, as preser
5.

Bitstream with
multiple subpictures

uncompressed Encoding with Storage as a
_P i s > 'vvel'/'vvil'
video subpictures
track

VVC extraction base tracks with
'recr' track reference
extracting one or more
subpictures

v

Figure 5 — VV€ extraction base tracks for subpicture extraction

/'vvil' trackwithallVVCsubpictures. Such VVC extraction base tracksreference tothe 'vvci'/
vith all VVC subpictures through a 'recr' track reference. In addition, a VVC extraction basg

indicated'rectangular regions in the order specified by the rectangular region order sample

could
uch as

e, the
with a
ted in

m the
vvil'
track
pgions
b track
nding
croup.
a VVC

11.1.6 Overview of rectangular regions carried in a VVC bitstream

This d

ocument provides support for describing rectangular regions composed of either:

— asequence of one or more VVC subpictures that forms a rectangular region, or

— asequence of one or more complete slices that forms a rectangular region.

Rectangular regions can be described through rectangular region visual sample group description entries
(i.e., instances of RectangularRegionGroupEntry) with rect_region flag equal to 1.
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If each sample of a track consists of NAL units of only one rectangular region, sampleToGroupBox of
type 'trif' can be used to associate samples to the rectangular region, but this sampleToGroupBox of
type 'trif' can be omitted if the default sample group description index is used (i.e., when the version
of the sampleGroupbDescriptionBox of type 'trif' is equal to or greater than 2). Otherwise, samples,
NAL units, and rectangular regions are associated with each other through sampleToGroupBoxes of type
"nalm' and grouping type parameter equal to 'trif' and SampleGroupDescriptionBox of type 'nalm'. A
RectangularRegionGroupEntry describes:

— arectangular region,

— CO

ding dependencies between this rectangular region and other rectangular regions.

Each 5
used t
carry
eleme
should

Positigning and size of rectangular regions are identified using luma sample coordirates.

When
movie
ISO/IE
has th

The b
rectan

If then
differg

NALu

VVC suibpicture track.

11.2

11.2.1
The s4
AVVC

a 'vvc

A VV(
throug

A sam

ectangularRegionGroupEntry is assigned a unique identifier, called group1p. This identifiet
b associate NAL units in a sample to a particular RectangularRegionGroupEntry. When multiple
q VVC elementary stream, groupID values should be unique among all the tracks carrying tH
\tary stream and an identical group1D value in any of the tracks carrying the VVC elementary {
indicate the same rectangular region.

used with movie fragments, RectangularRegionGroupEntry can be defined for the duration
fragment, by defining a new sampleGroupDescriptionBox in the trackAragment box as defi
C 14496-12. However, there shall not be any RectangularRegionGrdupEntry in a track fragme
P same groupID as a RectangularRegionGroupEntry already defined-

hse region used in the RectangularRegionGroupEntry is the ‘picture to which the NAL unit
gular region associated with this rectangular region group entry belongs.

e is any change in the base region size in consecutivessamples, samples should be associate
nt RectangularRegionGroupEntry entries reflectingtheir respective base region size.

hits mapped to a rectangular region may either'be carried in a VVC track or in a separate track

Sample and configuration definition

Sample format of VVC tracks@nd VVC subpicture tracks

mple format of VVC tracks and VVC subpicture tracks conforms to that in subclause 4.2.3.

merge base track shall not contain VCL NAL units and shall not be referred to by a VVC track th
N track reference.

extraction basé-track shall not contain VCL NAL units and shall not be referred to by a VV(
th a 'vven' traek reference.

ble of a VWV ('subpicture track contains either of the following:

— 0

— OIe or mere complete subpictures as specified in ISO/IEC 23090-3 that form a rectangular regior

fan be
tracks
e VVC
tream

of the
ned in

nt that

s in a

1 with

called

rough

track

1.

e-ar more complete slices as specified in ISQ/IEC 23090-3 that form a rectangular region

11.2.2 Sample format of VVC non-VCL tracks

A sample in a VVC non-VCL track contains only one or more non-VCL NAL units. The sample format conforms to
that specified in subclause 4.2.3 with becoderConfigurationRecord being the config field of the sample entry.

The following constraints apply separately for each sample of a VVC non-VCL track, hereafter referred to as

the no

n-VCL sample. Let the VVC sample be the sample for which both of the following are true:

— The VVC sample resides in a VVC track or a VVC subpicture track that contains a 'vven' track reference

to

the VVC non-VCL track.
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— The VVC sample is aligned in decoding time with the non-VCL sample.

Let the referenced sample entry be the sample entry that the VVC sample references.

When the referenced sample entry has type 'vvci' or 'vvil' and the value of array completeness in the
referenced sample entry is equal to 1 for DCI, VPS, SPS, or PPS NAL units, the non-VCL sample shall not
contain any DCI, VPS, SPS, or PPS NAL units, respectively.

When the referenced sample entry has type 'vvs1', the non-VCL sample shall not contain any DCI, OPI, VPS,
SPS, PPS, AUD, PH, EOS, and EOB NAL units.

11.2.3

The canonical stream format for VVC is an elementary stream that consists of NAL units. §pecil
ISO/IHC 23090-3 and satisfies the following conditions in addition to the general conditions in subelause

— If|all VCL NAL units for a single picture are stored in the same track, they shall be.contained

t
pi
de

N
th)
Co

—  Ad

in
— D

p1
— Al
(B
V3

A
\)

P4

Canonicat orderand restrictions

sample whose decoding time and composition time are those of the picture..Otherwise (i.e.
eces of a coded picture are stored in samples of different tracks), each of thesésamples shall hg
coding time and composition time that are those of the coded picture.

TE1 For example, when VVC subpictures of a coded picture are stored inndifferent VVC subpicture
mposition times that are equal to those of the coded picture.

rcess unit delimiter NAL units: The constraints obeyed by aecéss unit delimiter NAL units are d
ISO/IEC 23090-3.

esent prior to the sample containing that picture or f-the sample for that picture.

PSs: A prefix APS NAL unit is constrained to be present before the first VCL NAL unit of a pictu
U). Prefix APS NAL units with a particular value of aps_adaptation_parameter_set_id and a par
lue of aps_params_type within a PU are allewed to be present but required to have the same cq
suffix APS NAL unit is constrained to be-present following the last VCL NAL unit of the PU. Suff]
AL units with a particular value of .aps-adaptation_parameter_set_id and a particular value ¢
rams_type within a PU are allowed(to be present but required to have the same content.

for transmission if needed. Filler data NAL units and Filler payload SEI messages shall not be pre

— F}ler data: Video data is naturally represented as variable bit rate in the file format and should b
samples when the sample entry does not also permit in-stream parameter sets.

N
m
th|

The fd
more {

TE2  The removal \op addition of Filler Data NAL units, start codes, SEI messages or filler payld
bssages can changesthe bitstream characteristics with respect to conformance with the HRD when op
e HRD in the CBRmade as specified in ISO/IEC 23090-3 Annex C.

llowing constraints apply for storing a canonical stream in samples and sample entries of
racks:

— T
S

e DCKNAL units (if any), VPSs (if any), SPSs, and PPSs shall be stored only in the sample entry wh
mple entry name is 'vvc1', and may be stored in the sample entry and the samples when the s

ied in
4.2.2:
within
when
ve the

tracks,

e samples of the VVC subpicture tracks that belong to the same coded picture have the same decoding and

efined

CI NAL units, VPSs, SPSs, and PPSs: A VPS, SPS, or PPS to be used for decoding a picture shall be

e unit
ficular
ntent.
ix APS
f aps

b filled
sent in

ad SEI
brating

pne or

en the
ample

entry name1s "vvil'.

NOTE 3

Storing DCI NAL units, VPSs, SPSs, and PPSs in the sample entries provides a simple and static way

to supply decoding capability information and parameter sets. Storing these NAL units in samples on the other
hand is more complex but allows for more dynamism in the case of parameter set updates (a particular parameter
set's content is changed but using the same ID) and in the case of adding additional parameter sets. A decoder
initializes with these parameter sets in the sample entry, and then updates using these parameter sets as they
occur in the elementary stream, starting from any sample marked as a sync sample. Such updating can replace
these parameter sets with a new definition using the same identifier. Each time the sample entry changes, the
decoder re-initializes with these parameter sets included in the sample entry.
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LMCS APS NAL units and scaling list APS NAL units may be stored either in the samples and/or sample
entries of VVC tracks or in the samples of VVC non-VCL tracks but not both at the same time.

ALF APS NAL units may be stored in the samples and/or sample entries of VVC tracks, in the samples of
VVC non-VCL tracks, or both at the same time.

Picture header NAL units may be stored either in the samples of VVC tracks or in the samples of VVC non-
VCL tracks, but not both at the same time.

SEI messages of declarative nature may be stored in the sample entry; there is no prescription about
removing such SEI messages from the samples.

11.2.

11.2.4.1 VVC profile-tier-level record

11.2.4.1.1 Definition

Thiss

11.2.4

alignd
bif
un
un
un
un;
un
un
un
foj

fol
fol

un
fol

11.2.4

num by
off
g1
SY

generg

Decoder configuration information

bclause specifies the profile-tier-level syntax structure for ISO/IEC 23090-3 video content stored i

.1.2 Syntax

d(8) class VvcPTLRecord(num sublayers) {
(2) reserved = 0;
igned int(6) num bytes constraint info;
igned int (7) general profile idc;
igned int (1) general tier flag;
igned int(8) general level idc;
igned int(l) ptl frame only constraint flag;
igned int(l) ptl multilayer enabled flag;
igned int (8*num bytes constraint info - 2)general constraint info;
(i=num sublayers - 2; i >= 0; i--)
unsigned int (1) ptl sublayer level preseirt flag[i];
(J=num_sublayers; j<=8 && num sublaye&s > 1; j++)
bit (1) ptl reserved zero bit = 0;
(i=num_ sublayers-2; i >= 0; i--)
if (ptl_sublayer level present flkag[i])
unsigned int (8) sublayer lewvel idc[i];
igned int(8) ptl num sub prgfiles;
(3=0; Jj < ptl num sub profiles; j++)
unsigned int (32) generai sub profile idc[j];

.1.3 Semantics

ltes constraismg-info is used to specify the length of the general constraint info field. The

h a file.

length

the generaX /ednstraint info field is num bytes constraint info * 8 - 2 bits. The value shall be

eater than'0-The value equal to 1 indicates that the gci_present_flag in the general_constraint |
ntax structure represented by the general constraint info field is equal to 0.

1. pxofile idc, general tier flag, general level idg, ptl frame only constrainf

info( )

| flag,

P

1l wultilaver enabled flaq, general constraint info, ptl sublaver level present f]l

aglil],

sublayer level idc[i],ptl num sub profiles andgeneral sub profile idc[j] contain the matching
values for the fields or syntax structures general_profile_idc, general_tier_flag, general_level_idc, ptl_
frame_only_constraint_flag, ptl_multilayer_enabled_flag, general_constraints_info( ), ptl_sublayer_
level_present_flag[i], sublayer_level_idc[i], ptl_num_sub_profiles, and general_sub_profile_idc[j] as
defined in ISO/IEC 23090-3 for the CVSs to which this vverTLRecord applies.

When sublayer level idc[i] is notpresent, its value is inferred as follows:

— 'ThevahJeOfsublayer_level_idc[num_sublayers - 1]iSHﬁ%rredtotxiequaltogeneral_level_idc
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— For i from num_sublayers —2to 0 (in decreasing order of values of i), inclusive, sublayer level

idc[i] isinferred to be equal to sublayer level idc[i + 1].

NOTE The vvcPTLRecord in the decoder configuration record could correspond to an operating point that
has less sublayers than indicated in the VPS or SPS. That is, num_sublayers minus 1 could be different from
vps_max_sublayers_minusl or sps_max_sublayers_minusl. When this is the case, general level idc in

the VvcPTLRecord has matching values for sublayer_level_idc[num_sublayers - 1] in the VPS or SPS.

11.2.4.2 VVC decoder configuration record

11.2.4.2.1 Definition

This s

NOTE
the reg
such af

ibclause specifies the decoder configuration information for ISO/IEC 23090-3 video content!

| The definition and semantics of the decoder configuration record are specified in the contéxt of in
ord in a sample entry of a VVC track. It is possible to use the decoder configuration record in other conte
for image items, by re-specifying parts of the definition and semantics.

The te

— T
NAY

rm referenced CVS is defined within the context of subclause 11.2.4 to be any|€VS for which ei

the foIowing is true:

e CVS is natively present in the samples that reference the sample entry containin
cDecoderConfigurationRecord.

rluding
kKts too,

ther of

g this

— The CVSisreconstructed as specified in subclause 11.6 with the safaples that reference the samplg entry

CQ

NOTE %

— Th
— Ti

The te
of eac
entry

This r

ntaining this vvebecoderConfigurationRecord as input.

e samples referencing the sample entry containing this VifebecoderConfigurationRecord.

ne-aligned samples of the referenced VVC non-VCL track, if any.

containing this vvebecoderconfiguratodrecord.

NAL units as well as the parameter sets, DCI, OPI, and SEI NAL units, if stored in the sample entr

record

When
does 11
the va

There
indica
in ISO
should

NOTE

is externally framed (its sizé.is'supplied by the structure that contains it).

ot contain a 'vopi' sample group and all layers and sublayers specified in the 'vopi' sample
ue of track in mqérg flag shall be equal to 0.

Le DCI, OPI,VPS, SPS, PPS, prefix APS, and prefix SEI NAL units only. NAL unit types that are re
IEC 23090%3 and in this document may acquire a definition in the future specification, and r
ignore-arrays with reserved or unpermitted values of NAL unit type.

This 'tolerant’ behaviour is designed so that errors are not raised, allowing the possibility of back

Whenptl present flagisequalto 1, the referenced CV.Sis reconstructed from both of the followjng:

rm referenced CVSs is defined within the cantext of subclause 11.2.4 to be a set of CVSs that cansists
h referenced CVS natively present in or reconstructed from the samples that reference the 4ample

bcord contains the size of the length’field used in each sample to indicate the length of its confained

. This

the pt1 present flag (isequal to zero in the decoder configuration record of a track and the track

proup,

is a set of arfays to carry initialization non-VCL NAL units. The NAL unit types are restridted to

terved
baders

wards-

compa

iblé extensionstothese arrays infuture cpnr‘ifir‘nfinnc

NOTE4  The NAL units carried in a sample entry are included immediately following the AUD and OPI NA
(if any) in, or otherwise at the beginning of, the access unit reconstructed from the first sample that references the
sample entry.

Itisre

commended that the arrays be in the order DCI, OPI, VPS, SPS, PPS, prefix APS, prefix SEI.

11.2.4.2.2 Syntax

aligned (8) class VvcDecoderConfigurationRecord {
bit (5) reserved = '11111'b;

© ISO/IEC 2024 - All rights reserved
119

L units


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

ISO/IEC 14496-15:2024(en)

unsigned int (2) LengthSizeMinusOne;

unsigned int(l) ptl present flag;

if (ptl present flag) {
unsigned int(9) ols idx;
unsigned int(3) num sublayers;
unsigned int (2) constant frame rate;
unsigned int (2) chroma format idc;
unsigned int(3) bit depth minus8;
bit (5) reserved = '11111'b;
VvcPTLRecord (num_sublayers) native ptl;
unsigned int (16) max picture width;
unsigned int (16) max picture height;
unsigned int(16) avg frame rate;

ungigned int (8) num of arrays;

for (3J=0; j < num of arrays; j++) {

unsigned int(l) array completeness;

bit (2) reserved = 0;

unsigned int (5) NAL unit type;

if (NAL unit type != DCI NUT && NAL unit type != OPI NUT)
unsigned int (16) num nalus;

for (i=0; i< num nalus; i++) {
unsigned int (16) nal unit length;
bit (8*nal unit length) nal unit;

11.2.4.2.3 Semantics

LengthSizeMinusOne plus 1 indicates the length in bytes of the NALwnitLength field in the samples refergncing
thle sample entry that contains this configuration record, For example, a size of one byte is indicated
with a value of 0. The value of this field shall be one of!Q,’1, or 3 corresponding to a length encoded with

1,12, or 4 bytes, respectively. 1engthsizeMinusone sh@ll have the same value in all configuration records

fof the same VVC bitstream.

ptl pfesent flag equal to 1 specifies that thesamples that reference the sample entry containing this

VylcDecoderConfigurationRecord contain-one or more CVSs natively or through resolving 'supp' or
'decr' track references, those one or more CVSs correspond to the operating point specified by ols_idx
arjd num_sublayers, and all NAL units of those one or more CVSs belong to that operating poinf. pt1
piesent flagequal to 0 indicates(that such constraints may not apply.

NOTE] For example, the referenced €VSs could correspond to multiple output layer sets or samples that reference
the sample entry containing this VicbecoderConfigurationRecord could contain one or more individual layqrs that
do not form an output layer set orindividual sublayers excluding the sublayer with Temporalld equal to 0.

ols_idx specifies the output layer set index of an output layer set represented by the referenced CVYs. The
vdlue of o1s_idx mdy be used as the value of the TargetOlsldx variable provided by external meanf or by
an} OPI NAL unitte'the VVC decoder, as specified in ISO/IEC 23090-3, for decoding the referenced |CVSs.

num_syblayers(greater than 1 indicates that the referenced CVSs are temporally scalable and the cor;ﬁained

nymber ‘of*sublayers is equal to num sublayers. Value 1 indicates that the referenced CVSs are not
tempérally scalable. Value 0 indicates that it is unknown whether the referenced CVSs are temporally
scplable.

constant frame rate equal to 1 indicates that the referenced CVSs are of constant frame rate. Value
2 indicates that the representation of each sublayer of the referenced CVSs are of constant frame
rate. Value 0 indicates that the referenced CVSs may or may not be of constant frame rate. When the
referenced CVSs contain multiple layers and samples are reconstructed for the operating point specified
by ols idx and num_sublayers, this gives the indication of whether the referenced CVSs of the operating
point has constant access unit rate. Value 3 is reserved.
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chroma format idc indicates the chroma format that applies to the referenced CVSs. The following
constraints apply for chroma format idc:

— Ifthereferenced CVSs contain one and only one layer, the value of sps_chroma_format_idc, as defined

in [SO/IEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL units of the referenced
CVSs, and the value of chroma_format_idc shall be equal to that value of sps_chroma_format_idc.

Otherwise (the referenced CVSs contain more than one layer), the value of vps_ols_dpb_chroma_
format[ MultiLayerOlsldx[ o1s idx ] ], as defined in ISO/IEC 23090-3, shall be the same for all the
referenced CVSs, and the value of chroma format idc shall be equal to that value of vps_ols_dpb_
chroma_format[ MultiLayerOlsldx[ o1s idx]].

bit dg
af

NOTE %

entrieq

nativs

ng

pth minus8 indicates the bit depth that applies to the referenced CVSs. The following consfraints
ply for bit depth minus8:

If the referenced CVSs contain one and only one layer, the value of sps_bitdepth_minus8, as defined
in ISO/IEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL units-of the refefenced
CVSs, and the value of bit depth minusg shall be equal to that value of sps_bitdépth_minus8.

Otherwise (the referenced CVSs contain more than one layer), the value of vps_ols_dpb_bitglepth_
minus8[ MultiLayerOlsldx[ o1s idx | ], as defined in ISO/IEC 23090-3, shall be the same for pll the
referenced CVSs, and the value of bit depth minus8 shall be equalto’that value of vps_ols_dpb_
bitdepth_minus8[ MultiLayerOlsldx[ o1s_idx ] ].

If two coded video sequences differ in colour space or bit depth indications, then two different VVC sample
are also required.

_pt1 specifies the profile, tier, and level of the output layer set represented by the referenced CVSs.
tive ptl shall be present in the decoder configuration record when the samples that refererce the

S
r

mple entry containing this vvcbecodercConfigurationRecord form one or more CVSs natively or through
olving "subp' or 'recr' track references that corfésponds to an operating point specified by o}s idx

arfd num_sublayers. The values for the syntax elements within native pt1 shall be valid for all pargmeter

S
t

NOTE

s that are referenced when the referenced CVSs are decoded (referred to as "all the parameter sets" in
following sentences in this paragraph). Specifically, the following restrictions apply:

The profile indication general prgfile idc shall indicate a profile to which the output layer set
identified by o1s_idx in this configuration record conforms.

If different profiles are marked for different CVSs of the output layer set identified by ols idx|in this

configliration record, then the referenced CVSs could need examination to determine which profile, if any,|all the

referer
profile
more s

ced CVSs conform to. If all the referenced CVSs are not examined, or the examination reveals that there is no
to which all the referenced CVSs conform, then the referenced CVSs are expected to be re-mapped to [two or
pparate configuration te¢ords in which these rules can be met.

The tier indication general tier flag shall indicate a tier equal to or greater than the highgst tier
indicateddn-all the profile_tier_level( ) syntax structures (in all the parameter sets) to which the
outputlayer set identified by o1s idx in this configuration record conforms.

A bitat a particular bit index in general constraint info shall be equal to 0 when the bit pf that
same particular bit index is equal to 0 in any general_constraints_info( ) syntax structure ampng all

the profile_tier level()syntax structuresinall the parameter setsreferred to hy the referenced CVSs.

The level indication general 1evel idc shall indicate a level of capability equal to or greater than
the highest level in all the profile_tier_level( ) syntax structures (in all the parameter sets) to which
the operating point identified by o1s_idx and num_sublayers in this configuration record conforms.

max_picture width indicates the maximum picture width, in units of luma samples, that applies to the

re

ferenced CVSs. The following constraints apply for max picture width:

— If the referenced CVSs contain one and only one layer, the value of sps_pic_width_max_in_luma_

samples, as defined in ISO/IEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL
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units of the referenced CVSs, and the value of max picture width shall be equal to that value of

sps_pic_width_max_in_luma_samples.

width[ MultiLayerOlsldx[ o1s_idx ] ], as defined in ISO/IEC 23090-3, shall be the same for

Otherwise (the referenced CVSs contain more than one layer), the value of vps_ols_dpb_pic_

all the

referenced CVSs, and the value of max picture width shall be equal to that value of vps_ols_dpb_pic_

width[ MultiLayerOlsldx[ o1s idx]].

max picture height indicates the maximum picture height, in units of luma samples, that applies to the
referenced CVSs. The following constraints apply for max _picture height:

NOTE4  VVC enables picture resolution change within a CLVS. The maximum pictut€ height and width is in
in the §PS, whereas the actual width and height for each picture is indicated in thé BPS.

IF fho vaanahnor] P"Cc‘ PI‘\Y\""\IY\ Yava¥2) "\Y\I" I'\Y\]‘I ohne ]r\xrnr‘ fl‘\n ‘7"!1]]0 r\F cne Nnic ]’\DI(‘\'"\" max—in
1Ty Ty 15 PO PTC _IICT Tt IO 2SIt

units of the referenced CVSs, and the value of max picture height shall be equal to that'v
sps_pic_height_max_in_luma_samples.

height[ MultiLayerOlsldx[ o1s_idx ] ], as defined in ISO/IEC 23090-3, shall bé-the same for
referenced CVSs, and the value of max picture height shall be equal to thatvalue of vps_ol
pic_height[ MultiLayerOlsldx[ o1s idx]].

-luma_

samples, as defined in ISO/IEC 23090-3, shall be the same in all SPSs referenced by the. V€L NAL

hlue of

Otherwise (the referenced CVSs contain more than one layer), the value of vps_ols_dpb_pic_

all the
5_dpb_

licated

avg frame rate gives the average frame rate in units of frames/(256 seconds), for the referenced| CVSs.

gi

numArfays indicates the number of arrays of NAL units of the indicated type(s).

array |
ar
to
re

NAL_ ui
it
Ol

num nd

fo

be

nal uj

nal uj

11.2.4

V4lue 0 indicates an unspecified average frame rate. When the referenced CVSs contain multiple
arjd samples are reconstructed for the operating point specified by ols idx and num sublayets, this

ves the average access unit rate of the referenced CVSs of.the operating point.

it type indicates the type of the NAL units in the following array (which shall be all of that

P1, VPS, SPS, PPS, prefix APS orprefix SEI NAL unit.

lus indicates the number)of NAL units of the indicated type included in the configuration

a user-data SEI,When not present, the value of nunNalus is inferred to be equal to 1.
it length indicates the length in bytes of the NAL unit.

it contains a DCI, OPI, VPS, SPS, PPS, APS or declarative SEI NAL unit, as specified in [SO/IEC 23

.3."VVC configuration box

layers

[completeness when equal to 1 indicates that*all’' NAL units of the given type are in the following
ray and none are present in the samples uséd for reconstructing the referenced CVSs; when| equal
0 indicates that additional NAL units of the’indicated type may be present in the samples uded for
constructing the referenced CVSs; the permitted values are constrained by the sample entry ngme.

type);

takes a value as defined in ISO/IE€-23090-3; it is restricted to take one of the values indicatinga DCI,

record

I the referenced CVSs. The SEI array shall only contain SEI messages of a 'declarative' nature, that is,
thiose that provide information about the referenced CVSs as a whole. An example of such an SE

could

090-3.

11.2.4.3.1 Definition

This subclause specifies vvcCconfigurationBox that carries a VVC decoder configuration record.

This box derives from Ful1Box and hence contains a version field. This version of the specification defines
version 0 of this box. Incompatible changes to the box will be indicated by a change of version number.
Readers shall not attempt to decode this box or the referenced CVSs if the version number is unrecognized.

Compatible extensions to this box will extend it and need not change the version code. Readers should be
prepared to ignore unrecognized data beyond the definition of the data they understand.
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3.2 Syntax

class VvcConfigurationBox extends FullBox ('vvcC',version=0,flags) {
VvcDecoderConfigurationRecord () VvcConfig;

}

11.2.4.3.3 Semantics

VvcDec

oderConfigurationRecord is defined in subclause 11.2.4.2.

The following semantics apply when vvcconfigurationBox is contained in a sample entry of type 'vvel' or 'vvil':

(flagg& 1) equalto linavvcConfigurationBox included ina VVC subpicture track indicates that theys3
refferencing the sample entry do not contain content intended for displaying.

mples

LengthsizeMinusOne plus 1 indicates the length in bytes of the NALUnitLength field in a track that contains
VvcNALUConfigBox. For example, a size of one byte is indicated with a value of 0. The value pf this

t
fig

l¢ngthsizeMinusone shall have the same value in all instances of vvcCorfigurationBo
VycNALUConfigBox contained in the sample entries referenced by the samples tised for reconstru
VYC bitstream as specified in subclause 11.6.

11.2.4.4 VVC NAL unit configuration box

11.2.4.4.1 Definition

1d shall be one of 0, 1, or 3 corresponding to a length encoded with 1, 2, or 4ybytes, respeq

tively.

. and
cting a

This spbclause specifies vveNALUConfigBox that carries the LepghgizeMinusone field used for indicating the

byte cpunt of the Na1UnitLengthField that delimits NAL units.'"wvvcNALUConfigBox is intended to be y
contaiper structures where an entire vvcConfigurationBok\$ unnecessary.

11.2.4.4.2 Syntax

class
un
un

11.2.4
(flags
Lengt]

by

0,
sh

wn

refferencing the sample entry do not contain content intended for displaying.

hle samplé.entries referenced by the samples used for reconstructing a VVC bitstream as speci
bclause 11.6.

VvcNALUConfigBox extends FullBox ('vvnE€', version=0,flags) {
igned int (6) reserved=0;
igned int (2) LengthSizeMinusOne;

4.3 Semantics

& 1) equal to 1 in a vveNATIUConfigBox included in a 'vvs1' sample entry indicates that the sa

sed in

mples

sizeMinusOne plus<D indicates the length in bytes of the NaLUnitLength field used for indicating the

te count of thewalunitLengthField that delimits NAL units. The value of this field shall be
1, or 3 corresponding to NalUnitLengthField of 1, 2, or 4 bytes, respectively. 1engthsizeMii

one of
husOne

all have the~same value in all instances of vvcConfigurationBox and vveNALUConfigBox contained in

fied in
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11.3 Derivation from ISO base media file format

11.3.1 VVC sample entries

11.3.1.1 Definition

Sample Entry Types: 'vvcl', 'vvil'

Container: Sample Description Box (*stsd')

Mandqtory AT wvcl ™ Ol w1l Salpie entry is mandatory i at teast one track armong the tracks carrying
a VVC bitstream

Quantjty: One or more sample entries may be present

A VV( sample entry is defined to be a sample entry that has sample entry type equal to 'vvfi' or

'vvil|. Each sample entry of a VVC track shall be a VVC sample entry. A VVC sample 'entry shall contain a

chCorfigurationBox,VVhiChinCthesElchDecoderConfigurationRecord.

When|the BitRateBox is present in a VVC sample entry with pt1 present fiaglequal to 1 in its decoder

configuration record, it signals the bit rate information of the sequence of consecutive CVSs associated with

the VVC sample entry.

Exten
may b

Multig
use di

When
sampl
as viey
VvcCol

When

— The value of array completeness shall be equal to 1 for arrays of SPS, and PPS NAL units.

— If
ar

— If
ar

When

units ¢f that NAL wifit type value cannot be updated without causing a different sample entry to be u

When
arrayy

ion descriptors that should be inserted into the Elementary Stream Descriptor, when used in M
P present.

le sample entries may be used, as permitted by ISO/IE€/14496-12, to indicate sections of vidg
[ferent configurations or parameter sets.

the sample entry name is 'vvc1' or 'vvil' andprofile, tier, and level information is present
e entry, the contiguous CVSs that the sample entry references shall form a compliant VVC bitg
ved by a VVC decoder operating under the configuration (including profile, tier, and level) given
figurationBox.

the sample entry name is 'vvc1', the foHowing applies:

a VVC bitstream includes DCINNAL unit(s), the value of array completeness shall be equal to 1
ray of DCI units. Otherwi§e)Na1, unit type shall notindicate DCI NAL units.

a VVC bitstream inclades VPS NAL unit(s), the value of array completeness shall be equal to 1
ray of VPS NAL unitS: Otherwise, NAL_unit type shall not indicate VPS NAL units.

the value of array completeness is equal to 1 for an array of a particular NATL unit type valu

the sample entry name is 'vvii', the value of array completeness of at least one of the foll
shall\be equal to 0:

PEG-4,

o that

in the
tream
in the

for the
for the
b, NAL

sed.

owing

— T

ve-grray-of DN

— The array of VPS NAL units, if present

— The array of SPS NAL units

— The array of PPS NAL units

NOTE1 Systems wishing to send parameter set updates will need to compare the constraints of 'vvc1' and
sample entry types to find the differences in order to send parameter set updates appropriately. For VPSs, SPSs, and
PPSs, it is suggested that when parameter set updating is desired, the parameter sets are included in the samples. For
APSs, it is suggested that when parameter set updating is desired, the APSs are included in the VVC non-VCL track.
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NOTE 2  Decoders conforming to this specification are required to support both parameter sets stored in the samples
as well as parameter sets stored in the sample entries, unless restricted by another specification using this one.

File readers shall discard the NAL units or NAL-unit-like structures having nal_unit_type in the range of
UNSPEC_28 to UNSPEC_31, inclusive, from a VVC bitstream reconstructed using any sample of 'vvci' or
'vvil' sample entries. The canonical order and restrictions of a VVC bitstream as defined in subclause 11.2.3
shall apply after the removal of NAL units or NAL-unit-like structures specified above.

11.3.1.2 Syntax

class VvcSampleEntry () extends VisualSampleEntry ('vvcl' or 'vvil') {

Vv geontrerrationd e
MPHG4ExtensionDescriptorsBox () ; // optional

11.3.1.3 Semantics

Compr¢ssorname in the base class visualsampleEntry indicates the name of the comp¥réssor used with the
vglue "\012vvC Coding" being recommended (\012 is 10, the number of bytes ifythe rest of the sfring).

11.3.2 VVC subpicture sample entry 'vvsi’
11.3.2.1 Definition

Sample Entry Types: 'vvs1®

Contafner: Sample Description Box ('stsd")
Mandgtory: No

Quantjty: One or more sample entries may be present

When(a VVC subpicture track does not contain a'¢onforming VVC bitstream, a 'vvs1' sample entry is used
for thg VVC subpicture track, and the followingiconstraints apply for the track:

— The track_in movie flag shall be equal;to 0.
— The track shall contain one and only one sample entry.
— The track shall be referenced by at least one VVC merge base track through the 'subp' track referlence.

— DCI, OPI, VPS, SPS, PP$;;AUD, PH, EOS, EOB and other AU- or picture-level non-VCL NAL units shall be
aljsent both in the sample entry and in the samples of 'vvs1' tracks.

— Unless indicate@l otherwise, child boxes of video sample entries (such as cleanaApertureBdx and
pilxe1AspectRatioBox) should not be present in the sample entry and, if present, shall be ignored.

— The composition time offset information for samples of a 'vvs1' track shall not be present.

— Sybsample information for samples of a 'vvsi' track may be present; if present, the subgample
information shall follow the definition of cnh-cnmp]pc for VVC

The sample entry of type 'vvs1' shall contain vveNALUConfigBox.

File readers shall discard the NAL units or NAL-unit-like structures having nal_unit_type in the range
of UNSPEC_28 to UNSPEC_31, inclusive, from a VVC bitstream reconstructed using any sample of 'vvs1"
sample entry. The canonical order and restrictions of a VVC bitstream as defined in subclause 11.2.3 shall
apply after the removal of NAL units or NAL unit like structures specified above.
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.2 Syntax

VvcSubpicSampleEntry () extends VisualSampleEntry ('vvsl') {

VvcNALUConfigBox config;

}

11.3.2

.3 Semantics

Compressorname in the base class visualSampleEntry indicates the name of the compressor used with the
value "\012vvC Coding" being recommended (\012 is 10, the number of bytes in the rest of the string).

11.3.
11.3.3
11.3.3

Sampl
Conta
Mandd
Quant
AVVC
When

11.3.3

class
Vv
}

11.3.3

Comprd
V3

11.3.3

A trac
VVC n
subpig

When
track

VVCnion-VCL sample entry
.1 Sample entry name and format
.1.1 Definition

e Entry Type: 'vveN'

ner: Sample Description Box ('stsd')

tory: Yes

ty: One or more sample entries may be present
non-VCL sample entry shall contain a vvcNALUConfigBox,

@ 'vvceN' sample entry is present in a track, the track i movie flag shall be equal to O for the t

.1.2 Syntax

VvcNonVCLSampleEntry () extends VisualSampleEntry ('vvcN') {
NALUConfigBox config;

.1.3 Semantics

ssorname in the base class wisualSampleEntry indicates the name of the compressor used w
lue "\013vvC non-vcL" being recommended (\013 is 11, the number of bytes in the rest of the s

.2 Track reference

k reference of type 'vven' may be included in a VVC track or a VVC subpicture track, referer
pn-VCL tracks When present, this track reference is used to connect from the VVC track or tH
ture track te‘the non-VCL track.

eithera-VVC track or a VVC subpicture track has a track reference of type 'vven' to a VVC ng
hereafter called the associated VVC non-VCL track), the following applies:

rack.

th the
tring).

cing a
e VVC

n-VCL

— A

1o +la A | & letloos + 1 + 1 q 1
dIITPITTITUHICT VIUTU T ALRUTIAT TS TIUT a5 yTIC SAallTpIcIiId y Ul THA y ' TTUTTIdAvE a L UT T TS DUITIUTITE S ATITPT

in the

associated VVC non-VCL track having the same decoding time. For each sync sample in the video track,
if there is a corresponding sample in the associated VVC non-VCL track having the same decoding time,

th

en that sample in the associated VVC non-VCL track shall also be a sync sample.

— For each sample in the associated VVC non-VCL track, there shall be one and only one sample in the video
track having the same decoding time.
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11.3.4 Constraints related to VVC merge base tracks, VVC extraction base tracks and VVC
subpicture tracks

When a VVC subpicture track contains a conforming VVC bitstream, which can be consumed without other
VVC subpicture tracks, a regular VVC sample entry is used ('vvc1' or 'vvil') for the VVC subpicture track.

A VVC track may contain a 'subp' track reference. The entries of a 'subp' track reference shall contain
either a track 1D value of a VVC subpicture track or a track group idvalue ofan 'aite’ track group of VVC
subpicture tracks.

A sample group of type 'spor’, as specified in subclause 11.4.17, shall be present in each VVC merge base track.

AVVC
one ar
that is|
refere
associ

A sampple group of type 'rror’, as specified in subclause 11.4.20, shall be presentjinfeach VVC exty

base t
AVVC
AVVC

When
descri
subpig

When
entry
descri

When
sampl

NOTE
as the

group]
group

When
and E
NALUM4

A 'snu

track may contain a 'recr' track reference. When a 'recr' track reference is present, it shallc
d only one entry. The entry of a 'recr' track reference shall contain a track 1D value of @ VV(
neither a VVC merge base track nor a VVC extraction base track. A track referenced by d | recr
hce shall not have any associated VVC non-VCL track. A VVC extraction base track shdll not ha
hted VVC non-VCL track.

rack.

track shall not contain both 'subp' track reference and 'recr' track ref€rence.

merge base track may contain a 'mixn' track reference, with entriés containing any of the follo
Lrack 1D value of a VVC subpicture track,

Frack group idvalue ofan 'alte' track group of VVC subpicture tracks, or

Frack group id value of a 'snut' track group of VVC subpicture tracks.

a VVC subpicture track is referenced by a VVC.meétge base track containing a 'spor' sample

ture ID sample group description, potentially;using the default sample group description index

the VVC trackis referenced by a VVC extr@ction base track containinga ' rror' sample group desci
having subpic id info flag equal to.1, the VVC track shall contain a subpicture ID sample

the VVC track is referenced. by a VVC extraction base track, the VVC track shall contain a
b group that should be asseciated with grouping type parameter equalto 'trif'.

brouping type papameter for a 'nalm' sample group. However, readers are expected to handle an
ng_type parametérfora 'nalm' sample group when resolving grouplD values contained in 'rror"'
lescription entries.

a VVC track-is referenced by a VVC extraction base track, the DCI, OPI, VPS, SPS, PPS, AUD, Pk
DB NALunits present in a sample of the VVC track shall be mapped to groupip equal to 0
pEnteys applying to the sample of the VVC track.

pntain
[ track
track
ve any

action

wing:

group

ption entry having subpic_id info flag equal to 1, the VVC subpicture track shall contain a

ription
group

ption with rect region flagequalite' 1, potentially using the default sample group description index.

nalm'

In this version of this document, a 'trif' sample group is the only sample group that is suitable to e used

y value
sample

[, EOS,
in the

L “track group shall contain the VVC subpicture tracks, and each time-aligned set of samples of all t}

ne VVC

subpicture tracks in the 'snut' track group shall contain the subpicture(s) with the same VCL NAL unit type.

The VVC subpicture tracks in the same 'snut' track group are necessarily independent of any other VVC
subpicture tracks referenced by the same VVC merge base track to avoid decoding mismatches and could
therefore be constrained as follows:

— All the VVC subpicture tracks contain VVC subpictures.

— The subpicture boundaries are like picture boundaries.

© ISO/IEC 2024 - All rights reserved
127


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

ISO/IEC 14496-15:2024(en)

When a 'subp' track reference in a VVC merge base track references an 'alte' track group that collects VVC
subpicture tracks with different VCL NAL unit types in any time-aligned sample, either of the following shall
be true:

— All the VVC subpicture tracks that are referenced by the 'subp' track reference are grouped into 'snut"
track groups, where each 'snut' track group contains the VVC subpicture tracks with the same VCL NAL
unit type in time-aligned samples. The VVC merge base track contains a track reference of type 'mixn’
where the entries are the track _group idvalues of the 'snut' track groups.

11.3.5

A syn
in the
a Grad
the co
CRA p
equal
When
lowest
in pre
greatd

A syng
units i
Clean
Sublay
track

NOTE
presen
presen

The VVC merge base track contains a track reference of type 'mixn' where the entries are the track 1D
values of all the VVC subpicture tracks with different VCL NAL unit types in any time-aligned sample in

theTespective —aTtetrack group-:

W
w

W
to|

W

A

greater than 0.

icture. When the coded picture in a sync sample is a GDR picture, it shall have ph_recovery_p

thle lowest Temporalld in the frack and there shall be no pictures following the sync sample in de
orlder that precede it in presentation order and the first sample that follows it in decoding order i
syblayer with Tempaoralld greater than tIdSync shall be of type STSA.

Sync sample

sample in 'vvecl' and 'vvil' tracks shall contain VCL NAL units indicating that the“coded f
sample is an Instantaneous Decoding Refresh (IDR) picture, a Clean Random Ac¢¢ess (CRA) p
ual Decoding Refresh (GDR) picture, or a Step-wise Temporal Sublayer Access |(STSA) picture.
ded picture in a sync sample is a CRA picture, there shall be no RASL pictures associated wit

Fo 0 and there shall be no pictures following it in decoding order that precede it in presentation|
the coded picture in a sync sample is an STSA picture, its Temporalld tIdSync shall be equal
Temporalld in the track and there shall be no pictures followingitin decoding order that pre
entation order and the first sample that follows it in decoding otder in each sublayer with Temp
r than tldSync shall be of type STSA.

sample in 'vvel' and 'vvil' track carrying multiple layersof a VVC bitstream shall contain V(
ndicating that the coded pictures in the sample are Ihstantaneous Decoding Refresh (IDR) pi
Random Access (CRA) pictures, Gradual Decoding‘Refresh (GDR) pictures or Step-wise Ter
er Access (STSA) pictures. The following conditiofi's apply for the coded pictures in the samp
arrying multiple layers of a VVC bitstream.

hen the coded pictures in a sync sample are'CRA pictures, there shall be no RASL pictures assg
th the corresponding CRA pictures.

hen the coded pictures in a sync sample are GDR pictures, they shall have ph_recovery_poc_cnt
0 and there shall be no pictures(following it in decoding order that precede it in presentation o

| When there~S-ho sync sample among the samples described by the TrackBox, the SyncSampls
t and has ent@yVvcount equal to 0. Storage of a VVC bitstream might not result into any sync sample
, for example-when either of the following is true:

VVC bitstream does not contain IDR or CRA pictures and starts with a GDR picture with ph_recovery_j

A
as

icture
cture,
When
h that
oc_cnt
order.
to the
rede it
oralld

L NAL
rtures,
nporal
le of a

ciated

equal
rder.

hen the coded pictures in assync sample are STSA pictures, their Temporalld tIdSync shall be equal to

roding
n each

Box is
5 being

oc_cnt

J\€ hitstream does not contain IDR pir‘hlrnc and contains some CRA pir‘hlrnc buteach of them has atle

sociated RASL picture.

NOTE2  AVVC bitstream stored under multiple tracks might not have time-aligned sync samples in different
In such cases sync samples at an earlier time might be needed for accessing all the layers and sublayers of an operating
point. Decoders might need sync samples to be time-aligned in all the layers of an operating point to perform random
accessing.

st one

tracks.

Table 14 indicates the mapping between VVC VCL NAL unit types, ISOBMFF sync sample status and SAP
types as documented in ISOBMFF for a VVC track of type 'vvci' and 'vvil'.
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Table 14 — Mapping of VVC VCL NAL unit types to sync sample status and SAP types for a VVC track

of type 'vvel' and 'vvil®

ing order is/are also STSA picture(s),There might be pictures
following the STSA picture(s) in decoding order that precede
it in presentation order)

NAL Unit Type SAP type ISOBMFF sync sample status
IDR_N_LP 1 true
2 (if IRAP picture(s) has/have associated RADL pictures) true
IDR_W_RADL - - - -
1 (if IRAP picture(s) has/have no associated RADL pictures) |true
3 (if IRAP picture(s) has/have associated RASL pictures) false
2 (if IRAP picture(s) has/have no associated RASL pictures |true
CRA but has/have associated RADL pictures)
1 (if IRAP picture(s) has/have no associated leading pic- true
tures)
4 (if GDR picture(s) has/have ph_recovery_poc_cnt greater |false
than 0)
3 (if GDR picture(s) has/have ph_recovery_poc_cnt equal to 0 |false
and GDR picture(s) has/have pictures following it in decoding
GDR s .
order that precede it in presentation order)
1 (if GDR(s) has/have ph_recovery_poc_cnt equal to 0 and true
GDR picture(s) does/do not have pictures following in decod-
ing order that precedes it in presentation order)
3 (ifthe picture(s) in the first AU of each further sublay- false
er present in the track that follows the STSA picture(s) in
presentation order is/are also STSA picture(s). There might
be pictures in each further sublayer present in the trrack that
follow the STSA picture(s) in decoding order buf précede it in
presentation order that are not STSA pictures)
2 (if the picture(s) in the first AU of each further sublayer true, if Temporalld equal t
STSA present in the track that follows the STSA®icture(s) in decod- |smallest Temporalld in trafk

and the first following sam
each further sublayer in dd
ing order are of type STSA

ple of
cod-

1 (if the picture(s) in the first picture of each further sub-
layer present in the trackthat follows the STSA picture(s) is/
are also STSA picture(s).Fhere are no pictures preceding the
STSA picture(s) in preséentation order)

true, if Temporalld equal t
smallest Temporalld in tra
and the first following samn
each further sublayer in de
ing order are of type STSA

ck
ple of
cod-

A syn¢ sample in 'vvs1' VVC-subpicture tracks shall contain one or more subpictures, and each of
subpidtures shall be an Instantaneous Decoding Refresh (IDR) subpicture, a Clean Random Access
subpidture, a Gradual Decoding Refresh (GDR) subpicture, or a Step-wise Temporal Sublayer Access

subpidture, being constrained as follows.

— When a codedsubpicture in a sync sample is a CRA subpicture, there shall be no RASL subpi

agsociated with that CRA subpicture.

hen, a-coded subpicture in a sync sample is a GDR subpicture, the time-aligned sample in ead

these
(CRA)
STSA)

ctures

h VVC
al to 0

der.

— When a coded subpicture in a sync sample is an STSA subpicture, its Temporalld tIdSync shall be equal to
the lowest Temporalld in the track and there shall be no subpictures following it in decoding order that
precede it in presentation order and the first sample that follows it in decoding order in each sublayer
with Temporalld greater than tIdSync shall be of type STSA.

Table 15 indicates the mapping between VVC VCL NAL unit types, ISOBMFF sync sample status and SAP
types as documented in ISOBMFF for a VVC subpicture track of type 'vvsi'.
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Table 15 — Mapping of VVC VCL NAL unit types to sync sample status and SAP types for 'vvs1i' VVC

subpicture track

VVCn

NAL Unit Type SAP type ISOBMFF sync sample
status
IDR_N_LP 1 true
IDR W RADL 2 (if IRAP subpicture(s) has/have associated RADL subpicture(s)) true
T 1 (if IRAP subpicture(s) has/have no associated RADL subpicture(s)) |true
3 (if IRAP subpicture(s) has/have associated RASL subpicture(s)) false
CRA 2 (if IRAP subpicture(s) has/have no associated RASL subpicture(s) |true
but has/have associated RADL subpicture(s))
1 (if IRAP subpicture(s) has/have no associated leading subpicture(s)) |true
4 (if the sample consists of GDR subpicture(s) and the time-aligned false
sample in each VVC merge base track that references this VVC subpic-
ture track has ph_recovery_poc_cnt greater than 0)
3 (if this sample consists of GDR subpicture(s) and the time-aligned |fdlse
sample in each VVC merge base track that references this VVC subpic-
ture track has ph_recovery_poc_cnt equal to 0 and the GDR subpic-
GDR ture(s) has/have subpicture(s) following it in decoding order that
precede it in presentation order)
1 (if this sample consists of GDR subpicture(s) and the time=aligned |true
sample in each VVC merge base track that references this,VVC subpic-
ture track has/have ph_recovery_poc_cnt equal to 0 and the GDR sub-
picture(s) does/do not have subpicture(s) following.in’decoding order
that precedes it in presentation order)
3 (if the subpicture(s) in the first AU of each further sublayer present |false
in the track that follows the STSA subpicture(s) in presentation order
is/are also STSA subpicture(s). There might,be subpicture(s) in each
further sublayer present in the track that follow the STSA subpic-
ture(s) in decoding order but precede:it in presentation order that are
not STSA subpicture(s))
2 (if the subpicture(s) in the first AU of each further sublayer present |true, if Temporalld equal
in the track that follows the STSA subpicture(s) in decoding order is/ |to smallest Temporalld
are also STSA subpicture(s)- There might be subpicture(s) following in track and the first
the STSA subpicture(s)inrdecoding order that precede it in presenta- |following sample of
STSA X
tion order) each further sublayer
in decoding order are of
type STSA
1 (if the subpicture(s) in the first subpicture of each further sublayer |true, if Temporalld equal
presentinthe track that follows the STSA subpicture(s) is/are also to smallest Temporalld
STSA-subpicture(s). There are no subpictures preceding the STSA sub- |in track and the firfst
picture(s) in presentation order) following sample of
each further sublayer
in decoding order qre of
type STSA
with a

The f(tlowing requirement applies for each bitstream reconstructed as specified in subclause 11.6

n<VCL track as one of the input tracks:

— All parameter sets needed for decoding shall be present in the bitstream starting from the decoding time
of a sync sample in the VVC non-VCL track.

When the sample entry name is 'vvcl' or 'vviil', and the track has a track reference of type 'vven', the
following requirement applies for each bitstream reconstructed as specified in subclause 11.6:

— All parameter sets needed for decoding shall be present in the bitstream starting from the decoding time
of the sync sample in the 'vvci' or 'vvi1' track.
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When the sample entry name is 'vvc1l' and the track does not have a track reference of type 'vven', the
following applies:

— If the sample is a sync sample, all APSs needed for decoding that sample shall be included either in the

sa

mple entry or in the sample itself.

— Otherwise (the sample is not a sync sample), all APSs needed for decoding the sample shall be included
either in the sample entry or in any of the samples since the previous sync sample to the sample itself,
inclusive.

When the sample entry name is 'vvi1' and the track does not have a track reference of type 'vven', the

follow,

— If
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11.3.6

......

the sample is a sync sample, all parameter sets needed for decoding that sample shall belin
ther in the sample entry or in the sample itself.

herwise (the sample is not a sync sample), all parameter sets needed for decoding the'sample s
cluded either in the sample entry or in any of the samples since the previous syncsample to the §
elf, inclusive.

the sample entry type is 'vvsi', the following applies:

the sample is a sync sample and there is a 'vvi1' VVC merge base track referencing this 'vvs]
bpicture track, all parameter sets needed for decoding the sample_shall be present in the acce
constructed using the sync sample as input as specified in subclause 11.6.

Parameter sets can be repeated in any sample in the VVC méxge base track. Consequently, the VVC
ack can, but does not need to, have a sync sample aligned in deegding time with a sync sample ofa 'vvs1

vs1' VVC subpicture track, all APSs needed for decoding the sample shall be present in the acce
constructed using the sync sample as input as specified in subclause 11.6.

. When VVC subpicture tracks are in use, it i{8;not necessary to store all parameter sets in the samg
pmple, an SPS and a PPS could be stored in a VWC merge base track, while an APS could be stored in a
ure track or in a VVC non-VCL track associdted with one or more 'vvs1' subpicture tracks.

bs are sync samples. Note that track fragment random access box refers to the presence of sig
hmples in a movie fragment.

A file writer could need-to duplicate APS NAL units from previous samples to provide APSs nee
hg a sync sample if a particular value of aps_adaptation_parameter_set_id and a particular value of aps_p
e not present in thesoriginal bitstream for the AU marked as sync sample. When doing so, a file write}
rewrite the nal_unit-type value from SUFFIX_APS_NUT to PREFIX_APS_NUT.

b A file reader’can detect repeated APS NAL units by matching an entire APS NAL unit to a pre

d APS NAL unit. A file reader can remove repeated APS units before passing the bitstream on e.g.toa d
5 is not réquired as the bitstream is conformant with them present.

Definition of a sub-sample for VVC

rluded
hall be
ample
' VVC

5S unit

merge
track.

herwise, if the sample is a sync sample and there is.ay*vvci' VVC merge base track referencipg this

5S unit

track.
vvsl'

nc sample table (and the equivalenit'flag in movie fragments) shall be used in a VVC track unless all

nalled

led for
hrams_
might

yiously
ecoder,

For the use of the subsampleTnformationBox (specified in ISO/IEC 14496-12) in a VVC track, a VVC subpicture
track or a VVC non-VCL track, a sub-sample is defined on the basis of the value of the f1ags field of the
sub-sample information box as specified in this subclause. The presence of this box is optional; however,
if present in a track containing VVC data, the 'codec specific parameters' field in the box shall have the
semantics defined here.

flags

0:

specifies the type of sub-sample information given in this box as follows:

NAL-unit-based sub-samples. A sub-sample contains one or more contiguous NAL units.
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Tile-based sub-samples. A sub-sample contains one tile and the associated non-VCL NAL units, if
any, of the VCL NAL unit(s) containing the tile.

CTU-row-based sub-samples. A sub-sample either contains one CTU row within a tile and the
associated non-VCL NAL units, if any, of the VCL NAL unit(s) containing the CTU row. This type of
sub-sample information shall not be used when sps_entropy_coding_sync_enabled_flag is equal to 0.

Slice-based sub-samples. A sub-sample contains one slice (i.e., one VCL NAL unit) and the associated
non-VCL NAL units, if any.

Subpicture-based sub-samples. A sub-sample contains one coded subpicture and the associated

contain

Other

The s
ISO/IH

The 44
(e.g. th

When
in the

The cq

nonVCIL NAT ynitc 1fanyg AFfF+ha VVCT NAT i) mao
R~V Ut S Ha R ottt oS eoRaHREttie-Suupietdte-

Picture-based sub-samples. A sub-sample contains one coded picture and the associated ngn-VCL

NAL units.
values of f1ags are reserved.

psample priority field shall be set to a value in accordance with the specifieation of this field in

C 14496-12.

scardable field shall be set to 1 only if this sample is still decodable if this sub-sample is dis¢arded

e sub-sample consists of an SEI NAL unit).

the first byte of a NAL unit is included in a sub-sample, the preceding’length field shall also be influded

same sub-sample.
dec specific parameters ﬁekioftheSubSampleInformationBoxiSdeﬁnedfbrV\“:anbHOMB:

if (flags == 0)

{

unsigned int (1) rap nal unit flag;
unsigned int(l) gdr nal unit flag;
unsigned int (1) vcl nal unit flag;
bit (29) reserved = 0;

else if (flags == 1) {
unsigned int(2) vcl idc;
bit (2) reserved = 0;
unsigned int (4) log2 min lumg( ctb;
unsigned int (12) ctb x;
unsigned int(12) ctb y;

} else if (flags == 2 || flags == 3) {
unsigned int(2) vcl ide;
bit (30) reserved = 0%

} else 1if (flags == @)~
unsigned int (2)-~yc¥ idc;
unsigned int (5)\.vcl nalu type;
unsigned int¥2) log2 min luma ctb;
unsigned intl8) ctb x;
unsignedsipt (8) ctb y;
unsigned{ Iint (1) discardable flag;
unsigné&€d int (1) no inter layer pred flag;
unsigwied int (1) treated as picture flag;
unsigned int (1) loop filter across_enabled flag;
1t (3) reserved = 0;

}8lse if (flags == 5) {

Unsigned int (1)

unsigned int (1)

unsigned int (1)

bit (29) reserved
}

discardable_tlag;

no inter layer pred flag;
all intra_slices flag;

0;

rap nal unit flag equal to O indicates that none of the NAL units in the sub-sample has nal_unit_type
equal to IDR_W_RADL, IDR_N_LP, or CRA_NUT, or has nal_unit_type equal to GDR_NUT with associated
ph_recovery_poc_cnt equal to 0, as specified in ISO/IEC 23090-3. Value 1 indicates that all NAL units in
the sub-sample have nal_unit_type equal to IDR_W_RADL, IDR_N_LP, or CRA_NUT, or have nal_unit_type
equal to GDR_NUT with associated ph_recovery_poc_cnt equal to 0, as specified in ISO/IEC 23090-3.
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gdr nal unit flag equal to O indicates that none of the NAL units in the sub-sample has nal_unit_type
equal to GDR_NUT as specified in ISO/IEC 23090-3. Value 1 indicates that all NAL units in the sub-
sample have nal_unit_type equal to GDR_NUT as specified in ISO/IEC 23090-3.

vcl nal unit flag equal to 0 indicates that all NAL units in the sub-sample are non-VCL NAL units. Value 1
indicates that all NAL units in the sub-sample are VCL NAL units.

vcl idcindicates whether the sub-sample contains Video Coding Layer (VCL) data, non-VCL data, or both, as

fol

lows:

0: the sub-sample contains VCL data and does not contain non-VCL data

1:|the sub-sample contains no VCL data and contains non-VCL data

2:[the sub-sample may contain both VCL and non-VCL data, which shall be associated with‘each

3:[reserved

vcl ng

log2 T

0
1
2:
3

ctb_x [specifies the 0-based coordinate of the right-most luma samples of the tile associated with th
sample when f1ags is equal to 2 and vc1 idcis-@qual to 1 or 2, in units derived from 10g2 min 1u

as

ctb_yspecifies the 0-based coordinate the bottom-most luma samples of the tile associated with th
sample when f1ags is equal to 2 and.ve} idc is equal to 1 or 2, in units derived from 10g2 min 1uj

as

discat

V({

N
no_int

ar

treatd

de

:[32 luma samples

:(64 luma samples

:[reserved

piftures as activé.entries in reference picture lists 0 and 1. no_inter layer pred flagshall be equalt

mpy have jater-layer reference pictures as active entries in reference picture list 0 or 1.

For example, a sub-sample may contain a decoding unit information SEI message follewed by
of NAL units associated with the SEI message.

1u_type specifies the VCL nal_unit_type of the sub-sample as specified inASO/IEC 23090-3.

in luma ctb indicates the unitof ctb x and ctb vy, specified as follows:

128 luma samples

specified above.

specified above.

dable flag indicates the phinon_ref_pic_flag value of the VCL NAL units in the sub-sample.
L NAL units in the sub-sadmple shall have the same ph_non_ref_pic_flag value.

TE This is not the’ same definition as the discardable field in the SubSampleInformationBox.

er layer pred flagequalto 1indicatesthatthe currentsubpicture or picture hasno inter-layer ref]

independentlayer. no_inter layer pred flagequalto 0indicates thatthe current subpicture or y

d _as\Picture flag equal to 1 indicates that the current subpicture is treated as a picture

other.

the set

e sub-
ha ctb

e sub-
ha ctb

All the

erence
o1 for
icture

in the
licates

codlng process excludmg in-loop flltermg operatlons treated as picture flag equal to 0 ing

th

at Lllt! CUrTernt buuplum (5§ lb ot tr CdLUu dd> d plLLul 5] TIT LIIC UCLUulllg Pprocess cxuuulug = lUUp 11

tering

operations. When the subpicture is a picture (i.e there is one subpicture in a picture), treated as_

pi

cture flag shall be equal to 1.

loop filter across_enabled flag equal to 1 indicates that in-loop filtering operations across subpicture
boundaries are enabled and might be performed across the boundaries of the current subpicture. 10op
filter across enabled flag equal to 0 indicates that in-loop filtering operations across subpicture
boundaries are disabled and are not performed across the boundaries of the current subpicture. When
the subpicture is a picture (i.e there is one subpicture in a picture), loop_filter_across_enabled_flag shall
be equal to 0.
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all intra slices flag equal to 1 indicates that all coded slices of the current picture have sh_slice_type
equal to 2. a1l intra slices flag equal to O specifies that there might or might not be one or more

co

ded slices in the current picture that have sh_slice_type equal to 0 or 1.

11.3.7 Handling non-output samples

VVC allows for file format samples that are used only for reference and not output (e.g. a non-displayed
reference picture in video). When any such non-output sample is present in a track, the specifications of
ISO/IEC 14496-12 for handling of non-output samples apply

The definition on handling non-output samples specified above is not always applicable when multiple layers

set as
ofasa
previd

11.4

11.4.1

The sy
in ISO
bit ta
equal
ISO/IE
forma

This ¢
group

are int:lved. If what is specified above cannot be followed, then the composition time of a sample,sl
f

the sample were an output sample (i.e., at least one picture of the sample is output). If théde
ple results into no output pictures, the presentation of the sample is omitted and the daration
us sample is extended, so that the following samples have correct composition timing:

bample groups

Common layer_id_method_idc semantics

ntax and semantics of grouping type parameter for the stream access'point sample group is sp
IEC 14496-12. The syntax of grouping type parameter consists ef-two syntax elements, name
rget layers and 4-bit layer id method idc. According to ISO/IEC 14496-12 1ayer id meth
to 0 specifies that the target layers consist of all the layers, répresented by the track. Furthe
C 14496-12 specifies that any 1ayer id method idc valuengt equal to 0 is specified by derived
[ specifications.

lause specifies that the grouping type parameter @sispecified for the stream access point 4
in [SO/IEC 14496-12 shall be used for the following’sample groups, when present:

— t
— t
— t
This c

— 14

by

— The semantics of 1ayes_td method idc equal to 1 and 3 are specified be the same as the seman

14

In addjition, the following semantics are specified for the 'sap ' sample group with sap_type equal ta

for the

— 14
re

stream access point sample group ('sap ')
random access recovery point sample greup (' ro11")
step-wise sublayer access sample gtoup ('stsa"')
ause specifies the semantics of theé following 1ayer id method idc values:

yer _id method_ idc equalt®:0'or 2 specifies that the target layers consist of all the layers repre
the track.

yer id method idc-€qualto 1in subclause 9.5.7.
'roll' sample group:

yer idimethod idc equal to O specifies that the sample contains a GDR picture in all the
presented by the track.

hall be
roding
of the

pcified
ly 28-
d idc
‘more,
media

ample

sented
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4 and

layers

— layer 1d method idc equal to I specilies that the sample contains a GDR picture in the target
indicated through target layers.

layers

— layer id method idc equalto 2 or 3 for a sample in a VVC track specifies that the following constraints
are true for all the layers represented by the track or the target layers indicated through target 1ayers,

re

spectively:

— The sample references a PPS with pps_mixed_nalu_types_in_pic_flag equal to 1.
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— For each subpicture index i in the range of 0 to sps_num_subpics_minus1, inclusive, all the following

conditions are true:
— sps_subpic_treated_as_pic_flag[i] is equal to 1;

— there is at least one IRAP subpicture in the current sample;

— forany subpictureiin the current sample thatis notan IRAP subpicture, there is at least one IRAP
subpicture in the sample in the same CLVS that follows the current sample in decoding order.

NOTE 1 VVC enables subpictures with different VCL NAL unit types within the same coded pic
gradual decoding refresh is obtained by updating subpictures of each subpicture index as an IRAP sub

ture. A
picture

within a range of pictures. However, VVC does not specify a decoding process that would start fromya
having mixed VCL NAL unit types.

In addfition, when the 'ro11' sample group is used with layer id method idc equal to 2 ow3,.€ach {
mappe¢d toa 'roll' sample group shall be mapped to a sample group description entry with'aro11 di
value that is correct for a decoding process that omits decoding of subpictures with a patticular suby
index pefore there is an IRAP subpicture.

Let an|initiating sample be defined for this subclause as a sample marked with atleast one of the follo

— t:[ 'sap ' sample group with sap type equal to 4 and 1ayer id method\#dc equal to 2 or 3;

— thle 'ro11' sample group with 1ayer id method idc equal to 2 or 3:

NOTE? The AU reconstructed from an initiating sample can be contained within a track natively or t
resolviﬁxg "subp' or 'recr' track references (when present), and through resolving 'vveN' track references
presenf).

When|a reader uses an initiating sample for starting thé<decoding, either of the following approag
possible:

a) Apon-standard VVC decoding process is used, where the decoding is started from the initiating s
cdntaining mixed VAL NAL unit types and thé:décoding of subpictures at a particular subpicture lg
isfomitted until the first IRAP subpicture,in decoding order, at that subpicture location.

b) Ajstandard VVC decoding process is uséd for the bitstream reconstructed according to subclausg
arfd further modified as follows so/that the bitstream starting with the initiating sample is a confq
bifstream:

1)| When the AU reconstriicted from initiating sample has an AUD NAL unit, the AUD NAL u

aud_irap_or_gdr_flag'equal to 1. When the AU reconstructed from initiating sample has no AU
unit and the valu€ of ‘the vps_max_layers_minus1 is greater than 0 in the VPS referred to

initiating sample {if any), an AUD NAL unit is inserted with aud_irap_or_gdr_flag equal to 1.

2)| Any SPS referred to by the initiating sample has sps_gdr_enabled_flag equal to 1.

3)] Any PPSyreferred to by the initiating sample has pps_mixed_nalu_types_in_pic_flag equal to (.

4) AHNWCL NAL units of the AU reconstructed from the initiating sample have nal_unit_type ed
GDR_NUT.
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5) Any picture header of the AU reconstructed from the initiating sample has ph_gdr_pic_flag equal
to 1 and a value of ph_recovery_poc_cnt corresponding to the ro11 distance of the 'ro11' sample

group description entry to which the sample is mapped.

Further sample group specific constraints on layer id method idc are specified in the subsequent

subclauses.
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11.4.2 Stream access point sample group

The stream access point (SAP) sample group 'sap ' specified in ISO/IEC 14496-12 is used to provide
information of all SAPs.

When layer id method idcisequalto 0, a SAP is interpreted as follows:

— If the sample entry type is 'vvcl', 'vvil' or 'vvsl', and the track does not contain any sublayer with
Temporalld equal to 0, a SAP specifies access to all the sublayers present in the track.

— Otherwise, a SAP specifies access to all layers present in the track.

NOTE If the sample entry typeis 'vvcl' or 'vvil', and the track does not contain any sublayer with Temporalld
equal o 0, an STSA picture with Temporalld equal to the lowest Temporalld present in the track serves as a|SAP.

When(sap type is less than or equal to 3 or both sap_type is equal to 4 and layer id method,idt is e;ﬁual to
0 or 1fthe samples mapped to a 'sap ' sample group description entry shall conform to the constrajints of
Table [14 for the 'vvc1' or 'vvil' sample entry type or to the constraints of Table 15 fortthe 'vvs1' Jample

entry type.

When|a SAP sample group is present in any VVC track carrying one or more layers or sublayers of|a VVC
bitstr¢am, a SAP sample group shall be present in each of the VVC tracks carrying one or more layers or
sublayjers of that VVC bitstream.

11.4.3 Random access recovery point sample group

The rgndom access recovery point sample group 'ro11' specified\in ISO/IEC 14496-12 is used to pfovide
infornpation on recovery points for gradual decoding refresh.

Whenfa 'ro11' sample group is present in an VVC tracks,‘the track shall contain samples with Temporalld
equal fo 0.

Whenla 'ro11' sample group concerns a dependentilayer but not its reference layer(s), the sample|group
indicafes characteristics that apply when all thé-réference layers of the dependent layer are available and
decoded. The sample group can be used to initiate decoding of the predicted layer.

11.4.4 Alternative startup sequences.sample group

The uge of the Alternative Startup Sequences sample group (specified in ISO/IEC 14496-12) is recommended
to be ysed only with random access*points consisting of CRA pictures.

11.4.§ Random access point sample group

The rgndom access point'sample group 'rap ' specified in ISO/IEC 14496-12 should not be used for VVC
tracks|or VVC subpicture tracks. The use of the 'sap ' sample grouping is preferred for VVC tracks arnd VVC
subpidture tracks.

In the context-ofthis clause, the leading samples, defined as part of the definition of the ' rap ' samplelgroup
in ISOfIEG 14496-12, contain RASL pictures in all layers present in the track.

11.4.6 TemporalIevel sample group

The temporal level sample group 'tele' specified in ISO/IEC 14496-12 should be used to indicate the
Temporalld value. When the 'tele' sample group is present in a VVC track, the pictures with Temporalld
equal to tidValue shall be mapped to the sample group description index equal to tidValue + 1. When the
"tele' sample group is present in a 'vvs1' VVC subpicture track, the VVC subpictures with Temporalld
equal to tidValue shall be mapped to the sample group description index equal to tidValue + 1.
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Step-wise sublayer access sample group

The step-wise sublayer access sample group 'stsa' specified in subclause 8.4.7 is used to mark step-wise
sublayer access (STSA) pictures, when the 'stsa' sample group is present in a VVC track.

When an 'stsa' sample group is used with 'vvs1' VVC subpicture tracks, the step-wise sublayer access
sample group is used to mark step-wise sublayer access (STSA) subpictures and the sampleToGroupBox,
when present, shall have version equal to 0.

11.4.8 Decoding time hint sample group
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given by timescale of the MediaHeaderBox). The corrected decoding time is defined as the sum|
ime associated with a sample through the sampleToGroupBox of type 'opth' and the decoding t
mple. The corrected decoding times conform to the hypothetical reference decoder of ISO/IEC 23

hpleToGroupBoxes for the decoding time hint sample group shall include groupifg type pard
ouping type parameter field is specified for the decoding time hint sample group-as follows:

igned int (16) reserved = 0;
igned int (16) operating point index;

ing_point index specifies the index of the operating point, as given in the associated Ope
Information sample group description (when applicable) or in the @perating Point entity group
hble), for which this sample group provides the corrected decoding times. A value of 0 indicaf
berating point in that sample group description.

ntax and semantics for the 'opth' sample group are{specified in subclauses 9.6.4.2 and

€coding time Nint sample group description entry ('opth' ) records a delta time in terms of the clock

of the
ime of

090-3.

meter.

rating
(when
es the

.6.4.3,

tively.

Layer information sample group

5t of layers and sublayers that a track carries is signalled in the layer information (*1inf') §
as specified in subclause 4.15.

When the current track contains more than one layer, more than one sublayer, or one sublayer
er is not sublayer with Temporalld<egual to 0, layer and sublayer information can be needed to in
ation signalled in other sample groups, such asthe 'sap ', 'rap ', 'sync', "tele',and 'vopi' sample §
ue of layer info present flag.hasto be setappropriately.

a '1inf' sample group is'‘present in a VVC track, sub_layer presence flags shall be equal to 0

several VPSs are referenced by a VVC bitstream, the samp1leGroupbescriptioBox with groupin
fo '1inf' may need-several entries. When a single VPS is present or when the allocation of layé
ers to a track remains unchanged, it is recommended to use the default group description|
clude the Layerinformation sample group in the samp1leTableBox of the track.

0Operating points information sample group

ample

but the
ferpret
P roups.

_type
s and

| index

11.4.1

01 Definition

Applications are informed about the different operating points provided by a given VVC elementary stream
and their constitution by using the Operating Points Information sample group ('vopi'). Each operating
point is related to an output layer set, a max Temporalld value, and a profile, tier, and level signalling. All this
information is captured by the 'vopi' sample group. Apart from this information, this sample group also
provides the dependency information between layers.
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When more than one VVC track is present for a VVC elementary stream and no Operating Point entity group
is present for the VVC elementary stream, both of the following apply:

— Among the VVC tracks for the VVC elementary stream there shall be one and only one track that carries
a 'vopi' sample group.

— All the other VVC tracks of the VVC elementary stream shall have a track reference of type 'vref' to the
track that carries the 'vopi' sample group.

For any specific sample in a given track, the temporally collocated sample in another track is defined as the
one with the same decoding time as that of this specific sample. For each sample s, in a track T, that has a

v f tracl rafaraoncota tho tracle o that carpiac tha o s caranla gronn tha follaving annline.
vre o CIr T Crer et eoTriCratic Tt car r reo o P oo prC T oup; e CToTToOVy it g o p pPIreos

— If[there is a temporally collocated sample s, in the track T,, then the sample s, is associated/ with the
same 'vopi' sample group entry as the sample s,.

— Otherwise, the sample s is associated with the same 'vopi ' sample group entry as the last of the sgmples
in[the track T, that precede the sample s, in decoding time.

When(several VPSs are referenced by a VVC elementary stream, it may be needed to’include several ¢ntries
in the| sampleGroupbescriptionBox With grouping type equal to 'vopi'. When,one and only one VPS is
preseift, it is recommended to use the default sample group description ind€x and include the opdrating
points|information sample group in the sample table box, rather than including it in each track fragmegnt.

The gjouping type parameter is not defined for the sampleToGroupBokwith grouping type 'vopi'

11.4.10.2 Syntax

class |VvcOperatingPointsRecord {

ungigned int (8) num_profile_tier_level_minus1;

fof (i=0; i<=num profile tier level minusl; i++), {
bit (5) reserved = 0;
unsigned int(3) ptl max temporal id[i];
VvcPTLRecord (ptl max temporal id[i]+1)pptl([i];

ungigned int (1) all independent layersyflag;
if|(all independent layers flag) {
unsigned int (1) each layer is, amni\ols flag;
bit (1) reserved = 0;
} g¢lse
unsigned int (2) ols mode tide;
bif (2) reserved = 0;
ungigned int (1) incomplete/operating points flag;
ungigned int (1) num ref\sublayer for ols present flag;
ungigned int (9) num_4&lss;
fof (i=0; i<num olsgsej) i++) |
unsigned int (8)~ptl idx[i];
unsigned int{(9) ols idx[i];
unsigned 1iff+«b6) layer count([i];
bit (1) res€rved = 0;
for (3<8; j<layer count[i]; j++) {
unsigned int (6) layer id([i]([j];
ufsigned int (1) is output layer[i] [j];
Ppit (1) reserved = 0;
)
=

£ (1 o = 1 1 =1 < £ =N £ 1 £
TS —ouTpPET oY T Faff—er—Suorayef—+5¥ TS—PEreSehH +

1 )
+ Ea=as N
unsigned int (8) num ref sublayers in layer in ols[i][3];

}
}
bit (4) reserved = 0;
unsigned int (12) num operating points;
for (i=0; i<num operating points; i++) {

unsigned int(9) ols loop entry idx;

unsigned int(3) max temporal id;

unsigned int (1) frame rate info flag;

unsigned int (1) bit rate info flag;

if (incomplete operating points flag)

unsigned int (2) op availability idc;
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else

bit (2) reserved = 0;
bit (3) reserved = 0;
unsigned int(2) chroma format idc;
unsigned int(3) bit depth minus8;
unsigned int (16) max picture width;
unsigned int (16) max picture height;
if (frame rate info flag) {

unsigned int (16) avg frame rate;

bit (6) reserved = 0;

unsigned int(2) constant frame rate;

if (bit rate info flag) {

class
Vv

11.4.1

num_pf
CQ

ptlimc
SH

N
be

ptl[i

all ij
el

incomy

may b

points).

struct
points

num_rq

ull Jl_gllcd JI_IIL,\J ) 1d 71)JLL7LG[LC,
unsigned int (32) avg bit rate;

}

(!all independent layers flag) {
unsigned int(8) max layer count;
for (i=0; i<max layer count; i++) {
unsigned int (8) layer id;
unsigned int(8) num direct ref layers;
for (3J=0; j<num direct ref layers; Jj++)
unsigned int(8) direct ref layer id;

VvcOperatingPointsInformation extends VisualSampleGroupEntry ('vopi') {
OperatingPointsRecord oinf;

0.3 Semantics

ofile tier level minusl plus 1 gives the number of the subsequent profiles, tier, and
mbinations as well as the associated fields.

x_temporal id[i] gives the maximum TemporallD of NAL units of the associated bitstream {
ecified i-th profile, tier, and level structure.

TE The semantics of ptl max temporal id[i] and max_ temporal id of an operating point
low, are different even though they canicarry the same numerical value.

specifies the i-th profile, tier,'and level structure.

dependent layers flag,( @ach layer is an ols flag, ols mode idc and max tid il ref

us1 are defined in ISO/IEC 23090-3.

lete operating_pdints flagequalto 1specifiesthatsome operating points declared in the str
e incomplete (iel)some output layer sets or temporal sublayers may be missing in some ops
incomplef@ dperating points flag equal to O specifies that all operating points declared
ure are coimplete (i.e., all output layer sets and temporal sublayers associated with the opsd
are present in the file).

f 4dublayer for ols present flag equal to 1 specifies that the syntax element num ref subl

level

or the

given

|pics

Licture
rating
in the
rating

yers_

in

Tayer in ols[i] [j] may be present. num ref sublayer for ols present flagequalto O sp

ecifies

th

attheSyntaXekﬂnentnum_ref_sublayers_in_layer_in_ols[i][j}isnotpresent

num_olss specifies the number of output layer sets signalled in this syntax structure. The value of num o1ss
shall be less than or equal to the value of TotalNumOlss as specified in ISO/IEC 23090-3.

ptl idx[i] specifies the zero-based index of the listed profile, tier, and level structure for the i-th output
layer set signalled in this syntax structure.

ols idx[i] is the output layer set index of the i-th output layer set signalled in this syntax structure.

layer count[i] specifies the number of layers in the i-th output layer set signalled in this syntax structure.
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layer id[i][j] specifies the nuh_layer_id value for the j-th layer in the i-th output layer set signalled in
this syntax structure.

is output layer[i][j] equal to 1 specifies that the j-th layer is an output layer in the i-th output layer set
signalled in this syntax structure. is_output layer([i] [j] equal to O specifies that the j-th layer in not an
output layer in the i-th output layer set signalled in this syntax structure.

num_ref sublayers in layer in ols[i][j] equal to O specifies that the pictures of the layer with layer Id
equal to 1ayer id[i][3] that are neither IRAP pictures nor GDR pictures with ph_recovery_poc_cnt
equal to 0 are not used as inter-layer reference pictures for decoding of pictures of other layers in the
output layer set. num_ref sublayers in layer in ols[i][j] greater than O specifies that, for decoding

pi
14
ay
g1
of]

num_ oy
Of

num_ref sublayers in layer in ols[i][j] isinferred to be equal to 7.

thle bitstream.

ols 1d

pd
max td

frame |

int. The variable olsldx is set equal to o1s_idx[ ols loop entry idxfor the presentloop entry.

mporal idindicates the maximum Temporalld of NAL units of this operating point.

The value 1 indicates that frame rate information is present for the operating point.

bit_rc
V4

op_avd
to
in
ed
te|

NOTE
pointd
availd
can be

lue 1 indicates that bitrate information is presentfor the operating point.

1 indicates that at least one layer is missing’in the operating point. op_availability idc equ
dicates that at least one temporal sublayer is missing in the operating point. op availabili

mporal sublayer is missing in the operating point.

The process specified in subtclause 11.6 is specified for operating points when incomplete oper
_flag is equal to 0 or opfavailability idc is equal to O (operating point is complete). Wh
bility idc is equal to };'2 or 3, a file reader needs to inspect the file to determine if the operatin
processed and might need to alter the bitstream reconstruction process compared to what is spec

subclayise 11.6.

chromd
CQ

nstraints applyfor chroma format idec:

If this{operating point contains only one layer, the value of sps_chroma_format_idc, as defi

¢hroma_format_idc.

rtures of tie other fayers of the output tayer set, o picture fromr the fayer with tayertdequal to
yer id[i][j] with Temporalld greater than num_ref sublayers in layer in ols[i][j] rVifs used
inter-layer reference picture and no APS with nuh_layer_id equal to 1ayer id[i][3] and‘Temporalld
eater than num ref sublayers in layer in ols[i][j] — 1isreferenced. When not present, the value

erating points gives the number of operating points for which the information’follows. Thellist of
erating points shall include all operating points that are present in sample entry<of tracks representing

op_entry idx istheindexto thelistof outputlayer setssignalled in this syntax structure for the opgrating

[rate info flag equalto 0 indicates that no frame rate infoymation is present for the operating point.

te_info flag equal to O indicates that no bitrate information is present for the operating point. The

ilability idc equal to 0 indicates that the operating point is complete. op _availability idd equal

al to 2
Ly idc

ual to 3 indicates that at least one layeris missing in the operating point and additionally at legst one

ting
PN op
b point
fied in

_format_idc jndicates the chroma format that applies to this operating point. The following

ned in

ISQ/TEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL units in the VVC bitdtream
of this operating point, and the value of chroma format idc shall be equal to that value ¢f sps_

Otherwise (this operating point contains more than one layer), the value of chroma format idc shall
be equal to the value of vps_ols_dpb_chroma_format[ MultiLayerOlsldx[ olsldx ] ], as defined in

ISO/IEC 23090-3.

bit depth minus8 indicates the bit depth that applies to this operating point. The following constraints
apply for bit depth minus8:

— If this operating point contains only one layer, the value of sps_bitdepth_minus8, as defined in
ISO/IEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL units in the VVC bitstream
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of this operating point, and the value of bit depth minusg shall be equal to that value of sps_

bitdepth_minus8.

— Otherwise(this operating point contains more than one layer), the value of bit depth minus

be equal to the value of vps_ols_dpb_bitdepth_minus8[ MultiLayerOlsldx| olsldx ] ], as defi
ISO/IEC 23090-3.

8 shall
ned in

max_picture width indicates the maximum picture width, in units of luma samples, that applies to this
operating point. The following constraints apply for max picture width:

max_pjcture height indicates the maximum picture height, in units of luma samples, that applies
operating point. The following constraints apply for max picture height:

avg_ f1
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max 1

SY

— Otherwise (this operating point contains more than one layer), the value of max Ypicture

— Ifthis operating point contains only one layer, the value of sps_piceight_max_in_luma_sam
defined in ISO/IEC 23090-3, shall be the same in all SPSs referenéed by the VCL NAL units in the VVC

—{ Otherwise (this operating point contains more than<ne layer), the value of max picture 1}

rate. Value 2 indicates that the represéntation of each sublayer in the bitstream of the operating g

defined in ISO/TEC 220002 challhathacamain 411 CDCc rafarancad hyuytha VCT NAT yynitc in +
e e o oAt Eo v v-5- Stdr B etHe-Sa e H g oS FerereReea oyt~ o uhites i+

If this operating point contains only one layer, the value of sps_pic_width_max_in_luma_samples, as

e VVC

bitstream of this operating point, and the value of max_picture width shall be equal to thatx
sps_pic_width_max_in_luma_samples.

shall be equal to the value of vps_ols_dpb_pic_width[ MultiLayerOlsIdx[ olsldx.] ], as defi
ISO/IEC 23090-3.

bitstream of this operating point, and the value of max_pictureéiheight shall be equal to thatv
sps_pic_height_max_in_luma_samples.

shall be equal to the value of vps_ols_dpb_pic_height[ MultiLayerOlsldx[ olsldx ] ], as defi
ISO/IEC 23090-3.

ame rate gives the average frame rate in units of frames/(256 seconds) for the operating

Litiple layers, this gives the average access\unit rate.

nt frame rate equal to 1 indicates that the bitstream of the operating point is of constant

nstant frame rate. constant (frame rate equal to 3 is reserved. When the bitstream of the ope
int contains multiple layerS;:this gives the indication of whether the bitstream of the operating
s constant access unit rate-

t rate gives the maximum bit rate in bits/second of the bitstream of the operating point, ov
ndow of one secend:

t rate giveSthe average bit rate in bits/second of the bitstream of the operating point.

yer count) specifies the count of all unique layers in all of the operating points described
ntaxstructure.

layer|

hlue of

| width
ned in

fo this

les, as

hlue of

height
ned in

point.

lue 0 indicates an unspecified average framegate. When the bitstream of the operating point contains

frame
oint is

constant frame rate. Value 0 indicates that the bitstream of the operating point may or may ngt be of

rating
y point

er any

n this

| iaspecifies nuh_layer_id of a layer for which all the direct reference layers are given in the foll

loop of direct ref layer id.

owing

num_direct ref layers specifiesthe number of direct reference layers for the layer with nuh _1ayer idequal
to layer id. When a1l independent layers flag isequalto 1, num direct ref layers is inferred to
be equal to 0 for each layer.

direct ref layer idindicates nuh_layer_id of the direct reference layer.

max tid il ref pics plusl equal to O specifies that the pictures of the layer with nuh_layer_id equal to
direct ref layer id thatare neither IRAP pictures nor GDR pictures with ph_recovery_poc_cnt equal
to 0 are not used as inter-layer reference pictures for decoding of pictures of the layer with nuh_layer_id
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equal to 1ayer id. A value greater than 0 specifies that, for decoding pictures of the layer with nuh_
layer_id equal to 1ayer id, no picture from the layer with nuh_layer_id equal to direct ref layer id
with Temporalld greater thanmax_tid il ref pics plusl - 1isused asan inter-layer reference picture
and no APS with nuh_layer_id equal to direct ref layer idand Temporalld greater than max tid i1
ref pics plusl - 1lisreferenced.

11.4.11Decoding capability information sample group

11.4.11.1 Definition

A sample
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class
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dci ng
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11.4.1

When a decoder is initialized in a manner that it can handle coded video sequences of any-profi
hg order reference two sample entries that are mapped to the same decoding capability infermation
description entry, a player could switch sample entries without re-initialization of the.decoder. Wh
utive samples in decoding order belong to different VVC bitstreams, switching sample entries without d
alization could require special handling of the coded picture buffer and the decoder picture buffer.

DCI NAL unit is present in any sample entry or inband, it shall be exactly the same as the DCI NA
pd in the corresponding decoding capability information sample group.

ying a single track, the decoding capability information sample group/from that track applies.

a VVC bitstream for a particular operating point is reconstructed from multiple VVC tracl
ing applies:

plies.

1.2 Syntax

DecodingCapabilityInformation\eXtends VisualSampleGroupEntry ('dcfi') {
igned int(16) dci _nal unit_ length;

(8*dci nal unit length) dci-nal unit;

1.3 Semantics

1 unit_length dndicates the length in bytes of the DCI NAL unit.

1 unit contains a DCI NAL unit as specified in ISO/IEC 23090-3.

2Parameter set sample group

11.4.1

e_tier_

syntax structures included in the DCI NAL unit without re-initialization and two consecutive samjples in

sample
bn two
ecoder

L unit

ks, the

hen a 'vopi' sample group is present for the VVC bitstream, the decoding capability information
sample group from the track carrying the 'vopi' sample;group applies.

hen an 'opeg' entity group is present for the VVC bitstream, the decoding capability information
sample group from the first track listed in the !opeg' entity group as belonging to the operating

) point

2.1 Definition

A sample group description entry of this sample group contains an SPS NAL unit.

When a sample is mapped to a parameter set sample group ('pase'), it indicates that the SPS NAL unit
contained within the sample group description entry needs to be inserted into the reconstructed AU if
the target maximum picture format corresponds to the picture format indicated by the grouping type
parameter field in the sampleToGroupBoxes for the parameter set sample group.
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When a sample group of type 'pase’ is present in a VVC track, a sample shall be marked as belonging to the

'pase’

sample group when any of the following is true:

— The sample of the VVC track contains an SPS NAL unit.

— TheVVCtrackhasatrackreference oftype 'vven' toaVVCnon-VCLtrack thatand thereis a corresponding
sample in the associated VVC non-VCL track having the same decoding time that contains an SPS NAL unit.

— The sample references a different sample entry than the previous sample in decoding order and the

sa

mple entry contains an SPS NAL unit.

All instances of the sampleToGroupRox for the parameter set sample group shall include grouping

 type_

paramg

un
un

max_w]
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11.4.1
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11.4.1

11.4.1
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When

unit cpntained within the sample group description entry needs to be inserted into the reconstruct

if the

paramg

All ing

type_i
as foll

ter. The grouping type parameter field is specified for the parameter set sample group as foll

igned int (16) max width;
igned int (16) max height;

dth and max height specify the maximum picture format of the target reconstricted bitstre
hich a SPS NAL unit is to be inserted.

2.2 Syntax
ParameterSetNALUEntry () extends VisualSampleGroupEntry ('pasel)

igned int(16) ps nalu length;
(8* ps _nalu length) ps nal unit;

2.3 Semantics
u_length indicates the length in bytes of the SPS NAL unit.
_unit contains an SPS NAL unit as specified in ISO/IEC 23090-3.

3 Access unit delimiter sample group

3.1 Definition
ble group description entry of this sample group contains an AUD NAL unit.

a sample is mapped to anaccess unit delimiter sample group ('aud '), it indicates that the AU

farget operating poifit)corresponds to any of the output layer sets indicated by the grouping]
ter field in the sawpleToGroupBoxes for the access unit delimiter sample group.

tances of theysampleToGroupBox for the access unit delimiter sample group shall include gro
arameter. {Flle grouping type parameter field is specified for the access unit delimiter sample
DWS:

WS:

hm for

D NAL
ed AU

| type_

ping
group

bif (22) (reserved = 0;
ungigned int (9) ols idx;
undigfhed int (1) lower ol id inclusive-

ols idx specifies the OLS that the sample group applies to.

lower ols idx_inclusive equal to 0 specifies that the sample group applies only to the OLS with index
equal to ols idx. lower ols idx inclusive equal to 1 specifies that the sample group applies to any
OLS with index from 0 to o1s_idx, inclusive.

11.4.13.2 Syntax

class

{

AUDSampleEntry () extends VisualSampleGroupEntry ('aud ')
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bit (24) audNalUnit;

11.4.13.3 Semantics

audNalunit contains an AUD NAL unit as specified in ISO/IEC 23090-3.
11.4.14End of sequence sample group

11.4.14.1 Definition

A sample group description entry of this sample group contains one or more EOS NAL units.

When |a sample is mapped to an end of sequence sample group ('eos '), it indicates that the EQS'NAL units
contaiped within the sample group description entry needs to be inserted in the reconstructed AU if the
targetfoperating point corresponds to any of the output layer sets and maximum Temporalld indicated|by the
grouping type parameter field in the instances of the samp1eToGroupBox for the end of sequence sample group.

All indtances of the sampleToGroupBox for the end of sequence sample group shalkinclude grouping|type
param¢ter. The grouping type parameter field is specified for the end of sequence sample group as follows:

bif (19) reserved = 0;

ungigned int(9) ols idx;

ungigned int(3) max tid;

ungigned int (1) lower ols idx inclusive;

ols i¢x andmax tid specify the operating point that the samplegroup applies to.

lower [ols idx_inclusive equal to O specifies that the sample group applies only to the operating point
with OLS index equal to ols_idx. lower ols idx inclWsive equalto 1 specifies that the sample|group
agplies to any OLS with index from 0 to o1s_idx, incldsive.

NOTE The assignment of samples to an 'eos !Ssample group description entry and to instances|of the
SamplgToGroupBox with particular max_ tid values jséddescribed with an example as follows: In the example|AU(N)
is the lpst AU in a CVS and has Temporalld equal to T, and AU(N-1) has Temporalld equal to 0. AU(N-1) is mapped to
an 'eop ' sample group withmax tid equal to O,which indicates that if the selected operating point has the highest
Tempofalld value equal to 0, the EOS NAL units'in the mapped sample group description entry need to be insertled into
the reqonstructed AU(N-1). AU(N)is mappediteo an 'eos ' sample group withmax_tid equal to 1, which indicates that
if the selected operating point has the highest Temporalld value equal to 1, the EOS NAL units in the mapped pample
group (lescription entry need to be inserted into the reconstructed AU(N).

11.4.14.2 Syntax

class |EndOfSequenceSampleEntry () extends VisualSampleGroupEntry ('eos ')
{
ungigned int (8){ num eos nal unit minusl;
fof (i=0; i <%/mum eos nal unit minusl; i++)
bit (16) .e®8NalUnit[i];

11.4.143 Semantics

num_eos nal unit minusl plus 1 specifies the number of EOS NAL units in the sample group description entry.

eosNalUnit[i] contains the i-th EOS NAL unit in the sample group description entry. The syntax and
semantics of the EOS NAL unit are specified in ISO/IEC 23090-3.

11.4.15End of bitstream sample group

11.4.15.1 Definition

A sample group description entry of this sample group contains an EOB NAL unit.
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When a sample is mapped to an end of bitstream sample group ('eob '), it indicates that the EOB NAL unit
contained within the sample group description entry needs to be inserted into the reconstructed AU if the
target operating points corresponds to any of the output layer sets and maximum Temporalld indicated by the
grouping type parameter field in the instances of the samp1eToGroupBox for the end of bitstream sample group.

All instances of the sampleToGroupBox for the end of bitstream sample group shall include grouping type
parameter. The grouping type parameter field is specified for the end of bitstream sample group as follows:

bit (19) reserved = 0;

unsigned int(9) ols idx;

unsigned int(3) max tid;

unsigned int (1) lower ols idx inclusive;

ols i

lower |
w

ap

11.4.1

class

bif

11.4.1

eobNa ]
11.4.1

11.4.1

This s
VVC s
tracks
descri
sampl

11.4.1

alignd
{
un
bif
un;
un
fol

x andmax tid specify the operating point that the sample group applies to.

[01s idx inclusive equal to O specifies that the sample group applies only to the gperating
th OLS index equal to o1s_idx. lower ols idx_inclusive equalto 1 specifies that the’sample
plies to any OLS with index from 0 to o1s_idx, inclusive.

5.2 Syntax

EndOfBitstreamSampleEntry () extends VisualSampleGroupEntry ('eQb,™)

(16) eobNalUnit;

5.3 Semantics

Unit contains an EOB NAL unit as specified in ISO/IEE 23090-3.
6Subpicture ID sample group

6.1 Definition

hmple group may be present in such V.VG tracks and VVC subpicture tracks that contain one o
ibpictures with sh_subpic_id present.in the slice headers. This sample group shall not be pre{
that do not contain VVC subpictures-with sh_subpic_id present in the slice headers. Each sample
ption entry indicates a list of one.or more subpicture ID values in decoding order that are contai
bs mapped to this sample group-description entry.

6.2 Syntax
d(8) class VvcSubpicIDEntry () extends VisualSampleGroupEntry ('spid')

igned int (1){ néct region flag;
(2) reservéd-= 0;
igned int\(®) continuous id flag;
igned int)(12) num subpics minusl;
(1 =807 1 <= num subpics minusl; i++) {
if£((continuous id flag && i1 == 0) || !continuous_ id flag)
unsigned int (16) subpic id[i];

point
group

" more
ent in

group
ned in

1if” (rect Y‘orjw'mn ‘F'I;urj\

unsigHed int716) groupID[i];

11.4.16.3 Semantics

rect_region flag equal to O specifies that no association information to rectangular regions is provided
for the subpictures contained in the sample mapped to this sample group description entry. rect
region_ flag equal to 1 specifies that association information to rectangular regions is provided for the
subpictures contained in the sample mapped to this sample group description entry.
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num_subpics minusl plus 1 specifies the number of VVC subpictures contained in the sample mapped to this

sample group description entry.

subpic_id[1i] specifies the i-th subpicture identifier, in decoding order, contained in the sample mapped
to this sample group description entry. The value of subpic_id[i] shall not be equal to any other value
of subpic_id[j1, where i is not equal to j, in the same vvcsubpiciDEntry. When continuous id flagis
equal to 1, the value of subpic_id[i] for i in the range of 1 to num subpics minusi, inclusive, is equal to

subpic id[i-1]+1.

groupID[i] specifies unique identifier of the rectangular region associated with the i-th subpicture

contained in the sample mapped to this sample group description entry.

11.4.17 Subpicture order sample group

11.4.147.1 Definition

This sample group is used in VVC merge base tracks with 'subp' track referencing to VV€-subpicture 1
Each spmple group description entry indicates the subpictures or slices of a coded pigture in decoding]
wherel each index of the track reference of type 'subp' indicates one or more subpictures or slices t}
contiguous in decoding order.

To easle PPS or SPS rewriting in response to subpicture selection, each sample group description entf
contain a vvCcsubpicIDRewritingInfomationStruct Structure that contains:

— a1 indication of whether selected subpicture IDs should be changed in PPS or SPS NAL units;
— t:[ length (in bits) of subpicture ID syntax elements;

— the bit position of subpicture ID syntax elements in the:Containing RBSP;

racks.
order,
1at are

y may

— aflagindicating whether start code emulation prevention bytes are present before or within subpictufre IDs;

— thle parameter set ID of the parameter set containing the subpicture IDs.

11.4.17.2 Syntax of vvCSubpicIDRewritingInfomationStruct

aligngd (8) class VVCSubpicIDRewritingInfomationStruct ()
{
ungigned int (4) subpic _id len minusl;
ungigned int (12) subpic idibit pos;
ungigned int (1) start code emul flag;
ungigned int (1) pps_ sps\subpic id flag;
if| (pps_sps subpic id filag)

unsigned int (6), pps id;

elge {

unsigned int{(4)” sps_id;

bit (2) reserwved = 0;

11.4.173 Semantics of vvcSubpicIDRewritingInfomationStruct

subpic_id len minusl plus 1 specifies the number of bits in subpicture identifier syntax elements in
SPS, whichever is referenced by this structure.

PPS or

subpic id bit pos specifies the bit position starting from O of the first bit of the first subpicture ID syntax

element in the referenced PPS or SPS RBSP.

start_code emul flag equal to O specifies that start code emulation prevention bytes are not p

resent

before or within subpicture IDs in the referenced PPS or SPS NAL unit. start code emul flagequaltol

specifies that start code emulation prevention bytes may be present before or within subpicture
the referenced PPS or SPS NAL unit.
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pps_sps_subpic_id flag, when equal to 1, specifies that the PPS NAL units applying to the samples mapped
to this sample group description entry contain subpicture ID syntax elements. pps_sps_subpic id flag,
when equal to 0, specifies that the SPS NAL units applying to the samples mapped to this sample group
description entry contain subpicture ID syntax elements.

pps_1id, when present, specifies the PPS ID of the PPS applying to the samples mapped to this sample group
description entry.

sps_id, when present, specifies the SPS ID of the SPS applying to the samples mapped to this sample group
description entry.

11.4.17.4 Syntax of vvcSubpicOrderEntry

aligngd(8) class VvcSubpicOrderEntry() extends VisualSampleGroupEntry ('spor')
{
ungigned int (1) subpic id info flag;
ungigned int (15) num subpic ref idx;
for (i = 0; i < num subpic ref idx; i++)
unsigned int (16) subp track ref idx[i];
if| (subpic id info flag)
VVCSubpicIDRewritingInfomationStruct () subpic id rewriting info;

11.4.17.5 Semantics of vvcSubpicOrderEntry

subpi¢ id info_ flag equal to O specifies that the subpicture ID values-explicitly signalled in the SPSs and/
o1 PPSs or inferred without explicit signalling are correct for th€ indicated set of subp track ref {dx[i]
vdlues and thus no rewriting of SPSs or PPSs is required. sappic id info flagequal to 1 specifigs that
SRESs and/or PPSs may need rewriting to indicate the subpictures corresponding to the set of] subp
track ref idx[i] values and the subpicture ID values«are not inferred.

num_sibpic ref idx greater than 0 specifies the number of reference indices of subpicture tracks of track

grjoups of subpicture tracks referenced by the VVC track. num subpic ref idx equal to O specifi¢s that
1)|the number of reference indices of subpictufe tracks or track groups of subpicture tracks referenced
byt the VVC track is equal to the number of-entries in the 'subp' track reference of the VVC track, pnd 2)
thie order of subpicture tracks or track greups of subpicture tracks to be resolved for inclusion into the
VYC bitstream reconstructed from tlie*VVC track is the same as the order of the entries in the |subp’
track reference of the VVC track.

subp_track ref idx[i] specifiesa\subp' track reference index of the i-th list of one or more subpictures or
slices to be included in the.V.VC bitstream reconstructed from the VVC track.

subpi¢ id rewriting infd_contains syntax elements assisting in rewriting subpicture IDs in PPS pr SPS
NAL units.

11.4.18Subpicture’layout map entry

11.4.18.1 Definition

The vijaSubpictureLayoutMapEntry may be used to assign an identifier, called group1p, to each loop efptry of
the ' spor—samptegroup-

The vvcsubpictureLayoutMapEntry, when present, shall be linked to a sample group description providing
the semantics of that grouptp. This link shall be provided by setting the groupIp info 4cc to the four-
character code of the associated sample grouping type. It is forbidden to indicate an associated grouping
type for which the sample group description definition does not provide semantics for group1n.

If num subpic ref idx In VvcSubpicOrderEntry is greater than 0, the i-th loop entry in the
VvcSubpicLayoutMapEntry maps to subp track ref idx[i] in VvcSubpicOrderEntry. Otherwise (num_
subpic ref idx equal to 0), the i-th loop entry in the vvcSubpicLayoutMapEntry maps to the i-th entry of
the 'supp' track reference.
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When groupID info 4cc is equal to 'trif' in a VVC merge base track, the same track shall include a
SampleGroupDescriptionBox of type 'trif' with entries constrained as follows:

- re

— fu

11.4.1

class

ct_region_ flag shall be equal to 1.

11 picture shall be equal to 0.

8.2 Syntax

VvcSubpicLayoutMapEntry () extends VisualSampleGroupEntry ('sulm') {

unsigned int (32) groupID info 4cc;

un

igned int(16) entry count minusl:

fol

11.4.1

group]
|91

entry |
VY

thle 'subp' track reference. Otherwise, entry count minus1 plus 1 shallbe equal to num subpic_ rq

in

group]

11.4.1

11.4.1

This s
subpid
indice
VVC n
signal

To eas|

sample group description entry with this groupIp and groupivig type equal to groupID info 4cc.
ple group p y pivg_ q _ _

(i=0; 1 <= entry count minusl; i++)
unsigned int (16) grouplD;

8.3 Semantics

D info 4cc specifies that further information of the groupip values specified in this ent
OVidedinziSampleGroupDescriptionBoxVvﬂflqroupingftypeequaltOgroupIDkinfoi4ca

[count minusl plus 1 specifies the number of entries in the map. When num subpic ref
cSubpicOrderEntry is equal to 0, entry count minus1 plus 1 shall be-equal to the number of ent

VvcSubpicOrderEntry

D specifies the unique identifier of the group. More inforniation about the group is provided

9Mixed NAL unit type pictures sample group

9.1 Definition

ample group is used in VVC merge base tracks, i.e., in VVC tracks with ' subp' track referencing
ture tracks. Each sample group description entry indicates a group of pairs of 'mixn' track ref
5, which reference VVC subpicture traeks or track groups. When a VVC bitstream is resolved fr
erge base track containing the /minp' sample group by merging the pairs of VVC subpicture
ed in the 'minp' sample group.entry then there is mixing of different NAL unit types.

e PPS rewriting in responseyto subpicture selection, each sample group description entry may cq

— t
el

11.4.1

alignd
Visual

— t:E bit position of the pps.mixed_nalu_types_in_pic_flag syntax element in the containing RBSP;

parameter set:ID of the parameter set containing the pps_mixed_nalu_types_in_pic_flag

bment.
9.2 Syntax
d (&) \Class VvcMixedNALUnitTypePicEntry () extends

SampleGroupEntry ('minp"')

ry are

idx in
ries in
pf idx

by the

o VVC
brence
m the
tracks

ntain:

byntax

{

unsigned int (16) num mix nalu pic idx;
for (i = 0; 1 < num mix nalu pic idx; i++) {

}

unsigned int(16)_mix:subp:tragk7idxl[i}
unsigned int (16) mix subp track idx2[i]

unsigned int (10) pps mix nalu types in pic bit pos;
unsigned int(6) pps_id;
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11.4.19.3 Semantics

num mix nalu pic_idx specifies the number of pairs of 'mixn' track reference indices of subpicture tracks
or track groups of subpicture tracks referenced by the VVC merge base track in this mixed NAL unit

ty

pe pictures sample group description entry.

mix_subp track idx1[i] and mix subp track idx2[i], for each value of i, specifies a 'mixn’
reference index value, each referencing a track 10 value of a VVC subpicture track or a track group
id value of an 'snut' or 'alte' track group of VVC subpicture tracks. The value of mix subp track
idx1[1i] shallnotknaequalto mix subp track idx2[i].

pps_mj

pps_1
11.4.2

11.4.2

This s
rectan

group

To eas
may ¢
and 11

11.4.2

aligng
Visual

{

track

ty

ar

t

af

a e o
T PP STTAaty

pes_in_pic_flag syntax element in the referenced PPS RBSP.

specifies the PPS ID of the PPS applying to the samples mapped to this sample group description
ORectangular region order sample group

0.1 Definition

hmple group is used in VVC extraction base tracks. Each sample group description entry indica
gular regions of a picture in decoding order, where each region igfi] value present in the 3
description entry identifies a rectangular region.

e PPS or SPSrewriting in response to rectangular region selection, each sample group descriptior]
bntain a vvcsubpicIDRewritingInfomationStruct structuredthat is specified in subclauses 11|

 nalu_

entry.

es the
ample

| entry
.4.17.2

.4.17.3 and contains:

indication of whether selected subpicture IDs should.be changed in PPS or SPS NAL units;

t:[ length (in bits) of subpicture ID syntax elements;

bit position of subpicture ID syntax elements in the containing RBSP;

thie parameter set ID of the parametef.set containing the subpicture IDs.

un
bid
ung
fol

0.2 Syntax
d(8) class VvcRectRegionOrderEntry () extends
SampleGroupEntry ('xeror')

igned int (1) sdbpic_id info flag;
(7) reserved\s 0;
igned int(M) num alternate region set;

(i = 0p~X¥ < num alternate region set; i++) {
unsignédvint (16) num regions in set[i];
unsigned int (16) alternate region set id[i];
for\ ¢ = 0; J < num regions in set[i]; Jj++)

lag indicating whether start code emulation prevention bytes are present before or within subpicture IDs;

unsigned int (16) groupID[i] []j];

}

unsigned int (16) num regions minusl;
for (i = 0; i1 < num regions minusl; i++)

if

unsigned int(l6)_region_zd[i};
(subpic id info flag)
VVCSubpicIDRewritingInfomationStruct () subpic id rewriting info;

11.4.20.3 Semantics

subpic_id info_ flag equal to O specifies that the subpicture ID values explicitly signalled in the SPSs and/
or PPSs or inferred without explicit signalling are correct for the indicated set of region id[i] values
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and thus no rewriting of SPSs or PPSs is required. subpic_id info flag equal to 1 specifies that SPSs
and/or PPSs may need rewriting to indicate the subpictures corresponding to the set of region id[i]
values and the subpicture ID values are not inferred.

num_alternate region set specifies the number of alternate region sets signalled in this sample group
description entry.

num_regions in set[i] specifies the number of rectangular regions of the i-th alternate region set in this
sample group description entry.

alternate region set id[i] specifies the unique identifier of the i-th alternate region set. The value

of 1 i 4 i D
oTroceriraT eSO T TCT T OTIorTT 1 1 Oy ST ouPTT

NALUMapEnt ry in the referenced VVC track by 'recr' track reference in this track.

L chall nat ho aaual +a N and chall mat ha aanal +0 ANy
TO T ottt r—Tto—ootrrttr—oror ot ot CtHuo

in the

group}D[i] [7]1 specifies the unique identifier of j-th rectangular region that belongs to the i+th altprnate

num_regions minusl plus 1 specifies the number of rectangular regions.

regiof
tr
(021
in

edual to 0.

subpi

Sy

cluded in the VVC bitstream reconstructed from this track. The value of region idri] shall

11.4.2

11.4.2
When

bclauses 11.4.17.2 and 11.4.17.3, respectively.
1Subpicture level information sample group

1.1 Definition

rejgion set. groupID[i] [§] Value is equal to groupIDp in the NaLUMapEntry in the VVC trackreferenced by
thie 'recr' track reference in this track. The value of groupip(i] (31 shall not be equalto 0.

_id[1i], for each value of i, specifies the value of group1Dp in the NaLUMapEnt ry in the referencgd VVC
hck of the i-th rectangular region to be included in the VVC bitstream¥€eonstructed from thi§ track
the value of a1ternate region set id of an alternate region set of/the i-th rectangular regiop to be

not be

_id rewriting info contains syntax elements assisting\in rewriting subpicture IDs in KPS or
SBS NAL units. The syntax and semantics of subpic id €éwriting info are specified in speci

fied in

a subpicture entity group with 1ey&l”is static flag equal to 0 is present, a subpictur¢ level

infornpation sample group ('sp1i') shallbe present in the track with track ID equal to the level|info

entity
A sub
subpid
group

paramg

All inj
group]

ung

 idx-th entity id value of the subpicture entity group.

picture level information sample group provides level information for one or more groups
ture tracks indicated by(a)subpicture entity group, referred to as the associated subpicture

ter field in the instanges of the sampleToGroupBox for the subpicture level information sample

tances of the sampleToGroupBox for the subpicture level information sample group shall i

ignedsint (32) subpic entity group id;

subpid

| éntity group idspecifiesthe group idinthe EntityToGroupBox of the associated subpicture entity

f VvC
entity

Information for identifying the associated subpicture entity group is signalled by the grouping|type

Froup.

nclude

ng_type parameter. The grouping type parameter field is speciﬁed for the subpkiure level
infornpation sample'group as follows:

group.

11.4.21.2 Syntax

aligned(8) class SubpicLevelInfoEntry () extends VisualSampleGroupEntry('spli')

{

unsigned int (8) level idc;

}

11.4.21.3 Semantics

level idc specifies the level to which the set of samples that are members of this sample group in each
combination of subpicture tracks indicated by the associated subpicture entity group conforms.
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11.5 Entity groups

11.5.1 Subpicture entity groups

11.5.1.1 General

Subpicture entity groups are defined to provide level information indicating conformance of a merged
bitstream out of several VVC subpicture tracks.

NOTE

The VVC merge base track provides another mechanism for merging VVC subpicture tracks.

The ifaplicit reconstruction process based on the subpicture entity groups requires modificaf

param
recon;

When
the pl
contri

When
be joir]
Both

when
applic
indica
applic
group

All thd
preser
the fil

11.5.1
alignd
{ u]
un
bif
if
if

un

11.5.1

level |

id

eter sets. The subpicture entity groups give guidance to ease parameter set generation f]
tructed bitstreams.

hyer can select any set of num active tracks subpicture tracks from a groupcwith the sam
bution, the subpicCommonGroupBox indicates the combinatorial rules.

there are coded subpictures with different properties, e.g. different resolutions, which are sele
tly decoded, the subpicMultipleGroupsBox indicates the combinatorial®ules.

ubpicCommonGroupBox and SubpicMultipleGroupsBox may contain~the level idc value app

hble 1evel idc value is not static, both subpicCommonGroupBéx and SubpicMultipleGroupsBd
Le the track that contains the associated subpicture level information sample group that indica
hble 1evel idc value. An applicable 1evel idc value is pfovided in at least one of a subpicture
and the associated subpicture level information sample.group.

entity idvaluesincluded in the subpicture entity’groups shall identify VVC subpicture tracks.
t, SubpicCommonGroupBox and SubpicMultipleGxbdupsBox shall be contained in the GroupsList
p-level MetaBox and shall not be contained in M&taBoxes of other levels.

.2 Syntax of subpicture common group box

d(8) class SubpicCommonGroupBox extends EntityToGroupBox('acgl',0,0)
signed int (1) level is presént:flag;
igned int(1l) level is static flag;
(6) reserved = 0;
level is present flag™)
unsigned int (8) levefl tdc;
level is static fdag == 0 )
unsigned int (32),level info entity idx;
igned int (16) numractive tracks;

.3 Semantics of subpicture common group box

[is present flag equal to 1 specifies that 1evel idc is present in this subpicCommonGroupBox.
| présent flagequal to O specifies that 1evel idcisnot presentin this subpicCommonGroupBox.

ion of
or the

the VVC subpicture tracks within the group that are to be jointly decoded are interchangeable, i.e.

b Jlevel

ted to

icable

decoding jointly any combination of VVC subpicture tracks indicated in the entity group. Whien the

x may
es the
entity

When
Box in

level

level is static flag equal to 1 specifies that the level to which any set of num active tracks entities
among the current entity group conforms is static for all samples in the selection of tracks and is indicated
by the 1evel idc field in the current subpicCommonGroupBox. level is static flag equal to 0 specifies
that the level for such a selection, for a particular set of samples, is indicated by the 1evel idc field in
the sample group entry of the associated subpicture level information sample group, which is in the
track with track 1D equal to level info entity idx-thentity id value in this subpicCommonGroupBox
and haSsubpic_entity_group_id,equaltOthe group_id in this subpiccommonGroupBox. The particular
set of samples is the set of samples that are members of the associated subpicture level information
sample group. When 1evel is present flagisequaltoO0, level is static flag shall be equal to 0.
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level idc specifies the level to which any set of num_active tracks entities among the current entity group
conforms.

level info entity idx specifies the track containing the associated subpicture level information
sample group. The track with track 1D equal to level info entity idx-th entity id value in this
SubpicCommonGroupBox should be a track that contains picture header NAL units.

num_active tracks specifies the number of tracks for which the value of 1eve1l idc value is provided in this
SubpicCommonGroupBox OT in the associated subpicture level information sample group.

11.5.1.4 Syntax of subpicture multiple groups box

aligngd (8) class SubpicMultipleGroupsBox extends EntityToGroupBox('amgl',0,0)
{
ungigned int (1) level is present flag;
ungigned int(l) level is static flag;
bif (6) reserved = 0;
if| level is present flag )
unsigned int (8) level idc;
if| level is static flag == )
unsigned int(32) level info entity idx;
ungigned int (16) num subgroup ids;

sulpgroupIdlLen = (num_ subgroup ids >= (1 << 8)) 2 16 : 8;
fof (1 = 0; 1 < num entities in group; i++)

unsigned int (subgroupIdLen) track subgroup id[i];
fof (i = 0; i < num subgroup ids; i++)

unsigned int (16) num active tracks([i];

11.5.1.5 Semantics

level [is present flagequaltolspecifiesthatievel idgispresentinthissubpicMultipleGroupsBox.level
i present flagequalto O specifies that 1evel idc'is not present in this subpicMultipleGroupshox.

level [is static flag equal to 1 specifies that the level to which the set of any num active tra¢ks[i]
trhcks among the subgroup with ID equal*te i for all values of i in the range of 0 to num_subdroup
ids - 1, inclusive, conforms is static forall samples in the subpicture tracks included in the chrrent
erftity group, and is indicated by the 1ev&1 idc field in the current subpicMultipleGroupsBox. leveél is

stfatic flag equal to 0 specifies thatthe level for such a combination, for a particular set of samples, is
indicated by the 1evel idc field in the sample group entry of the associated subpicture level information
sample group, which is in the. track with track id equal to level info entity idx-th entity id
vdlue in this subpicMultipletroupsBox and has subpic entity group id equal to the group id|in the
ErftityToGroupBox Of the eurrent entity group. The particular set of samples is the set of sampl¢s that
arle members of the associated subpicture level information sample group. When 1level is pr¢sent
fllagisequalto 0, kével is static flag shall be equal to O.

level [idc specifiesthe level to which the set of any num_active tracks[i] tracks among the subgroup with
ID equal to i fer all values of i in the range of 0 to num_subgroup_ids - 1, inclusive, conforms.

level [info.entity idx specifies the track containing the associated subpicture level information
sample ‘group. The track with track ID equal to level info entity idx-th entity id value in this
SybpicMultipleGroupsBox should be a | track that contains picture header NAL units.

num_subgroup_ids specifies the number of separate subgroups, each identified by the same value of track
subgroup id[i]. Different subgroups are identified by different values of track subgroup id[i].

track subgroup id[i] specifies the subgroup ID for the i-th track in this entity group. subgroup ID values
shall range from 0 to num_subgroup_ids - 1, inclusive.

num_active tracks[i] specifies the number of tracks among the subgroup with ID equal to i.
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11.5.2 Operating point entity group

11.5.2.1 General

The operating point entity group is defined to provide a mapping of tracks to operating points and
information of the operating points, such as profiles and levels.

When an 'opeg' entity group is present, the file shall contain a file-level ExtendedTypeBox with a brand
combination including the 'unif' brand specified in ISO/IEC 14496-12.

The implicit reconstruction process when aggregating samples of the tracks mapped to an operating point

descriﬁea In this entity group does not require removing any further VCL NAL units to result in a coniq
VVC bitstream. Tracks belonging to an Operating Point Entity Group shall have a track reference of type

to the

All the

that b
Group

11.5.2

alignd
{
un
fol

bid
un

ung
fol

bid
ung
fol

broup idindicated in the Operating Point Entity Group and shall not carry a 'vopi' sample'grouj

entity id values included in the operating point entity groups shall represent track IDs of
blong to the same VVC bitstream. When present, operatingPointGroupBox shall.be contained

ListBox in the file-level MetaBox and shall not be contained in MetaBoxes of othérlevels.
.2 Syntax
d(8) class OperatingPointGroupBox extends EntityToGroupBox (}epeg',0,0)

igned int (8) num profile tier level minusl;
(i=0; i<=num profile tier level minusl; i++)
VvcPTLRecord (0) opeg ptl[i];
(6) reserved = 0;
igned int (1) incomplete operating points flag;
igned int(9) num olss;
(i=0; i<num olss; i++) {
unsigned int(8) ptl idx[i];
unsigned int (9) ols idx[i];
unsigned int(6) layer count[i];
bit (1) reserved = 0;
unsigned int (1) layer info present flagli];
if (layer info present flag) {
for (j=0; j<layer count; j++) ¥
unsigned int (6) layer id[dN{J]:
unsigned int (1) is output-layer[i] [J];
bit (1) reserved = 0;

}

(4) reserved = 0;
igned int (12) num(ogerating points;
(i=0; i<num operating points; i++) |
unsigned int (9).ols loop entry idx;
unsigned int(3)“max temporal id;
unsigned i4dg(¥) frame rate info flag;
unsigned ¥nt (1) bit rate info flag;
if (incomplete operating points flag)
unSigned int (2) op availability idc;
elge
Pit (2) reserved = 0;

rming
vreg'
P.

tracks
in the

bitf (3) reserved = 0:

unsigned int (2) chroma format idc;
unsigned int(3) bit depth minus8;
unsigned int (16) max picture width;
unsigned int (16) max picture height;
if (frame rate info flag) {

unsigned int(16) avg frame rate;

bit (6) reserved = 0;

unsigned int(2) constant frame rate;

if (bit rate info flag) {
unsigned int (32) max bit rate;
unsigned int (32) avg bit rate;
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unsigned int(8) entity count;
for (3j=0; j<entity count; j++)
unsigned int(8) entity idx;

11.5.2.3 Semantics

num profile tier level minusl plus 1 gives the number of following profiles, tier, and level combinations
as well as the associated fields.

opeg_

incomy
st
o
de

num o/

sh

ptl i
la

ols i
layer |

layer |

by

layer |

thlis syntax structure.

is_ ouf
si
ar
num_ oy

9!

ols 1d
pd

max td

frame |

bitirc

t1[i] specifies the i-th profile, tier, and level structure.

lete operating points flag equal to 1 specifies that some operating points declared
Fucture may be incomplete (i.e., some output layer sets or temporal sublayers may be missing in

ss specifies the number of output layer sets signalled in this syntax structureThe value of nuj
all be less than or equal to the value of TotalNumOlss as specified in ISO/IEC 23090-3.

ver set signalled in this syntax structure.

x[1] is the output layer set index of the i-th output layer set sigiialled in this syntax structure.

[info present flag[i] specifies whether the list of layers that belong to the i-th output layel
esent or not.

[id[i] (3] specifies the nuh_layer_id value for,the j-th layer in the i-th output layer set signal

output layer in the i-th output lay€pset signalled in this syntax structure.

erating points gives the number of operating points for which the information follows. The

int. The variable olsldx is set equal to o1s_idx[ ols loop entry idx ]forthe presentloop entry.

mporal id gives the maximum Temporalld of NAL units of this operating point.

va

teninfo flag equal to 0 indicates that no bitrate information is present for the operating poi
Wﬁﬁ#ﬁﬁﬁtﬁf_—%lue indicates that bitrate information 1S present for the operating point.

n the
some

erating points). incomplete operating points flag equal to O specifies that all operating |points
clared in the structure are complete (i.e., all output layer sets and temporal sublayers'associated with
thle operating points are present in the file).

- olss

x[1] specifies the zero-based index of the listed profile, tier, and levelstructure for the i-th putput

[count [1] specifies the number of layers in the i-th outputlayer set signalled in this syntax structure.

set is

led in

put layer[i][j] equal to 1 specifies that the j-th layer is an output layer in the i-th output layer set
bnalled in this syntax structure. is_output layer[i][j] equal to O specifies that the j-th layer|in not

list of

erating points shall includetall'operating points that are present in sample entry of tracks representing
thie bitstream.

op_entry idx istheindexto thelistof outputlayer setssignalled in this syntax structure for the opgrating

[rate ig%o)'flag equalto 0 indicates that no frame rate information is present for the operating point.
The valuge'l indicates that frame rate information is present for the operating point.

t. The

op_availability idc equal to 0 indicates that the operating point is complete. op _availability idc equal
to 1 indicates that at least one layer is missing in the operating point. op_availability idc equal to 2
indicates that at least one temporal sublayer is missing in the operating point. op_availability idc
equal to 3 indicates that at least one layer is missing in the operating point and additionally at least one
temporal sublayer is missing in the operating point.
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The process specified in subclause 11.6 is specified for operating points when incomplete operating
points flag is equal to 0 or op availability idc is equal to O (operating point is complete). When op
availability idc is equal to 1, 2 or 3, a file reader needs to inspect the file to determine if the operating point
can be processed and might need to alter the bitstream reconstruction process compared to what is specified in
subclause 11.6.

chroma format idc indicates the chroma format that applies to this operating point. The following
constraints apply for chroma format idec:

If this operating point contains only one layer, the value of sps_chroma_format_idc, as defined in
ISO/IEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL units in the VVC bitstream

of this operating point, and the value of chroma format ide shall he equal to that value

f sps_

bit dd
ap

max pj
!

max_pj]
OF

chroma_format_idc.

Otherwise (this operating point contains more than one layer), the value of chroma format id
be equal to the value of vps_ols_dpb_chroma_format[ MultiLayerOlsldx[ olsldx ] ,yas defi
ISO/IEC 23090-3.

pth minus8 indicates the bit depth that applies to this operating point. The \following consf
ply for bit depth minus8:

If this operating point contains only one layer, the value of sps_bitdepth_minus8, as defi
ISO/IEC 23090-3, shall be the same in all SPSs referenced by the VGELNAL units in the VVC bitg
of this operating point, and the value of bit depth minusg shall"be equal to that value g
bitdepth_minus8.

Otherwise(this operating point contains more than one layer), the value of bit depth minus

- shall
ned in

raints

ned in
tream
f sps_

5 shall

be equal to the value of vps_ols_dpb_bitdepth_minus8{*MultiLayerOlsldx[ olsldx ] ], as defined in

ISO/IEC 23090-3.

cture width indicates the maximum picture width, in units of luma samples, that applies {
erating point. The following constraints apply formax picture width:

If this operating point contains only one:layer, the value of sps_pic_width_max_in_luma_samy

o this

les, as

defined in ISO/IEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL units in the VVC

bitstream of this operating point, and:the value of max_picture width shall be equal to thatv
sps_pic_width_max_in_luma_sampleés.

Otherwise (this operating point contains more than one layer), the value of max picture]
shall be equal to the value.of vps_ols_dpb_pic_width[ MultiLayerOlsldx| olsldx ] ], as defi
ISO/IEC 23090-3.

cture_height indicdtes the maximum picture height, in units of luma samples, that applies
erating point. Thefollowing constraints apply for max picture height:

If this operdting point contains only one layer, the value of sps_pic_height_max_in_luma_samy

hlue of

_width
ned in

Fo this

les, as

defined in ¥SO/IEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL units in the VVC

bitstream of this operating point, and the value of max_picture height shall be equal to thatv
sps_pic_height_max_in_luma_samples.

Otherwise (this operating point contains more than one layer), the value of max picture 1

hlue of

height

al 111 1 1 1 £ 1 1 1 - 1 - h | N4 h PR 4 Al b | L h - J 1 1 £
SIIdIL DE equdl tO 1€ vdIue 01 VPS_OIS_UpPD_PIC_NCIZIL] MUILILAYCTUISIUX] OISIUX | [, 45 U€l11

ISO/IEC 23090-3.

1ed in

avg frame rate givesthe average frame rate in units of frames/(256 seconds) for the operating point. Value
0 indicates an unspecified average frame rate.

constant frame rate equal to 1 indicates that the bitstream of the operating point is of constant frame
rate. Value 2 indicates that the representation of each sublayer in the bitstream of the operating point is
of constant frame rate. Value 0 indicates that the bitstream of the operating point may or may not be of
constant frame rate. Value 3 is reserved.
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max_bit rate gives the maximum bit rate in bits/second of the bitstream of the operating point, over any
window of one second.

avg bit rate gives the average bit rate in bits/second of the bitstream of the operating point.

entity count specifies the number of tracks that are present in an operating point.

entity idx specifies the index to the entity idlistin the entity group that belongs to an operating point.

11.5.3
The V)

VVC bitstream entity group

When

a) Tlhe EntityToGroupBox shall be contained in the GroupsListBox in the file-level MetaBox @nd shall

CQ

b) The entity id values included in the EntityToGroupBox shall represent the traek IDs of all th

tr

an EntityToGroupBox With grouping type equal to 'vveb' is present, the following constraints

ntained in MetaBoxes of other levels.

hcks carrying one VVC elementary stream.

g T
t

d) The VVC tracks with track ID values represented by the second and.fater entity id values inclu

t
11.5.4

11.5.4

The V)
sampl

In the
group
value

to tra
from (
SAP s3
applie

track]|

When

— The EntityTeé¢cupBox shall be contained in the GroupsListBox in the file-level MetaBox and shall

CQ

— Allthesntity id valuesin the entity group shall be track 1D values of VVC tracks.

e first entity id value included in the EntityToGroupBox shall representthe track ID of a VV(
t carries the 'vopi' sample group.

EntityToGroupBox shall not carry the 'vopi' sample group,
VVC switchable tracks entity group

.1 General

/C switchable tracks entity group defines a setoftracks among which it is possible to switch usi
e description box of a single track included.irvthe entity group.

following, track k refers to the trackwith track 1D equal to the k-th entity id value of the
where k is a variable. The sample description box of the track i may be used as follows. For a par
Df track switch hierarchy id[ipany track j with track switch hierarchy id[j] less than oy

ne track to another is guarahteed to lead to a valid VVC bitstream when the switch is perform
mple with a SAP type lessthan or equal to 3. When a 'dcfi' sample group is present in track i,

[switch hierarchy idJiJ.

AN EntityToGrodpBox With grouping type equalto 'swtk' is present, all the following constraints

ntained imany MetaBox of other levels.

hpply:

not be

e VVC

track

ded in

ng the

entity
ricular
equal

Ck switch hierarchy id[i] may-be used with the sample description box in the track i. Switching

bd at a
it also

5 to any track j of the ertity group with value track switch hierarchy id[j] smaller than or equal to

apply:

not be

— 1lsg

ngthsizeMinusone shall have the same value in all instances of vvcConfigurationBo

and

VvcNALUConfigBox contained in the sample entries of the VVC tracks included in the entity group and of
all VVC tracks, VVC subpicture tracks, and VVC non-VCL tracks referenced by the VVC tracks included in

th

e entity group.

A TrackselectionBox may be present in the set of tracks included in the same VVC switchable tracks entity
group. Tracks belonging to the same group can be differentiated by the differentiating attribute 'swtk'. In
this case, the pointer to the field or information that distinguishes the track is the track switch hierarchy
id[entityldx] value in the VVC switchable tracks entity group for which trackx 1D is equal to entity
id[entityldx].
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11.5.4.2 Syntax

aligned (8) class SwitchableTracks extends EntityToGroupBox ('swtk',0,0)

{

for (1 = 0; 1 < num entities in group; i++)

unsigned int(16)_track_switch_hierarchy_id[i];

11.5.4.3 Semantics

track switch hierarchy id[i] specifiesthe hierarchy ofatrack within the tracks belonging to the entity group.

11.6 PData sharing and VVC bitstream reconstruction

11.6.1 General

The ouytput of the process specified in this subclause is a VVC bitstream, which is referred to as the
bitstr¢am.

Afile leader shall invoke the process specified in this subclause when one or more of the following invg
conditfions are true:

a)

b)

)

d)
e)
f)
g)

When|a VVC switchable tracks entity group ('swtk') is present in a file, a file reader initially se
vvcDe¢oderConfigurationRecord gmong the tracks that belong to the VVC switchable tracks entity
with g particular value of trdc¥ switch hierarchy id[i]. The file reader may switch at SAP sample
SAP type less than or equdl to 3 to any other track that belongs to the VVC switchable tracks entity
and hgs value of track_switch hierarchy id[j] less than or equal to the particular value of track s
hierafchy id[i].The.nitially selected vvcbecoderconfigurationrecord is used for any track with a v
track|switch hier@aréhy id[j] less than or equal to the particular value of track switch hierarchy |

The p1jocess specified in this subclause consists of the following ordered steps:

a)

AVVC bitstream (' vvcb') entity group is present in a file and the file reader processes the VVC bits
represented by the entity group to generate the output bitstream.

An operating point (' opeg') entity group is present in a file and.the file reader uses any of the ope
pqints described by the entity group to generate the outputhitstream.

The file reader extracts a subset of the layers or sublayers of a VVC track with pt1 present flag
to| 1 to generate the output bitstream.

The file reader processes a VVC merge base track.
The file reader processes a VVC extraction base track.
The file reader processes a VVC track thathas an associated VVC non-VCL track.

The file reader processes a VVC track'that contains a 'pase' sample group.

Wihen:the invocation condition a, b, or c above is true, an operating point is determined at the s

butput

cation

tream

rating

equal

ects a

group
s with
group
itch
hlue of
id[i].

tart of

th|e VVC bitstream and may be determined again for any IRAP or GDR access unit.

The method of determining the operating point is outside the scope of this document.

When incomplete operating points flag is equal to 1 in an 'opeg' entity group or a 'vopi' sample
group, the selected operating point shall be such that op_availability idc is equalto O for the selected

operating point.

When the file reader either selects an operating point the first time or selects a different operating point
than what was selected earlier, the file reader shall indicate the output layer set index and the highest
Temporalld value of the selected operating point to the VVC decoder either by including them in an OPI
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NAL unit inserted into the output bitstream (as the first NAL unit following the AU delimiter NAL unit, if
any, in the first access unit where the operating point is taken into use) or by other means.

NOTE It is possible to down-switch and up-switch layers and sublayers at AUs that do not starta CVS as long
as the set of layers and sublayers being decoded is within the latest operating point that was indicated to the
decoder through an OPI NAL unit or by other means. Layer up-switching can take place at an IRAP, GDR, or STSA
picture unit with Temporalld equal to 0. Sublayer up-switching can take place at an STSA picture unit.

The subsequent ordered steps apply to the sequence of access units in decoding order starting from
an access unit wherein the operating point is determined, inclusive, to the end of the bitstream or the
access unit wherein the operating point is determined next time, exclusive, whichever is earlier in

de r‘nding order.

Whhen a VVC bitstream is represented by multiple VVC tracks, a file parser identifies the tracks needed
for the chosen operating point as follows:

1) When an operating point from the 'opeg' entity group contains the selected operating point|select
the tracks that belong to the operating point as indicated by the 'opeg' entity group.

2)] When an 'opeg' entity group is not present (i.e. when a 'vopi' sample group’is present), detefmine,
from the 'vvcob' entity group which VVC tracks represent a VVC bitstream. The first ent{ty id
of the "vvcb' entity group identifies the track containing the 'vopi%/sample group. The mapping
of operating points to layers and sublayers is concluded from the™"ycpi' sample group. The set of
tracks containing the layers and sublayers of the selected operating point and hence needed for
decoding the selected operating point are concluded from thé«' Tinf' sample groups present|in the
VVC tracks of the VVC bitstream.

Since a particular layer or sublayer may be representéd by more than one track, when figuring out
the required tracks for an operating point, a selection.may need to be made among the set of tracks
that all carry the particular layer or sublayer.

Agcess units to the output bitstream are reconstruicted in the decoding time order of samples amgng the
VYC tracks needed for the chosen operating point' (when the invocation condition a, b, or c above ig true),
orf within the VVC merge base track (when thé“invocation condition d above is true), or within the VVC
extraction base track (when the invocatiomcondition e above is true), or within the VVC track (when the
inocation condition f above is true).

If[several tracks contain data fof the access unit, the alignment of respective samples in trgcks is
pdrformed based on the sample decoding times.

Alsequence of access units_is reconstructed from the respective samples in the required tragks by
inl[roking the implicit reconstruction process specified in subclause 11.6.2 repetitively.

The reconstructed access units are placed into the output bitstream in increasing order of decodinf time.

When both of the following conditions are true:

— the sequénce of access units is followed by a selection a different operating point than what was
selected earlier, and

—{ cthe sequence of access units does not end with EOS NAL units in each layer of the applied opgrating

33t O NATL 34
PUlllL Ul 4dall LUD INAAL UIIlg,

— the file reader shall include an EOS NAL unit for each layer of the applied operating point into the
output bitstream. The included EOS NAL units may be placed at the end of the access unit in the
increasing order of the nuh_layer_id value of the EOS NAL units.

When a VVC bitstream is represented by multiple VVC tracks, the decoding times of the samples shall be such
that if the tracks were combined into a single bitstream ordered by increasing decoding time, the access unit
order would be correct as specified in ISO/IEC 23090-3.
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11.6.2 Implicit reconstruction of a VVC bitstream

This process specifies the reconstruction of an access unit from the time-aligned samples having the current
decoding time among:

— therequired VVC track(s),
— the associated VVC non-VCL tracks, if any, and
— the referenced VVC subpicture tracks, if any.

A time-aligned sample in each required VVC track or each associated VVC non-VCL track, if any, is the sample
with the same decoding time as the current decoding time. A time-aligned sample in each referencgd VVC
subpidture track, if any, is the sample that has the greatest decoding time that is less than or equalfto the
current decoding time.

When|reconstructing a bitstream containing a sublayer for which the VCL NAL units have Temporalld
greatdr than 0, all lower sublayers (i.e., those for which the VCL NAL units have smalleryTemporalld) within
the same layer are also included in the resulting bitstream.

When|the sample(s) with the current decoding time contain VCL NAL units with Temporalld greater than
the greatest Temporalld included in the selected operating point, no access unit’is reconstructed fr¢m the
current decoding time.

When(a sample of the track is marked as belonging to a sample group” 'pase' and the grouping|type
paramg¢ter includes max width and max_height equal to max picture(width and max_picture height in the
vvcDe¢oderConfigurationRecord initially selected to reconstruct{le bitstream, the following applies

— Tle SPS NAL unit within the 'pase' sample group is plaged before the NAL units present in the Jample
arjd after the AUD NAL unit, if any.

— Any SPS NAL units in the reconstructed access unit@s specified in this subclause that are not inserfted by
a |pase' sample group are removed.

NOTE1 When a VVC switchable tracks entity group is present, the file reader initially selpcts a
VvcDe¢oderConfigurationRecord among the tracks that belong to the VVC switchable tracks entity group apd this
VvcDed¢oderConfigurationRecord is also used-for extracting the SPS NAL unit within the 'pase' sample grqup in a
differept track belonging to the VVC switchable tracks entity group when reconstructing a sample of that track].

When|reconstructing an access unit, picture units (as specified in ISO/IEC 23090-3) from samples having
the same decoding time are plaeed into the access unit in increasing order of the nuh_layer_id valye. The
followjing steps may be perforimned when the condition applies:

— Whhen a sample of the'track containing the first picture unit of a sample is marked as belonging to a
sample group 'aud-"with ols idxand 1ower ols idx inclusive corresponding to the target opgrating
pqint, the AUD NAL unit within the 'aud ' sample group description entry is placed into the AU|as the
first NAL unit‘efthe AU.

— When a sample in a track is marked as belonging to a sample group 'eos ' with ols idx, max_tfd and
1dwer, 8¢ idx_inclusive corresponding to the target operating point, the EOS NAL units witHin the

'dos_ " ‘sample group description entry are placed into the AU after all NAL units from the spmple,
evr‘]nding the EOB NAL unit when present

— Whenasampleinatrackis marked as belonging to a sample group 'eob ' withols idx,max tid,and
lower ols idx_inclusive corresponding to the target operating point, the EOB NAL unit within the
'eob ' sample group description entry is placed into the AU after all NAL units of the AU (including
the EOS NAL units, if any).

Only the picture units from the layers and sublayers that are in the target operating point are included in the
output bitstream.

NOTE 2  When the Operating Points Entity Group is not present, there could be layers or sublayers that are carried
in the tracks required for bitstream reconstruction but do not belong to the target operating point.
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NOTE 3 VVC decoder implementations take as input a bitstream corresponding to the target output layer se
and the highest Temporalld value of the target operating point, which respectively correspond to the TargetOlsldx and
HighestTid variables of ISO/IEC 23090-3 Clause 8. A file parser needs to ensure that the reconstructed bitstream does
not contain any other layers and sublayers than those included in the target operating point before sending it to a VVC
decoder.

tindex

When reconstructing an access unit based on an operating point associated with output layer set index i (in
the for loop over num o1ss in the 'vopi' sample group), the following applies:

— When reconstructing an access unit, for each layer in the output layer set with index j in the range from
0 to layer count[i]-1,inclusive, if num ref sublayers in layer in ols[i][j] is greater than O, then

th

e VCI, NAL units bhelongs to the sublayers of that layer for which the VCI, NAL units have Temp

oralld

le
m|
in
— W
0
pi
cr

When
in sub

5s than or equal to Min(num ref sublayers in layer in ols[i][j]-1, max_temporal_id),
hx_temporal_id is the value of the corresponding syntax element for the operating point, are/in
the resulting bitstream and the required tracks are selected accordingly.

hen reconstructing an access unit, for each layer in the output layer set with index.j in‘the rang
0 layer count[i]-1,inclusive,ifnum ref sublayers in layer in ols[i] [j]isequalto 0, from
cture units of the reference layers only IRAP picture units and GDR picture unitswith ph_recover
t equal to 0 are included in the resulting bitstream and the required tracks are selected accord

A VVC track containsa 'subp' or 'vveN' track reference, each picture unitis reconstructed as sp
Clause 11.6.3. When a VVC track contains a 'recr' track reference, eagh picture unit is reconst

as spe
target

NAL u
UNSPH
in ISO

The re

Since
requir

cified in subclause 11.6.6. The process in subclause 11.6.3 or 11.6<6 is repeated for each layer
operating point in increasing nuh_layer_id order.

C_28 to UNSPEC_31, inclusive, i.e. nal_unit_type values<n the range of 28 to 31, inclusive, as d
IEC 23090-3), are discarded from the reconstructed dcgess units.

constructed access units are placed into the VVC Bitstream in increasing order of decoding tim

h particular layer or sublayer may be represented by more than one track, when figuring d
ed tracks for an operating point, a selectiontay need to be made among the set of tracks that al

the pafticular layer or sublayer.

11.6.3
referd

A sam

Reconstructing a picture unit from a sample in a VVC track with 'subp' or 'vven' track
nces

ble of a VVC track is resolyed:to a picture unit in the order of the following numbered bullets:

a) The AUD NAL unit, when present in the sample or in the time-aligned sample of the associated VV

v
N
b) W

[L track, is included-in-the picture unit.
TE1 WhenanAUD NAL unit is present in a sample, it is the first NAL unit in the sample.

hen the sample is the first sample of a sequence of samples associated with the same sample

t

DCI, ORI/)parameter set and SEI NAL units contained in the sample entry, if any, are included

pifture:unit.

where
rluded

e from
all the
y_pocC_
ngly.

beified
ructed
of the

nits and NAL-unit-like structures with unspecified NAL-unit types (nal_unit_type in the range of

efined

U

ut the
carry

C non-

entry,
in the

access

heef there is an associated VVC non-VCL track and the picture unit is the first picture unit in this

unit that is reconstructed from the sample, the following NAL units are included in the picture unit:

iy

If there is at least one NAL unit in the time-aligned sample of the associated VVC non-VCL track
with nal_unit_type equal to EOS_NUT, EOB_NUT, SUFFIX_APS_NUT, SUFFIX_SEI_NUT, FD_NUT, or
RSV_NVCL_27 (a NAL unit with such a NAL unit type cannot precede the first VCL NAL unit in a

picture unit), the NAL units (excluding the AUD NAL unit, if any) in the time-aligned sample
associated VVC non-VCL track up to and excluding the first of these NAL units.
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Otherwise all NAL units in the time-aligned sample of the associated VVC non-VCL track.

d) Ifthere is atleast one NAL unit in the sample with nal_unit_type equal to EOS_NUT, EOB_NUT, SUFFIX_
APS_NUT, SUFFIX_SEI_NUT, FD_NUT, or RSV_NVCL_27 (a NAL unit with such a NAL unit type cannot
precede the first VCL NAL unit in a picture unit), the NAL units in the sample up to and excluding the first
of these NAL units are included in the picture unit, otherwise all NAL units in the sample are included in
the picture unit.

e) Ifthereader has selected an operating point, the reader shall exclude any OPI NAL units stored in sample
entries and samples from the reconstructed access unit in all of the steps above.

NEIE-2 Itic diccanragan dtoinclhiida OPT NAT inite i camn
=% T OH et e e oy UHES S5

la antriac ar cann
e-eRteso6F-SaH

re used

to

f) If
tr

Ot
1)
2)
3)

store layers or sublayers of a VVC bitstream.

the VVC track does not reference VVC subpicture tracks, the NAL units of the sample fijom tH
hck are included in the picture unit.

herwise, the following applies:

4)

n
TTo-trotouTa et THPT

The track references are resolved as specified in subclause 11.6.4.

Parameter sets are updated when necessary as specified in subclause/11:6.5.

The picture unit is appended by the content of the time-aligned (in decoding time) re
sample from each referenced VVC subpicture track in the order.of the VVC subpicture tracky
referenced in the 'subp' track reference (when num subpi¢yref idx in the same group e
the 'spor' sample group entry mapped to this sample is‘equal to 0) or in the order as speci
the 'spor' sample group description entry mapped to this sample (when num subpic ref |

e VVC

solved
being
itry of
fied in
idx in

the same group entry of the 'spor' sample group entry mapped to this sample is greater than 0),

excluding
— all DCI, OPI, VPS, SPS, PPS, AUD, PH, EOS, ahd EOB NAL units; and

— whena 'vvel'/'vvil' VVC subpicturetrack is referenced, all SEI NAL units that do not c
a scalable nesting SEI message with-sn_subpic_flag equal to 1.

If a referenced VVC subpicture track is associated with a VVC non-VCL track, the resolved san
the VVC subpicture track containsthe following NAL units:

— Ifthere is at least one NAL unit in the time-aligned sample of the associated VVC non-VCI
with nal_unit_typesequial to EOS_NUT, EOB_NUT, SUFFIX_APS_NUT, SUFFIX_SEI_NUT, FII
or RSV_NVCL_27(a,NAL unit with such a NAL unit type cannot precede the first VCL NAL
a picture unit);the NAL units (excluding the AUD NAL unit, if any) in the time-aligned san
the associatéd)VVC non-VCL track up to and excluding the first of these NAL units.

— Otherwiseall NAL units in the time-aligned sample of the associated VVC non-VCL track.
— TheNAL units from the sample of the referenced VVC subpicture track.

— The remaining NAL units, if any, from the time-aligned sample of the associated VVC non-VClI

pntain

hple of

L track
_NUT,
unitin
hple of

track.

Otherwise (a referenced VVC subpicture track is not associated with a VVC non-VCL trac

k), the

resolved sample of the VVC subpicture track is the sample of the VVC subpicture track.

After appending the picture unit by the content of the time-aligned (in decoding time) re
sample from all the referenced VVC subpicture tracks, the following applies:

solved

— The prefix APS NAL units are reordered prior to the first VCL NAL unit of the picture unit.

— The suffix APS NAL units are reordered after to the last VCL NAL unit of the picture unit.

g) AllNAL units in the sample with nal_unit_type equal to EOS_NUT, EOB_NUT, SUFFIX_APS_NUT, SUFFIX_
SEI_NUT, FD_NUT, or RSV_NVCL_27 are included in the picture unit.
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h) When there is an associated VVC non-VCL track and the picture unit is the last picture unit in this access
unit that is reconstructed from the sample, all NAL units in in the time-aligned sample of the associated
VVC non-VCL track with nal_unit_type equal to EOS_NUT, EOB_NUT, SUFFIX_APS_NUT, SUFFIX_SEI_
NUT, FD_NUT, or RSV_NVCL_27 are included in the picture unit.

i)  All NAL units and NAL-unit-like structures in the sample with nal_unit_type in the range of UNSPEC_28

to

UNSPEC_31, inclusive, are discarded from the picture unit.

11.6.4 Resolving subpicture track references

If num subpic ref idx in the 'spor' sample group description entry mapped to this sample is equal to 0,

eacht
track]
idx[i

NOTE
region
the red

— If
\A

— Ot

thle tracks of the 'a1te" track group.

NOTE %

a Vvcd
display
produg

— The track reference shall not be resolved to a parti€ular subpicture track more than once per a

pi

— W
it

NOTE
subpic
constr

— All the VVC subpicture tracks contain VVC subpictures.

— Th

11.6.5

rack reference in the 'subp' box is resolved as follows. Otherwise, the track reference track Ips
[ref idx[i]] in the 'subp' TrackReferenceTypeBox is resolved for each instance of subp trac
in the 'spor' sample group description entry mapped to this sample as follows.

| Each sample of the VVC merge base track resolved from the 'subp' track references fornis a rectg
without holes (i.e., all samples in the rectangular region are covered) and without overlaps (i.e., all sanj
tangular region are covered only once).

the track reference points to a track ID of a VVC subpicture track, the trackreference is resolved
/C subpicture track.

herwise (the track reference points to an raite’ track group), the track reference is resolved to

A reference to an 'alte' track group is advised to be resolyedto a track with (flags & 1) equal
onfigurationBox Or VvcNALUConfigBox included in a sampléyentry only when the application om

e a viewport for omnidirectional video represented by the ¥VC merge base track.

cture unit.

hen a particular track reference index valuewas resolved to a particular track in the previous s
chall be resolved in the current sample te either of the following:

the same particular track, or

any other track in the same 'aTte' track group that contains a sync sample that is time-aligne
the current sample.

The VVC subpicture tracks in the same 'alte' track group are necessarily independent of any oth
ure tracks referenced by, the same VVC merge base track to avoid decoding mismatches and could there
hined as follows:

e subpictureboundaries are like picture boundaries.

Parameter set updating

Ifare

[s ubp
Kk ref

ngular
plesin

to the

any of

to 1in
its the

ing of the track. For example, a player can select such a traeck when the content of the track is not ysed to

single

hmple,

d with

er VVC
fore be

ps that

hdet selects VVC <11hpirf11rp tracks containing YV C cnhpir‘hlrpq with a set of cnhpir‘hlrp ID valu

is the initial selection or differs from the previous selection, the following steps are taken:

— The 'spor' sample group description entry is studied to conclude whether a PPS or SPS NAL unit needs

to

be changed.

NOTE1 An SPS change is only possible at the start of a CLVS.

— If the 'spor' sample group description entry indicates that start code emulation prevention bytes are
present before or within the subpicture IDs in the containing NAL unit, an RBSP is derived from the NAL
unit (i.e., start code emulation prevention bytes are removed). After the overriding in the next step, start
code emulation prevention is re-done.
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— The reader uses the bit position and subpicture ID length information in the 'spor' sample group entry
to conclude which bits are overwritten to update the subpicture IDs to the selected ones.

— When the subpicture ID values of a PPS or SPS are initially selected, the reader needs to rewrite the PPS
or SPS, respectively, with the selected subpicture ID values in the reconstructed access unit.

— When the subpicture ID values of a PPS or SPS are changed compared to the previous PPS or SPS
(respectively) with the same PPS ID value or SPS ID value (respectively), the reader needs to include a
copy of that previous PPS and SPS (if the PPS or SPS with that same PPS or SPS ID value, respectively,
is not present in the access unit otherwise) and rewrite the PPS or SPS (respectively) with the updated
subpicture ID values in the reconstructed access unit.

Whenilthere is a 'minp' sample group description entry mapped to the sample of the VVC merge base
the following operations are applied:

— T

— Ifthe value of pps_mixed’ nalu_types_in_pic_flag differs from that in the previous PPS NAL unit w
same PPS ID in thereconstructed bitstream, the following applies:

e 'minp' sample group description entry is studied to conclude the value of pps_mixed nalu_typg
pif_flag as follows:

The following examination is performed for each pair of track ID values of subpicture tracks se
to reconstruct a picture unit to determine whether they map to the track reference mix subp |
idx1[1] Ormix_subp track idx2[i]inthe 'minp'sample group description'entry mapped tothiss

— If the track reference points to the track ID directly, the track ID maps to mix subp
idx1[i] Ormix subp track idx2[i].

— Otherwise, if both of the following are true:

— the track reference points to an 'aite’ track gnoup or a 'snut' track group, and

track,

es_in_

lected
crack
hmple:

frack

— the 'alte’ track group or the 'snut' track group, respectively, contains a track having the

track ID value,
the track ID value maps tomix subp tragk idx1[i] Ormix subp track idx2[i].

— Otherwise, the track ID value does\not map to mix subp track idx1[i] OF mix subp
idx2[1i].

If any pair of subpicture tracks-selécted to reconstruct a picture unit have track ID values th
tomix subp track idxl([i] andmix subp track idx2[i] withthe same value of i, pps_mixed
types_in_pic_flag is concluded to be equal to 1.

Otherwise, pps_mixed: nalu_types_in_pic_flag is concluded to be equal to 0.

When no RPSWwas included in the picture unit by the steps above, the reader needs to include a ¢
the PPS.with the updated pps_mixed_nalu_types_in_pic_flag value in the reconstructed pictur

Thereader uses the bit positioninthe 'minp' sample group entry to conclude which bitis overw
towupdate the pps_mixed_nalu_types_in_pic_flag.

frack
ht map

| nalu_

th the

opy of
e unit.

rritten

11.6.6

Reconstructing a picture unit from a sample in a VVC track with 'recr' track reference

A sample of a VVC track is resolved to a picture unit in the order of the following numbered bullets:

a) The AUD NAL unit, when present in the sample, is included in the picture unit.

NOTE1 When an AUD NAL unitis present in a sample, it is the first NAL unit in the sample.

b) When the sample is the first sample of a sequence of samples associated with the same sample entry,
the DCI, OPI, parameter set and SEI NAL units contained in the sample entry, if any, are included in the
picture unit.
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If there is at least one NAL unit in the sample with nal_unit_type equal to EOS_NUT, EOB_NUT, SUFFIX_
APS_NUT, SUFFIX_SEI_NUT, FD_NUT, or RSV_.NVCL_27 (a NAL unit with such a NAL unit type cannot
precede the first VCL NAL unit in a picture unit), the NAL units in the sample up to and excluding the
first of these NAL units is included in the picture unit, otherwise all NAL units in the sample are included
in the picture unit.

The picture unitis appended by the content of the time-aligned (in decoding time) sample with NAL units
of the resolved regions from the referenced VVC track being referenced in the 'recr' track reference.
The order of NAL units is specified by the order of regions in the 'rror' sample group description entry
mapped to this sample. The NAL units are resolved as specified below.

iy

2)

3)

Each regionm isTesolved to the Tectangutar Tegion indicated by Tegion 1d 1] 1T e "tror, §
group description entry mapped to this sample as specified below.

— The region shall not be resolved to a particular region more than once per a single picturj

— If the value of region id[i] is not equal to any alternate region set id[4]1 defined
'rror' sample group description entry, the resolved region corresponds)to the recta
region with unique identifier group1D equal region id[i].

— Otherwise (region id[i] 1is equal to a value of alternate regidn)set id[(j] defined
'rror' sample group description entry), the region is resolved to‘any rectangular regio
unique identifier groupId equal to any value of groupTp[j] (k)" that belongs to the alt
region set with alternate region set id[j] equalto regien/id[i],and ifa particular r:
id[i] value was resolved to a particular region in the previous sample, it shall be resolved
current sample to either of the following:

— the same particular region, or

— any other region in the same alternate région set if a sync sample in the reference
track is time-aligned with the currentsample.

NOTE 2 The regions in the same alternate'region set are necessarily independent of any other |
referenced by the same VVC extraction base*track to avoid decoding mismatches and could there
constrained as follows: All the regions gontain VVC subpictures, and the subpicture boundaries 3
picture boundaries.

NAL units of the resolved regions are identified by group1p in the 'naim' sample group desct
entry mapped to the time-aliginied sample in the referenced VVC track.

After appending the picfure unit with the NAL units of all the resolved regions, the following a

— The prefix APSNAL units are reordered prior to the first VCL NAL unit of the picture unif.

— The suffix’ APS NAL units are reordered after the last VCL NAL unit of the picture unit.

All NAL units in“the sample with nal_unit_type equal to EOS_NUT, EOB_NUT, SUFFIX_APS_NUT, S{

SH

[_NUT, EB,NUT, or RSV_NVCL_27 are included in the picture unit.

All NAEunits and NAL-unit-like structures in the sample with nal_unit_type in the range of UNSH

to

UNSPEC_31, inclusive, are discarded from the picture unit.
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e unit.
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If a reader selects regions containing VVC subpictures with a set of subpicture ID values that is the
initial selection or differs from the previous selection, the following steps may be taken:

The 'rror' sample group description entry is studied to conclude whether a PPS or SPS NAL unit

needs to be changed.

NOTE 3 An SPS change is only possible at the start of a CLVS.

If the 'rror' sample group description entry indicates that start code emulation prevention bytes
are present before or within the subpicture IDs in the containing NAL unit, an RBSP is derived from
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the NAL unit (i.e., start code emulation prevention bytes are removed). After the overriding in the
next step, start code emulation prevention is re-done.

The reader uses the bit position and subpicture ID length information in the 'rror' sample group
entry to conclude which bits are overwritten to update the subpicture IDs to the selected ones.

When the subpicture ID values of a PPS or SPS are initially selected, the reader needs to rewrite the
PPS or SPS, respectively, with the selected subpicture ID values in the reconstructed access unit.

When the subpicture ID values of a PPS or SPS are changed compared to the previous PPS or
SPS (respectively) with the same PPS ID value or SPS ID value (respectively), the reader needs to

value,

respectively, is not present in the access unit otherwise) and rewrite the PPS or SPS (respec
with the updated subpicture ID values in the reconstructed access unit.

12 EYC elementary streams and sample definitions

12.1 PDverview

This clause defines the carriage of EVC elementary streams, as defined in ISQ/IEC 23094-1, in the IS
media|file format. The elementary stream structure is provided in subclause 12.2. Sample and configu
definition is provided in subclause 12.3. Derivation from ISO base media file format are provi
subclause 12.4.

Internfet media applications require defined values for the 'codecs! parameter specified in IETF RF
for ISOBMFF Media tracks. The 'codecs' parameter string for the EVC codec is defined in Clause E.9.

12.2 Elementary stream structure

EVC elementary streams are structured as NAL unitssand their storage in the ISO Base Media File K
followp similar principles as other NAL structured.yideo formats.

The sforage of EVC elementary streams is subdivided into two parts: static information that is g
used ip the elementary stream and dynamic\information that may vary per sample. The SPS and P
considered to be part of the information.that rarely changes and is as such considered to be static. A
flags qre used to indicate if the parameter sets are expected to change in the stream. In such case, a 3
grouping is defined that indicates the samples at which the parameter sets do change.

The Afaptation Parameter Set'(APS) is considered to be dynamic information. The APS is used to
the Adaptive Loop Filter (ALF}and Dynamic Range Adjustment (DRA) information. Usage of ALF 9
to profess samples of video-data is signalled by a flag and referred APS identification in the slice hea
ALF and in the pictureparameters header for DRA.

12.3 Pample and'.configuration definition

12.3.1 Overview

tively)

D base
ration
led in

L 6381

ormat

obally
PS are

set of
ample

carry
r DRA
ler for

An EV[sample contains an access unit as defined in ISO/IEC 23094-1, and conforms to the sample |

ormat

specified in subclause 4.2.3.

12.3.2 Canonical order and restrictions

The canonical stream format is an EVC elementary stream that satisfies the following conditions in addition

to the general conditions in subclause 4.2.2:

— If all VCL NAL units for a single picture are stored in the same track, they shall be contained within
the sample whose decoding time and composition time are those of the picture. Otherwise (i.e., when
pieces of a coded picture are stored in samples of different tracks), each of these samples shall have the

decoding time and composition time that are those of the coded picture.
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Access unit delimiter NAL units: The constraints about access unit delimiter NAL units defined in
[SO/IEC 23094-1 shall be obeyed.

SPSs and PPSs: An SPS or PPS to be used in a picture shall be present prior to the sample containing that
picture or in the sample for that picture. The sample entry shall carry at least the SPS and PPS needed to
process the first sample associated with it. Other SPSs and/or PPSs may be present in-band in the stream
if allowed by the sample entry.

APSs: EVC constraints for APS usage shall apply, for details refer to ISO/IEC 23094-1. The APSs may be

stored in the sample entry and/or in the samples.

— Filller data. Video data is naturally represented as variable bit rate in the file format and should b

fo
NOTE

charac
ISO/IE

12.3.3

12.3.3
This s
This 1

Incompatible changes to the record will be indicated by aychange of version number. Readers sh
bt to decode this record or the streams to which it applies if the version number is unrecognized.

attem

Comps
Reade

The v
width |
chromd
record

Specif

— The profile indication profile idc shall indicate a profile to which the stream associated wif

CQ

NOTE

profile
there i
stream

escription about removing such SEI messages from the samples.

' transmission if needed.
The removal or addition of Filler Data NAL units, start codes, or SEI messages can change the bit

Leristics with respect to conformance with the HRD when operating the HRD in €BR mode as spec
C 23094-1 Annex C.

Decoder configuration information: EVC decoder configuration record

.1 Definition
Ibclause specifies the decoder configuration information fordSO/IEC 23094-1 video content.

ecord contains a version field. This version of the specification defines version 1 of this 1

itible extensions to this record will extend it and will not change the configuration version
I's should be prepared to ignore unrecognized data beyond the definition of the data they under

hlues for profile idc, level idc, stEblset idc h, toolset idc 1, chroma format idc,
|in luma samples, pic height inJluma samples, bit depth luma minusS§, and bit

is decoded (referred to as "all the’parameter sets" in throughout this subclause).

cally, the following restrietions apply:

nfiguration recordconforms.

| If the SPSs aresmarked with different profiles, then the stream could need examination to determing

if any, the entiré stream conforms to. If the entire stream is not examined, or the examination reveg
5 no profile to-which the entire stream conforms, then the entire stream has to be split into two or mo
s with separate configuration records in which these rules can be met.

— The lével indication 1eve1l idc shall indicate a level of capability equal to or greater than the h
leyétindicated in all the parameter sets of this configuration record.

is no
b filled

stream
fied in

ecord.
h1l not

code.
stand.

pic_
epth

_minus8 shall be valid for all paraieter sets that are activated when the stream described by this

h this

which
Is that
re sub-

ighest

The pic width in luma samples and pic height in luma samples shall contain the highest values of
all parameter sets of this configuration record.

The toolsetindication toolset idc 1andtoolset idc hshall signalall tools thatare required to decode
the stream associated with this configuration record. The tools flags shall comply with the conformance
requirements as provided in ISO/IEC 23094-1 and shall be identical with the toolset idc h and
toolset idc 1 field thatis signalled in the SPS.

The value of chroma_format_idc in all the parameter sets shall be identical.
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— Thevalue of bit depth luma minus8 in all the parameter sets shall be identical.

— Thevalue of bit depth chroma minusg in all the parameter sets shall be identical.

Explicit indication is provided in the EVC Decoder Configuration Record about the chroma format and bit
depth used by the EVC video elementary stream. Each type of such information shall be identical in all
parameter sets, if present, in a single EVC configuration record. If two sequences differ in any type of such
information, two different EVC sample entries shall be used.

There is a set of arrays to carry initialization NAL units. The NAL unit types are restricted to indicate
SPS, PPS, APS, and SEI NAL units only. NAL unit types that are reserved in ISO/IEC 23094-1 and in this

specif
unrec

NOTE %

compa

[tis re

12.3.3

alignd
un
un
un
un;
un
un
un
un;
un
un
un
un;
un
fol

12.3.3

profil
mi]

P4

CatTToTITty oo CIITIIIcIoT TP e TTIIICT IO oty

gnized NAL unit types.

This "tolerant’ behaviour is designed so that errors are not raised, allowing the possibility‘of-back
ible extensions to these arrays in future specifications.

commended that the arrays in the decoder configuration record be in the order SBS)PPS, APS, §

.2 Syntax

d(8) class EVCDecoderConfigurationRecord {
igned int (8) configurationVersion = 1;
igned int(8) profile idc;
igned int(8) level idc;
igned int (32) toolset idc h;
igned int (32) toolset idc 1;
igned int (2) chroma format idc;
igned int(3) bit depth luma minus8;
igned int(3) bit depth chroma minus8;
igned int (16) pic width in luma samples;
igned int (16) pic helght in luma samples;
igned int (6) reserved = 000000 'b;
igned int(2) LengthSizeMinusOne;
igned int(8) num of arrays;
(3=0; J < num of arrays; J++) {

unsigned int (1) array completeness;
bit (1) reserved = '0'b;
unsigned int (6) NAL unit type;
unsigned int (16) num nalus;
for (i=0; i< num nalus; i++)N\A

unsigned int (16) nal wnit length;

bit (8*nal unit length)shal unit;

3
3
2
3
3
1
1
6
2
8

.3 Semantics

e idc, levea~ idc, toolset idc h, toolset idc 1,chroma format idc, toolset idc,bit depth]|
nusg aid) bit depth chroma minus8 contain the matching values for the fields in the PPS
rameter sets of the configuration record.

pic w]

cation-mass f\nnnlva & r]nFIhlflnn 1n fhn annrn ohnr!FInf\f!r\n and vnr\r]nvc‘ chnn]ﬂ lnhr\va NAT llhifs Wlth
TSTT NI Yoy

wards-

ElL

| luma
for all

fields

dfH in luma samples and pic height in luma samples contain the largest values for the

in all SPS of this configuration record when the stream does not contain additional SPS, that are not
included in the array of NAL units of this configuration record. They will contain the largest values for
the fields in all SPS of this configuration record and all SPS in the stream when the stream contains
additional SPS, that are not included in the array of NAL units of this configuration record. The value '0'
shall be used if the largest value of these fields in the SPS for all the parameter sets in this record is not
indicated through this field when the stream does not contain additional SPS, that are not included in
the array of NAL units of this configuration record or the value of these fields in the SPS in the stream
has the value larger than the largest value of the field in this record when the stream contains additional
SPS, that are not included in the array of NAL units of this configuration record.
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LengthSizeMinusOne plus 1 indicates the length in bytes of the NaLUnitLength field in a EVC video stream
sample in the stream to which this configuration record applies. For example, a size of one byte is
indicated with a value of 0. The value of this field shall be one of 0, 1, or 3 corresponding to a length
encoded with 1, 2, or 4 bytes, respectively.

numArrays indicates the number of arrays of NAL units of the indicated type(s).

array completeness when equal to 1 indicates that all NAL units of the given type are in the following
array and none are present in the samples used for reconstructing the referenced stream when equal
to 0 indicates that additional NAL units of the indicated type may be present in the samples used for
reconstructing the referenced stream; the permitted values are constrained by the sample entry name.

NAL upit type indicates the type of the NAL units in the following array (which shall be all of that|type);
it takes a value as defined in ISO/IEC 23094-1; it is restricted to take one of the values indicating|a SPS,
PRS, APS, or SEI NAL unit.

num_nglus indicates the number of NAL units of the indicated type included in the configuration rec¢rd for
thle stream to which this configuration record applies.

nal upit length indicates the length in bytes of the NAL unit.

nal upit contains an SPS, PPS, APS or a SEI NAL unit, as specified in ISO/IEC23094-1.
12.4 Perivation from ISO base media file format
12.4.1 EVCvideo stream definition: sample entry name and format

12.4.1.1 Definition

Sample Entry Type: 'evc1’
Contalner: Sample Description Box ('stsd")
Manddtory: An 'evc1' sample entry is mandatory for EVC bitstream

Quantjty: One or more sample entries-may be present

Box Type: 'eveC!

Container: EVC Sample Entry (*evci')
Mandgtory: Yes

Quantjty: One

An HEVC yisual sample entry shall contain an EvcConfigurationBox. This includgs an
EVCDedodéxConfigurationRecord, as defined in subclause 12.3.3.

An optional BitRateBox may be present in the EVC visual sample entry to signal the bit rate information of
the EVC video stream.

Multiple sample entries may be used, as permitted by ISO/IEC 14496-12, to indicate sections of video that
use different configurations or parameter sets.

When the sample entry name is 'evcl’, the stream to which this sample entry applies shall be a compliant
EVC stream as viewed by an EVC decoder operating under the configuration (including profile, level, and
toolset) given in the EvcConfigurationBox.
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The 'evci' sample entry allows for both storage of the parameter sets in the sample entry and in the stream.
The sps in stream, pps in stream, and aps in stream when set to 0, indicate that the array of the NAL
units of the corresponding type is complete.

If the sample of an 'evc1' track contains unspecified NAL unit types (NAL units that have NalUnitType
values in the range of 56 to 62, inclusive, as defined in ISO/IEC 23094-1), then the NAL units or NAL-unit-
like structures having unspecified NAL unit types shall be discarded from the sample. The canonical order
and restrictions as defined in subclause 12.3.2 shall apply after the removal of NAL units or NAL-unit-like
structures specified above.

12.4.1

.2 Syntax

class
EV
}

class
EV
MPH

12.4.1

Comprs
V3

EVCDe
12.4.2

12.4.2

An EV
it. If sy
in the
The s4
the sa

12.4.2
12.4.2

Group
Conta

Mand4

EVCConfigurationBox extends Box('evcC') {
DecoderConfigurationRecord() EVCConfig;

EVCSampleEntry () extends VisualSampleEntry('evcl') {
ConfigurationBox config;
G4ExtensionDescriptorsBox () ; // optional

.3 Semantics

ssorname in the base class visualSampleEntry indicates the name-of the compressor used w
lue "\012EVC Coding" being recommended (\012 is 10, the number of bytes in the rest of the s{

oderConfigurationRecord is defined in subclause 12.3.3.

Parameter sets
.1 Overview
C sample entry shall carry at least the SPS afnd PPS needed to process the first sample associate

stream. Samples that carry one or more;parameter sets shall belong to a sample group of type '
mple group description entry associated with the sample gives the type of parameter sets pre

Quant

th the
ring).

d with

s_in streamand/or pps in stream is setto 'l, additional SPSs and/or PPSs may be present if-band

pssl'.
sent in

mple (SPS and/or PPS and/or APS);

.2 In-band parameter setiindication sample group entry
.2.1 Definition

Types: RHl!

ner: SampleGroupDescriptionBox ('sgpd')

tory: No

i Zero or more

A Parameter Set sample group identifies samples that contain one or more parameter set of type SPS, PPS,
or APS. The grouping type parameter is not defined for the sampleToGroupBox with grouping type 'pssi'.

12.4.2.2.2 Syntax

class

{

unsigned int (
unsigned int (
unsigned int (
bit (5) reserv

PSSampleGroupEntry () extends VisualSampleGroupEntry ('pssl')

) sps_present;
) pps_present;
) aps_present;
d = 0;

1
1
1

e
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12.4.2.2.3 Semantics

sps_present indicates that a sample associated with this sample group description entry contains an SPS
NAL unit if set to 1, or does not contain any SPS NAL unit if set to 0.

pps_present indicates that a sample associated with this sample group description entry contains an PPS
NAL unit if set to 1, or does not contain any PPS NAL unit if set to 0.

aps_present indicates that a sample associated with this sample group description entry contains an APS

N‘\I 3e 2L PRV | pa| 'S Lo ADC NAT Ty I DNTANA VAN |
L Uulrit 11 st tu 1, Ul UUCTS 1IUL LULIL4AIll Clll_y O O INAL UITIUIT STL LU UL VVIITIT SPs  PIESSTIIL dllu PP I esent

arfe both equal to 0, aps_present shall be equal to 1.

12.4.3 Sync sample

An EVC sync sample shall contain VCL NAL units with NALUnitType IDR_NUT only; all'SPS, PPS arld APS
requirjed to process the bitstream from this sync sample on shall either be in this sync sample or|in the
associpted sample description entry.

Table [16 indicates the mapping between EVC VCL NAL unit types, ISOBMFE sync sample status arld SAP
types ps documented in ISO/IEC 14496-12.

Table 16 — Mapping of sync sample status and SAP types to NAL unit type

NAL Unit Type ISOBMFF sync SAP type
sample status
IDR_N|UT true lor2
IDR_N[UT after which |false 3
some pictures are
not degodable

12.4.4 Definition of a sub-sample for EVC

For the use of the subsampleInformationBex-as defined in ISO/IEC 14496-12 in a EVC stream, a sub-dample
is defiped on the basis of the value of the f1ags field of the sub-sample information box as specified pelow.
The piesence of this box is optional; however, if present in a track containing EVC data, the codec_spe¢ific
paramgters field in the box shall have the semantics defined here.

flags ppecifies the type of sub-sample information given in this box as follows:
0:[ NAL-unit-based Sup-samples: A sub-sample contains one or more contiguous NAL units.

1:| Tile-based sub-samples: A sub-sample contains the VCL NAL units with all CTUs of one tile together
with any.associated non-VCL NAL units, if any.

2:| Slice-based sub-samples; A sub-sample contains one slice (i.e., one VCL NAL unit) and the assdciated
nen>YCL NAL units, if any.

3:L “Femporal ID-hased suh-sample; A sub-sample contains all the VCI. NAL units (of the sampld) with
the same Temporalld value, with any associated non-VCL NAL units if any.

Other values of f1ags are reserved.

The subsample priority field shall be set to a value in accordance with the specification of this field in
ISO/IEC 14496-12.

The discardable field shall be set to 1 only if this sample would still be decodable if this sub-sample is
discarded (e.g. the sub-sample consists of an SEI NAL unit).

© ISO/IEC 2024 - All rights reserved
170


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

ISO/IEC 14496-15:2024(en)

The length field, as defined in subclause 4.2.3, of each NAL unit in the sub-sample shall be included in the

sub-sa

mple size.

Thecodec_specific_parameters ﬁekioftheSubSampleInformationBoxiSdeﬁnedfbrE\“:anbHOMS:

if (flags == 1) {
unsigned int (16) tile col idx;
unsigned int (16) tile row idx;
}
else if (flags == 3){
unsigned int(3) temporal id
bit (29) reserved = 0;
1

tempos

N/
12.5

12.5.1

ISO/IE
units,
pictur
To sup
instea

12.5.2

If ther
in tra
consid
time s
of the

When
unit. V
units,
an acc
placed

When

else {
bit (32) reserved = 0;
}

ol idx for sub-samples based on tiles, this parameter indicates the 0-based index of the tile ¢
at contains the tile of this sub-sample.

ow_idx for sub-samples based on tiles, this parameter indicates the 0-based ihdex of the tile ro
ntains the tile of this sub-sample.

\L units in the sub-sample.
EVC slice track

Overview

C 23094-1 EVC supports coding of rectangular regions within a picture as independently dec
50 called slices. EVC slices can be encoded to havene’coding dependencies with other slices in th
e but with other slices from the previous coded pictures so that they can be independently de
port fast and efficient access of one or morestices for certain use cases requiring a subset of a p
d of entire picture, a track containing datafor one or more slice is defined in this section.

Implicit reconstruction of an EVC bitstream

e are multiple tracks containing-slice data for an access unit, the alignment of respective s3
ks is performed based on_the sample decoding times, i.e. using the time-to-sample table W
ering edit lists. When reconstructing an access unit, the slices from samples having the same de
hall be placed into the access unit in increasing order of the smallest value of the tile ID of the fi
Slice.

the samples include SEI NAL units, then they shall be placed before any VCL NAL units of an
Vhen the sample’is the first sample of a sequence of samples, the parameter set NAL units and S}
if any, contained in the sample entry of the main slice track are placed before the VCL NAL un|
ess unit.When the samples include NAL units with NALUnitType equal to FD_NUT, then they s
after.all' VCL NAL units of an access unit.

olumn

w that

al _id for sub-samples based on Temporal ID, this parameter indicatés’the TemporallD of the VCL

bdable
b same
coded.
icture

mples
ithout
roding
rst tile

access
il NAL
ites in
hall be

bam in

reconstructing an EVC bitstream, the reconstructed access units are placed into the EVC bitstr

increa

sing order of decoding time.

12.5.3 EVC slice component track

12.5.3.1 Definition

EVC slice component track is a track contains a subset of a picture composed of one or more EVC slices. EVC
slice component track with sample entry type 'evs1' shall only contain VCL NAL units or non-VCL NAL but
it shall not contain non-VCL NAL units whose NALUnitType is not equal to SPS_NUT, PPS_NUT or APS_NUT.
EVC slice component track with sample entry type 'evs2' can contain any VCL NAL units or non-VCL NAL
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units. If a EVC slice component track contains any parameter set NAL units, then all parameter sets required
to process VCL NAL units in the track shall be contained in either the same track or the EVC slice base track.
This type of track shall have TrackrReferenceBox with 'evcr' track reference type to link this type of track
to the track containing non-VCL NAL units required to decode the VCL NAL units in this track.

12.5.3.2 Sample entry for EVC slice component track
12.5.3.2.1 Definition

Sample Entry Type: 'evsl' or 'evs2'

Contajner:  Sample Table Box (*stb1')
Mandgtory: An 'evsl'or 'evs2' sample entry is mandatory

Quantjty: One or more sample entries may be present

Box Type: ‘evsC!
Contajner:  EVC Slice Component Sample Entry ("evs1' or 'evs2')
Mandgtory: Yes

Quantjty: One

An EV[ visual sample entry shall contain an EVC Slice Component Track Configuration Box, as defined|below
when a track is an EVC slice component track. This includes«an Evcs1iceComonentTrackConfigurationHecord.

An optional BitRateBox may be present in the EVC visual sample entry to signal the bit rate information of
the EVC slice data in this track.

Multifle sample entries may be used, as permitted by the ISO Base Media File Format specificatjon, to
indicafe sections of video that use different configurations or parameter sets.

12.5.3.2.2 Syntax

class |EVCSliceComponentTrackSampleEntry ()
extends VisualSampleEntny ('evsl' or 'evs2') {
EV¢SliceComponentTrackConfigurationBox config;

class |EVCSliceCompbhentTrackConfigurationBox extends Box('evsC') {
EV{SliceCompodentTrackConfigurationRecord () config;

aligngd (&) (Class EVCSliceComponentTrackConfigurationRecord {
ungigned int (16) numOfSlice;
fotr (=0; i < numOfSlice; i++) {
unsigned int (16) numOfTile;
for (i=0; j< numOfTiles; Jj++) {
unsigned int (16) tilelID;

}

12.5.3.2.3 Semantics
numOfSlice indicates the number of slices contained in this track.

numOfTile indicates the number of tiles in a slice.
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tileID indicates the tile ID.

12.5.4 EVCslice base track

12.5.4.1 Definition

EVC slice base track is a track contains non-VCL NAL units required to decode VCL NAL units in any EVC slice
component tracks reference by 'evcr' track reference. This type of track can also include VCL NAL units of
one or more slices belong to the same picture with the EVC slice component tracks referencing this track.
The restrictions in subclause 12.3.2 are applied to this type of track except that EVC slice base track can only

includ

a3, CDC DDC o ryarz AF NTAT saaib o A€ 41 anficrra Fion

ecord

of the
requir
the EV

12.5.4
12.5.4

Sampl
Conta
Mandz
Quant

An EV
when

subclause 12.3.3.

e-any-SPS;PRS-and ARSwhich-are netincludedinthearrayof NALunits ef the configuration
track when they are required for decoding of VCL NAL units in the same track. The paramet
ed for decoding of any EVC slice component track shall only be carried in the configuration req
C slice base track.

.2 Sample entry for EVC slice base track
.2.1 Definition

e Entry Type: 'evml'
ner: Sample Table Box (*stb1')
tory: An 'evml' sample entry is mandatory for EVC slice basé track

ty: One or more sample entries may be present

br sets
ord of

2.4.1.1

C visual sample entry shall contain an EVC Configuration Box as defined in subclause 1
a track is an EVC slice base track. This includes an EvcDecoderConfigurationRecord defi

An op
the EV

Multig

indica

12.5.4

class
EVI
MPH

12.5.4

Comprd
V4

ional BitRateBox may be present in the EVC€visual sample entry to signal the bit rate informa
C slice data in this track.

le sample entries may be used, as_permitted by the ISO Base Media File Format specificat
[e sections of video that use différent configurations or parameter sets.

.2.2 Syntax
EVCSampleEntry () exterids VisualSampleEntry ('evml') {

ConfigurationBox~‘cenfig;
G4ExtensionDesckiptorsBox (); // optional

.2.3 Semantics

ssorname in the base class visualSampleEntry indicates the name of the compressor used w
lué“\012EVC Coding" being recommended (\012 is 10, the number of bytes in the rest of the st

hed in

tion of

on, to

th the
ring).

EVCDecoderConfigurationRecord is defined in subclause 12.3.3.

13 LCEVC elementary streams and sample definitions

13.1 Overview

The Low Complexity Enhancement Video Coding (LCEVC) standard, specified in ISO/IEC 23094-2, is a low
complexity solution to apply enhancement to existing video coding bitstreams generated using other video
coding systems (e.g. AVC, HEVC, EV(C, VVC).
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Since the LCEVC elementary streams carry enhancement to a "base" codec such as the ones listed above, the
LCEVC elementary stream in its own track refers to a "base" codec elementary stream in a separate track, so
that the LCEVC stream can be decoded in conjunction with the "base" stream, while the "base" stream can

be dec

oded independently of the LCEVC stream.

This clause defines the carriage of LCEVC elementary streams in the ISO base media file format as defined in
this document.

Internet media applications require defined values for the 'codecs' parameter specified in IETF RFC 6381
for ISOBMFF Media tracks. The 'codecs' parameter string for the LCEVC codec is defined in subclause E.10.

13.2

LCEV( elementary streams are structured as NAL units and their storage in the ISO Base Media File H

follo

is subglivided into two parts: static information that is globally used in the elementary stream and dy
infornpation that may vary per sample.

The s

information that rarely changes and is considered to be static. In case these parameter sets change

eleme

13.3

13.3.1

An LC
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13.3.2
The c3
The fo
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w

— SEI messages< SEI messages of declarative nature may be stored in the sample entry; there

P

lementary stream structure

principles similar to other NAL structured video formats. The storage of LCEVC elementary sf]

pquence_configuration, global_configuration, and additional_info are considered to be part

\tary stream, a sample grouping is defined that indicates at which sample the parameter sets c}
bample and configuration definitions

Overview

EVC Sample follows the same structure of the "General Definitions" as defined in subclause 4

ormat
reams
namic

of the
in the
lange.

.2.3 of

bcument. The only additional constraint is that theWecoderconfigurationrRecord shall follg
t and semantics specific for LCEVC, i.e. LCEVCDecodexConfigurationRecord.

EVC Sample contains an access unit as defined.in ISO/IEC 23094-2.

Canonical order
nonical stream format is an LCEVC elementary stream that conforms to ISO/IEC 23094-2.
|lowing additional constraints apply:

, GC, additional_info: sequence_configuration, global_configuration, and additional_info to b
a picture must be sent prior to the sample containing that picture or in the sample for that pict
hst one sequence_configuration and one global_configuration must be stored in the sample entry
hck that contains the.CEVC elementary stream. The sequence_configuration and global_configu
hen carried in a.sample for a specific picture, shall be present at least in each sync sample.

escriptignjabout removing such SEI messages from the samples.

— Filllerdata: Video data is naturally represented as variable bit rate in the file format and should b
fof transmission if needed.

w the

e used
ire. At
of the
ration,

is no

b filled

13.3.3 Decoder configuration information

13.3.3.1 Definition

This subclause specifies the Decoder Configuration Information for ISO/IEC 23094-2 video content.

This record contains a version field. This version of the specification defines version 1 of this record.
Incompatible changes to the record will be indicated by a change of version number. Readers shall not
attempt to decode this record or the streams to which it applies if the version number is unrecognised.
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Compatible extensions to this record will extend it and will not change the configuration version code.
Readers should be prepared to ignore unrecognised data beyond the definition of the data they understand.

The values ﬁn‘LCEVCProfileIndication,LCEVCLevelIndication,chroma_format_idc,pic_width_in_luma_
samples, pic height in luma samples, bit depth luma minus8, and bit depth chroma minus8 shall be
valid for all parameter sets (SC, GC, additional_info) that are activated when the stream described by this
record is decoded (referred to as "all the parameter sets" in the reminder of this clause).

Specifically, the following restrictions apply:

— The profile indication L.cevcProfileIndication shall indicate a profile to which the stream associated

Wii‘]ﬂ thic canfiguration racnrd canfornag
tHteH S o gt oRrecoracortorms:

— Thelevel indication L.cEvVCLevelIndication shall indicate a level of capability equal to or greaterthan the
highest level indicated in all the parameter sets of this configuration record.

— The pic width in luma samples and pic height in luma samples shall contain the highest values of
al| parameter sets of this configuration record.

— The value of chroma_format_idc in all the parameter sets shall be identical.
— The value of bit depth luma minus8 in all the parameter sets shall be idefitical.
— The value of bit depth chroma minusg in all the parameter sets shall-be’identical.

Explicjt indication is provided in the LCEVC Decoder Configuration /iformation about the chroma format
and bit depth used by the LCEVC video elementary stream. Each instance of such information shall be
identi¢al in all parameter sets, if present, in a single LCEVC configuration record. If two sequences differ in
any inptance of such information, two different LCEVC sample éntries shall be used.

The lgngth field is used in each sample to indicate the length of its contained NAL units as well fas the
paramjeter sets, if stored in the sample entry.

[t is re¢commended that the parameter sets be in the order of SC, GC, additional_info, and SEI.

13.3.3.2 Syntax

aligngd (8) class LCEVCDecoderConfiguxationRecord {
ungigned int (8) configurationVersgion = 1;

ung¢igned int (8) LCEVCProfilelIndication;
ungigned int (8) LCEVCLevellndication;
ungigned int (2) chroma format idc;
ungigned int (3) bit depth) luma minus8;
ungigned int (3) bit depth chroma minus8;
ungigned int (2) lengthSizeMinusOne;

bif (6) reserved *.1111111'b;
ungigned int (329 Wic width in luma samples;
ungigned int (829.pic_height in luma samples;
ungigned int\(*») sc in stream;
ungigned dimt)(l) gc_in stream;
ungignedSint (1) ai in stream;
bif (5) ¥eserved = '11111'b;
ungigned int (8) numOfArrays;
fo =A=0: 1 nimQfArrayss a4++)
bit (2) reserved = '00'b;
unsigned int (6) NAL unit type;
unsigned int (16) numOfNalus;
for (i=0; i< numOfNalus; i++) {
unsigned int (16) nalUnitLength;
bit (8*nalUnitLength) nalUnit;
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13.3.3.3 Semantics

LCEVCProfileIndication,

LCEVCLevelIndication, chroma format idc, bit depth luma minus8 and bit

depth chroma minus8 contain the matching values for the fields in the SC and GC for all parameter sets
of the configuration record.

lengthsizeMinusOne indicates the length in bytes of the NaALUnitLength field in an LCEVC video sample of the
associated stream minus one. For example, a size of one byte is indicated with a value of 0. The value of
this field shall be one of 0, 1, or 3 corresponding to a length encoded with 1, 2, or 4 bytes, respectively.

pic width in luma samples and pic helght in_ luma samples contain the largest Values for the fields in

dimensions of the LCEVC track width and helght in Lumlnance samples are the maximum dlme

fof the LCEVC track.

They will contain the largest values for the fields in all SC and GC in the stream when the value of the

is

sc_in

gc_in

5

ai in

sqream field is '1". The value '0' shall be used if the largest value of these fields in the §C-and GC for
pdrameter sets in this record is not indicated through this field when the value of thé sc_in stred

[stream indicates that the stream may contain additional sequenceiconfiguration, that a

influded in the array of NAL units of this configuration record.

|stream indicates that the stream may contain additional globak configuration, that are not in

the array of NAL units of this configuration record.

st ream indicates that the stream may contain additional/additional_info, that are not included|

anray of NAL units of this configuration record.

numOfjrrays indicates the number of arrays of NAL units«f the indicated type(s).

NAL upit type indicates the type of the NAL units in‘the following array (which shall be all of that ty
talkes a value as defined in ISO/IEC 23094-2;it45s restricted to take one of the values indicating a §
additional_info, or SEI NAL unit.

numOfN

thle stream to which this configuration record applies.

nalUni

nalUni

13.4

tLength indicates the length'in bytes of the NAL unit.
t contains a SC, GC, additional information or SEI NAL unit, as specified in ISO/IEC 23094-2.

Derivation fromISO base media file format

13.4.1 LCEVC video stream definition: sample entry name and format

13.4.1.1 Definition

Sampl

'0' or the value of these fields in the SC and GC in the stream has the value largéy'than the largest
offthe field in this record when the value of the sc_in strean field is '1".

icture
nsions

*c_in_
all the
m field
value
re not
rluded
in the

rpe); it
G, GC,

[a1us indicates the number of NAL units of the indicated type included in the configuration rec¢rd for

e Entry and Box Types: *1ve1 "

Container: Sample Description Box ('stsd')

Mandatory:  An '1vcl' sample entry is mandatory

Quant

ity: One or more sample entries may be present

Box Type: "lveC!

© ISO/IEC 2024 - All rights reserved
176


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

ISO/IEC 14496-15:2024(en)

Container: LCEVC Sample Entry (' 1vc1')
Mandatory:  Yes
Quantity: One

An LCEVC visual sample entry shall contain an 1.cEvcConfigurationBox, as defined below. This includes an
LCEVCDecoderConfigurationRecord, as defined in subclause 13.3.3.

An optional BitRateBox may be present in the LCEVC visual sample entry to signal the bit rate information
of the LCEVC video stream. Extension descriptors that should be inserted into the Elementary Stream

Descriptor;, witrenm used im MPEG-4, Tay atSo be present.

The sgmple entry name '1vc1' may only be used when the stream to which this sample entryapplies is
a compliant LCEVC stream as viewed by an LCEVC decoder operating under the configuration (indluding
profilg and level) given in the 1.cEvCConfigurationBox.

13.4.1.2 Syntax

class|LCEVCConfigurationBox extends Box ('lvcC') {
LCHVCDecoderConfigurationRecord () config;

}

class |LCEVCSampleEntry () extends VisualSampleEntry('lvecl') {
LCHVCConfigurationBox config;
MPRG4ExtensionDescriptorsBox(); // optional

13.4.1.3 Semantics

Compré¢ssorname in the base class visualsampleEntry indicates the name of the compressor used with the
vdlue "\0141.CEVC Coding™ being recommended (Y014 (octal) is 12 (decimal), the number of byteqin the
refst of the string).

LCEVCPecoderConfigurationRecord is defined in Subclause 13.3.3.

13.4.2 LCEVC track structure

An LCEVC stream represents an enhancement to another external video track in a file. The track contpining
the exfernal base layer stream is-fiominated as the "base track". For an LCEVC bitstream with its assqciated
exterral base track, the base tracek is always assigned one track of its own.

Therepghall be atleast oneexternal base track that, when taken as "base" stream for the LCEVC "enhancgment”
stream, represents a complete set of encoded information. This group of tracks that forms the complete
encoded informationis-called the "complete set".

The picture diménsions of the base track, width and height in luma samples, are specified by the rdlevant
Decodg¢rConfigbirationRecord of the base track (e.g. AVCDecoderConfigurationRecord, HEVCDecoderCopfigur
ationRecord)

The pictare dimensions of the LCEVC track, width and height in luma samples, are specified by the specific
LCEVCDecoderConfigurationRecord, and are the maximum dimensions for the LCEVC track.

The LCEVC track that is part of the same "complete set" shall be linked to the "base track" by means of
a track reference of type 'sbas' (scalable base), as defined in subclause 6.5.1 of this document and in
ISO/IEC 14496-12.

The LCEVC track associated to the base track shall share the same timescale as the base track. When the
base track is coded using AVC, the base track shall be constructed according to Clause 5, without using
separate parameter set tracks. When the base track is coded using HEVC, the base track shall be constructed
according to Clause 8. When the base track is coded using VVC, the base track shall be constructed according
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to Clause 11. When the base track is coded using EVC, the base track shall be constructed according to
Clause 12.

13.4.3 Parameter sets

Each LCEVC sample entry, which contains the LCEVC video stream decoder specific information, includes an
instance of SC (sequence_configuration) and GC (global_configuration) as specified in ISO/IEC 23094-2. Such
parameter sets, or configuration blocks in LCEVC terminology, shall be at the beginning of the LCEVC sample
when they are stored in conjunction with the associated video data NAL units.

13.4.4L Syne-sample

A sample is considered as a sync sample if the video data NAL units in the sample indicate that-the

coded

Since
the ba

picture contained in the sample is an instantaneous decoding refresh (IDR) picture.

LCEV( associated track of the same complete set.

When
units
decod

Since {

n the sample of the IDR picture and the following samples in decodinhg-order are contained
er configuration of the video elementary stream or at the beginning 6fithe same stream sample

LCEV({ has always SAP type 1, as defined in ISO/IEC 14496-12, knowt in some coding schemes as a '

GOP r:

the co

‘responding sync sample of the base track has also SAP type 1.

LCEVC

he LCEVC video specification mandates that an LCEVC IDR picture shall occur in-correspondédnce of
se track [DR picture, it is guaranteed that for each base track sync sample there isa'sync sampldin the

the sample entry name is '1vc1', the corresponding SC and GC needed td decode the video data NAL

in the

he LCEVC track samples make use the associated base track samples for decoding, the sync sample of

closed

indom access point". There is no guarantee that for the syncsample of the LCEVC track of SAP type 1,
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Annex A
(normative)

In-stream structures

General

bators and Extractors are file format internal structures enabling efficient grouping of NAL u

bators and Extractors use a syntax that is similar to the NAL unit syntax but does not\follow th

hits or

e start

code gmulation prevention mechanism required for the NAL unit syntax as specified AnJSO/IEC 14496-10

or ISQ/IEC 23008-2. These NAL-unit-like structures are seen as NAL units in the ¢entext of the {

struct
NALu

be output by file parsers.

These

ISO/IHC 23008-2.

See Ampnex F for more information about use of "reserved", "unspécified"”, "not specified" and "regi
defined" nal unit type values.

A2

A2.1

This
repeti

Aggre

For st

— Aggregators use the sameNAL unit header as SVC VCL NAL units, MVC VCL NAL units, MVC+D dep
NAL units, or 3D-AVC VCL-NAL units, but with a different value of NAL unit type.

— If

hdader of the aggnegator follows the syntax of the NAL unit header for the NAL unit of nal_uni

ed
fo

— If
(s

is

subclause describes Aggregators, which "enable NALU-map-group entries to be consister

ire. While accessing a sample, Aggregators shall be removed (leaving theircontained or refel
hits) and Extractors shall be replaced by the data they reference. Aggregators and Extractors sh

structures use NAL unit types reserved for the application/transport layer by ISO/IEC 14496

Aggregators

Definition

Five. (See Annex B).

bators are used to group NAL units.belonging to the same sample.

rage of ISO/IEC 14496-10 video, the following rules apply:

the sample entry-contains the MVCD Configuration Box or the A3D Configuration Box, the NA

ample
renced
all not

-10 or

btrant-

t and

th VCL

L unit

ual to 21. Qthierwise, the NAL unit header of the aggregator follows the syntax of the NAL unit
 the NAL unit of nal_unit_type equal to 20.

Lhe sample entry contains the SVC Configuration Box and the svc_extension_flag of the NAL unit
pecified in ISO/IEC 14496-10) of an aggregator is equal to 1, the NAL unit header of SVC VCL NA]

_type
eader

syntax
L units

£ £l 4
Ustu1ul tliv dgg51 Tgdtul.

— Otherwise, if the sample entry contains the MVCD Configuration Box or the A3D Configuration Box and
additionally the avc_3d_extension_flag of the NAL unit syntax of an aggregator is equal to 1, the NAL unit
header of 3D-AVC VCL NAL units is used for the aggregator.

— Otherwise, the NAL unit header of MVC and MVC+D depth VCL NAL units is used for the aggregator.

For storage of ISO/IEC 23008-2 video, Aggregators use the NAL unit header as defined in ISO/IEC 23008-2,
which has the same syntax for plain HEVC and layered HEVC. An ISO/IEC 23008-2 aggregator shall
not aggregate NAL units belonging to more than one picture unit (where picture unit is defined in
ISO/IEC 23008-2).
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Aggregators can both aggregate, by inclusion, NAL units within them (within the size indicated by their
length) and also aggregate, by reference, NAL units that follow them (within the area indicated by the
additional bytes field within them). When the stream is scanned by a file reader that does not support
aggregators, only the included NAL units are seen as "within" the aggregator. This permits such a file reader
to skip a whole set of un-needed NAL units when they are aggregated by inclusion. This also permits such a
file reader not to skip NAL units but let them remain in-stream when they are aggregated by reference.

When the aggregator is referenced by either an extractor with data_length equal to zero, or by a Map sample
group, the aggregator is treated as aggregating both the included and referenced bytes.

An Aggregator may include or reference Extractors. An Extractor may extract from Aggregators. An
aggregator shatt motinclude or reference anotheraggregator directly; towever, am aggregator may ipclude
or refgrence an extractor that references an aggregator.

An Agpregator shall not be empty, i.e., it shall include or reference to at least one NAL unit.
When|scanning the stream:

a) ifthe aggregator is unrecognized (e.g. by an AVC or HEVC reader or decoder) it is\€asily discarded with
it§ included content;

b) iffhe aggregator is not needed (i.e. it belongs to an undesired layer) it and\its contents both by inglusion
arjd reference are easily discarded (using its length and additional_byt€s\fields);

c) ifthe aggregator is needed, its header is easily discarded and its contents retained.
An aggregator is stored within a sample like a NAL unit.

All NALL units remain in decoding order within an aggregator.

A.2.2| Syntax

class|aligned(8) Aggregator (AggregatorSize) f{
NALlUnitHeader () ;
ungigned int i = sizeof (NALUnitHeader ()4\
ung¢igned int ((lengthSizeMinusOne+1) *8)

additional bytes;

i 4= lengthSizeMinusOne+1l;

whlle (i<AggregatorSize) {

unsigned int ((lengthSizeMinusOne+1) *8)

NALUnitLength;
unsigned int (NALUnitLemagt€h*8) NALUnit;
i += NALUnitLength+lengtfhSizeMinusOne+l;

}

NOTE The syntax.of Aggregators does not always follow the NAL unit syntax and the NAL unit constraints
specifipd in ISO/IEC 24496-10 or ISO/IEC 23008-2. For example, there can be three continuous bytes equal to a value
in the fange of 0x@Q0000 to 0x000010, inclusive. This specifiation disallows the presence of Aggregators in & video
bitstrepm output from parsing a file, therefore formal non-compliance with the video specifications is immatg¢rial as
they will neverbe presented to a video decoder.

A.2.3| Semantics

The value of the variable AggregatorSize is equal to the size of the aggregator, and the function sizeof(X)
returns the size of the field X in bytes.

NALUnitHeader (): the first four bytes of SVC, MVC, and MVC+D depth VCL NAL units, or the first three bytes
of 3D-AVC NAL units, or the first two bytes of ISO/IEC 23008-2 NAL units.

nal unit type shall be setto 30 for ISO/IEC 14496-10 video and 48 for ISO/IEC 23008-2 video.

© ISO/IEC 2024 - All rights reserved
180


https://standardsiso.com/api/?name=e4f6ad2610cae71e3c6fc80040d814d1

ISO/IEC 14496-15:2024(en)

For an aggregator including or referencing SVC NAL units, the following shall apply.

forbidden zero bit and reserved three 2bits shall be set as specified in ISO/IEC 14496-10.

Other fields (nal ref idc, idr flag, priority id, no inter layer pred flag, dependency id,

quality id, temporal id, use ref base pic flag, discardable flag, and output_flag) S
set as specified in A.4.

hall be

For an aggregator including or referencing MVC or MVC+D depth NAL units, the following shall apply.

forbidden zero bit and reserved one bit shall be set as specified in [SO/IEC 14496-10.

and inter view flag) shall be setas specified in A.5.

Fdr an aggregator including or referencing 3D-AVC NAL units, the following shall apply.

Other fields (nal ref idc, view idx, depth flag, non idr flag, temperal id, ancho
flag, and inter view flag) shall be setas specified in A.6.

Fdr an aggregator including or referencing ISO/IEC 23008-2 NAL units, thé\following shall apply.

forbidden zero bit shall be set as specified in ISO/IEC 23008-2-

Other fields (nuh 1layer idand nuh temporal id plusl) shallbe set as specified in A.7.6.

additjonal bytes: The number of bytes following this aggregator that should be considered as aggr

A\

hen this aggregator is referenced by an extractor with-data_length equal to zero or Map sample

NALUn]tLength: Specifies the size, in bytes, of the NAL unit following. The size of this field is specifie
thle 1engthsizeMinusone field.

NALUnit: a NAL unit as specified in ISO/IEC 1449640 or ISO/IEC 23008-2, including the NAL unit head

si

A3

A3.1

This s
tracks

An Ag
extrad
refere
anothd

NOTE
extrac

ve of the NAL unit is specified by NaLUnitTength.

Extractors for SVC, MVC, and:MVD tracks

Definition

ibclause describes Extractors for SVC, MVC, or MVD tracks. Extractors enable compact forma
that extract, by refetence, NAL unit data from other tracks.

tor is processed by a file reader that requires it, the extractor is logically replaced by the b

b extractor.

THe track that is referenced can contain extractors even though the data that is referenced
organnot.

forbidden zero bit and reserved three 2bits shall be set as specified in ISO/IEC 14496-10

Other fields (nalirefiidc, non idr flag, priority id, view id, temporal id, anchor pic|flag,

_pic

bgated
proup.
d with

br. The

tion of

gregator may include or reference Extractors. An Extractor may reference Aggregators. When an

ytes it

hces. Thosebytes shall not contain extractors; an extractor shall not reference, directly or indirectly,

by the

An extractor contains an instruction to extract data from another track, which is linked to the track in which
the extractor resides, by means of a track reference of type 'scal.

The bytes copied shall be one of the following:

a) One entire NAL unit; note that when an Aggregator is referenced, both the included and referenced
bytes are copied

b) More than one entire NAL unit

In both cases the bytes extracted start with a valid length field and a NAL unit header.
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The bytes are copied only from the single identified sample in the track referenced through the indicated
'scal' track reference. When a 'scal' track reference points to a track group idofan 'alte' track group,
any single track of the 'aite' track group is a valid source for extraction. The alignment is on decoding
time, i.e. using the time-to-sample table only, followed by a counted offset in sample number. Extractors are
a media-level concept and hence apply to the destination track before any edit list is considered. (However,
one would normally expect that the edit lists in the two tracks would be identical).

A.3.2 Syntax

class aligned(8) Extractor () {
NALUnitHeader () ;
unig J_kjux—;d J_UL\S; trockTe T 7

signed int (8) sample offset;
ungigned int ((lengthSizeMinusOne+1) *8)
data offset;

ungigned int ((lengthSizeMinusOne+1) *8)
data length;

}

NOTE The syntax of Extractors does not always follow the NAL unit syntax and the NALlusiit constraints specified
in ISOAIEC 14496-10. For example, there can be three continuous bytes equal to a value in‘the range of 0x00¢000 to
0x000010, inclusive. This document disallows the presence of Extractors in a video bitstream output from pajrsing a
file, therefore formal non-compliance with the video specifications is immaterial as\th€y will never be presented to a
video decoder.

A.3.3| Semantics

NALUn]tHeader (): the first four bytes of SVC, MVC and MVC+D dépth VCL NAL units, or the first threq bytes
of|3D-AVC NAL units.

nal unit type shall be setto 31 for ISO/IEC 14496310 video.
Fdr an extractor referencing SVC NAL units, the following shall apply.
forbidden zero bit and reserved three@bits shall be set as specified in ISO/IEC 14496-10

Other fields (nal ref idc, idr fl&g; priority id, no inter layer pred flag, dependercy id,
quality id, temporal id, (Use ref base pic flag, discardable flag, and output| flag)
shall be set as specified inA4.

Fdr an extractor referencing MVC or MVC+D depth NAL units, the following shall apply.
forbidden zero bit @nd reserved one bit shall be set as specified in ISO/IEC 14496-10.

Other fields (nalirefiidc, non_idr flag, priority id, view id, temporal id, anchor pic|flag,
and intef-yiew flag) shall be setas specified in A.5.

Fdr an extractorreferencing 3D-AVC NAL units, the following shall apply.
forhiddén zero bit and reserved three 2bits shall be setas specified in ISO/IEC 14496-10

Other fields (nal ref idc, view idx, depth flag, non idr flag, temporal id, anchot pic
flag, and inter view flag) shall be setas specified in A.6.

track ref index specifies the index of the track reference of type 'scal' to use to find the track from which
to extract data. The sample in that track from which data is extracted is temporally aligned or nearest
preceding in the media decoding timeline, i.e. using the time-to-sample table only, adjusted by an offset
specified by sample_offset with the sample containing the Extractor. The first track reference has the
index value 1; the value 0 is reserved.

sample offset gives the relative index of the sample in the linked track that shall be used as the source
of information. Sample 0 (zero) is the sample with the same, or the closest preceding, decoding time
compared to the decoding time of the sample containing the extractor; sample 1 (one) is the next sample,
sample -1 (minus 1) is the previous sample, and so on.
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data_offset: The offset of the first byte within the reference sample to copy. If the extraction starts with
the first byte of data in that sample, the offset takes the value 0. The offset shall reference the beginning

of

a NAL unit length field.

data_length: The number of bytes to copy. If this field takes the value 0, then the entire single referenced
NAL unit is copied (i.e. the length to copy is taken from the length field referenced by the data offset,
augmented by the additional_bytes field in the case of Aggregators). When data offset + data length
is greater than the size of the sample, the bytes from the byte pointed to by data offset until the end
of the sample, inclusive, are copied. Resolution of an extractor may result in a reconstructed payload
for which there are fewer bytes than what is indicated in the NaLUnitLength of the first NAL in that
reconstructed payload. In such cases, readers shall assume that only a single NAL unit was reconstructed

byf the extractors, and shall rewrite the NaLUnitLength of that NAL to the appropriate value (i.g,

t

N

fo
A4

Both ¢
units ¢

or included by recursively inspecting the contents of aggregators or extractors.

The fi¢
id, ¢
base §
nal rq

idr f]

prior]
re

discai
dil

output
ar

use_rq
ur

no_ inf

thie no_inter ldyer pred flagsetto 1, and setto O otherwise.

If the
with t

NOTE

reconstructed payload minus (LengthSizeMinusOne + 1) ).

TE If the two tracks use different lengthSizeMinusOne values, then the extracted data,will n
'matting to conform to the destination track's length field size.

NAL unit header values for SVC

xtractors and aggregators use NAL unit headers with the NAL unit header SVC extension. Th
extracted by an extractor or aggregated by an aggregator are all those"NAL units that are refe}

ldSnal_ref_idc, idr flag, priority id, temporal id, no anter layer pred flag, depen
uality id, temporal id, wuse_ref base pic flag, discardable flag, output flag, usq
ic flag, and no_inter layer pred flag shall take the following values:

£ _idc shall be set to the highest value of the field in allthe extracted or aggregated NAL units.

ag shall be set to the highest value of the field in dll the extracted or aggregated NAL units.

ty id, temporal id, dependency id, and quad®ity id shall be set to the lowest values of the
spectively, in all the extracted or aggregatedNAL units.

dable flag shall be set to 1 if andenly if all the extracted or aggregated NAL units ha
scardable flag setto 1, and set to O6therwise.

_flag should be set to 1 if at least one of the aggregated or extracted NAL units has this flag s¢
d otherwise set to 0.

f base pic_flag shall(beSet to 1 if and only if at least one of the extracted or aggregated VQ
lits have the use ref(Base pic flagsetto 1, and setto O otherwise.

er layer pred (Eiag shall be setto 1 if and only if all the extracted or aggregated VCL NAL unif

bet of extracted or aggregated NAL units is empty, then each of these fields takes a value confg
he mapped tier description.

| ~ Aggregators can group NAL units with different scalability information.

size of

bed re-

e NAL
renced

ency_
b ref

fields,

ve the

bt to 1,

L NAL

s have

rmant

NOTE 2  Aggregators can be used to group NAL units belonging to a level of scalability that is not signalled
NAL unit header SVC extension (e.g. NAL units belonging to a region of interest). The description of such Aggregators
can be done with the tier description and the NAL unit map groups. In this case more than one Aggregator with the
same scalability information can occur in one sample.

NOTE 3

by the

If multiple scalable tracks reference the same media data, then an aggregator might need to group NAL units

with identical scalability information only. This ensures that the resulting pattern can be accessed by each of the tracks.

NOTE4  Ifno NAL unit of a particular layer exists in an access unit then an empty Aggregator (in which the le
the Aggregator includes only the header, and additional_bytes is zero) can exist.
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A.5 NAL unit header values for MVC and MVC+D depth NAL units

Both Aggregators and Extractors use the NAL unit header MVC extension. The NAL units extracted by
an extractor or aggregated by an aggregator are all those NAL units that are referenced or included by
recursively inspecting the contents of aggregators or extractors.

The fields nal ref idc, non idr flag, priority id,view id,temporal id, anchor pic flag, and inter
view flag shall take the following values:

nal ref idc shall be set to the highest value of the field in all the aggregated or extracted NAL units.

non ige—£tas shallbe set tg the lawest value gfthe fieldin all the aggrngafnﬂ orextracted NAL units

priorjty idand temporal idshall be setto the lowestvalues of the fields, respectively, in all the-aggregated
orfextracted NAL units.

view 1d shall be set to the view_id value of the VCL NAL unit with the lowest view order index amongfall the
agdgregated or extracted VCL NAL units.

anchot pic flagand inter view flag shall be set to the highest value of the fields;respectively, in pll the
agdgregated or extracted VCL NAL units.

A.6 NAL unit header values for 3D-AVC NAL units

Both Aggregators and Extractors use the NAL unit header 3D-AVE" extension specified in Anngx ] of
ISO/IHC 14496-10:—. The NAL units extracted by an extractor’dr aggregated by an aggregator are all
those INAL units that are referenced or included by recursively“inspecting the contents of aggregators or
extragtors. All the aggregated or extracted VCL NAL units shall have nal unit type equal to 21 and ayc 3d
extengion flagequalto 1.

The figlds nal ref idc, view idx, depth flag, nen idr flag, temporal id, anchor pic flag and
inter |view flag shall take the following values:

nal r¢f idc shall be set to the highest value of the field in all the aggregated or extracted NAL units.
view {dx shall be set to the lowest view order index among all the aggregated or extracted VCL NAL units.
depth|flag shall be setto the lowest depth_flag value among all the aggregated or extracted VCL NAL units.
non_idir flag shall be setto thelowest value of the field in all the aggregated or extracted VCL NAL units.
tempofal id shall be set to thedowest value of the field in all the aggregated or extracted VCL NAL units.

anchof pic flag and idter view flag shall be set to the highest value of the fields, respectively, in pll the
agdgregated or extracted VCL NAL units.

A.7 Extractors for HEVC and L-HEVC tracks

A.7.1| Pefinition

This subclause describes extractors for HEVC and L-HEVC tracks. Extractors enable compact formation of
tracks that extract NAL unit data by reference.

An extractor contains one or more constructors. The following constructors are specified:
a) A sample constructor extracts, by reference, NAL unit data from a sample of another track.
b) Anin-line constructor includes NAL unit data.

c¢) A sample constructor sampleConstructorFromTrackGroup extracts, by reference, NAL unit data
according to a copy mode from a sample of another track or a track selected from a track group.
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d) Areference constructor allows including a default constructor by explicit reference in an extractor.

e) A default reference constructor allows including a default constructor by implicit reference in an
extractor.

f) A NALU start in-line constructor includes beginning of a NAL unit data without NALUnitLength field.

An aggregator may include or reference extractors. An extractor may reference aggregators. When an
extractor is processed by a file reader that requires it, the extractor is logically replaced by the bytes
resulting when resolving the contained constructors in their appearance order.

The b

tes referred to by a sample constructor shall not contain extractors: an extractor shall not ref

rence,

direct

NOTE
extrac

An ext
track {

The by

a) Ome entire NAL unit; note that when an Aggregator is referenced, both.the included and refer

by
b) M
In bot

The by
throug
sampl
hence
that tH

A.7.2

class
NAT
do

by

y or indirectly, another extractor.

The track that is referenced can contain extractors even though the data that is referenced
or cannot.

ractor may contain one or more constructors for extracting data from the current track or from a
hat is linked to the track in which the extractor resides by means of a track referience of type 'sq

'tes of a resolved extractor shall be one of the following:

tes are copied
pre than one entire NAL unit
h cases the bytes of the resolved extractor start with a validJength field and a NAL unit header.

rtes of a sample constructor are copied only from the single identified sample in the track refej
th the indicated 'scal' track reference. The alignment is on decoding time, i.e. using the ti
e table only, followed by a counted offset in sampléZhumber. Extractors are a media-level conce

apply to the destination track before any edit listis considered. (However, one would normally

e edit lists in the two tracks would be identj¢al).

Syntax

aligned (8) Extractor () {

UnitHeader () ;

{

unsigned int (8) constructor type;

if ( constructor type =30 )
SampleConstructor(()y

else if( constructox.type == 2 )
InlineConstructer () ;

else if( constzlctor type == 3 )
SampleConstructorFromTrackGroup () ;

else if( cghs¥ructor type == 4 )

ReferengeConstructor () ;
else if{(“Constructor type == )
DefaultReferenceConstructor () ;
else\Uif ( constructor type == 6 )
NALUStartInlineConstructor () ;
fhile ( !EndOfNALUnit () )

}

NOTE

by the

hother
al'.

renced

renced
me-to-
pt and
bxpect

The syntax of Extractors does not always follow the NAL unit syntax and the NAL unit constraints sp

ecified

in ISO/IEC 23008-2. For example, there can be three continuous bytes equal to a value in the range of 0x000000 to
0x000010, inclusive. This document disallows the presence of Extractors in a video bitstream output from parsing a
file, therefore formal non-compliance with the video specifications is immaterial as they will never be presented to a
video decoder.
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Semantics

NALUnitHeader () : The first two bytes of ISO/IEC 23008-2 NAL units.

nal unit type shall be set to 49 for ISO/IEC 23008-2 video. forbidden zero bit shall be set as
specified in ISO/IEC 23008-2. Other fields (nuh_1layer id and nuh temporal id plus1) shall be set

as specified in A.7.6.

constructor type specifies the constructor that follows. sampleConstructor, InlineConstructor, Sa
mpleConstructorFromTrackGroup, ReferenceConstructor, DefaultReferenceConstructor and
NALUStartInlineConstructor correspond to constructor type equal to 0, 2, 3, 4, 5 and 6, respectively.

0

EndOf]
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returns 1 (true).

A.7.4
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A.7.4.
track]
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data

Sample constructor
| Syntax
aligned (8) SampleConstructor () {

igned int(8) track ref index;

ned int (8) sample offset;

igned int ((lengthSizeMinusOne+1l) *8)
data offset;

igned int ((lengthSizeMinusOne+1l) *8)
data length;

2 Semantics
[ref index: as specified in A.3.3.

_offset: as specified in A.3.3.

thie first byte of data in that sample, thewoffset takes the value 0.

data ]
b¢
to
fig

ength: The number of bytes to-copy. If this field takes the value 0, data offset shall refer
ginning of a NAL unit lengthifiéld and the entire single referenced NAL unit is copied (i.e. the

ld in the case of Aggregators). When data offset + data_length is greater than the size of the s

aLUnit () is a function that returns 0 (false) when more data follows in this extractor; gtheryise it

ffset: The offset of the first byte within the reference sample to copy. If the extraction starts with

to the
length

copy is taken from the length field referenced by data offset, augmented by the additional|bytes

hmple,

thle bytes from the byte)pointed to by data offset until the end of the sample, inclusive, are dopied,

i.g
a

of]
N/

ag
N

Feconstructed payload for which there are fewer bytes than what is indicated in the NaLUnit
the first NAD in that reconstructed payload. In such cases, readers shall assume that only a
\L unit waSreconstructed by the extractors, and shall rewrite the NALUnitLength of that NAL
propriatevalue (i.e, size of the reconstructed payload minus (LengthsizeMinusOne + 1) ).

TE< ¥ If the two tracks use different lengthSizeMinusOne values, then the extracted data will n

fo

'matting to conform to the destination track's length field size.

.data_length is resolved as (sample size - data offset). Resolution of an extractor may result in

length
single
to the

bed re-

NOTE 2

When track ref index references a track group, file writers are expected to select the values of

data offset and data_ length carefully. For example, when the referenced samples in all the tracks of the track
group consist of one and only one VCL NAL unit and the slice segment headers in all these VCL NAL units have
the same length, it is possible to use a non-zero data offset to point to the first byte of the slice segment data.
When the referenced samples in all tracks of the track group contain one and only one NAL unit, it is possible
to use a data_ length value that points beyond the sample size of any referenced sample to extract bytes from

da

ta_ offset until the end of the sample from any track of the track group.
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