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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work.

The procedpres used to develop this document and those intended for its further maintenance
described i the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed. fo
different types of document should be noted. This document was drafted in accordance with the edit
rules of] the ISO/IEC Directives, Part 2 (see www.iso.org/direetives
www.iec.chfmembers experts/refdocs).
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This docum
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ent was prepared by Joint Technical Committee ISO/IEC JTC 1, Information techno
ee SC 29, Coding of audio, picture, multimedia and hypermedia information.

logy,

This sixth ¢ been

technically 1

pdition cancels and replaces the fifth edition (ISO/IEC 14496-15:2019), which has
evised. It also incorporates the Amendment ISO/IEC 14496-15:2019/Amd 1:2020.

The main canges are as follows:

port for the Versatile Video Coding (ISO/IEC 23090-3) and Essential Video Coding (ISO
D4-1)

Sup /1IEC

230

Addjtiow of sample entry types 'hvc3’, *hev3’, ‘hvt2’, and ‘hvt3’ targeted at tile-based

delivery and merging of High Efficiency Video Coding (ISO/IEC 23008-2) bitstreams

Alist of all parts in the ISO/IEC 14496 series can be found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
committees.
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Introduction

5:2022(E)

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) 1
c)

d) i

This
shall
cont

pernpits the use of NAL unit structured video such as AVC (ISOAEC 14496-10) video and Hig

Vide

The
form
inter

The
(IEC
ofaj

ISO ¢

The
unde
In tl
Infoy
pate

e used in an MPEG-4 systems environment, if desired,
e formatted for delivery by a streaming server, using hint tracks, and

hherit all the use cases and features of the ISO Base Media File Format omwhich MP4
pased.

document may be used as a standalone document; it specifies how(NAL unit structured v
be stored in an ISO Base Media File Format compliant formatzHowever, it is normally
bxt of a specification, such as the MP4 file format, derived from the ISO Base Media File

p Coding (HEVC, ISO/IEC 23008-2) video.

at for the exchange of digital media, and itswse'in this context should accelerate both a
operability.

nternational Organization for Standardization (ISO) and International Electrotechnical
draw attention to the fact that it is‘claimed that compliance with this document may iny
batent.

nd IEC take no position‘cdncerning the evidence, validity and scope of this patent right.

holder of this pdatent right has assured ISO and IEC that he/she is willing to negoti

1is respect; ‘the statement of the holder of this patent right is registered with IS
mation ( may be obtained from the patent database available at www.iso.org
hts.iec,ch.

hnd MJ2 are

deo content
used in the
Format, that
h Efficiency

SO Base Media File Format is becoming increasingly common as a general-purpose medjia container
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TioT 15 draw to tie possibility thatSome of the etements of thisS doCUIment may be t

e subject of

patent rights other than those in the patent database. ISO and IEC shall not be held responsible for
identifying any or all such patent rights.
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Information technology — Coding of audio-visual

ob
Pa

Car

jects —

rt 15:
riage of network abstraction layer (NAL) unit

structured video in the ISO base media file format

1 Scope

This|[document specifies the storage format for streams of video that is structured as NAL Uhits, such as
AVC|(ISO/IEC 14496-10) and HEVC (ISO/IEC 23008-2) video streams. In _addition, Annex E specifies
parameters and sub-parameters applying when sample entries specified in‘this document ar¢ used as the
'codé¢cs' parameter of a MIME type, as specified in IETF RFC 6381.

2 Normative references

The [following documents, in whole or in part, are nortatively referenced in this documpent and are
indigpensable for its application. For dated references, only the edition cited applies. Hor undated
refeffences, the latest edition of the referenced documeént (including any amendments) appligs.

ISO/IEC 14496-12:2020, Information technology — Coding of audio-visual objects — Part 12: ISO base
media file format

ISO/IEC 14496-10:2020, Information,technology — Coding of audio-visual objects — Part 10: Advanced
Videp Coding

ISO/IEC 23008-2:2020, Information technology — High efficiency coding and media |delivery in
heterogeneous environments — Part 2: High efficiency video coding

ISO/[EC 23090-3:2021, Information technology — Coded representation of immersive medja — Part 3:
Versgtile video«oding

ISO/IEC 23094-1:2020, Information technology — General video coding — Part 1: Essential video coding
IETFRFC #4648, The Busets, Buse3Z,amnd Buset4 data encodings

IETF RFC 6381, MIME codecs and profiles

3 Terms, definitions, abbreviated terms and conventions

3.1

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 14496-10,

1S0/

IEC 23008-2, ISO/IEC 23090-3 or ISO/IEC 23094-1, and the following apply.

© ISO/IEC 2022 - All rights reserved
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ISO and IEC

ISO Onl

3.1.1
3D-AVCNA

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

ine browsing platform: available at https://www.iso.org/obp

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

L unit

3D AVC VCL NAL unit

NAL unit wi

3.1.2
aggregator
in-stream st

3.1.3
alternater
set of rectar

VVC bitstre:

3.14
applicable
video codin

Note 1 to entry:

ISO/IEC 23094

3.1.5
AU- or picty
non-VCL NA

Note 1 to entry:

applies to one
SPS, PPS, AUD
NAL units that]

3.1.6
AVC base I3

maximum s

Note 1 to entry:

base layer is n

Note 2 to entry:

th type 21 with avc_3d_extension_flag equal to 1

ructure using a NAL unit header for grouping of NAL units belonging to the samé.sampl

bojon set
gular regions that are alternatives to be used as a rectangular regionnwhen reconstruct
im from a VVC extraction base track

video coding standard
b standard for the data carried in the track

The video coding standard can be ISO/IEC 14496-10, ISO/IEC 23008-2, ISO/IEC 23090-3, o

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

An AU-level non-VCL NAL unit applies to one or more entire AUs. A picture-level non-VCL NAL un
pr more entire pictures. In VVC, AU-level or picture-level non-VCL NAL units include: 1) all the DCI, OPI, VP§
PH, EOS, and EOB NAL units; 2) ARS NAL units that apply to one or more entire AUs or pictures; and 3) SH
only contain SEI messages that apply to one or more entire AUs or pictures.

yer
Ibset of a bitstream that is AVC compatible

bt using any-of the functionality of ISO/IEC 14496-10:2020, Annex G, Annex H, Annex I, or Annex .

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

The-AVC base layer is represented by AVC VCL NAL units and associated non-VCL NAL units. The AV

1%

Ing a

—

3.1.7
AVC param

eter set sample

sample in a parameter set elementary stream that consists of those parameter set NAL units that are to
be considered as if present in the video elementary stream at the same instant in time

3.1.8

AVC sample
access unit as defined in ISO/IEC 14496-10

© ISO/IEC 2022 - All rights res
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3.19

AVC
AVC

NAL unit
VCL NAL unit and its associated non-VCL NAL units in a bitstream

3.1.10

AVC
NAL

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

3.1.11
canonical order

orde

 of NAIL units that conforms to the nppli(‘nh]p video standard

5:2022(E)

Note
multi
be ap

3.1.12

cang
elem

spec
mor

| to entry: When a single track carries a video bitstream, the NAL units are stored in the canonical/or
ple tracks are used to a carry a video bitstream, an implicit or explicit video bitstream reconstruction proqg
plied to recover the canonical order.

nical stream format
entary stream that contains NAL units in the canonical order and.conforms to the

b tracks

ele
seq

Note
set el

Note

entary stream
ence of one or mare bitstreams of the applicable video standard

| to entry: The term elementary stream is not directly related to the terms video elementary stream,
bmentary 'stream, and video and parameter set elementary stream.

P to’ entry: The applicable video standard can be included as a prefix to the term elementary stream. Fo

ler. When
ess might

constraints

fied in this document for carrying an elementary stream of the applicable video standard in one or

version

arameter

example,

an AV

C'elémentary stream refers to an elementary stream that is a sequence of one or more bitstreams conf

brming to

ISO/IEC 14496-10.

3.1.17
extractor

in-stream structure using a NAL unit header for extraction of data from other tracks

Note 1 to entry: Extractors contain instructions on how to extract data from other tracks. Logically an Extrac
seen as a pointer to data. While reading a track containing Extractors, the Extractor is replaced by the data it is pointing to.

© ISO/IEC 2022 - All rights reserved
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3.1.18

HEVC sample
access unit as defined in ISO/IEC 23008-2

3.1.19

implicit reconstruction
reconstruction of a stream of access units from two or more tracks not using extractors

3.1.20

in-stream structure

structure re

siding within sample data

3.1.21
layer
scalable lay
<SVC, MVC,

temporal_id

Note 1 to entry:

video by one o

Note 2 to entry:

publications tf
scalable layer
nested bitstrez

3.1.22
layer
scalable lay
<HEVC and

NAL units

3.1.23
layer set
set of layer

bitstream e

3.1.24
L-HEVC sar

picture unit
represented

3.1.25
MVCNAL u

rer
and MVD> set of VCL NAL units with the same values of dependency_id,,quality_id
and the associated non-VCL NAL units

A scalable layer with any of dependency_id, quality_id, and temporal_id not equal to 0 enhances th
I more scalability levels in at least one direction (temporal, quality or spatial reselution)

SVC uses a “layered” encoder design that results in a bitstream representing “coding layers”. In som|
e ‘base layer’ is the first quality layer of a specific coding layer. In sem@ publications the base layer is th|
ivith the lowest priority. The SVC file format uses “scalable layer” or<layer” in a general way for describin|
ms (using terms like AVC base layer or SVC enhancement layer)

rer
VVC> set of VCL NAL units with the samewalue of nuh_layer_id and the associated non

5 represented within a bitstream created from another bitstream by operation of the
Ktraction process

hple
s that are within an access unit as specified in Annex F of ISO/IEC 23008-2:2020 ang
by the track

hit

and

Ugq (0 (D

VCL

sub-

| are

MVC VCL N

Note 1 to entry:

Annex H.

3.1.26
MVC sampl

L unit and 1ts associated non-VCL NAL units in an MVC stream

e

The association of non-VCL NAL units with MVC VCL NAL units is specified in ISO/IEC 14496-10:2020,

one or more view components as defined in Annex H of ISO/IEC 14496-10:2020 and the associated non-

VCL NAL un

its

© ISO/IEC 2022 - All rights res
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3.1.27
MVC VCL NAL unit

5:2022(E)

NAL unit with type 20, and NAL units with type 14 when the immediately following NAL units are AVC

VCL NAL units

Note 1 to entry: MVC VCL NAL units do not affect the decoding process of a legacy AVC decoder.

3.1.28
MVC+D depth NAL unit
MVC+D depth VCL NAL unit

1t 1+l 21 niainin | d +h i avay nant
L A% Y A% Y C

NAL 11111111 tuna a Y oacn
arrcvv o Oy pCZ T COTICaTtiirg o CO

3.1.29
MVD NAL unit
MVD VCL NAL unit

NAL|unit with type 21, containing a coded slice extension for a depth view compoénent coded ¥
or 3D-AVC, or a 3D-AVC texture view component

3.1.30
MVD sample
one jor more view components as defined in Annex | or AnnexJ of ISO/IEC 14496-10:2(

assofiated non-VCL NAL units, where each view component contains a texture view compon
view component or both

3.1.31
NALjunit-like structure
data|structure that is similar to NAL units in the sense that it also has a NAL unit header an

with| a difference that the payload might not*follow the start code emulation prevention
requiired for the NAL unit syntax

3.1.32
natiyely present
not included in an aggregator. ordn extractor

vith MVC+D

20 and the
ent, a depth

d a payload,
mechanism

Note [ to entry: Data refetred to by (hence not included in) an aggregator is considered as natively prefent. Data
included in an aggregator isnot considered as natively present.

3.1.33

operating point

<SV(, MVC,and MVD> independently decodable subset of a layered bitstream

Note [l t0 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 particular spatial resolution, temporal resolution,

and quality, and can be represented either by (i) specific values of DTQ (dependency_id, temporal_id and quality_id) or (ii)
specific 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 more operating points. Within a track tiers can be used to define

multiple operating points.

Note 3 to entry: The bitstream subset of an MVC or MVD operating point represents a particular set of target output

views at a particular temporal resolution, and consists of all the data needed to decode this particular bitstream

subset. In

MVD each target output view in the bitstream subset of an MVD operating point can contain a texture view, a depth view or

both.

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

© ISO/IEC 2022 - All rights reserved
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3.1.34

operating point

<HEVC> independently decodable subset of a layered bitstream, where one or more layers in the set of
layers are indicated 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

operating point
<VVC> temporal subset of an output layer set (OLS), identified by an output layer set (OLS) index 4nd a
highest valye of Temporalld

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 operation point in ISO/IEC 23090-3.
3.1.36

output laydr set
set of layerd consisting of the layers of one of the specified layer sets, where‘one or more layers in thle set

of layers ar¢ indicated to be output layers, as specified in ISO/IEC 230082

3.1.37
parameter(set
video pararpeter 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.

3.1.38
parameter(set elementary stream
elementary [stream containing samples made up of only sequence and picture parameter set NAL {inits

synchronizgd with the video elementarny;stream

3.1.39
picture unift
set of VCL 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 in the
applicable vid¢o standard.

3.1.40
prefix NAL unit
NAL units with type 14

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

3.1.41
rectangular region
rectangle that does not contain holes and does not overlap with any other rectangular region of the same

picture
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3.1.42
reference layer
layer that is indicated as possibly needed for decoding of another layer

Note 1 to entry: For layered HEVC, reference layers can be indicated by the 'oinf ' sample group defined in subclause
9.6.2.

3.1.43
scalable layer representation
bitstream subset that is required for decoding the scalable layer, consisting of the scalable layer itself and

all the scalable lavers on which the scalable laver depends

3.1.44
sub-picture
<SV(> proper subset of coded slices of a scalable layer representation

3.1.45

sub-picture tier
<SV(> tier that consists of sub-pictures that are constrained so that any coded slice that is mot included
in the tier representation of this sub-picture tier is not referred £o’in inter prediction oy inter-layer

prediiction for decoding of this sub-picture tier

3.1.46
sub-layer
temporal sub-layer

<HEYC> set of VCL NAL units with a particular value:of Temporalld and the associated non-V(L NAL units

3.1.47
sublpyer
temporal sublayer

<VV(> set of VCL NAL units with a particular value of Temporalld and the associated non-V(L NAL units

3.1.48
SVC enhancement layer
layer that specifies a part of aScalable bitstream that enhances the video

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

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

3.1.49
SVC NAL unit

SVC VCL NAL unit and its associated non-VCL NAL units in an SVC stream

Note 1 to entry: The association of non-VCL NAL units with svc VCL NAL units is specified in ISO/IEC 14496-10:2020,
Annex G.

3.1.50
SVC sample
NAL units that belong to an access unit as defined in ISO/IEC 14496-10:2020, subclause 7.4.1.2, and are

represented by the track
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3.1.51

SVC stream
bitstream represented by the operating point for which dependency_id is equal to mDid, temporal_id is

the greatest temporal_id value among mOpSet, and quality_id is the greatest quality_id value among
mOpSet, where the greatest value of dependency_id of all the operating points represented by DTQ
(dependency_id, temporal_id and quality_id) combinations is equal to mDid, and the set of all the
operating points with dependency_id equal to mDid is mOpSet.

Note 1 to entry:

The term “SVC stream” is referenced by ‘decoding/accessing the entire stream’ in this document. Ther

can be NAL units that are not required for decoding this operating point.

e

3.1.52
SVC VCL NA
NAL unit w

L unit
th type 20, and NAL units with type 14 when the immediately following NALduhits are

VCL NAL unijits

Note 1 to entry:

3.1.53
temporal I3
represent.

temporal la}

3.1.54

tier

<SV(C, MVC(,
points and i

Note 1 to entry:
K used to represent a part of the interoperability point representation consisting of profile, tier, and leve].

the term tier i
Readers shoul

Note 2 to entry:
bset of a track and represents an'operating point of an SVC bitstream. Tiers in a track subset the entire tracl

represents a st
no matter whe

Note 3 to entry:

3.1.55
tier repres

SVC VCL NAL units do not affect the decoding process of a legacy AVC decoder.

yer representation
ion of a temporal layer

Fer and all lower temporal layers

and MVD> set of operating points within a track, providing information about the oper
hstructions on how to access the corresponding bitstream portions (using maps and gro

In SVC file format a tier represents one or more scalable layers of an SVC bitstream. In HEVC and VV
H not be confused about these two different' meanings of the word "tier".

The term “tier” is used in SVC file format to avoid confusion with the frequently used term layer. A tie

ther the track references another track by extractors.

An MVC or MVD_tier'represents a particular set of temporal subsets of a particular set of views.

bntation

representation of the tier

bitstream s
which the ti

ibset that is required for decoding the tier, consisting of the tier itself and all the tier
er{depends

AVC

hting
ups)

=1

3.1.56

video elementary stream

elementary

3.1.57

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

video and parameter set elementary stream

elementary

stream containing access units with coded pictures and with parameter sets
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3.1.58
video stream

self-contained independently decodable video bitstream

3.1.59
virtual 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
specified in ISO/IEC 14496-10:2020, subclause H.8.5.5. Samples containing data units of an independently coded non-base
view and samples of the virtual base view are aligned by decoding times.

3.1.40
VVC|bitstream

bitstfeam conforming to the VVC standard (ISO/IEC 23090-3)

Note [ to entry: Unless otherwise scoped in the text, the term VVC bitstream refers to the éntire bitstream that the file
writel includes in a file, possibly stored in multiple tracks. In some occasions, Clause 11 specifically refers tp the VVC
bitstrpam contained in a track, either natively or though resolving ' subp' track referendesor ' recr' track refgrences.

3.1.41
VVC|extraction base track
VVCitrack that references another VVC track through a ' recr “track reference

3.1.62
VVCimerge base track
VVCitrack that references VVC subpicture tracks though a ' subp' track reference

3.1.43
VVCinon-VCL track

track that contains only non-VCL NAL units and is referred to by a VVC track through a [vvcN' track
refefence

3.1.64
VVCisubpicture
subylicture as defined in in the/VVC standard (ISO/IEC 23090-3)

Note [ to entry: Unless ‘otherwise scoped in the text, the terms VVC subpicture and subpicture [are used
interdhangeably.

3.1.45
VVC|subpicture track
track that contains either a sequence of one or more VVC subpictures forming a rectangular region or a

sequel¢e of one or more complete slices forming a rectangular region

3.1.66
VVC track

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
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3.2 Abbreviated terms

3D-AVC Three-dimensional Advanced Video Coding [refers to ISO/IEC 14496-10:2020 when the
techniques in Annex ] (Multiview and Depth Video with Enhanced Non-Base View Coding)
are in use]

3D-HEVC  Three-dimensional High Efficiency Video Coding [refers to ISO/IEC 23008-2:2020 when the
techniques in Annex I (3D High Efficiency Video Coding) are in use]

A3D Three-dimensional Advanced Video Coding [refers to ISO/IEC 14496-10:2020 when the
techniques in Annex ] (Multiview and Depth Video with Enhanced Non-Base View Coding)

are in use]
NOTE 1 The abbreviation A3D is used in terminology related to syntax elements and structures, wheneas/the
abbreviation 3D-AVC is used otherwise.

ALF Adaptive Loop Filter

APS Adaptation Parameter Set

AU Access Unit

AUD Access Unit Delimiter

AVC Advanced Video Coding. Where contrasted with SVC, MV( or MVD in this document] this

term refers to the main part of ISO/IEC 14496-10:2020, including none of Annex G (Scalable
Video Coding), Annex H (Multiview Video Coding), Annhex I (Multiview and Depth Video
Coding), and Annex ] (Multiview and Depth Video-with Enhanced Non-Base View Coding)

BLA Broken Link Access

CBR Constant Bit Rate

CLVS Coded Layer Video Sequence
CRA Clean Random Access

CTU Coding Tree Unit

CVS Coded Video Sequence

DCI Decoding Capability Information
DRA Dynamic Range Adjustment
EOB End of Bitstream

EOS End of Sequence

EVC Essential Video Coding

FF File Fotmat

GDR Grddual Decoding Refresh

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)
L-HEVC Layered High Efficiency Video Coding
LMCS Luma Mapping with Chroma Scaling
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Multiview Video Coding [refers to ISO/IEC 14496-10:2020 when the techniques in Annex H

(Multiview Video Coding) are in use]

Multiview Video Coding Plus Depth [refers to ISO/IEC 14496-10:2020 when the techniques

in Annex [ (Multiview and Depth Video Coding) are in use]

Multiview Video Coding Plus Depth [refers to ISO/IEC 14496-10:2020 when the techniques

in Annex [ (Multiview and Depth Video Coding) are in use]

The abbreviation MVCD is used in terminology related to syntax elements and structures, whereas the
abbreviation MVC+D is used otherwise.

MV-HEVC—Multiview High Efficiency Video Coding [refers to I1SO/IEC23008-27202(0 when the
techniques in Annex G (Multiview High Efficiency Video Coding) are in use]

MVD Multiview Video Coding Plus Depth [refers to ISO/IEC 14496-10:2020 when the techniques
in Annex [ (Multiview and Depth Video Coding) or Annex ] (Multiview~and Deptl 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

SEI Supplemental Enhancementinformation

SH Slice Header

SHV( Scalable High efficiency Video Coding [refers to ISO/IEC 23008-2:2020 when th¢ 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
Stepwise Temporal Sublayer Access [in the context of ISO/IEC 23090-3]

SVC Scalable Video Coding [refers to ISO/IEC 14496-10:2020 when the techniqueq in Annex G
(Scalable Video Coding) are in use]

TSA Temporal Sub-layer Access

VCL Video Coding Layer

VPS Video Parameter Set

VVC Versatile Video Coding

3.3 Conventions

Mathematical functions:

Min(x,y) = { ; : XX<>:yy
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4 General definitions

4.1 Overview

The specifications in this clause apply to all coding systems identified by chapters in this specification,
unless specifically over-ridden by definitions in the clause for a specific coding system.

4.2 Sample and configuration definition

4.2.1 General

For sample
unit (e.g. in

in the appra

4.2.2 Canopnical order and restrictions

NOTE 1

tracks carryin
customize the
information fr
format allows

When multi

and 11, son
extractors are used or when an implicit reconstruction of access units is needed) to produce a cano

stream.

The canonid

— SEI N
whod

samj]

picture shall be included tin the sample containing that picture and that SEI messages pertal

to a
sequ

defined in the applicable video coding standard.

NAL
shall

Ar
elementary sti

formats specified in this document, a sample contains an access unit or a part of an a

priate specification.

) elementary stream is stored in the [SO Base Media File Format in a manner that.a single track contains th|
eam in the canonical stream format or a reader can reconstruct the canonical/stream format from multipl
b the elementary stream. The canonical stream format is as neutral as possiblé\so that systems that need t
stream for delivery over different transport protocols — MPEG-2 Systems,(RTP, and so on — need not remov|
m the elementary stream while being free to add to the elementary stréam. Furthermore, a canonical strear
Kuch operations to be performed against a known initial state.

ple tracks are used to store an elementary streamyas-may be the case for Clauses 6, 7, §
e tracks may contain canonical streams while others may need to be processed (e.g. ¥

al stream format is an elementary stfeam that satisfies the following conditions:

AL units: All SEI NAL units shall be contained in the parameter set arrays, or in the sa
e decoding time is at thectime, or immediately precedes the time (with no interve
les), when the SEI messages come into effect instantaneously. In general, SEI messages

sequence of pictunes shall be included in the sample containing the first picture o
bnce to which the SEI message pertains. The order of SEI messages within a sample

unit-order: The sequence of NAL units in an elementary stream and within a single sa
bédn a valid decoding order for those NAL units as specified in the applicable video ca

h track containing a part of a multi-layer video bitstream), where an access unit isjas def

cess
ined

IR CER=ECEL

, 10,
vhen
hical

mple
ning
for a
ning
[ the
is as

mple
ding

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 information is provided by the information stored in the various sample
metadata tables, and this information over-rides any timing provided in the video layer. Timing
provided within the video stream in this file format should be ignored as it may contradict the
timing provided by the file format and may not be correct or consistent within itself.

12
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This constraint is imposed due to the fact that post-compression editing, combination, or re-timing of a
file format level can invalidate or make inconsistent any embedded timing information present within

the video stream.

— No start codes: The elementary streams shall not include start codes. As stored, each NAL unit is
preceded by a length field as specified in 4.2.3; this enables easy scanning of the sample’s NAL
units. Systems that wish to deliver, from this file format, a stream using start codes will need to
reformat the stream to insert those start codes.

4.2.3 Sample format

4.2.3.1 Definition

This|subclause
supglied by th

defines the structure of the samples. Samples are externally framed’ and |have a size
at external framing. The syntax of a sample is configured via“the decofder specific

conflguration for the elementary stream. An example of the structure of a video sample is|depicted in

Figure 1.

Access Slice \\‘0 Slice
= Unit = SEI = NAL U = NAL Unit
E” Delimiter E‘) NAL Unit E‘) (Pri E’J (Redundant
) NAL Unit Q (if present) 7] o’i@ L Coded Picture)
- q ) ) - >
(if present) ure) (if present)
Z.

An afcess unit is made up of a set of NAL units. Each-NAL unit is represented with a:

4.2.3.2 Syntax

aligned(8) class NALUSample

for (i=0;

unsigfed int ( (DecoderConfigurationRecord.LengthSizeMinusOne+1) *8)
NAIUnitLength;

biAt (NALUnitLength * 8) NALUnit;

i~+= (DecoderConfigurationRecord.LengthSizeMinusOne+1l) + NALUnitLegngth;

Figure 1 — Example structure of a sample

- Length: Indicates the length in bytes ofthe following NAL unit. The length field may bé configured
to be of 1, 2, or 4 bytes.

— NAL Unit: Contains the NAL uhit data as specified in the applicable video coding standard.

i<sample size; ) // to end of the sample

}

4.2.3.3 Semantics

DecoderConfigurationRecord indicates the record in the matching sample entry (e.g.

AVCDec

oderConfigurationRecord 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.
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NALUnit contains a single NAL unit. The syntax of a NAL unit is defined in the appropriate

specification (e.g. ISO/IEC 14496-10) and includes both the one byte NAL header and the variable
length encapsulated byte stream payload.

4.2.4 Optional boxes in the sample entry

Unless otherwise explicitly specified, the optional boxes, including the Bi tRateBox, in the sample entry
document 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 Vide

Iltrack structure

In the terminology of ISO/IEC 14496-12, both video and parameter set tracks are video or visual tr

They theref

a) aha

b) avid

c) and

A video stre

If there is

alternatives
used should select one of them, as appropriate. See ISO/IEC 14496-12:2020, subclause 8.10.1

informative

hre use:

ndler_type of 'vide' in the HandlerBox;

leo media header 'vimhd';

as defined below, a derivative of the Visual SampleEntr¥.
am is represented by one or more video tracks in a file!

more than one track representing scalable aspects of a single stream, then they
to each other, and the field ‘alternate group’ should be used, or the composition sy

labelling of why tracks are members of alternate groups.

4.4 Template fields used

The ISO Ba
defined for
fields:

depth

use by specific sub-systems. Tracks containing video data may use the following tem

) alternaté group inthe TrackHeaderBox (see 5.4.8 on stream switching).
b) templatefield ‘depth’ in the VisualSampleEntry to document the presence of alpha.

akes one of the following values:

Ox1

3 <-the video sequence is in colour with no alpha

be Media File Format defines-a number of fields that have default values but that m3

hcks.

form
stem

for

y be
blate

0x2
0x2

8 - the video sequence is in grayscale with no alpha
0 - the video sequence has alpha (gray or colour)

4.5 Visual width and height

The width and height fields in a Vi sualSampleEntry 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.

14
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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.

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 notyjused and decoding

and fomposition times are the same, then presentation is the same as decoding-order and only the time-

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

If depoding time and composition time differ, the composition time-to{Sample 'ctts"' tablelis also used

in canjunction with the 'stts' table.

4.7 | Sample groups on random access recovery points-' roll' and random acgess
points 'rap '

This| version of ISO/IEC 14496-15 disallowsthe presence of SampleToGroupBox with

grofiping typeequalto 'roll' and version.greater than 0 in tracks with sample entrjes specified

in ISD/IEC 14496-15 other than Clause 7 and 11. Parsers according to this version of ISO/IHC 14496-15

shallignore SampleToGroupBox with gréuping type equalto 'roll' and version greater than

0 in fracks with sample entries specifiedin*ISO/IEC 14496-15 other than Clause 7 and 11.

This| version of ISO/IEC 14496-15 disallows the presence of SampleToGroupBox with

gropping typeequalto 'rap,' and version greater than 0 in tracks with sample entrjes specified

in ISO/IEC 14496-15 other than clause 7. Parsers according to this version of ISO/IEC 14496-15 shall

ignofe SampleToGroypRox with grouping type equalto 'rap ' and version greater than 0 in

tracks with sample entries specified in ISO/IEC 14496-15 other than Clause 7.

NOTH1 The video‘coding system can include the concept of gradual decoding refresh (GDR). For AVC and HEVC,

this cfin be signalléd in the bit-stream using the recovery point SEI message. This message is found at the beginning of

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

the SEI meSsage before the recovery is complete. For VVC, the recovery point SEI message is not supported. Indtead,

the gradwal decoding refresh is indicated normatively with a GDR picture that has a ph_recovery_poc_cnt syntax

elemdnt™in itg picture header The GDR picture ig indicated hy a GDR NAI. nnit type and the value the

ph_recovery_poc_cnt syntax element is used to identify the recovery point picture.

When all access units in output order starting from the access unit at the position of a recovery point SEI
message can be successfully decoded after random access, i.e. when the recovery_frame_cnt syntax

element of the recovery point SEI message is equal to 0, the Random Access Point ('rap ') sample
grouping should be used. The Random Access Point (' rap ') sample grouping should not be used for
VVC.
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This concept of gradual is supported in the file format also by using

VisualRollRecoveryEntry Groups [4.5]. In order that the group membership marks the sample

recovery

containing the recovery point SEI message, or for VVC the GDR picture, the 'roll distance' is
constrained to being only positive (i.e. a post-roll). In other words, VisualRollRecoveryEntry
Groups can be used when the value of the recovery_frame_cnt syntax element of the recovery point SEI
message is greater than 0 or when the value of the ph_recovery_poc_cnt syntax element in VVC is greater

than 0.

NOTE 2

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

are represent

Within a st
decoding th
the closest

4.8 Hinti

Note that w
for example

Care should

d in the recovery point SEI Message or by the ph_Tecovery_poc_cnt syntax elementin vvCe.

eam, it is necessary to mark the beginning of the pre-roll, so that a stream decodernmay
ere. However, in a file, when performing random access, a deterministic searchiis-desire
receding frame that can be decoded perfectly (either a sync sample, or the.end of a pre-

ng

hat the hint tracks call “B frames” are actually ‘disposable’ pictur€s ot non-reference pict
as defined in ISO/IEC 14496-10.

be taken when the structures in Annex A (aggregators of.extractors) are in use and the {

is hinted. Tlese structures are defined only for use in the file format and should not be transmitte

particular, g
transmitted
references.

coding stan

4.9 Onch

In this claus
beginning o

A change in
parameter s

For the sing
bitstream o
changes.

hint track that points at an extractor in a video/track would cause the extractor itself
(which is probably both incorrect and not the'desired behaviour), not the data the extr4
Hint tracks should normally directly reference NAL units specified in the applicable v
Hard.

jange of sample entry (informative)

e, resetting decoding can be regarded as a similar process as starting the decoding fron
f a video stream.

the sample entry isicaused, for example, by a change of parameter set(s) reusing the sar
etID(s) inaVvisyalSampleEntry.

le-layer video file formats specified in Clauses 5 and 8, the video decoder for decoding o
tput firom the file parser is expected to be reset at the first sample at which the sample ¢

start
d for
roll).

Lres,

rack
d. In
o be
ctor
ideo

n the

f the
ntry

For the file format specified in Clause 11, 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 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 stream is
encoded and encapsulated in the track as follows:
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not associated with the sample entry or data from any other sample entry.

The first sample that a sample entry is associated with (i.e., applies to) is a sync sample.

Decoding of samples that a sample entry is associated with does not rely on data from any sample

For the multi-layer video file formats specified in Clauses 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 scalable

base track (as defined in Clauses 6 and 7) at which the sample entry changes. When more than one sample

entry is used in the base track or scalable base track, random accessing is enabled if a video stream is

enco

In thie following, let the L-HEVC base track be the track referred to by a track reference of ty

(whg
vide
file g
or th
samj]
streg

dedand encapsutated i the track as foltlows:

The first sample that a sample entry in the base track or scalable base track isyassoc
a sync sample.

base track associated with a sample entry to the last access unit centaining the last s

earlier than the first access unit in decoding order or data frem any sample entry ass

emantics (defined in the applicable video coding standard)ythat the second occurrence replaces the first

ssociation needs rewriting.

arser is expected to be reset at the first sample in the L-HEVC base track at which the s

ble group description entry is used in the L-HEVC base track, random accessing is enabl
m is encodediand encapsulated in the track as follows:

layer carried in the track.

Decoding of the set of access units from the first access unit containing the first sg
base track associated with the sample entry, inclusive, does not nely on data from any

a sample contained in an access unit ealier than the first'aecess unit in decoding ord|

OTE When parameter sets are stored other than in the sample entry, i.e. either in a separate parameter s¢
n the samples in the video track, it is possible that there are tw0 parameter sets with the same identifieq

me onwards in the stream. Converting such a stream to a-form in which all parameter sets are in a single sarj
hvolves more than moving the applicable NAL units into the sample entry; one of the two occurrences will n

Hentifier value, and the video NAL units that refer to it by identifier will also need updating. Alternatively
ample entries can be used for the storage of parameter sets with same ID, in which case sample to sany

n present) or the present track’(when it contains an 'oinf' sample group). For the

e 'oinf' sample giteup description entry changes. When more than one sample entry

Thefirst sample that a sample entry oran 'oinf ' sample group description entry in
base track is associated with has an IRAP picture (as specified in ISO/IEC 23008-2) 4

ated with is

mple in the
hmple in the
y access unit
bciated with
Eer.

t track, or
, with the
from that
hple entry
ced a new
, multiple
iple entry

pe 'oref’
multi-layer

b file formats specified in.Clause 9, the video decoder for decoding of the bitstream output from the

hmple entry
or 'oinf'
ed if a video

the L-HEVC
t the lowest

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 access unit in decoding order or data from any s

ample entry

or 'oinf ' sample group description entry associated with a sample contained in an access unit

ealier than the first access unit in decoding order.
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4.10 SEI information box

4.10.1 Definition

Box Type: 'seii'
Container: Scheme Information box (' schi') or VisualSampleEntry
Mandatory: Yes (in the SchemeInformationBox), No (inaVisualSampleEntry)
Quantity: One (in the SchemeInformationBox), Zero or one (in a
VisualSampleEntry)
The SEI Infqrmation box documents the SEIS I a Stream. When contained ina visualSamplekntry,
numRequiredSEIs shall be 0. By inspecting the SEI Information box a player will know which SEI

messages it

4.10.2 Syntg

aligned(8
unsign
for (i
unsign
}
unsign
for (i
unsign
}

}

4.10.3 Semd

requid
that
notredg
that

4.11 Post-

4.11.1 Gen¢

In order to hhandle situations where the file author requires certain actions on the player or renderer

ISO base m
behind the
chapters in

A X

class SeiInformationBox extends Box('seii') {
bd int (16) numRequiredSEIs;
= 0; 1 < numRequiredSEIs;
bd int (16) requiredSEI ID;

i++) |

bd int (16) numNotRequiredSEIs;
= 0; 1 < numNotRequiredSEIs;
bd int (16) notrequiredSEI ID;

i+4+) |

ntics

edSEI ID takes on the value “payloadType” of an SEI message present in the bitstrear
is deemed necessary by the file author for correct playback.
uiredSEI ID takeson the value “payloadType” of an SEI message present in the bitstr
is not deemed necessary by the file author for correct playback.

decoder requirements scheme for signalling of SEI

ral

pdia file(format specifies the restricted-video mechanism where sample entries are hi
peneric. Sample entry 'resv'. The mechanism applies to all coding systems identifie

can assume to be present, and which are deemed necessary by the file author fer cofrect
playback. There might be other SEIs present in the bitstream that are not documented by'this box.

eam

, the
Hden
d by

this document. For the case of signalling of SEI, a file author can list occurring SEI mes

sage

IDs (ISO/IE

C 14496-10, ISO/TEC 23008-2) and classify them 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 Definition

The scheme for signalling of SEI is defined here.

The SchemeType 'aSEI" is used.
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The SEI information box is mandatory in the SchemelnformationBox under the *aSEI’ scheme. In this
case, it contains information about the SEI messages present in the bitstream. Although the SEI messages
are not required for decoding, the file author may require certain actions for rendering or other purposes.
The box distinguishes between an SEI that is required to be understood for correct playback and an SEI
that is not required for correct playback (but may enhance playback).

The SEI messages listed here should be stored either in the bitstream or in the Configuration Record. The
SEI Information box does not contain the actual SEI messages, it only lists those that occur in the
bitstream.

4.12 Alternative extraction source track grouping
Menbers of the track group with track group type equalto 'alte' are altefnatives tp be used as
asoyrce for 'subp', 'scal' or 'sabt' track reference. The value of (f1ags& 1) shall he equal to 1

in a| TrackGroupTypeBox of type 'alte' to indicate the uniquenes$.of track group id as

specjfied in [SO/IEC 14496-12.
A 'dubp', 'scal' or 'sabt' track reference may refer toa track group idvalueoffan 'alte'
track group. As implied by the general semantics of a track reference to a track group jd specified

inIS
sele(
bitst

D/IEC 14496-12, any single track ofan 'alte' track groupis a valid source for VVC subpicture track

tion as specified in subclause 11.6.3 or for extractiofias specified in Clause A.3 and Clauke A.7 or for

ream reconstruction from tile tracks as specified/insubclause 10.5.4.

NOTH
track
base

sourc
gener
resoly

P 'alte'
VC merge
the same
aders are
values to

Tracksinan '"alte' track group could represent different source content as long as any track in th
group is a suitable source for AVC or HEVC extractors or for the reconstruction of a VVC access unit in a
rack. Tracks that have the same non-zero altekhate group value in the TrackHeaderBox represent
e content. When the same 'alte' track group is referenced multiple times from a single sample, file rd
ally advised to select different tracks from #his track group with different non-zero alternate group
e the references.

4.13 NAL unit map entry

4.13{1 Definition

The
NAL
that
Sam

type

NALUMapEntry.may be used to assign an identifier, called groupID, to each NA
JMapEntry, When present, shall be linked to a sample group description providing the s
groupID{ This link shall be provided by setting the grouping type parame
bleTeGroupBox of type "nalm' to the four-character code of the associated samyp
Consequently, a SampleToGroupBox of type 'nalm' shall never use version 0 of f

L unit. The
emantics of
ter of the
le grouping
he box. It is

d + hao copmanla oo

S mdicata g oo
o CatC—arr—as

not

AXrna. 4
pUelriliiititcu Ty

< iatad : 4+ for bl
SOCTatCU— g T oo Tty Cy e 10T winCir ot Sartrpre—sTroup

definition does not provide semantics for groupID.

A track shall not contain both a SampleToGroupBox

of type 'nalm'

description

associated with

grouping type parameter equal to a particular value groupType and SampleToGroupBox of
type groupType. When a track contains a SampleToGroupBox of type 'nalm' associated with
grouping type parameter groupType, 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
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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.

4.13.2 Syntax

class NALUMapEntry () extends VisualSampleGroupEntry

bit (6) reserved = 0;
unsigned int (1) large size;
unsigned int(1l) rle;

('nalm') {

if (lapge—sizer—
unsfigned int (16) entry count;
} elsel {
unsjgned int(8) entry count;
}
for (ifl; i<= entry count; i++) {
if [(rle) {
L f (large size) {

else {

unsfigned int (16) grouplD;

}
4.13.3 Semdntics

unsigned int (16) NALU start number;

unsigned int (8) NALU start number;

large |size indicates whether the number of NAL units entries in the track samples is represe
on §or 16 bits.

rle indjcates whether run-length encoding(s used (1) to assign groupID to NAL units or not (|

entry |count specifies the number .of)entries in the map. Note that when rle is equal to 1
entry count corresponds to the number of runs where consecutive NAL units are assoc
with the same group. When rleisequalto 0,entry count represents the total number of

nted

0).

, the
ated
NAL

unitgp.

NALU dtart numberisthe 1-based NAL unitindex in the sample of the first NAL unit in the cufrent

run pssociated with.giroupID.

groupllD specifiés.the unique identifier of the group. All NAL units mapped to the same group [with
a particular'groupID value have the same properties in all the sample groups that indicpte a
mapping to that particular groupID value and are contained in this track. More information
abouilt the group is provided by the sample group description entry with this groupID| and

grouping type equal to the grouping type parameter ol the SampleToGroupBox of

type 'nalm’.

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

—  If the NAL-unit-like-structure is an aggregator, all NAL units aggregated by the aggregator

by inclusion or by reference count as a single NAL unit in the indexing provided by the

NALUMapEntry.

20
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— Otherwise, the NAL-unit-like structure counts as one NAL unit in the indexing provided by
the NALUMapEntry, prior to resolving or processing the NAL-unit-like structure.

When used with movie fragments, new NAL unit maps can be defined for the duration of the movie
fragments, by defining a new SampleGroupDescriptionboxinthe TrackFragmentBox as defined
in ISO/IEC 14496-12:2020, subclause 8.9.4.

4.14 Rectangular region group entry

4.14.1 Definition

Groyp Type: 'trif'

Contfiner: SampleGroupDescriptionBox ('sgpd')
Mangatory:  No
Quantity: Zero or more

The RectangularRegionGroupEntry may be used to describe a rectangular region.

NOTH1 The definition of a rectangular region can depend on coding systems/Clauses 10 and 11 specify the use the
RectpngularRegionGroupEntry for HEVC and VVC, respectively.

NOTH 2 The RectangularRegionGroupEntry used to be called Ti I'eRegionGroupEntry.

The grouping type parameter is not defined for the SampleToGroupBox with grpuping type
'trif'.

4.14)2 Syntax

clags RectangularRegionGroupEntryi() extends VisualSampleGroupEntry ('trilf')

ynsigned int (16) grouplD;
ynsigned int(l) rect region flag;

1f (!rect region flag)
bit (7) reserved/=\0;
glse {

unsigned int{2) independent idc;
unsigned inf (1) full picture;
unsigned inkt (1) filtering disabled;
unsigned\dint (1) has dependency list;
bit (2) reserved = 0;
if (\full picture) {
unsigned int (16) horizontal offset;
unsigned int (16) vertical offset;

1
unsigned int (16) region width;
unsigned int (16) region height;
if (has dependency list) {
unsigned int (16) dependency rect region count;
for (i=1; i<= dependency rect region_ count; i++)
unsigned int (16) dependencyRectRegionGrouplD;
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4.14.3 Semantics

groupIDisaunique identifier for the rectangular region group described by this sample group entry.
The value of groupID in a rectangular region group entry shall be greater than 0. The value 0 is

rese

rved for a special use.

When there is SampleToGroupBox of type 'nalm' and grouping type parameter equal
to 'trif', a SampleGroupDescriptionBox of type 'trif' shall be present, and the
following applies:

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

NOTH

vert

grouplD in one of the entries of NALUMapEntry.

— A NAL unit being mapped to groupID 0 by a NALUMapEntry implies thatthe
unit is required for decoding any rectangular region in the same coded"pictu
this NAL unit.

1  There can be multiple rectangular region group entries with the same values of hehizontal off
ical offset, region widthand region height, respectively, but with different groupID valu

descifibing varying dependencies.

rect
and
info
groy
assd
info
NOTH

Wh¢
laye
with
unit
rec
indepsd
with
refe
dep

This

egion flag equal to 1 specifies that the region covered by the’ NAL units within a pi
associated with this rectangular region group entry is a rectangular region, and fu
'mation of the rectangular region is provided by subsequentfields in this rectangular re
p entry. The value 0 specifies that the region covered by.the NAL units within a picturg
ciated with this rectangular region group entry is not a rectangular region, and no fuj
‘mation of the region is provided in this rectangular region group entry.

2 The rect region flag usedtobecalled tilenregion flag.

n a multi-layer bitstream is carried in one or more tracks, for any two layers layerA
B of the bitstream, the following constrdint applies: When a NAL unit of layeraA is assoc
agroupID value gldA for which the corresponding rect_region_flagis equal to 1, and a

of layerB is associated with av'groupID value gldB for which the correspon
t region flagisequalto 1,gIdA shall not be equal to gldB.

ndent idc specifies the coding dependencies between each rectangular region assoc
this rectangular region group entry and other rectangular regions in the same picture
Fence pictures of the same layer. Inter-layer dependencies, if any, are indicated by a |
endencyRectRegionGroupID (whenhas dependency list isequalto1).

field takes the fellowing values:

— Wheh-independent idc is equal to 0, the coding dependencies between
rectangular region and other rectangular regions in the same picture or in refer]
pictures of the same layer is either described by a list

NAL
re as

set,
bs, for

rture
ther
gion

and
ther

and
ated
NAL

ding

ated
or in
st of

this
ence
of

dopondpnhyRothoﬂinnGrminD(mMPnhaq dependency Wiqfiqpqnﬂ

o 1)
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or unknown (when has dependency list isequalto 0).

— When independent idc is equal to 1, there are no temporal dependencies between

this rectangular region and the rectangular regions with different groupID in

any

reference pictures of the same layer but there can be coding dependencies between this

rectangular region and a rectangular region with the same groupID in a refer
picture of the same layer.
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— When independent idcisequalto 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 group entry is a complete picture, in which case region width and region height

shall be set to the width and height, respectively,

independent idc shall be setto 1 or 2.

of the complete picture,

and

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

rectangular region group entry the in-loop filtering operation does not require aecs
adjacent to this rectangular region, i.e., bit-exact reconstruction of the rectangul
possible without decoding the adjacent rectangular regions.

lhas dependency list,whensetto 1, indicates that dependency rect région |
when  dependency rect region count is greater than 0, a
dependencyRectRegionGrouplID are present. When set
dependency rect region count is not present ar

dependencyRectRegionGrouplID is present.

jorizontal offset and vertical offset give reSpectively the horizontal {
rectangular region associated with this rectangular-region group entry, relative to
pixel of the base region, in luma samples. The base region use
RectangularRegionGroupEntry is thespicture to which the NAL units in a
region associated with this rectangular region group entry belongs.

NOTE3  The definition of the base region can be overridden by a specific coding system. Clause 1(
definition of the base region for HEVC and L-HEVC.

fegion width and region heigdht give respectively the width and height of the
region that is covered by the NAL-units in each rectangular region associated with this
region group entry, in luma,samples.
NOTE4  For coded streams using spatial scalability and rectangular regions on both the base and
layers, when each layer is,cartied in its own track, the RectangularRegionGroupEntry sample des
base layer will give~ coordinates expressed in luma samples of the base layer
RectangularRegionGroupEntry sample descriptions of an enhancement layer will give coordinatg
luma samples of the,enhancement layer.

lependency fect region count indicates the number of rectangular regions each
region associated with this rectangular region group entry depends on.

lependéncyRectRegionGrouplD gives the groupID of a rectangular region (as ¢
ReGtangularRegionGroupEntry) that this rectangular region depends on. For
rectangular region associated with this rectangular region group entry, the rectangul

bSss to pixels
ar region is

count and,
list of

to 0,

1d no

ind vertical

offsets of the top-left pixel of the rectangular region‘that is covered by the NAL uhits in each

the top-left
d in the
rectangular

overrides the

rectangular
rectangular

enhancement

triptions of the
while the

s expressed in

rectangular
lefined by a

a particular
ar regions it
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4.15 Layer information sample group
4.15.1 Definition

The list of layers and sub layers a track carries is signalled in the Layer Information sample group. In the
context of subclause 4.15, the term sub-layer is a collective term for the term sub-layer as defined in
ISO/IEC 23008-2 and the term sublayer as defined in ISO/IEC 23090-3.
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The grouping type parameter is not defined for the SampleToGroupBox with grouping type
'linf’.

4.15.2 Syntax

class LayerInfoGroupEntry extends VisualSampleGroupEntry ('linf') {
bit (2) reserved = 0;
unsigned int (6) num layers in track;
for (i=0; i<num layers in track; i++) {
bit(2) r@c@r;aﬁl = 07 _

ungigned int(l) irap gdr pics in layer only flag;
ungigned int(l) completeness flag;
ungigned int (6) layer id;

ungigned int (3) min Temporalld;
ungigned int (3)
bit (1) reserved = 0;

ungigned int(7) sub layer presence flags;

max Temporalld;

}
4.15.3 Semgdntics

irap qdr pics in layer only flag: equal to d<specifies that the i-th layer with
nuhflayer_id equal to layer id contains only"/IRAP pictures and GDR pictures with
ph_tlecovery_poc_cnt equal to 0 and all IRAP and,GDR pictures with ph_recovery_poc_cnt eqyal to
0 for the i-th layer are present in the track. ixap gdr pics in layer only flag gqual
to O specifies that the i-th layer with nuh_layeér:id equal to layer idmay contain pictures gther
thar] IRAP pictures or GDR pictures with ph. recovery_poc_cnt equal to 0.

complgteness_ flag: equal to 0 specifies'that whenmin TemporalIdisequalto 0, all pictures
of the i-th layer with Temporalld value equal to 0 are present in the track.
completeness flag equal td-1 specifies that when min TemporalId is equal to (), all
pictyires of the i-th layer with\Temporalld value equal to 0 may not be present in the track and
all pjictures of the i-th layer with Temporalld value equal to 0 that are neither IRAP picture$ nor
GDR pictures with phirecovery_poc_cnt equal to 0 are present in the track. When
min| TemporalIdds.motequalto O for the i-th layer, the meaning of completeness flpagis
unspecified for the =th layer.

num_lgyers in(track: The number of layers carried in any sample of this track associated with
this fsample group.

layer |idymuh layer id of the layer carried in the associated samples. The instances of this
field shall be in ascending order of 1ayer idin theloop.

min Temporalld: The minimum Iemporalld 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 TemporalId shall be equal to O for the i-th layer.

max_ TemporalId: The maximum TemporallId 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,
max_ TemporalId shall be equal to O for the i-th layer.

sub layer presence flags: Each bit of this field at bit position bitPos in the range of
min TemporalIdtomax TemporalId indicates thatthe sub-layer with TemporalId equal
to bitPos is natively present (when the bit is equal to 1) or present by extractors (when the bit is
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equal to 0) in the track. Bits of this field at bit positions less than min Temporall
thanmax TemporalId are unspecified.

AVC elementary streams and sample definitions

Overview

d or greater

The Advanced Video Coding (AVC) standard (ISO/IEC 14496-10), 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

oppd

vide

This
ISO
(Sca

Codi

This

The
exte

5.2

Two

b streams compressed using AVC.

[EC 14496-10, excluding any multi-layer extension of ISO/IEC 14496-<10:2020 such

hg), and Annex ] (Multiview and Depth Video with Enhanced Non-Base View Coding).
clause specifies the elementary stream and sample structureused to store AVC visual c

btorage of AVC content uses the existing capabilities of the.ISO base media file format but
sions to support the following features of the AVC codec.

witching pictures enable switching between different coded streams and substitution o
vithin the same stream.

ub-sequences and layers provide a structuring of the dependencies of a group of pictur

'he sequence and picture parameter set mechanism decouples the transmission of infre
changing information fronrthe transmission of coded macroblock data. Each slice contai
roded macroblock data references the picture parameter set containing its decoding par
urn, the picture parameter set references a sequence parameter set that contains sequg
lecoding parameter information.

Elementary stream structure

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

RN

rtunities for the interchange and interoperability of media, this clause defines a storag

clause defines the storage for plain AVC streams, where ‘plain AVC’ refers to the n

able Video Coding), Annex H (Multiview Video Coding), AnnexI (Multiview and [

brovide for a flexible stream structure (e.g. in terms of temporal scalability and layering).

e format for

hain part of
as Annex G
epth Video

bntent.

also defines

f pictures

eS to

quently
ning the
ameters. In
nce level

Al L +
AL UITtS (LT TTIoS

containing video data or signaling video structure) and may contain non-video coding

A s | 1 'y s o 1 P | s 1ot
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e NAL units
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 structure), and would normally contain only

sequence parameter sets, picture parameter sets and sequence parameter set extension
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Using these stream types, AVC content shall be stored in one of these configurations:

— Video elementary stream with no parameter sets: In this case, sequence and picture parameter
set NAL units shall be stored in the sample entries of this track. Sequence and picture parameter
set NAL units shall not be part of AVC samples within the stream itself.

— Video elementary stream possibly including parameter sets: In this case, the sample entry
indicates whether the stream may contain parameter sets of given types, in addition to other
parameters provided in the sample entry. Sequence and picture parameter set NAL units may

ther

— Vide

fore be part of AVCsampies within the stream {tself.

p elementary stream and parameter set elementary stream: In this case, sequencg and

picture parameter set NAL units shall be transmitted only in the parameter set elementary stream

and 5

The types o
specified in

Table 1 — NAL Unit types in elementary Streams

hall neither be present in the sample entries nor the AVC samples of theriteo elementary
stream.

f NAL units that are allowed in each of the video and parameter,setyelementary streamp are
Table 1.

Value of Description Video elementary | Video elementary | Parameter set
nal unit| stream (sample stream (sample eleslt‘:g:;ry
ype entry 'avel “or entry 'avc3' or
'ava2r) 'avcd')

0 Unspecified See Annex F See Annex F See Anndgx F

1 Coded slice of a non-IDR Yes Yes No
picture
slice_layer_without_partitionin
g rbsp()

2 Coded slice data partition A Yes Yes No
slice_data_partition_a_layer_rb
sp()

3 Coded slice data.partition B Yes Yes No
slice_data_partition_b_layer_rb
sp()

4 Coded slice data partition C Yes Yes No
slice_data_partition_c_layer_rbs
pt)

5 Coded slice of an IDR picture Yes Yes No
slice_layer_without_partitionin
g rbsp()

6 Supplemental enhancement Yes. Yes Only
information(SEI) Except for the Sub- Except for the Sub- ‘declarative’
sei_rbsp() sequence, layering or sequence, or layering SEls should be

Filler SEI messages SEI messages present

7 Sequence parameter set (SPS) No. Yes Yes

seq_parameter_set_rbsp( )

If parameter set
elementary stream is not
used, SPS shall be stored

Parameter set
elementary stream
shall not be used

26
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in the Decoder Specific

Information.

8 Picture parameter set (PPS) No. Yes Yes

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

9 Access unit delimiter (AU Yes Yes No
Delimiter)
arr‘ncc:Inif_dn]imifnr_rhcp()

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 No. Yes Yes
extension Parameter set
seq_parameter_set_extension_r If parameter set elementary stream
bsp() elementary stream is\not shall not be used

used, Sequence
Parameter Set Exténsion
shall be stoned in the
Decoder Specific
[nformation.
14...18 Reserved Not specified by this Not specified by this t specified by
document document his document

19 Coded slice of an auxiliary Yes Yes No
coded picture without
partitioning
slice_layer_without_partitionin
g rbsp()

20...23 Reserved Not specified by this Not specified by this t specified by
document document his document
P4 - 31 Unspecified See Annex F See Annex F See Annex F
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AU Delimiter SEI Messages VCL
NAL unit NAL units NAL units.
(if present) (if present) e.g. Slice ‘
\
N Access Unit )
Y

(a) Single video elementary stream containing NAL units

(b) Syng

5.3 Samp

5.3.1 Canopnical order and restrictions

The canoni
addition to 1

Video Slice Slice
ES NALU | NALU
. i - -
——— ———
/ o
Parameter Param
Set ES NALU

hronized video and parameter sets with arrows denoting synchronization betwe¢n
streams

Figure 2 — AVC elementary stream structure

le and configuration definition

fal stream format is an AVC elementary stream that satisfies the following conditions in
he general conditions in 4.2.2:

— Vide

data NAL units (Coded Slice, Coded Slice Data Partition A, Coded Slice Data Partitign B,

Coded Slice Data Partition C, Coded Sliee IDR Pictures): All slice and data partition NAL units|for a
singlg picture shall be contained within the sample whose decoding time and composition [time
are those of the picture. Each sample shall contain at least one VCL NAL unit of the primary cpded

pictufre.

— Par
stre

instahtaneously:

NOTE 1

that pictufe or'inthe sample for that picture.

eter sets: If a parameter set elementary stream is used, then the sample in the paranjeter
shall have a 'decoding time equal or prior to when the parameter set(s) comes into gffect

This-means that for a parameter set to be used in a picture it is to be sent prior to the sample containin|

9]

NOTE 2

When the sample entry name is 'avcl or avcZ', parameter sets are stored either in the sample entries of

the video stream or in the parameter set stream, but never in both. This ensures that it is not necessary to examine
every part of the video elementary stream to find relevant parameter sets. It also avoids dependencies of indefinite
duration between the sample that contains the parameter set definition and the samples that use it. Storing parameter
sets in the sample entries of a video stream provides a simple and static way to supply parameter sets. Parameter set
elementary streams on the other hand are more complex but allow for more dynamism in the case of updates.
Parameter sets can be inserted into the video elementary stream when the file is streamed over a transport that permits
such parameter set updates. When the sample entry name is 'avc3' or 'avc4’, then parameter sets can be present both
the sample entries and as part of the samples.

— Para
need

28

meter set track: A sync sample in a parameter set track indicates that all parameter sets
ed from that (decoding) time forward in the video elementary stream are in that or
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succeeding parameter stream samples. Also there shall be an AVC parameter set sample at each

point a parameter set is updated. Each AVC parameter set sample shall contain

exactly the

sequence and picture parameter sets needed to decode the relevant section of the video

elementary stream.

The use of a parameter set track in the file format does not require that a system delivering video content

use a separate elementary stream for parameter sets. Instead, implementations can choose to map parameter sets to
in-band parameter set NAL units in the video elementary stream or use some out-of-band delivery mechanism defined
by the transport layer.

CEI AT i T rd o £ Al | ' 1 3
TITC— OUTUCT T LT IITCSSagtsS WITHIIT o SAaIlTprc— 15— dS

defined in

!

\
q
1

PreY ANAL <
JLX lllcooasc INTAL UIliItoy. U

ISO/IEC 14496-10:2020, subclause 7.4.1.2.

Access unit delimiter NAL units: The constraints obeyed by access unit delimiter N
defined in ISO/IEC 14496-10:2020, subclause 7.4.1.2.3.

Sub-sequence and layering SEI messages. Sub-sequence or layering SEI messages
occur in the AVC elementary stream. Specifically, the sub-sequience information, s
layer characteristics, and sub-sequence characteristics SEKNmessages should not ¢
stored AVC elementary stream. Instead, all such information is stored as external
described in 5.4.7.

Redundant picture: NAL units within a single~access unit shall be ordered in non
order of redundant picture count (redundant ‘pic_cnt).

Slice groups: NAL units within a primary coded picture or a redundant coded pict
ordered in non-decreasing order of slice group identifier. Within the same slice group
be ordered by their first Macroblo¢k location (first_mb_in_slice in the slice header).

OTE 4 Slice groups are stored in‘a’canonical order to ease hinting, and to make it easier to find a prim
icture within a sample.

Filler data. Video data/is naturally represented as variable bit rate in the file format
be filled for transmission if needed. Filler Data NAL units and Filler Data SEI messages
present in the file format stored stream when the sample entry does not also permi
sets.

OTE 5 The removal or addition of Filler Data NAL units, start codes, SEI messages or Filler Data SEI

an chafige'the bit-stream characteristics with respect to conformance with the HRD when operating the H
hode ‘as/specified in ISO/IEC 14496-10:2020, Annex C.

AL units are

should not
Ib-sequence
ccur in the
metadata as

-decreasing

ure shall be
, slices shall

ary coded

and should
shall not be
[ parameter

messages
RD in CBR

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 units as well as the initial parameter sets. This record is externally framed (its size is supplied by the
structure that contains it).

© ISO/IEC 2022 - All rights reserved
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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 unrecognized.

Compatible extensions to this record will extend it and will not change the configuration version code.
Readers should be prepared to ignore unrecognized data beyond the definition of the data they
understand (e.g. after the parameter sets in this document).

When used to provide the configuration of

— aparameter set elementary stream,
— avidpo elementary stream used in conjunction with a parameter set elementary stream,

the configuration record shall contain no sequence or picture, Oparameter |sets
(numOfSequenceParameterSets and numOfPictureParameterSets shall both have the yalue
0).

When used|to provide the configuration of a video elementary stream used without a parametefr set
elementary [stream, the configuration record may or may not contain sequence or picture parameter sets
(numOfSeduenceParameterSets or numOfPictureParameferSets may or may not have the
value 0).

The values for AVCProfilelndication, AVCLevellndication, and the flags that indicate profile compatibility
shall be valjd for all parameter sets of the stream described by this record. The level indication ghall
indicate a lejel of capability equal to or greater than'the highest level indicated in the included parangeter

sets; each profile compatibility flag may only be'set if all the included parameter sets set that flag| The
profile indi¢ation shall indicate a profile to which the entire stream associated with this configuration
record confprms. If the sequence parameter sets are marked with different profiles, and the reldgvant
profile compatibility flags are all zero;:thén the stream may need examination to determine which prpfile,
if any, the entire stream conforms to-lf the entire stream is not examined, or the examination reveald that
there is no profile to which the.entire stream conforms, then the stream shall be split into two or more
sub-stream$§ with separate eonfiguration records in which these rules are met.

Explicit indjcation can’be provided in the AVC Decoder Configuration Record about the chroma fofmat
and bit depth used by the AVC video elementary stream. The parameter ‘chroma format idc’prgsent
in the sequpnce parameter set in AVC specifies the chroma sampling relative to the luma sampling.
Similarly the\pdarameters 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. Ifthe 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 ‘declarative’ nature, that is, those that provide information about the stream as a whole. An example
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of such an SEIl is a user-data SEI. Such SEIs may also be placed in a parameter set elementary stream. NAL
unit 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-

compatible extensions to these arrays in future specifications.

When Sequence Parameter Set Extension NAL units occur in this record with AVCProfileIndication

equal to 66, 77, or 88, they should be placed in the Sequence Parameter Set Array.

5.3.2.1.2 Syntax

aligned(8) class AVCDecoderConfigurationRecord {

Unsigned int (8) configurationVersion = 1;
Unsigned int (8) AVCProfileIndication;

uUnsigned int (8) profile compatibility;

Uynsigned int (8) AVCLevellIndication;

Wit (6) reserved = '111111'b;

Uynsigned int (2) lengthSizeMinusOne;

Bit (3) reserved = '111'b;

Uynsigned int (5) numOfSequenceParameterSets;

for (i=0; i< numOfSequenceParameterSets; i+%)™{

unsigned int (16) sequenceParameterSetLength ;
bit (8*sequenceParameterSetLength) segué&nceParameterSetNALUnit;

Unsigned int (8) numOfPictureParametexSets;

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

unsigned int (16) pictureParameterSetLength;

bit (8*pictureParameterSetLength) pictureParameterSetNALUnit;

1f ( AVCProfileIndication !'=2¥66 && AVCProfileIndication != 77
AVCProfileIndication ,.!= 88 )
bit (6) reserved =.'A11111'b;
unsigned int (2) chroma format;
bit (5) reserved. ="'11111'b;
unsigned int(3) bit depth luma minus$§;
bit (5) reserved = '11111'b;

unsigned int (3) bit depth chroma minus8;

unsigned\Nd'nt (8) numOfSequenceParameterSetExt;

for (4707 i< numOfSequenceParameterSetExt; i++) {
unsigned int (16) sequenceParameterSetExtLength;

Dit (8*sequenceParameterSetExtLength) sequenceParameterSetExtNAL

&

Unit;

}
5.3.2.1.3 Semantics

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

profile compatibility isa byte defined exactly the same as the byte that occurs between the
profile_IDC and level_IDC in a sequence parameter set (SPS), as defined in ISO/IEC 14496-10.

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

© ISO/IEC 2022 - All rights reserved
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one byte is indicated with a value of 0. The value of this field shall be one of 0, 1, or 3

corr

esponding 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 indicates the length in bytes of the SPS NAL unit as defined in
ISO/IEC 14496-10.
sequenceParameterSetNALUnit contains a SPS NAL unit, as specified in ISO/IEC 14496-10.
SPSs shall occur in order of ascending parameter set identifier with gaps being allowed.
numOfPictureParameterSets indicates the number of picture parameter sets (PPSs) that are
used as the initial set of PPSs for decoding the AVC elementary stream.

pictun
ISO
pictun
PPS
chroms
para
bit dg
exal]

eParameterSetLength indicates the length in bytes of the PPS NAL unit as defined
[EC 14496-10.

eParameterSetNALUnit contains a PPS NAL unit, as specified in ISO/IEC 14496-10.

5 shall occur in order of ascending parameter set identifier with gaps being allowed.
_format contains the chroma_format indicator as defined by the chromalformat_idc
meter in ISO/IEC 14496-10.

pth luma minus8 indicates the bit depth of the samples in the Luma arrays. For

bit_

bit ddpth chroma minus8 indicates the bit depth of the samples)in the Chroma arrays. Fo
example, a bit depth of 8 is indicated with a value of zero (BitDepth = 8 +

bit_
numOfJ
that
sequer
asd
sequer
ISO

5.4 Deriy
54.1 AVC

Conformang
the inclusig
ISO/IEC 144

AVC conten
tavecl'.

hple, a bit depth of 8 is indicated with a value of zero (BitDepth = 8 +
epth_luma_minus8). The value of this field shall be in the range 6f 0 to 4, inclusive.

epth_chroma_minus8). The value of this field shall be inythe range of 0 to 4, inclusive.
equenceParameterSetExt indicates the numbér of Sequence Parameter Set Exteng
are used for decoding the AVC elementary strea.

ceParameterSetExtLength indicates the\length in bytes of the SPS Extension NAL
bfined in ISO/IEC 14496-10.

ceParameterSetExtNALUnit contaitls a SPS Extension NAL unit, as specifie
IEC 14496-10.

ation from ISO base mediadfile format
file type and identification

e with this document is'indicated by the presence of the brand of a specification that pef
n of AVC contenty*in the compatible brands list of the FileTypeBox as defing
L96-12. The file 'extension normally matches the major brand.

' may be used in an MPEG-4 context; in a file with extension “.mp4”, the major brand mz

in

ions

unit

mits
d in

1y be

Readers co

formmamnt to this documnent shoutd Tead the fite if asuitable bramd occurs i the tompa

ible-

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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5.4.2

5.4.2

ISO/IEC 14496-1

AVC video stream definition
.1 Sample entry name and format

.1.1 Definition

5:2022(E)

Sample Entry and Box Types: 'avcl', 'avc2', 'avc3', 'avcd', 'aveC', 'm4ds ', btrt’

Container: Sample Description Box ('stsd"')
Mandatory: An 'avcl', 'avc2', 'avc3' or 'avc4d' sample entry is mandatory
Quantity: One or more sample entries may be present

An A
AVC

An (
infor
Stred

Mult
indid

The
entr}
conf]
stru

base
the

The
are 1
file-t
Extr
cont
Tier

VC visual sample entry shall contain an AVC Configuration Box, as defined below. This
DecoderConfigurationRecord, as defined in 5.3.2.1.

ptional BitRateBox may be present in the AVC visual sample entry to signal
mation of the AVC video stream. Extension descriptors that should be insérted into the
im Descriptor, when used in MPEG-4, may also be present.

iple sample entries may be used, as permitted by the ISO BaseMedia File Format spe
ate sections of video that use different configurations or parameter sets.

sample entry name 'avcl' or 'avce3' may only be used when the stream to which
/ applies is a compliant and AVC stream as viewed by an AVC decoder operating
guration (including profile and level) given in‘the” AVCConfigurationBox. The file for
tures that resemble NAL units (see Annex A).may be present but shall not be used to acq
data; that is, the AVC data shall not be contained in Aggregators (though they may be incl
ytes referenced by the additional_bytes‘tield) nor referenced by Extractors.

bample entry name 'avc?2 ' or 'asxc4 ' may only be used when Extractors or Aggregatot
equired to be supported, and’an appropriate Toolset is required (for example, as indi
ype brands). This sample @ntry type indicates that, in order to form the intended /
ictors shall be replaced\with the data they are referencing, and Aggregators shall be e
hined NAL Units. Thésyntax and semantics of Extractors and Aggregators are specified
grouping may belpresent.

includes an

he bit rate
Elementary

rification, to

this sample

under the
mat specific
ess the AVC

uded within

s (Annex A)
rated by the
AVC stream,
xamined for
in Annex A.
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5.4.2.1.2 Syntax

// Visual Sequences

class AVCConfigurationBox extends Box ('avcC')
AVCDecoderConfigurationRecord ()

}

class MPEG4ExtensionDescriptorsBox extends Box ('m4ds')
Descriptor Descr [0

}

class AVCSampleEntry () extends VisualSampleEntry (type) {

AVCCon
MPEG4E
}

class AVC

AVCCon
MPEGA4E
}

5.4.2.1.3

Compr4g
used
rem
of by

config
nunj

Descrl

stre

Dec|

the

54.3 AVC

54.3.1 Sa

54.3.11 [

Sample Ent

Container:
Mandatory:
Quantity:

Semantics

{
AVCConfig;

{
2551];

+ '

SRt

i

I =
= =3

P
FigurationBox config;
ktensionDescriptorsBox

(); // optional

b SampleEntry () extends VisualSampleEntry (type) {

// type is 'avc2' or 'avcid'

FigurationBox avcconfig;

ktensionDescriptorsBox descr; // optional

ssorname in the base class VisualSampleEntry indicates the name of the compres
with the value "\012AVC Coding" being recommended; the first byte is a count of
hining bytes, here represented by \012, which (being/octal 12) is 10 (decimal), the numl
tes in the rest of the string.

is defined in 5.3.2. If a separate parameter setstream is used,
OfSequenceParameterSets and numOfPictureParameterSets shall both be zero.

hm is used in an MPEG-4 systems context: This does not include SL.ConfigDescripto
oderConfigDescriptor, but includes the other descriptors in order to be placed aft
bL.ConfigDescriptor.

parameter set stream definition
nple entry name and format
efinition

y Type: _avcp'

Sample Description Box ('stsd")
Yes

s a descriptor that should be placed in theElementaryStreamDescriptor when thi

sor
the
ber

One or more sample entries may be present

An AVC parameter stream sample entry shall contain an AVC Parameter Stream Configuration Box, as
defined below.

34
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5.4.3.1.2 Syntax

class AVCParameterSampleEntry () extends VisualSampleEntry ('avcp') {
AVCConfigurationBox config;

}
5.4.3.1.3 Semantics

Compressorname in the base class Vi sual SampleEntry indicates the name of the compressor
used with the value "\016AVC Parameters" being recommended (\016 is 14, the length of
the string as a byte).

ront Tg IS defimed im 532 mumo T SequenceParame tersets and

numOfPictureParameterSets shall both be zero.

5.4.32 Sample format
5.4.3.2.1 Definition

This|subclause defines the sample format for AVC Parameter set streams:An AVC parameter set sample
conthins only one or more sequence, picture parameter set, or sequence parameter set extension NAL
unitg.

5.4.3.2.2 Syntax

aligned(8) class AVCParameterSample

Unsigned int PicturelLength = sample size;
//Size of AVCParameterSample)'from SampleSizeBox
for (i=0; i<Picturelength; ) //, to end of the picture

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

bit (NALUnitLength * 8) NALUnit;

i += (AVCDecoderConfigurationRecord.LengthSizeMinusOne+1l) + NALUnijtLength;

5.4.3.2.3 Semantics

NALUnitLengthindicates the size of a NAL unit measured in bytes. The length field inqludes the

size of both.the one byte NAL header and the EBSP payload but does not include the length field
itself.
NALUnikt _¢ontains a single NAL unit. The syntax of a NAL unit is defined in ISO/IEC 14496-10 and
includes both the one byte NAL header and the variable length encapsulated byte stream payload.

5.4.3.3 Track rnfnrnncn

T aCIr I Crerenct

A track reference of type 'avcp' in the video elementary stream track reference table, referencing the
parameter set stream, is used to connect from the video elementary stream to the parameter set
elementary stream.

5.4.4 Parameter sets

This subclause applies when a separate parameter set stream is not used.
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Each AVC sample entry, which contains the AVC video stream decoder specific information, includes a
group of SPSs and PPSs. This group of parameter sets functions much like a codebook. Each parameter
set has an identifier, and each slice references the parameter set it was coded against using the parameter

set's identifi

er.

When the sample entry name is 'avcl' or 'avc2', the following applies:

In the file format each configuration of parameter sets is represented separately. A

parameter set cannot be updated without causing a different sample entry to be used

NOTE 1 W
elementary sty

NOTE 2 D
streams as wej
one.

When the sg

and as part ¢f samples, and an update of a parahieter set by a parameter set of the same type that is st

as part of a
5.4.5 Syng

A sampleis
coded pictu

When the s

NAL units i the sample of the IDR picture and the following samples in decode order are contain

the decoder
stream sam

example, Suppose that samples 1 to 4 use PPSs identiiied as 1, Z, 3 and a single SPS 1dent
as 1. At sample 5 a new value of PPS 2 is required but PPSs 1 and 3 remain unalteredan
used until sample 10. In this case, the sample entry for samples 1 through 4 is the same
contains the initial values of PPSs 1, 2, 3 and SPS 1. At sample 5 the samplerentry nee
change to a second sample entry, which contains the updated value for RRS 2 as well a
original values of PPSs 1 and 3 and SPS 1. This second sample entry,is*used for samp
through 10.

Systems wishing to send SPS or PPS updates will need to compare the two configuratio
find the differences in order to send the appropriate parameter set updates.

hen several parameter sets are used and parameter set updating is desired, a separate parameter s
eam can be used.

bcoders conforming to this document need to support both parameter sets stored in separate elementar
| as parameter sets stored in the AVC sample entries; unless restricted by another specification using thi

mple entry name is 'avc3' or 'avgd?t, parameter sets may be present in both sample ¢
sample is possible.

sample

e contained inthe-sample is an instantaneous decoding refresh (IDR) picture.

imple entryyname is 'avcl' or 'avc?2', all SPSs and PPSs needed to decode the video

configuration of the video elementary stream or in a separate parameter set elemer
bles

. For
ified
1 are
and
s to
s the

les 5

hs to

12

ntry
ored

ronsidered as a synesample if the video data NAL units in the sample indicate that the primary

data
pd in
itary

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

a) If the 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 same
shall be included either in the sample entry or in any of the samples since the previous sync
sample to the sample itself, inclusive.

36

© ISO/IEC 2022 - All rights res

erved


https://iecnorm.com/api/?name=287ddb322347acba4d0aa1e5cd5eeac2

ISO/IEC 14496-15:2022(E)

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

5.4.6 Shadow sync

The use 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

aremeaents and-for thae cnacifi
FeqHrementsSanator—hne-5pecit

format in the

I T CtCoY oo opetarecaTn—rT

track.

Whi
and

e the use of shadow sync is supported for backward compatibility reasons, this-Use is|
1se of the mechanisms defined in 5.4.8 is recommended.

deprecated

5.4.7 Layering and sub-sequences

5.4.7.1 Overview

Stred
the s
entiy

ms may be constructed so that the referential dependencies‘between samples allow on
amples to be sent to the decoder. This mechanism is calléd thinning a stream. Thinn
e sets of samples using knowledge of what other sets of-pictures this set of pictures dep
picture sets in turn depend on it.

y subsets of
ng discards
ends on and
wha

The

Sam
are ¢

Sub-

referential dependencies between samples ina stream are structured into layers and su
bles in higher layers only depend on samplés in lower layers. Layers are numbered, and
rganized such that a sample in layer N\has no dependencies on samples in layers greate

bequences are as defined in ISO/IEC 14496-10:2020, Annex D. Dependency relations b

sequences represent the dependency structure of a stream. Each sub-sequence belongs to 9

one

Laye
files
deps

Laye
cont

'av

ayer. A sample shall residelin one layer and in one sub-sequence only.

ring and sub-sequefice ‘information is represented in the file format to allow systems
to understand the ways in which stream thinning may be achieved without having to
ndency structure of every sample.

r and sGbrSequences are represented in the AVC file format as Sample Group. An A]
hin zero or one instance of a SampleToGroupBox (per track) with a grouping tyy

h-sequences.
the samples
r than N.

btween sub-
ne and only

reading the
bxamine the

VC file shall
e equal to

| {¥/This SampleToGroupBox instance represents the assignment of samples in a tra|ck to layers.

An accompanying instance of the SampleGroupDescriptionBox with the same grouping type shall, if it
exists, contain AVCLayerEntry 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.
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5.4.7.2 Sub-sequence description entry

5.4.7.2.1 Definition

Group Type
Container:
Mandatory:
Quantity:

‘avss'

Sample Group Description Box (' sgpd"')
No

Zero or more.

A sub-sequence description entry is a sample group entry that describes a sub-sequence. A sub-sequence

is a set of gamples—matrackbetongingto-thesametayer—A—sub-sequencedepends—onmanotherjsub-
sequence if pnd only if there exists a sample in the sub-sequence that is directly referentially dependent
on some sample in the other sub-sequence. All samples in a sub-sequence shall directly depénd only on
(i.e., refer tq) other samples within the same sub-sequence or samples in the sub-sequencés on which is
it dependenjt. A sub-sequence depends on zero or more sub-sequences in the lowert layers. A [sub-
sequence sHall not depend on any other sub-sequence in the same or higher layer.
At most one|partition of an AVC stream into layers shall exist in the AVC file fotmat; that is, there is ejther
zero or | one instances of the sample group  boxes (SampleToGroupBox,
SampleGr¢upDescriptionBox) per track concerning the grouping-of samples into layers and[sub-
sequences.
The groupfing type parameter is not defined for the SampleToGroupBox with grouping|type
'avss'.
5.4.7.2.2 Syntax
aligned(8) class DependencyInfo
{
unshigned int (8) subSegDirectionFlag;
unsfgned int (8) layerNumber;
unsfgned int (16) subSeguienceldentifier;
}
class AVCBubSequenceEntry\\() extends VisualSampleGroupEntry ('avss')
{
unsfgned int (16 jsubSequenceldentifer;
unshigned int (8) layerNumber;
unshigned ingXl) durationFlag;
unsfigned .int (1) avgRateFlag;
unsfignediInt (6) reserved = 0;
if [(ddretionFlag)
hnsigned int (32) duration;
if (avgRateFlagq)
{
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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https://iecnorm.com/api/?name=287ddb322347acba4d0aa1e5cd5eeac2

ISO/IEC 14496-1

5.4.7.2.3 Semantics

5:2022(E)

subSegDirectionFlag, layerNumber and subSequenceIdentifier withinthe
DependencyInfo class identify a sub-sequence that is used as a reference for this sub-

sequence. Only direct, not indirect, referential dependencies shall be identified. The i

dentified

sub-sequence has sub-sequence identifier equal to subSequenceIdentifier and residesin
the layer having the layer number equal to 1ayerNumber. If subSegqDirectionFlagis0,

the sub-sequence used as a reference for this sub-sequence is the closest sub-sequen

ce 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 indica

ted sub-

q

g

of the referenced sub-sequence is the closest to the first picture of this sub-sequénce
decoding order. If subSegDirectionFlag is equal to 1, the sub-sequence used as
for this sub-sequence is the closest sub-sequence among all the candidate sub-seque
first picture succeeds the first picture of this sub-sequence in decoding order and thg
the indicated layer and has the indicated sub-sequence identifier; ‘closest’ has the sa
as above.

ubSequenceIdentifier gives the identifier for the sub-sequence.

ayerNumber gives the layer number to which the sub-sequen¢e belongs.

lurationFlag equal to 0 indicates that the duration of thetarget sub-sequence is not
Otherwise, a value of 1 indicates that the duration fieldindicates the duration of t
sequence.

vgRateFlag equal to 0 indicates that the average bit rate and the average frame rate
sub-sequence are unspecified. Otherwise, a value'of 1 indicates that the average rate
characteristics are described by the accurateStatisticsFlag, avgBitRate
avgFrameRate fields.

ccurateStatisticsFlag indicates how reliable the values of avgBitRate and
avgFrameRate are. accuratd8tatisticsFlagequal to 1 indicates that avgBil
avgFrameRate are rounded from statistically correct values. accurateStatist

somewhat from the correct values.
vgBitRate gives the avérage bit rate in (1000 bits)/second of this sub-sequence. All
this sub-sequencé.are taken into account in the calculation. In the following, B is the
bits in all NAL(units in the sub-sequence. t; is the decoding timestamp of the first pic
sub-sequence(in decoding order), and t: is the decoding timestamp of the last pictuy
sub-sequence (in decoding order). Then, the avgBitRate is calculated as follows prov
# t2: avgBitRate = round(B + ((t2 - t1) * 1000)). If t1 = t2, avgBitRate shall be 0.
vgFrameRate gives the average frame rate in units of frames/(256 seconds) of this sy

sequence identifier; ‘closest’ means that among all the candidate sub-sequences the first picture

in

a reference

hces whose

tresides in

ne meaning

specified.
lis sub-

bf the target

and

luration indicates the duration of the tatrget sub-sequence in clock ticks of a 90-kHz clock.

tRate and
i csFlag

equal to O indicates that avgBitRate and avgFrameRate are estimates and may dleviate

VAL units of
humber of
fure of the
e of the
ded that t;

b-

sequence. All NAL units of this sub-sequence are taken into account in the calculati

. The

0
dverage frame rate is calculated according to the presentation timestamp of the frarrTe. In the

following, C is the number of frames in the sub-sequence. t; is the presentation timestamp of the
first picture of the sub-sequence (in decoding order), and t; is the presentation timestamp (in
seconds) of the last picture of the sub-sequence (in decoding order). Then, the avgFrameRate is
calculated as follows provided that t; # t,: avgFrameRate = round(C * 256 + (t2 - t1)). If t1 = to,

avgFrameRate shall be 0. Value zero indicates an unspecified frame rate.

numReferences gives the number of sub-sequences directly referenced in this sub-sequence.
dependency is an array of DependencyInfo structures giving the identifying referenced

sub-sequences.
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5.4.7.3 Layer description entry

5.4.7.3.1 Definition

Group Type: 'avll'

Container: Sample Group Description Box (' sgpd"')
Mandatory:  No
Quantity: Zero or more.

Alayer sample group entry defines the layer information for all samples in a layer. Layers are numbered

with non-n gativc iutcgc1 ST Laycx sareorderedhierar Lhi\,any basedomntheir dcpcudcuu_y omreachother:
A layer having a larger layer number is a higher layer than a layer having a smaller layer number| The
layers are ofdered hierarchically based on their dependency on each other so that alayer doeshot depend
on any higher layer and may depend on lower layers. The lowest layer is numbered as)zéro and gther
layers are given consecutive numbers. In other words, layer 0 is independently decodable, picturps in
layer 1 may|be predicted from layer 0, pictures in layer 2 may be predicted from layers 0 and 1, etc.

The groupfing type parameter is not defined for the SampleToGrougpBox with grouping|type

'avll'.

5.4.7.3.2 Syntax

class AVClLayerEntry () extends VisualSampleGroupEnt¥ry ('avll')
{
unsigng¢d int
unsigned int

(8 layerNumber;

(7
unsigneéd int (1

(1

(1

)

) reserved = 0;

) accurateStatisticsFlagg
6) avgBitRate;

6) avgFrameRate;

unsigne¢d int
unsigne¢d int

}
5.4.7.3.3 Semantics

layerNumber gives the numberof this layer with the base layer being numbered as zero and pll
enhgancement layers being numbered as one or higher with consecutive numbers.

accurdteStatisticsFdag indicates how reliable the values of avgBitRate and
avgFrameRate arelatcurateStatisticsFlag equal to 1 indicates that avgBitRateland
avgFrameRate arerounded from statistically correct values. accurateStatisticsFlag
equal to 0 indicates that avgBitRate and avgFrameRate are estimates and may deviate

lowersub-sequence laye n. The average bit rate is
calct d-according-to-the-decodir g mp—ta-the vifgBis-the-rumber-ofbitsinall
NAL units in this and lower sub-sequence layers. t1 is the decoding timestamp of the first
picture in this and lower sub-sequence layers in the presentation order, and t; is the decoding
timestamp of the latest picture in this and lower sub-sequence layers in the presentation order.
Then, avgBitRate is calculated as follows provided that t; # t2: avgBitRate = round(B + ((t2
-t1) *1000))). If t1 = t2, avgBitRate shall be 0. Value zero indicates an unspecified bit rate.

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
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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; # t2:
avgFrameRate = round(C * 256 + (t2 - t1)). If t1 = t2, avgFrameRate shall be 0. Value zero

indicates an unspecified frame rate.

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 rq
stred

Sponse to changing Network conditions. The simplest way to achieve this 15 to encgde multiple

ms with different bandwidths and quality settings for representative network conditipnyg.
can [then switch amongst these pre-coded streams in response to network conditions.

The server
In earlier

stanflards, switching between streams is only possible at I-pictures, because the.pictures may only be

switfhed when there are no dependencies on prior pictures for reconstruction.

AVC

one ftream to another while still supporting inter coding of switching.pictures. Figure 3 sh

pictu

includes supports for SP-pictures and Sl-pictures ("switching pictures™) that allow switching from

res are used to switch between two different bit streams.

R

Figure 3 — Stream switching

Stream 1 i
(Track 1Y P11

the
iden
alten

bws how SP

In thtr file format, switching pictures are stored in switching picture tracks, which are tracks sgparate from

rack that is being switched from and the track being switched to. Switching picture trjacks can be

native to the sample in the destination track that has exactly the same decoding time. If

lified by the existence of a specific required track reference in that track. A switching 1

pictures are Sl pictures, then no further information is needed.

icture is an

1l switching

If any of the pictures in the switching track are SP pictures, then two extra pieces of information may be
needed. First, the source track that is being switched from shall be identified by using a track reference
(the source track may be the same track as the destination track). Second, the dependency of the
switching picture on the samples in the source track may be needed, so that a switching picture is only

used

when the pictures on which it depends have been supplied to the decoder.
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This dependency is represented by means of an optional extra sample table. There is one entry per sample
in the switching track. Each entry records the relative sample numbers in the source track on which the
switching picture depends. If this array is empty for a given sample, then that switching sample contains
an SI picture. 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
representatjon as an Sl-picture, used for random access.

5.4.8.2 Alfernate group

The ISO Bade Media File Format (but not the version one specification of the MPEG-4 file format, which
is branded ps 'mp41 ') supports the use of what is called alternate tracks. Each track can optiohally
specify an afternate group (in the track header box) that groups together alternate €ncodings of the game
content. Thus, each alternate bit-stream can be stored as a separate track and related togethér as
alternate trpcks. All the tracks that form a group that may be switched ‘between, but not the tifacks
containing fhe switching pictures, shall be a member of an alternage-group with a non-zero group
identifier.

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

5.4.8.3 Track references

The switchihg track shall be linked to the track'into which it switches (the destination track) by a track
reference of type 'swto' in the switching:picture track.

If the switching track contains SP pictures, the switching track shall be linked to the track from which it
switches (tHe source track) by ad¢rack reference of type ' swfr' in the switching picture track.

5.4.8.4 Sample dependency

5.4.8.4.1 Definition

Box Type: Fsdep'

Container: Sample Table 'stbl"
Mandatory: — NoO

Quantity: Zero or exactly one.

This subclause defines the dependencies of each switching sample on sample(s) in the source track. This
table is only needed in a switching track that has a source (' swfr ') track dependency.

This box contains the sample dependencies for each switching sample. The dependencies are stored in
the table, one record for each sample. The size of the table, sample count is taken from the
sample count inthe Sample Size Box ('stsz ') or Compact Sample Size Box ('stz2"').
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5.4.8.4.2 Syntax
aligned(8) class SampleDependencyBox
extends FullBox ('sdep', version = 0, 0) {
for (i=0; i < sample count; i++){
unsigned int (16) dependency count;
for (k=0; k < dependency count; k++) {
signed int (16) relative sample number;
}
}
}
5.4.8.4.3 Semantics

5.4.9

For
strez
samg¢
samj

is optional; however, if present in a trackcontaining AVC data, it shall have the semantics de

The
ISO

The
(e.g.

The
follo

b value of the following fields; RefPicRlag, RedPicFlag and VclNalUnitFlag

ependency count is an integer that counts the number of samples in the source-trag

this switching sample directly depends.
elative sample number is an integer that identifies a sample in the source track.

decoding time, it has a relative sample number of 0. Whether or not this sample existg
in the source track that immediately precedes the decoding time’ of the switching
relative sample number -1, the sample before that -2, and{so~on. Similarly, the s4
source track that immediately follows the decoding time-of the switching sample
sample number +1, the sample after that +2, and so on,

Definition of a sub-sample for AVC

he use of the sub-sample information box (ISO/IEC 14496-12:2020, subclause 8.7.7
m, a sub-sample is defined as one or more contiguous NAL units within a sample and

ple includes both NAL unit(s) and their preceding NAL unit length field(s). The presenc

subsample_priority field shall’be set to a value in accordance with the specification of|
[EC 14496-12.

liscardable field shall be set to 1 only if this sample is still decodable if this sub-sample
the sub-sample consists of an SEI NAL unit, or a redundant coded picture).

WS:

unsigned int RefPicFlag;

codec spéeific parameters field of the Subsample Information box is defined

5:2022(E)

k on which

The relative

sample numbers are encoded as follows. If there is a sample in the seuirce track with the same

, the sample
sample has
mple in the
has relative

in an AVC
| having the
. Each sub-
b of this box
fined here.

this field in

is discarded

for AVC as

¥Unsigned int RedPicFlag;

1
1
unsigned int (1

(1)

1)

(1) VclNalUnitFlag;
bit (29) rve

reserved = 0;

RefPicFlag equal to 0 indicates that all the NAL units in the sub-sample have nal ref idc
equal to 0. RefPicFlag equalto 1 indicates that all the NAL units in the sub-sample have

nal ref idc greater than 0.

RedPicFlag equal to 0 indicates that all the NAL units in the sub-sample have
redundant pic cnt equalto 0.RedPicFlag equal to 1 indicates that all the NAL units in

the sub-sample have redundant pic cnt greater than 0.
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VclNalUnitFlag equalto 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.

6 SVC elementary stream and sample definitions

6.1 Overview

This clause specifies the storage format of SVC data. It extends the definitions of the storage format of
AVCin Clause 5.

The file for
Annex D, us
the file form
SVC-specific

a)

b)

6.2 Elem

SVC stream
stream:

Scalable
types ar

Aggregators enable efficient scalable grouping of NAL units by changing irregular patterns of

units inf

Extractd
media d

Tempor

SVCCor
of an SV
file form

An SVC
contain

mat for storage of SVC content, as defined in this clause, Annex A, Annex B, AnnexC

at specified in Clause 5). In addition, the following new extensions, among others, ito sup
features are specified.

or multiview grouping (see Annex B) indicates the association of NALunits with differe
d hierarchy levels of scalability.

o regular patterns of aggregated data units.

rs enable efficient extraction of NAL units from other’tracks than the one containing
ata.

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

figurationBox in track having a sample entry specified in Clause 5 enables the stor3
C bitstream in a manner that the AVE ,compatible base layer can be used by any plain AV
at compliant reader.

entary stream structure

Video Elementary Streams contains all video coding related NAL units (i.e. those NAL
Ing videe.data or signalling video structure, possibly after resolution of extractors

aggregdg

unit de!limiter NAL units. Aggregators and Extractors, when present, shall not be directly outp

tors) and may contain non-video coding related NAL units such as SEI messages and a(

es the existing capabilities of the ISO base media file format and the plain AVC file formag

and
(ie.
port

nt

NAL

v the

ge

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

Inits
and
cess
it by

ars

file parsers:

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

For SVC streams, Table 1 is updated as follows in Table 2; only entries where the definition for SVC differs
from AVC, are shown.

44
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Table 2 — NAL Unit types in SVC and AVC Streams

Value of Description AVCvideo SVC video elementary SVCvideo Parameter set
nal unit elementary stream stream (sample entry elementary stream elementary
- - 'avel', (sample entry stream
type rave2 ' or 'avc3',
'SVCl') 'avc4',or
"svec2")

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 Parameter set
subset_seq_paramete elementary stream is elementary, stféam
r_set_rbsp() not used, Subset SPS shall not be tised.

shall be stored in the
Decoder Specific
Information.

20 Coded slice in Not specified Yes Yes No
scalable extension
slice_layer_
extension_rbsp( )

44 -31 Not specified See Annex F See@nnex F See Annex F See Annex F
NOTH slice_layer_extension_rbsp was previously called sliceylayer_in_scalable_extension_rbsp.

Therle may be AVC VCL NAL units, SVC VCL NAL units and other NAL units, i.e. non-VCL NAL u

nits, present

in ar] SVC video elementary stream. Additionally; there may be Aggregators and Extractors present in an
SVC yideo elementary stream.

An AVC VCL NAL unit in an SVC video elementary stream conforming to one or more profiles|specified in

ISO/IEC 14496-10:2020, Annex G, shall be immediately preceded by a prefix NAL unit co

htaining the

scalgbility information for the AVC VCL NAL unit. In this file format an AVC VCL NAL ynit and the

immediately preceding prefix"NAL unit are logically seen as one NAL unit: the prefix NAL u
the gcalability informationrand the AVC VCL NAL unit provides the NAL unit type and payloa

6.3 | Use of the plain AVC file format

hit provides
d.

The BpVC file foymat is an extension of the plain AVC file format defined in Clause 5 of this dogument.

Subdladse-5.4.7 is defined for use with plain AVC streams. Its use with SVC streams is depredated.

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.
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— Prefix NAL units (Prefix NAL unit in scalable extension): Each prefix NAL unit is placed immediately
before the corresponding AVC VCL NAL unit, providing scalability information about the AVC VCL

NAL uni

t.

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 containing
aggregators or extractors. After processing the Aggregator or the Extractor, all NAL units shall be in

valid de
6.4.2 Decq

When the d
either an SV
compatible

If the sampl
streams, in
Otherwise

configuratia

Sequence
numOfSeqg
Picture par4

coding order as cpnr‘iﬁ'nd in Icn,/n:‘r‘ 14.496-10

der configuration record

bcoder configuration record defined in 5.3.2.1 is used for a stream that can bé.interpret
C or AVC stream, the AVC decoder configuration record shall reflect the preperties of the
base layer, e.g. it shall contain only parameter sets needed for decoding the AVC base lay

e entry name is 'svcl', a parameter set stream may be used with-SVC streams, as with
which case, parameter sets shall not be included in the-decoder configuration re
the sample entry name is 'svc2'), parameter sets may)be stored in both the dec
n record or as part of samples while a parameter set elementary stream shall not be usg

or picture sets are numbered™in order of storage from 1

lenceParameterSets or numOfPictureParameterSets respectively. Sequence

parameter

meter sets stored in this record in a file may be referenced using this 1-based index b

bd as
AVC
rer.

AVC
cord.
oder
d.

to
and
7 the

an
the

InitialPgrameterSetBox.
The SICDecoderConfigurationRecord is structurally identical to
AVCDecod¢rConfigurationRecord. Hlowever, the reserved bits preceding and succeeding
lengthSizeMinusOne field are re-defined. The syntax is as follows:
aligned(8) class SVCDecoderConfigurationRecord {

unsigned int (8) configurationVersion = 1;

unsigne¢d int (8) AVGProfileIndication;

unsigned int (8) profile compatibility;

unsigngd int (8)~"AVCLevellIndication;

unsignegd int (NS complete representation;

bit (5)| reserved = '11111'b;

unsigng¢d  int'(2) lengthSizeMinusOne;

bit (1) | feserved = '0'b;

unsignvd j.ut(7) uumufSc\iucupcPaJ_cuu'ct'CJ_S'cto,

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

unsigned int (16)
bit (8*sequenceParameterSetLength)

}

unsigned int (8)

for

46

(i=

0;

i< numOfPictureParameterSets;
unsigned int (16)
bit (8*pictureParameterSetLength)

sequenceParameterSetLength ;
sequenceParameterSetNALUnit;

numOfPictureParameterSets;

i++) |
pictureParameterSetLength;
pictureParameterSetNALUnit;
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The of the fields AVCProfileIndication, and

AVCLevelIndication differ from the AVCDecoderConfigurationRecord as follows:

semantics profile compatibility,

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.

of fields defined| for

DecoderConfigurationRecord:

The other follows, or are as an

AVC

semantics are as

omplete representationissetonaminimal set of tracks that contain a.portion o
original encoded scalable stream, as defined in 6.5.1. Other tracks may-b& removed fi
without loss of any portion of the original encoded bitstream, and, onee’the set of tra|

ff the
om the file
cks has

been reduced to only those in the complete subset, any further removal of a track rethoves a

portion of the encoded information.

lumOf SequenceParameterSets indicates the number of SPSs and subset SPSs that
for decoding the SVC elementary stream. The value of numOfSequenceParameter
be in the range of 0 to 64, inclusive.

equenceParameterSetLength indicates the length'in bytes of the SPS or subset S
unit.

equenceParameterSetNALUnit contains &SPS or subset SPS NAL unit. SPSs shall
order of ascending parameter set identifier:with gaps being allowed. Subset SPSs sha
order of ascending parameter set identifier with gaps being allowed. Any SPS shall o
all the subset SPSs, if any.

are used
Sets shall

PS NAL
N occur in

1l occur in
ccur before

6.5 | Derivation from the ISO base media file format

6.5.1 SVC track structure

sents one or
r thinned, if

A scdlable video stream is represented by one or more video tracks in a file. Each track repre
mor¢ operating points of the scalable stream. A scalable stream may, of course, be furthe

desired.

plete set of
et in all their

e “complete

Therje is a minimal 'set of one or more tracks that, when taken together, contain the com
encoded information. All these tracks shall have the flag “complete representation” sq
sample entries. This group of tracks that form the complete encoded information are called th
subset?,

Let the lowest operating point be the one of all the operating points represented by DTQ (dependency_id,
temporal_id and quality_id) combinations that has the least values of dependency_id, temporal_id and
quality_id, respectively. The track that has the flag “complete representation”setand containsthe
lowest operating point shall be nominated as the ‘scalable base track’. All the other tracks that are part of
the same scalable encoded information shall be linked to this base track by means of a track reference of
type 'sbas' (scalable base). The complete encoded information can be retained when the tracks
included in the “complete subset” are retained; all other tracks shall represent subsets, copies (i.e. the
same media data) or re-orderings of the complete subset.
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NOTE 1

An alternate group can also include completely independent bitstreams, as well as alternative operating points

of the same bitstream. The SVC tracks in the alternate group are to be examined to see how many scalable base tracks are

identified.

NOTE 2

“A scalable bitstream” can require more than one track to represent it (consider a stream with a low-resolution,

low-frame-rate base layer, and a high resolution enhancement layer, and a high frame-rate enhancement layer, but missing
the data for high resolution high frame-rate). However, such a scalable bitstream is typically a non-conforming bitstream.

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

track.

6.5.2 Dat

Different tra
a) The
b) The

For the seca

6.5.3 SVC
6.53.1 Sa
6.53.1.1 [

Sample Ent
Container:
Mandatory:

Quantity:

If an SVC el
("avel', !
Configurati
Configurati
compatible
Box docum
containing
SVCDecodq

If the SVC ¢

sample data is copied (i.e., the same media data is present) in different tracks.
‘e may be instructions on how to perform this copy at the time that the filejsread.

video stream definition

mple entry name and format

J

sharing and extraction

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

nd case, Extractors (defined in A.3) are used.

efinition

y and Box Types: 'svcl"', 'svc2', 'svcC', '§eib’
Sample Description Box ('stsd"')
One of the "avcl', 'avc2', 'avc3', 'aved',
'svcl',and 'svc2' sample entriesis mandatory.
One or more sample entries may be present

ementary stream contains an AVC compatible base layer, then an AVC visual sample ¢
avc2', 'avce3', or 'avc4l) shall be used. Here, the entry shall contain initially an
n Box, possibly followed by an SVC Configuration Box as defined below. The
n Box documents the Profile, Level and Parameter Set information pertaining to the
base layer as definédby the AvCDecoderConfigurationRecord. The SVC Configur:
bnts the Profil€, Lievel, and possibly also parameter sets pertaining to the entire sti
the SVC compatible enhancement layers as defined by
brConfigurationRecord, stored in the SVCConfigurationBox.

lementary stream does not contain an AVC base layer, then an SVC visual sample ¢

ntry
AVC
AVC
AVC
ation
eam

the

ntry

("svecl' or

'5y702 ') shall be used.The SVC visual cnmpln entry shall contain an SVC (‘nnfignrnﬁnn

Box,

as defined below. This includes an SVCDecoderConfigurationRecord, as defined in this document.

The lengthSizeMinusOne field in the SVC and AVC configurations in any given sample entry shall

have 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-
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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.

Extractors or aggregators may be used for SVC VCL NAL units in 'avcl', 'avc2', 'avc3', 'avcd',

'svel' or '"sve2'!' tracks.

NOTE

When 'avcl' or 'avc3' 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.

Eithe
or'

The
eithe
vide

Tabl
(exc

hvc3' sample entry. In this case the AVCSVCSampleEntry definition below appli€s;

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

r or both of a ScalabilityInformationSEIBox or SVCConfigurationBox may be present injan 'avcl'

parameter sets required to decode a NAL unit that is present in the sample.data of a video stream,
r directly or by reference from an Extractor, shall be present in the décoder configuration of that
h stream or in the associated parameter set stream (if used).

e 3 shows for a video track all the possible uses of sample entri€s; configurations and the SVC tools
uding timed metadata, which is always used in another traek):

sample entry with configuration records /ymeaning

name

'aycl' or | AVC Configuration Only A plain AVC track with AVC NAL uynits only;

'ayc3! Extractors, aggregators, and tier grotiping shall
not be present.

'aycl' or | AVC and SVC Configurations | An SVC track with both AVC and SVC|NAL units;

'ayc3' Extractors and aggregators shall not e present.

'ayc2'! or | AVC Configuration Only A plain AVC track with AVC NAL uynits only;

'ayc4d' Extractors may be present and used t¢ reference
AVC NAL units; Aggregators may be |present to
contain and reference AVC NAL units; Tier
grouping may be present.

'ayc2' or | AVC and SVC Configurations | An SVC track with both AVC and SVC NAL units;

'aycéd' Extractors and aggregators may bp present;
Extractors may reference both AVC anld SVC NAL
units; Aggregators shall not contain but may
reference AVC NAL units, and may both contain
and reference SVC NAL units; Tier grouping may
be present.

'svecl! or | SVC Configuration An SVC track without AVC NAL units; Extractors

'sve2! shall be present to reference AVC NAL units
(from a different track) and may also be used to
reference SVC NAL units; Aggregators may be
present to contain and reference SVC NAL units;
Tier grouping may be present.
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6.5.3.1.2 Syntax

class SVCConfigurationBox extends Box('svcC')
SVCDecoderConfigurationRecord ()

}

{
SVCConfig;

class ScalabilityInformationSEIBox extends Box ('seib', size)

{
unsigned int (8*size-64) scalinfosei;

}

class SVCPriorityAssignmentBox extends Box('svcP')

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

}

class AVCEVCSampleEntry () extends AVCSampleEntry ('avcl' or 'aved3™ {
SVCConfigurationBox svcconfig; // optional
ScalabflityInformationSEIBox scalability; // optional
SVCPriprityAssignmentBox method; // optional

}

class AVCRSVCSampleEntry () extends AVC2SampleEntry('avez’! or 'avcd') {
SVCConfigurationBox svcconfig; // optional
ScalabllityInformationSEIBox scalability; // Optional
SVCPriprityAssignmentBox method; LA dptional

}

// Use thls if the track is NOT AVC compatible

class SVCPampleEntry () extends VisualSampléEntry ('svcl' or 'svc2') {
SVCConfigurationBox svcconfig;
MPEG4EKtensionDescriptorsBox descr;.8%// optional

Scalab
SVCPri
}

6.5.3.1.3

When tH
Vis
Cod

scalin
sped
Scal

method

i lityInformationSEIBox scalability;
brityAssignmentBox methaod?

// optional
// optional

Semantics

e sample entry is sSucl' or 'svc2', Compressorname in the base class
ualSampleEntfyindicates the name of the compressor used, with the value “\012S
ing” being recommended (\012 is 10, the length of the string “SVC coding” in bytes).

fosei contains an SEI NAL unit containing only a scalability information SEI message 3

ified in [SO/IEC 14496-10:2020 Annex G. The 'size’ field of the container box
hbilityThformationSEIBox shall not be equal to 0 or 1.
_Count provides a count of the number of following URIs. This field shall take the val

10 20 0 L] 4 al DV ol Aty

I oy 1
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||1e1
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T avo T, TV O ) Tr Fo TV ot =} T OT AR
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PriorityAssignmentURI provides a unique name of the method used to assign priority_id

valu

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

6.5.4 SVCvisual width and height

The visual width and height documented in a VisualSampleEntry of a stream containing SVC VCL NAL
unit are the cropped frame dimensions of the AVC base layer, if the stream is described by a sample entry
of type 'avcl', 'avc2', 'ave3' or 'avc4d'; otherwise they are the cropped frame dimensions of

decoded pictures by decoding the entire stream.
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For video data described by a sample entry of type 'avcl', 'avc2', 'avc3', or 'avc4', the sync

sample table identifies IDR access units for both an AVC decoder, and an SVC decoder (if any) operating
on the entire bitstream.

For video data described by a sample entry of type 'svcl', the sync sample table identifies IDR access

units in the entire SVC bitstream.

For v

sideo data described by a sample entry of type 'svc2', the sync sample table identifie

IDR access

units

NOTH
comp|
docuy
conta
enhai
not th

6.5.6

Ash

use for SVC is deprecated.

6.5.7

If th
shou
data
sam

need

6.5.8

in the entire SVC bitstream, and additionally the following applies:

a) If the sample is a sync sample, all parameter sets needed for decoding/that sam
included either in the sample entry or in the sample itself.

sample shall be included either in the sample entry or in any.of the samples since t
sync sample to the sample itself, inclusive.

The sync sample table, if present, documents only access unit§-that are IDR access units for bot
htible base layer and the layer corresponding to decoding the entite bitstream contained in the track. Iy
henting of layer-specific IDR access units is desired, the stream can be stored in separate tracks, e.g. two t
ining the AVC base layer with a sample entry of type 'aucd' or 'avc3', and the other containing
cement layers with a sample entry of type 'svcl' or 'sve%'./However, extractors are then used for trac}
e scalable base track.

Shadow sync

hdow sync box shall not be used for video data described by an 'svcl' or 'svc2' samj

Independent and disposable samples box

e SampleDependencyTypeBox is used in a track that is both AVC and SVC compatib
Id be taken that the information provided by this box is true no matter what valid subsg

(possibly only\_the AVC data) is used. The ‘unknown’ values (value 0 of
ple depends.©on, sample is depended on, and sample has redundanc
ed if the infermation varies.

Sample groups on random access recovery points 'roll' and random access pc
» rap \l

ple shall be

b) Otherwise (the sample is not a sync sample), all parameter sets needed for decoding the

he previous

h the AVC
h case the
racks, one
r the SVC
ks that are

ble entry. Its

e, then care
t of the SVC

the fields
/) may be

)ints

For video data described by a sample entry of type 'avcl', 'avc2', 'avc3' or 'avc4d', the random

access recovery sample group and the random access point sample group identify random access
recovery points and random access points, respectively, for both an AVC decoder, and an SVC decoder (if

any)

NOTE

operating on the entire bitstream.

If the random access recovery points or the random access points for the AVC decoder and the SVC 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 the SVC
enhancement layers with a sample entry of type 'svcl' or 'svc2'.

© ISO/IEC 2022 - All rights reserved

51


https://iecnorm.com/api/?name=287ddb322347acba4d0aa1e5cd5eeac2

ISO/IEC 14496-15:2022(E)

For video data described by a sample entry of type 'svcl' or 'svc2’, 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 SVC bitstream.
6.5.9 Definition of a sub-sample for SVC

This subclause extends the definition of a sub-sample for AVC in 5.4.9.

For the use of the sub sample information box (ISO/IEC 14496-12: 2020 subclause 8.7.7) in an

SvC

the followi gflelds RefPlcFlag, RedPlcFlag, VclNalUnltFlag, IdrFlag, Prlorltyld Dependencyld Qual
Temporalldf UseRefBasePicFlag, DiscardableFlag and StoreBaseRepFlag, specified subsequently.

sub-sample(includes both NAL unit(s) and their preceding NAL unit length field(s). The presence of
box is optiognal; however, if present in a track containing SVC data, it shall have the semantics defi

here.

As required in 5.4.9, the subsample_priority field shall be set to a valug  in accordance with
specification of this field in ISO/IEC 14496-12.

The codec| specific parameters field of the Subsample Information box is defined for SV
follows:

unslhigned int (1) RefPicFlag;
unsfgned int (1) RedPicFlag;
unsfgned int (1) VclNalUnitFlag;
bit|(6) reserved = 0;

unsfigned int (1) IdrFlag;

unshigned int (6) PriorityId;

bit|(1) reserved = 0; // correspshding to no_inter layer pred flag
unshigned int (3) Dependencylds

unshigned int (4) QualityId;

unsfigned int (3) Temporalldy

unsfigned int(l) UseRefBasePicFlag;

unsigned int (1) DiscardableFlag;

bit|(1l) reserved = Q;\// corresponding to output flag
unsigned int (1) StoreBaseRepFlag;

bit|l) reservedi= 0;

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

the

C as

NAL

RefPiqFldg equal to 0 indicates that all the NAL units in the sub-sample have nal ref idc equl

al to

0.RefPicFlag equalto 1 indicates that all the NAL units in the sub-sample have nal_ref_idc

greater than 0.

RedPicFlag equal to 0 indicates that all the NAL units in the sub-sample have redundant_pic_

equal to 0. RedPicFlag equalto 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 indicates that all NAL units in the sub-sample are VCL NAL units.

cnt

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.
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PriorityId indicates the priority_id value of the NAL units in the sub-sample. All the NAL units

in the sub-sample shall have the same value of priority_id.

NoInterLayerPredFlag indicates the no_inter_layer_pred_flag of the NAL units in the sub-

sample. All the NAL units in the sub-sample shall have the same value of
no_inter_layer_pred_flag.

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

units in the sub-sample shall have the same dependency_id value.

QualityId 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.

TemporalId indicates the temporal_id value of the NAL units in the sub-sample. All the NAL units

7
7.1

This
AVC

The
and
(i-e.
supp

a) 1
I

b)

U

c) |

JseRefBasePicFlag indicates the use_ref base_pic_flag value of the NAL units in the

$toreBaseRepFlag indicates the store_base_rep_flag value of the NAL units in the sulj

in the sub-sample shall have the same temporal_id value.
sample. All the NAL units in the sub-sample shall have the same value of use_ref basg

NAL units in the sub-sample shall have the same discardable_flag value!

NOTE This is not the same definition as the discardable field in the sub-samplesinformation box.

All the NAL units in the sub-sample shall have the same value'of store_base_rep_flag.
MVC and MVD elementary stream and sample definitions
Overview

clause specifies the storage format of MVC data. It extends the definitions of the stora
in Clause 5.

file format for storage of MVC and MVDB:content, as defined in this clause, Annex A, Annes
Annex D uses the existing capabilities of the ISO base media file format and the plain AV
the file format specified in Cladse 5). In addition, the following new extensions, amon
ort MVC- and MVD-specificfeatures are specified.

Multiview grouping (see Annex B) indicates the association of NAL units with different t;
ierarchy levels of-scalability.

\ggregators_ enable efficient scalable grouping of NAL units by changing irregular patt
nits into-fegular patterns of aggregated data units.

xtractors enable efficient extraction of NAL units from other tracks than the one co

1

sub-
p_pic_flag.

iscardableFlag indicates the discardable_flag value of the NAL units in the’sub-sample. All the

-sample.

e format of

B, Annex C,

C file format

g others, to

rpes and

erns of NAL

htaining the

hedia data.

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

e) MvVCConfigurationBox in atrack 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 following:

a)
b)

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

labelled in the sample entries;

c)
d)

view that can be independently coded;

each view, including both texture views and depth views when both are present, in its own track,
a hybrid, one track containing all views, and one or more single-view tracks each containing a

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

or ah MVD scene).
(forMVD only) each texture or depth view in its own track, labelled in the sample entries.

The MVC arld MVD file format allows storage of one or more views into a track, similarly te,the sup

for SVC in CJause 6. Storage of multiple views per track can be used, e.g. when a content.provider w
to provide
created for g few pre-defined sets of output views (such as 1, 2, 5, or 9 views) where’tracks can be cre

multiview bitstream that is not intended for subsetting or when the bitstream has

accordingly| If more than one view is stored in a track and there are severaljtracks (more than
representing the MVC or MVD bitstream, the use of the sample grouping.miechanism is recommer
The sample[grouping mechanism is used to define tiers identifying the-views present in the track a1
extract reqyired NAL units for certain operating points conveniently, The sample grouping mechani
usually used with aggregators to form regular NAL unit patterns within samples. Thus, SVC-like sa

grouping, ag

The Multivi
one view, sy
camera pars:
box using tH

A player sh
more tracks|
operating p
for example
different. In
the commor
Relation boj

When an M)
that contain|
them to the

roregators, and view definitions for sample groups.are specified for MVC or MVD.

bw Information box ('mvci ') is specified to indicate information that applies to more
ch as the target output views in one or more Multiview Group boxes. Characteristics (su
imeters) of the respective bitstream subset can also be indicated within the Multiview G
e Multiview Relation Attributes box{*mvra '), which is similar to the Track Selection b

buld have means to determine which views are preferred for displaying, and select or
that provide the data for the.desired operating point, preferring a track that is specific tg
bint over tracks that also-centain other data. The display characteristics of players may d
the number of simultaneously displayed views and the optimal angle between views cz
order to guide a player for selection of output views, alternative groups of output views
and differentiating characteristics between them can be indicated with the Multiview G
¢ (' swtc')swhich also includes the Multiview Relation Attributes box ('mvra').

s data in multiple tracks, the player shall reconstruct MVC or MVD access units before pa
MVCE or MVD decoder. An MVC or MVD operating point may be explicitly represented

port
rants
been
ated
one)
ded.
nd to
bm is
mple

than
ch as
roup
0X.

le or
that
ffer;
n be
and
roup

/C or MVD bitstream is represented by multiple tracks and a player uses an operating point

bsing
by a

track, i.e., an access unit is reconstructed simply by resolving all extractors and aggregators of a sample.
If the number of operating points is large, it may be space-consuming and impractical to create a track

for each operating point. In such a case, MVC or MVD access units are reconstructed as specified in 7.6.2.

The MVC or MVD Decoder Configuration record contains a field indicating whether the associated
samples use explicit or implicit access unit reconstruction (see the explicit_au_track field).
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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’', '?vc?') document a
containment structure within that container; the higher level containment is not shown.

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
Specifies a multiview group for the'views of the
mvCg Multiview Group Box multiview video stream that ar€ output
Contains the buffering infermation of the bitgtream
bu f fBuffering Information Box subset specified by the mwultiview group
Indicates the relation of‘the tracks or tiers of the
respective multiview/group with each other (when
MV ¥ aMultiview Relation Attribute Box|contained in aMultiview Group box)
Provides information about the bit rate valuef of the
£ ibrTier Bit Rate Box bitstream-stubset specified by the multiview group
Provides information about the profile, level, fframe
size, discardability, and frame-rate of the bitsfream
t1rifTier Information Box subset specified by the multiview group
Multiview Scene Information Iridicates the maximum disparity in a scene wWith
vwdi|Box multiple views
Specifies a set of multiview groups from whidh one
swtc Multiview Group Relation Box  |multiview group is decoded and played at any time
Indicates the relation of the multiview groupg with
each other (when contained in a Multiview Gfoup
MV ¥ aMultiview Relation Attribute Box[Relation box)
?vc? Sample Entry (Note: various codes are used for sample enttfies)
Contains an SEI NAL unit containing only a vipw
View,Scalability Information SEI [scalability information SEI message as specified in
vsib Message Box [SO/IEC 14496-10:2020 Annex H
Contains camera parameters that define the Ipcation
Extrinsic Camera Parameters and orientation of the camera reference framp with
ecam Box respect to a known world reference frame
Contains camera parameters that link the pixpl
coordinates of an image point with the corregponding
icam Intrinsic Camera Parameters Box|coordinates in the camera reference frame
Indicates the views included in the track (when
vwi-d View Identifier Box included in a sample entry)
Provides a URI containing a unique name of the
MVC View Priority Assignment |method used to assign content_priority_id values for
ks S Box lthe View Peiority samplesrouping—
mvcC MVC Configuration Box
Contains the MVD decoder configuration record and
mvdC MVCD Configuration Box the MVD depth resolution box (for MVD streams only)
Provides the resolution of depth views (for MVD
3dpr MVD Depth Resolution Box streams only)
Contains an SEI NAL unit containing only an MVCD
MVD Scalability Information SEI [view scalability information SEI message as specified
3sib Message Box in ISO/IEC 14496-10:2020 Annex |
sgpd Sample Group Description Box
mvif Multiview Group Entry Contains the following boxes
buf f] Buffering Information Box Contains the buffer information of the tier
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[dentifies the tiers that the current tier is dependent
ldep Tier Dependency Box on
Contains parameter sets needed for decoding this tier
svip) [nitial Parameter Sets Box and all the tiers it depends on
Reports the minimum and maximum priority_id of the
sSvpr Priority Range Box NAL units mapped to this tier
tibr Tier Bit Rate Box Provides information about the bit rate values of a tierj
Provides information about the profile, level, frame
tiri Tier Information Box size, discardability, and frame-rate of a tier
vipr View Priority Box Labels views with priorities based on content
Indicates the views included in the tier (when
rwid View Identifier Box included in a Multiview Group entry,)
Provides adjusted decoding times when high
dtrt Decode Re-timing Group Entry [temporal layers are discarded
Provides the mapping of NAL units to multiview
senm Sample Map Group Entry groups for all samples in the track

The structu

information|
information
within a tra
can span sej

Box resides

7.3 MVC

MVC and MY
video eleme

NAL un

and agg
access Unit delimiter NAL units¢Aggregators and Extractors, when present, shall not directly oy
by file g

MVC and M)

56

An MV(

es within a sample entry provide information for the decoding or use|ef the samples (v
) that are associated with that sample entry. Sample groups provide time-var
about the track as a whole, assisting (for example) with the extraction of subsets of the i
ck. Information in the Multiview Information Box (appearing in the media information
reral tracks and is descriptive of collections of tracks, eventhough the Multiview Inform:
in the track containing the base view of the stream.

hnd MVD elementary stream structures

/D streams are stored in accordance with 5.2, with the following definition of an MVC or
ntary stream:

[ and MVD Video Elementary Stream contains all video coding related NAL units (i.e. t
ts containing video data or signalling video structure, possibly after resolution of extra
regators) and may contain‘nen-video coding related NAL units such as SEI messages

arsers.

/D streams may also be stored using associated parameter set streams, when needed.

ideo
ying
edia
box)
ation

MVD

hose
Ctors
and
tput
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For MVC and MVD streams, Table 1 is amended by the following table Table 5.

Table 5 — NAL Unit types in MVC, MVD, and AVC Streams

Value of Description AVCvideo MVC video MVC video MVD video | MVDvideo | Parameter
nal unit type elementary | elementary | elementary | elementary | elementary set
B B stream stream stream stream stream elementary
(sample (sample (sample (sample stream
entry entry name | entry name | entry name
'avel', | 'ave3', | 'mvdl', | 'mvd3’,
tave2', | 'avcd', | 'mvd2', | 'mvd4’,
'mvecl', | 'mvc3', | 'a3dl', | a3d3’,
or or or or
'mve2') | 'mved 'y | 'a3d2M}T'alidl3")
14 Prefix NAL unit Not Yes Yes Yes les No
prefix_nal_unit_rbsp() specified
1 Subset sequence parameter set Not No Yes No les Yes
subset_seq_parameter_set_rbsp( ) specified Parameter Pardmeter
Set et
elementary elenfentary
stream shall stregm shall
not be used not e used
2 Coded slice extension Not Yes Yes Yes les No
slice_layer_extension_rbsp( ) specified
21 Coded slice extension for a depth Not Not Not Yes les No
view component or a 3D-AVC specified specified specified
texture view component
slice_layer_extension_rbsp( )
24431 Not specified Not See AnnexF | See AnnexF | See AnnexF | See AnnexF | See Annex F
specified
There may be AVC VCL NAL.uhits, MVC VCL NAL units and other NAL units, i.e. non-VCI, NAL units,
present in an MVC video elementary stream. There may be AVC VCL NAL units, MVC VCL NAL units, MVD
VCL NAL units, and non=VCL NAL units present in an MVD video elementary stream. Additi¢nally, there
may [be Aggregators.or Extractors present in an MVC or MVD video elementary stream.
An AVC VCL NAL\unit in an MVC or MVD video elementary stream conforming to one or more profiles
specffied insAnhex H, Annex I, or Annex ] of ISO/IEC 14496-10:2020 shall be immediately prieceded by a
prefix NAL,unit. In this document, an AVC VCL NAL unit and the immediately preceding prefix NAL unit
are lpgicdlly seen as one NAL unit.

7.4

Use of the plain AVC file format

The MVC or MVD 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 MVC and MVD streams is
deprecated.

© ISO/IEC 2022 - All rights reserved
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7.5 Sample and configuration definition

7.5.1 Canonical order and restriction

The following restrictions apply to MVC and MVD data in addition to the requirements in subclause 5.3.1.

MVC coded slice NAL units (Coded slice extension): All MVC 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 MVC sample shall contain at least one AVC or MVC VCL NAL unit.

MVD V¢
be cont
unit. An

Prefix
NAL un

Aggreg
Extract
aggregd
valid de

7.5.2 Decq
7.5.2.1 M)

When the A
can be inter
the propert]
decoding th

If the sampl
as with AV
record. Othg
the decoder
be used.

Sequence o
storage fro

CL. NAL units (Coded slice extension): All MVD VCL NAL units for a single instant in time
hined in the sample whose composition time is that of the picture represented by thea
MVD sample shall contain at least one AVC, MVC or MVD VCL NAL unit.

NAL units: Each prefix NAL unit is placed immediately before the corresponding AVC
t.

ators/Extractors: The order of all NAL units included in an Aggregator or referenced k
br is exactly the decoding order as if these NAL units were present in a sample not conta
tors or extractors. After processing the Aggregator or the Extractor, all NAL units shall

coding order as specified in ISO/IEC 14496-10.

der configuration record
/C decoder configuration record

VC decoder configuration record (as defined in subclause 5.3.2.1) is used for a stream
preted as either an MVC or AVC stredm, the AVC decoder configuration record shall r¢
jes of the AVC compatible base view, e.g. it shall contain only parameter sets neede
e AVC base view.

e entry name is 'mvcl (or"mvc2 ', a parameter set stream may be used with MVC stre
[ streams. In that case, parameter sets shall not be included in the decoder configur:
rwise (the sampleentry name is 'mvc3' or 'mvc4 '), parameter sets may be stored in
configuration record or as part of samples while a parameter set elementary stream sha

m{ 1" to numOfSequenceParameterSets or numOfPictureParametersSq

shall
cess

VCL

y an
ning
De in

that
flect
1 for

ams,
ition
both

I not

picture’parameter sets, including subset sequence parameter sets, are numbered in order of

ts,

respectively

~SE(UENCE and pICtUre parameter Sets StoTed 1 this Tecord i a fife may be referenced

this 1-based index by the InitialParameterSetBox.

The

MVCDecoderConfigurationRecord

is structurally identical to

sing

an

AVCDecoderConfigurationRecord. However, the reserved bits preceding and succeeding the

lengthSizeMinusOne field are re-defined. The syntax is as follows:
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gned (8) class MVCDecoderConfigurationRecord {
unsigned int (8) configurationVersion = 1;
unsigned int (8) AVCProfilelIndication;
unsigned int (8) profile compatibility;
unsigned int (8) AVCLevelIndication;

unsigned int (1) complete representation;
unsigned int (1) explicit au track;

bit (4) reserved = '1111'b;

unsigned int(2) lengthSizeMinusOne;

bit (1) reserved = '0O'b;

unsigned int (7) numOfSequenceParameterSets;
for (1=0- 1 numOfSequenceParameterSets: 1++) {

5:2022(E)

unsigned int (16)
bit (8*sequenceParameterSetLength)

sequenceParameterSetLength ;
sequenceParameterSetNALUnit;

nsigned int (8) numOfPictureParameterSets;
or (1i=0; 1< numOfPictureParameterSets; i++) {
unsigned int (16) pictureParameterSetLength;
bit (8*pictureParameterSetlLength) pictureParameterSetNARUnit;

i

semantics of the fields AVCProfileIndication] jprofile compatibi

fields AVCProfileIndication, AVCLevelInddgation carry the profile and level

contains all the views of this track and the views required for decoding of this track and
iews in this track are the target output views. [f AVCLevelIndicationisequalto 0, t
ljes to the bitstream defined above operating with all the views of this track being the t3
S AVCPrgfiileIndication,

[ .,evelIndication, if non-zero, shall have values such that an MVC decoder supp

is unspecified.
bs is able to decode bitstream’s conforming to the profile, level and profile compaf
ated in any of the sequence parameter sets or subset sequence parameter sets contg
rd.

semantics of other/fields are as follows, or, if not present in the following, are as de
DecoderConfigurationRecord:

omplete representation issetonaminimal set of tracks that contain a portion o
original encoded stream, as defined in 7.6.1. Other tracks may be removed from the f

L,evelIndication differ from the AVCDecoderConfigurationRecord as followy:

profile compatibili

lity, and

indications,

bctively, indicating the profile and level for the bitstream represented by this track, i.e., the bitstream

wherein all
he level that
irget output
ty, and
prting these
ibility flags
ined in this

fined for an

f the

ile without
een

loss of any portion of the original encoded bitstream, and, once the set of tracks has k

reduced to only those in the complete subset, any further removal of a track removes a portion

of the encoded information.

explicit au trackisseton atrack thatis ‘complete’; it is 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
for decoding the MVC elementary stream.

are used

SequenceParameterSetLength indicates the length in bytes of the SPS or subset SPS NAL

unit.
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SequenceParameterSetNALUnit contains a SPS or subset SPS NAL unit as specified in Annex H
of ISO/IEC 14496-10:2020. 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.

7.5.2.2 MVD decoder configuration record

The

syntax

structure of MVDDecoderConfigurationRecord 1is exactly the same as

MVCDecoderConfigurationRecord.

When the A
can be inter
of the AVC
base view.

When the M
can be inter
properties @
e.g. itmay c

If the sampl
with MVD s
the decoder
'a3d4d'),p
while a par3

Sequence ot
storage fr
respectively
this 1-based

The seman
AVCLevel
AVCProfil
zero, shall K
conforming
sets or subs

that
rties
AVC

VC decoder configuration record (as defined in subclause 5.3.2.1) is used for a stream
preted as an MVD stream, the AVC decoder configuration record shall reflect the prope
ompatible base view, e.g. it may contain only parameter sets needed for decoding the

that
[ the
ws),

VC decoder configuration record (as defined in subclause 7.5.2.1) is used for a stream|
preted as an MVC or MVD stream, the MVC decoder configuration record shall reflec
fthe MVC compatible bitstream subset (i.e. the bitstream subsetwith only the texture vie
bntain only parameter sets needed for decoding the MVC compatible bitstream subset.

e entry name is 'mvdl ', 'mvd2', 'a3dl',or 'a3d2',‘a parameter set stream may be used
pd in

''or

freams, as with AVC and MVC streams. In that case{parameter sets shall not be includ
configuration record. Otherwise (the sample entry name is 'mvd3"', 'mvd4', 'a3d3
hrameter sets may be stored in both the decoder configuration record or as part of sanpples
meter set elementary stream shall not be used.

picture parameter sets, including subset sequence parameter sets, are numbered in order of

m 1 to numOfSequenceParameterSets or numOfPictureParameterSgets,

. Sequence and picture parameter sets stored in this record in a file may be referenced v
index by the InitialParameterSetBox.

1sing

tics of the fields .AVCProfileIndication,
[ndication differ

profile compatibility, [and

from the MvVCDecoderConfigurationRecord as follows.
and AVCLevelIndication, if
ave values)such that a MVD decoder supporting these values is able to decode bitstre
to the profile, level and profile compatibility flags indicated in any of the sequence paranpeter

et sequence parameter sets contained in this record.

leIndication, profile compatibility, non-

bAIMS

The sema

tics—of other fields are as foltows, or, if 1ot present, are as _defined for an

MVCDecoderConfigurationRecord:

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

sequenceParameterSetNALUnit, when contained in the MVCD Configuration Box, contains a
SPS or subset SPS NAL unit as specified in Annex I of ISO/IEC 14496-10:2020.
sequenceParameterSetNALUnit, when contained in the A3D Configuration Box, contains a
SPS or subset SPS NAL unit as specified in Annex ] of ISO/IEC 14496-10:2020. SPSs shall occur in
order of ascending parameter set identifier with gaps being allowed. Subset SPSs shall occur in
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order of ascending parameter set identifier with gaps being allowed. Any SPS shall occur before

all the subset SPSs, if any.
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 repre

sents 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.

Therje is a minimal set of one or more tracks that, when taken together, contain the om
encoded information. All these tracks shall have the flag “complete representatdjon” sq
sample entries. This group of tracks that form the complete encoded information axe'called th
subsiet”.

The frack that has the flag “complete representation”setand containis NAL units of th
with|temporal_id equal to 0 shall be nominated as the ‘base view track. All the other tracks t
of the same stream shall be linked to this base track by means of a track reference of type ' g
base|). The complete encoded information can be retained when-the tracks included in th
subset” are retained; all other tracks shall represent subsets, ‘copies (i.e. the same media

ings of the complete subset.

All the tracks sharing the same base view track shall share the same timescale as the scalablg
For MVD streams, all the tracks containing the texture view and the depth view of a particul3
sharp the same timescale. Note that the texture’view and the depth view of a particular vi
sam¢ value of view_id.

If a view represented by a track uses another view represented by another track as ar
prediction reference, a track reference of type 'scal' shall be included in the track refe

sourfe track for inter-view prediction.

For |
asso
the ¢
indig

riated with the dépth view, a track reference of type ' deps ' shall be included in the trac
lepth view, referring to the track containing the texture view. The presence of this tra
ates that4he current track contains the depth view that is associated with a texture

refeffenced track.

NOTH If a track containing a part of an MVC or MVD bitstream is removed from a file, care needs to be tak
1 +h + 1 +thaot ol 1' d'ch LS 1 £ otk A+ 1 4 £, £

remove-alse-these—tracks-that-containsealand-sbas—track referencesto-the removed-trackand references+

plete set of
bt in all their

e “complete

e base view
hat are part
bas' (view
e “complete
data) or re-

b base track.
r view shall
bw have the

| inter-view
rring to the

MVD streams, if a depth'view is stored in a different track than the track containing the flexture view

K containing
'k reference
view in the

bn to
O the

multiview 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 Multiview Group box (7.7.3) and the Multiview
Group Relation box (7.7.4). Theexplicit au trackflagequal to 1 states that this track is a complete
operating point; nonetheless, the track should be examined to determine which views delivered by this
track are the output views.
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If the target output views 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 views that are required for decoding the determined target output views can be concluded from
reference view identifiers included in the View Identifier box, the 'scal"' 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 ufit is reconstructed from the respective samples in the required tracks and tiers by afrafjging
their NAL ynits in an order conforming to ISO/IEC 14496-10. Duplicate copies of NAL Gnits, when
present, ne¢d 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 pargmeter set NAL units (from the associated parameter set tracks and from the assoclated
elementary stream tracks).

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

— View cdmponents in ascending order of view order index«alue.

— Within p view component, if both texture and depth are present, then the texture view component
precedgs the depth view component.

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

7.6.3 Sample entry
7.6.3.1 Bdxes for sample entry
7.6.3.1.1 Intrinsic camera parameters box

7.6.3.1.1.1 |Definition

Box Type: 'icam/

Container: Sample Entry ('avcl', 'avc2', 'avc3', 'avc4d',
'mvecl', 'mvc2', 'mvc3', 'mvcd',
'mvdl', 'mvd2', 'mvd3', 'mvd4',

rasdl’, "asd4’, "asds’, "asd4’)

Mandatory:  No
Quantity: Zero or more

This subclause specifies intrinsic camera parameters that link the pixel coordinates of an image point
with the corresponding coordinates in the camera reference frame. A specification of focal length and
parameters related to the geometric distortion due to camera optics is given in AnnexH of
ISO/IEC 14496-10:2020.
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class IntrinsicCameraParametersBox extends FullBox ('icam', version=0, flags) {
unsigned int (6) reserved=0;
unsigned int (10) ref view id;
unsigned int (32) prec focal length;
unsigned int (32) prec_principal point;
unsigned int (32) prec_skew factor;
unsigned int (8) exponent focal length x;
signed int (64) mantissa focal length x;
unsigned int (8) exponent focal length y;
._igrhar‘] int (64) mantissa focogol ‘Iorvrji—h a0
Unsigned int (8) exponent principal point x;
4igned int (64) mantissa principal point x;
Unsigned int (8) exponent principal point y;
34igned int (64) mantissa principal point y;
Unsigned int (8) exponent skew factor;
4igned int (64) mantissa skew factor;

7.6.3.1.1.3 Semantics

teserved this field shall be equal to zero

tef view idindicates the view_id identifying a view forwhich intrinsic camera paran
indicated in this Intrinsic Camera Parameters Box

prec focal length specifies the exponent of themaximum allowable truncation erj
focal_length_x and focal_length_y as given by Zwrec focallength The value of prec foca
shall be in the range of 0 to 31, inclusive.

prec principal point specifies the exponent of the maximum allowable truncatio
principal_point_x and principal_point{ras given by 2-prec_principal point,. The value of
prec_principal point shall be in the range of 0 to 31, inclusive.

factor as given by 2-precskew factor The value of prec skew factor shall be in the ra
to 31, inclusive.

gxponent focal lengtk x specifies the exponent part of the focal length in the hoj
direction. The value ofexponent focal length x shall beinthe range of 0 to

inclusive. The value 63 is reserved for future use by ITU-T | ISO/IEC. Decoders shall t
value 63 as indigating an unspecified focal length.

Mmantissa foecal length x specifies the mantissa part of the focal length of the i-t
the horizontal direction.

¢xponent focal length y specifies the exponent part of the focal length in the ve
direction. The value of exponent focal length y shall beinthe range of 0 to

inclusive. The value 63 is reserved for future use by ITU-T | ISO/IEC. Decoders shall t

heters are

or for
I length

N error for

prec skew factor specifies the.eXponent of the maximum allowable truncation errgr for skew

hge of 0

izontal
62,
reat the

N camera in
rtical

62,
reat the

value 63 as inﬂirafihg an nncpnr‘iﬁ'nr‘ focal ]ongﬂ'\

mantissa focal length y specifies the mantissa part of the focal length in the vertical

direction.

mantissa principal point x specifies the mantissa part of the principal point in the

horizontal direction.

exponent principal point y specifies the exponent part of the principal point in the
vertical direction. The value of exponent principal point y shall bein the range of 0

to 62, inclusive. The value 63 is reserved for future use by ITU-T | ISO/IEC. Decoders
the value 63 as indicating an unspecified principal point.
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mantissa principal point y specifies the mantissa part of the principal point in the
vertical direction.

exponent skew factor specifies the exponent part of the skew factor. The value of
exponent skew factor shall bein 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
skew factor.

mantissa 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 idis
represented as follows:

[ focalLengthX  skewFactor _principalPointX |

0 focalLengthY principalPointY
0 0 1

Each component of the intrinsic matrix is obtained from the variables specified in Table-6 as the
varigble x computed as follows.

- Jf0<e<63,x=2e31%(1+n+2v), withv=max(0,e+p-31) [Eq. F-1
- Ifeisequalto 0, x =2-60*v) * n, with v=max(0, p - 30) [Eq. F-2

Table 6 — Association between camera parameter variables ahd/syntax elements

X e n p
focalLepgthX exponent_focal_length_x mantissa_focallength_x prec_focal_length
focalLepgthY 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_poilllt
skewFactor exponent_skew_factor mantissa_skew_factor prec_skew_factor

7.6.3.1.2 Hxtrinsic camera parameters box

7.6.3.1.2.1 |Definition

Box Type: 'ecam'

Container: Sample Entry ('avcl/, 'avc2', 'ave3d', 'avc4d',
'mvcl', 'mvc2', 'mvc3', 'mvcéd',
"mvdl', 'mvd2', 'mvd3', 'mvd4',
'a3dl', 'a3d2', 'a3d3', 'a3d4')
Mandatory:| No

Quantity: Zerosor'more

This subclapise 'specifies extrinsic camera parameters that define the location and orientation of the
camera refdrence frame with respect to a known world reference frame. A specification of extninsic
camera parameters including translation vector and rotation matrix is given in AnnexH of
ISO/IEC 14496-10:2020.

The extrinsic camera parameters are specified according to a right-handed coordinate system, where the
upper left corner of the image is the origin, i.e,, the (0, 0) coordinate, with the other corners of the image
having non-negative coordinates. With these specifications, a 3-dimensional world point, wP=[x y z] is
mapped to a 2-dimensional camera point, cP = [u v 1], according to:

s*cP=A*R1*(wP-T)
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where A denotes the intrinsic camera parameter matrix that can be indicated by an intrinsic camera
parameters box (see 7.6.3.1.1), Rt denotes the inverse of the rotation matrix R, T denotes the translation
vector, and s (a scalar value) is an arbitrary scale factor chosen to make the third coordinate of cP equal
to 1. The elements of A, R, T are determined according the syntax elements signalled in this box and as
specified below.

7.6.3.1.2.2 Syntax

class ExtrinsicCameraParametersBox extends FullBox ('ecam', version=0, flags) {

unsigned int (6) reserved=0;
ynsigned int (10) ref view id;
Unsigned int (8) prec rotation param;
Unsigned int (8) prec _translation param;
for (j=1; j<=3; Jj++) { /* row */
for (k=1; k<=3; k++) { /* column */
unsigned int (8) exponent r[j][k];
signed int(64) mantissa r [J][k];

}
unsigned int (8)
signed int (64)

exponent t[j];
mantissa t[j];

7.6.3.1.2.3 Semantics

eserved this field shall be equal to zero

ef view_ idindicates the view_id identifying.a view for which intrinsic camera paran
indicated in this Intrinsic Camera Parameéters Box

rec _rotation param specifies the exponent of the maximum allowable truncation
r[j][ k] as given by 2-precrotation param, The value of prec _rotation paramshall be
range of 0 to 31, inclusive.

rec translation param specifies the exponent of the maximum allowable trunca

heters are

error for
in the

J{

fion error

for t[ j ] as given by 2-prec transiation param, The value of prec  translation params
the range of 0 to 31, inclusive.

xponent r[7j] [k] specifies the exponent part of (j, k) component of the rotation ma
value of exponefit “r[j] [k] shall be in the range of 0 to 62, inclusive. The value 6
reserved for fature use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indic
unspecified rotation matrix.

antissa~ i3] [k] specifies the mantissa part of (j, k) component of the rotation mat

b xponent ™t [j] specifies the exponent part of the j-th component of the translation vg
value of exponent t[J] shall bein the range of 0 to 62, inclusive. The value 63 is 1
future use by ITU T | ISO/IEC. Decoders shall treat the value 63 as indicating an unsp

=

hall be in

trix. The
B is
hting an

rix.

ctor. The
eserved for
ecified

franslation vector

mantissa t[J] specifies the mantissa part of the j-th component of the translation ve
The rotation matrix R is represented as follows:
rE[0][0] rE[O][1] rE[0][2]
rE[1][0] rE[1][1] <rE[1][2]
rE[2][0] rE[2][1] rE[2][2]
The translation vector T is represented as follows:
tE[ 0]
tE[ 1]
tE[ 2]
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Each component of the rotation matrix and the translation vector is obtained from the variables
specified in Table 7 as the variable x computed as follows.

- If0<e<63,x=2e31%(1+n+2v), withv=max(0,e+p-31) [Eq. F-3]
- Ifeisequal to 0, x = 2-30+v) * n, with v =max(0, p - 30) [Eq. F-4]
Table 7 — Association between camera parameter variables and syntax elements
X e n p
rE[j][ k] exponent_r[j][ k] mantissa_r[j][ k] prec_rotation_param
tE[j ] exponent_t[j ] mantissa_t[ j ] prec_translation_param

7.6.3.1.3 \liew identifier box
7.6.3.1.3.1 |Definition

Box Type: 'vwid'

Container: | Sample Entry ('avcl', 'avc2', 'avc3', 'avcd',

'mvcl', '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)
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 inclugled in a sample entry, this box indicates the views included in the track. When included in a
Multiview Group entry, this box indicates the views included in the respective tier. This box also indi¢ates
the view orfder index for each listed view. Additionally, the box includes the minimum and maximum
values of temporal_id included in the track ortier when the View Identifier box is included in a sample
entry or Multiview Group entry, 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 indicate$, for
each of the yiew included in the track,the presence of texture and/or depth in the track and in the stream.
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7.6.3.1.3.2 Syntax

class ViewIdentifierBox extends FullBox ('vwid', version=0, flags)

{

7.6.3.1.3.3 Semantics

reserved6 = 0;
min temporal id;
) max_temporal id;

unsigned int (2
unsigned int (3
unsigned int (3

unsigned int (16) num views;

for (i=0; i<num views; i++) {
unsigned int (6) reservedl = 0;
unsigned int (10) view id[i];
nv‘vcirjhad int (6 reseorved? — ﬂ;
unsigned int (10) view order index;

unsigned int
unsigned int

(1) texture in stream[i];
( ]
unsigned int(
(
(

1) texture in track[i
1) depth in stream[i]
1) depth in track[i];
2)
10

’

unsigned int
unsigned int
unsigned int (

base view type;
) num_ref views;

for (J = 0; j < num_ref views; j++) {
unsigned int (4) reserved5 = 0;
unsigned int (2) dependent component idc[i}[J];
unsigned int (10) ref view id[i][]];

Min temporal id, max temporal id‘take the minimum and maximum value, re
of the temporal_id syntax element that\is present in the NAL unit header extension o
units mapped to the track or tier when the View Identifier box is included in a sampl
Multiview Group entry, respectivély. For AVC streams this takes the value that is, or
the prefix NAL unit.

num_views, when the View Identifer box is present in a sample entry, indicates the nu
views included in the track. When the View Identifier box is present in a Multiview G
num_views indicates.the number of views included in the respective tier.
Yiew id[i] indicates the value of the view_id syntax element in the NAL unit header ¢
a view includediin the track or tier when the View Identifier box is included in a sam
Multiview Group entry, respectively.

Yiew ordex\v¥ndex indicates the value of the VOIdx variable, as specified in Annex H
ISO/IEE14496-10:2020, for a view included in the track or tier when the View Ident
included in a sample entry or Multiview Group entry, respectively.
texture in stream[i] equal to 1 indicates that the texture view for the view with y

spectively,
Fthe NAL

b entry or
would be, in

mber of
roup entry,

xtension of
ble entry or

Of
ifier box is

riew_id[i] is

present in the stream. The value indicates that the texture view for the view with vie

w_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[1i] is equal to 0, the value of
texture in track[i] shall be equalto 0.

depth in stream[i] equalto 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. When texture in stream[i] is equal to 0, the value of
depth in stream[i] shall be equal to 1.
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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] isequal to 0, the value of depth_in_track[i]
shall be equal to 0. When texture in track[i] isequalto 0, 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

valu

es:

0 indicates that the view is neither a base view nor virtual base view.
1 shall be used to label the non-virtual base view of the MVC bitstream.
2 is areserved value and shall not be used.

3in

num re
the
depend
refe
the {
of th
the |
ref vi
refe
view
ref ¥
to in
entr]

7.6.3.2 M\

7.63.2.1 [

Sample Ent

Container:
Mandatory:
Quantity:

When prese
pertaining t

licates that the view with view_id[i] is a virtual base view. The respective independently

bqual to 3, the subsequent num_ref views shall be equal to 0.

f views indicates the number of views that may be directly or indirectly referenced b
riew with view_id[i].

ent component idc[i] []J] indicates how the texture view and depth view of the j
rence view are required for decoding the view with view_id[i]. If the value is equal to 0,

exture view of the reference view is required. If the value is equaltq 1, only the depth v
e reference view is required. If the value is equal to 2, both textute view and depth view
reference view are required. The value of 3 is reserved.

ew_id[i] [J] indicates the view identifier of the j-th view.that may be directly or indir
Fenced by the view with view_id[i], i.e., that may be required for decoding of the view
r_id[i]. If a view is required for decoding the view with view_id[i], it shall be listed as o
fiew_id[i][j]. When the View Identifier box is included in a sample entry, it is recomme
dicate the referenced views for both anchor and non-anchor access units in the same sa

y.
/C and MVD sample entry definitions
efinition
y and Box Types:
'mvcl', 'mvc2', {mvc3', 'mvc4d',
'mvdl', 'mvd2'hJ)'mvd3', 'mvd4',
'a3dl', 'a3dk's; 'a3d3', 'a3d4'
Sample Description Box ('stsd"')

One of the above listed sample entries is mandatory
One or mere sample entries may be present

nt, the AVC Configuration Box documents the Profile, Level, and possibly also parameter
p the_ AVC compatible base view as defined by the AVCDecoderConfigurationRec

roded non-base view with view_id[i] resides in another track. When base view itypqi

y

-th
bnly

ew
of

ectly
with
he of
nded
mple

sets
ord.

ntythe MVC Configuration Box documents the Profile, Level and Parameter Set inform

When pres

ition

pertaining to the entire MVC stream as defined by the MVCDecoderConfigurationRecord. 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 MVDDecoderConfigurationRecord. When
present, the A3D Configuration Box documents the Profile, Level and Parameter Set information
pertaining to the entire 3D-AVC stream as defined by the MVDDecoderConfigurationRecord.

For the AVC sample entries 'avcl', 'avc2', 'avc3' 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
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'mvcl', 'mvc2', 'mvc3',and 'mvc4', and for the MVD sample entries 'mvdl"', 'mvd2"', 'mvd3"',
'mvd4 ', 'a3dl’, 'a3d2', '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. Futhermore, 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 lengthSizeMinusOne field in the AVC, MVC, MVCD, and A3D configurations in any given sample

entry shall have the same value.

A pr
valu

ps. When it occurs in an AVC or MVC sample entry, exactly one URI shall be present, that

the priority_id assignments in the entire AVC or MVC stream. An MVCD or A3D’sample ent

cont

hin an MVCViewPriorityAssignmentBox (and consequently priority asSignment URI

neither for MVC+D streams nor for 3D-AVC streams).

The

URI is treated here as a name only; it should be de-referengeable, though this is not re

readers may be able to recognize some methods and thereby.kiiow what stream extractior

base

The
here

Whe
Vie
Ext
and

resp

The

d on priority_id would do.

requirements for the sample entry types 'avcl ¥and 'avc2' as documented in 6.5.3.1

n present in an AVC, MVC, MVCD, or A3D@ample entry, ViewScalabilityInfoSET
vIdentifierBox, IntrinsicCameraParametersBox,
rinsicCameraParametersBox, "MVDScalabilityInformationSEIBox, Bif
MPEG4ExtensionDescriptiorsBox, apply to the entire AVC, MVC, MVC+D, or 3D-A
bctively.

eithgr directly or by reference from an Extractor, shall be present in the decoder configurs

vide

Tabl
(exc

D stream or in the associated parameter set stream (if used).

e 8 shows-for a video track all the possible uses of sample entries, configurations, and th
udingtimed metadata, which is always used in another track).

ority assignment URI provides the name (in the URI space) of a method used tolassign priority_id

documents
ry shall not
an be used

quired. File
operations

1 also apply

BOX,

rRateBox
VC stream,

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

ition of that

e MVC tools

Table 8 — Use of sample entries for AVC, MVC, MVC+D and 3D-AVC tracks

sample entry name | with configuration records | meaning

'avcl' or 'ave3' | AVC Configuration Only A plain AVC track with AVC NAL units only;
Extractors, aggregators, and tier grouping shall

not be present.

'avc2' or 'avc4' | AVC Configuration Only A plain AVC track with AVC NAL units only;
Extractors may be present; Aggregators may be
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present to contain and reference AVC NAL units;
Tier grouping may be present.

'avecl'

or 'avc3'

AVC and MVC Configurations

An MVC track with both AVC and MVC NAL
units; Aggregators and Extractors shall not be
present.

tave2'!

or 'avcd'

AVC and MVC Configurations

An MVC track with both AVC NAL units and MVC
NAL units; Extractors may be present and used
to reference both AVC and MVC NAL units;

Aggregators may be present to contain, and
reference both AVC and MVC NAL unifts;Tier
grouping may be present.

'mvecl'

or 'mvc3'

MVC Configuration Only

An MVC track without AVC “NAL urits;
Aggregators may be presenbyto contain and
reference MVC NAL units; Tier grouping may be
present.

'mvec2!

or 'mvcd'

MVC Configuration Only

An MVC track-without AVC NAL urits;
Extractors may~be present and used| to
reference MYC-NAL units; Aggregators may be
present to‘¢ontain and reference MVC NAL
units; Tier grouping may be present.

'avel'

or 'avc3'

AVC, MVC,
Configurations

and MVCD

An:MVC+D track with AVC, MVC and MV(+D
depth NAL units; Aggregators and extractors
shall not be present; Tier grouping may| be
present.

'mvecl'

or 'mvc3'

MVC and
Configurations

MVCD

An MVC+D track without AVC NAL units |but
with MVC and MVC+D depth NAL urits;
Aggregators and tier grouping may be present.

'mve2'!

ol 'mvcd'

MVC and
Confijgurations

MVCD

An MVC+D track without AVC NAL units |but
with MVC and MVC+D depth NAL upits;
Extractors, aggregators and tier grouping may
be present.

'mvdl'’

or 'mvd3Y

MVCD Configuration Only

An MVC+D track with MVC+D depth NAL uhits
only; Aggregators and tier grouping may| be
present.

'mvd2’

or 'mvd4'

MVCD Configuration Only

An MVC+D track with MVC+D depth NAL units
only; Extractors, aggregators and tier grouping
may be present.

'avel'

or 'avc3'

AVC, MVC, MVCD, and A3D
Configurations

A 3D-AVC track with AVC, MVC, MVC+D depth,
and 3D-AVC NAL units; Aggregators and
extractors shall not be present; Tier grouping
may be present.
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If MVC Configuration were not present in this
example, the track would not contain or refer to
MVC NAL units. If MVCD Configuration were not

present in this example, the track

would not

contain or refer to MVC+D depth NAL units.

'mvcl' or 'mve3'!

MVCD, and A3D

Configurations

A 3D-AVC track without AVC NAL units but with
MVC, MVC+D depth NAL units, and 3D-AVC NAL
units; Aggregators and tier grouping may be

present.

If MVCD Configuration were not{re

tent in this

example, the track would not contain| or refer to

MVC+D depth NAL units.

'myc2"' or 'mvcd'

MVCD, and A3D

Configurations

A 3D-AVC track withoat;AVC NAL units but with
MVC, MVC+D depthtNAL units, and 3D-AVC NAL
units; Extractors, aggregators and tigr grouping

may be present:

If MVCD-Configuration were not pre

bent in this

example;the track would not contain| or refer to

MVC+D depth NAL units.
'mydl' or 'mvd3' and A3D} A 3D-AVC track without AVC or MV( NAL units
Configurations but with MVC+D depth NAL units and 3D-AVC
NAL units; Aggregators and tier grouping may
be present.
'myd2"' or 'mvd4' and A3D | A 3D-AVC track without AVC or MV( NAL units
Configurations but with MVC+D depth NAL units and 3D-AVC

NAL units; Extractors, aggregator§ and tier

grouping may be present.

'aBdl' or 'a3d3"

A3D Configuration Only

A 3D-AVC track with 3D-AVC NAL

units only;

Aggregators and tier grouping may b present.

'aBd2' or 'a3d4d”

A3D Configuration Only

A 3D-AVC track with 3D-AVC NAL

Lnits only;

Extractors, aggregators and tier grouping may

be present.
7.6.3.2.2 Syntax
class MVCConfigurationBox extends Box ('mvecC') {
MVCDecoderConfigurationRecord () MVCConfig;

}

class ViewScalabilityInformationSEIBox extends Box ('vsib', size)

{

unsigned int (8*size-64) mvcscalinfosei;

}
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class MVDDepthResolutionBox extends Box ('3dpr')

{

unsigned int (16)
unsigned int (16)
The following 5 fields are collectively optional;
all absent. When grid pos num views is not present,

/*

or

depth width;

depth height;

they are either all present
the for loop is not

present, equivalent to grid pos num views equal to 0. These fields may be present

or absent

A3DConfigurationBox) .
unsigned
unsigned

unsign
unsign
unsign
for (i
bit
uns
sig
sig

class MVC
MVDDec
MVDDep

class A3D
MVDDec
MVDDep

class MVD
{
unsign

}

class AVC
ViewSc
ViewId
MVCCon
MVCVie
Intrin
Extrin
MVCDCo
MVDSca
A3DCon

}

class AVCZ2MVCSampleEntry ()
ViewScalabilityInformationSEIBox scalability;
ViewIdentifierBox

MVCCon

view priority method;
IntrinsicCameraParametersBox
ExtrinsicCameraParametersBox
MVCDConfigurationBox mvcdconfig;
MVDScalabilityInformationSEIBox
A3DConfigurationBox

72

whenever the box is present
*/

depth hor mult minusl; // optional
int(16) depth ver mult minusl; // optional
int (4) depth hor rshe optional

(e.g., in MVCDConfigurationBox or
int (106)

od

b d
b d

int (4) depth ver rsh; // optional

int (16) grid pos num views; // optional
0; 1 < grid pos num vies; i++) {

(6) reserved=0;

igned int (10) grid pos view id[i];

hed int (16) grid pos x[grid pos view id[i]];
hed int (16) grid pos yl[grid pos view id[i]];

DConfigurationBox extends Box ('mvdC')
bderConfigurationRecord MVDConfig;
rhResolutionBox mvdDepthRes; //Optional

{

ConfigurationBox extends Box ('a3dC')
bderConfigurationRecord MVDConfig;
rhResolutionBox mvdDepthRes; //0pddonal

{

FcalabilityInformationSEIBox €xtends Box ('3sib', size)
bd int (8*size—-64) mvdscalinfosei;
MVCSampleEntry () extends AVCSampleEntry ('avcl' or 'avc3') {

hlabilityInformationSEIBox scalability; // optional
bntifierBox view identifiers; // optional
FigurationBox ( mvcconfig; // optional
WPriorityAssignmentBox view priority method;
sicCameraRarametersBox intrinsic camera params;
bicCameraParametersBox extrinsic camera params;
hfigurationBox mvcdconfig; // optional

| abildtyInformationSEIBox mvdscalinfosei;
[ igurfationBox a3dconfig; // optional

// optional
// optional
// optional

// optional

extends AVC2SampleEntry {

('avc2' or 'avc4d')

// optional

view_identifiers; // optional

mvcconfig; // optional MVCViewPriorityAssignmentBox
// optional

intrinsic camera params; // optional

extrinsic camera params // optional

// optional

mvdscalinfosei;

// optional

figurationBox

// optional
a3dconfig;
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// Use this 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

MVDQ(\;%'Iah'i'I'iijnFmrma#'imnquRn mvdscalinfosei : np#'im'm'l

y:

clag

Lo T v B O L P ML -

clad

[ I L P ML |

7.6.3

|3DConfigurationBox a3dconfig; // optional

s MVCDSampleEntry () extends VisualSampleEntry ('mvdl', 'mvd2'",

'mvd3', or lmyd4') {
[VCDConfigurationBox mvcdconfig; // mandatory
[VDScalabilityInformationSEIBox mvdscalinfosei; // opti®nal
[iewIdentifierBox view identifiers; // mandatory
[PEG4ExtensionDescriptorsBox descr; // optional
ntrinsicCameraParametersBox intrinsic camera paxafus; // optional
xtrinsicCameraParametersBox extrinsic camera params // optional
l3DConfigurationBox a3dconfig; // optional

s A3DSampleEntry () extends VisualSampleEgtry ('a3dl', 'a3d2',
'a3d3', or 'a3d4d') {

3DConfigurationBox a3dconfig; // sandatory
VDScalabilityInformationSEIBox mvdstcalinfosei; // optional
iewIdentifierBox view identifiers; // mandatory
PEG4ExtensionDescriptorsBox descr; // optional
ntrinsicCameraParametersBox .§ntrinsic camera params; // optional
xtrinsicCameraParametersBox“extrinsic camera params // optional

.2.3 Semantics

Vhen the sample entry is 'mvcl', 'mvc2', 'mve3',or 'mvcd ', Compressornamne ir
class Visual SampleEntry indicates the name of the compressor used, with the va
“\012MVC (Coding” being recommended (\012 is 10, the length of the string “MV
in bytes)s

Vhen the.sample entry is 'mvdl', 'mvd2', 'mvd3"',or 'mvd4 "', Compressorname ir
class VisualSampleEntry indicates the name of the compressor used, with the va

SA013MVCD Coding” being recommended (\013 is 11, the length of the string “M

coding” in bytes).

the base
lue

C coding”

the base
lue
VCD

When the sample entry is 'a3dl', 'a3d2"', 'a3d3',or 'a3d4 ', Compressorname in the base
class VisualSampleEntry indicates the name of the compressor used, with the value
“\012A3D Coding” beingrecommended (\012 is 10, the length of the string “A3D coding” in

bytes).

depth width and depth height give the values of the width and height, respectively, of
cropped frame dimensions of the coded depth view components, in pixels, in the stream to
which the sample entry containing the MVDDepthResolutionBox() is included applies.
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depth hor mult minusl,depth hor rsh,depth ver mult minusl,and

dep
sam

th ver rsh are specified identically to the semantics of the syntax elements with the
e names in Annex ] of ISO/IEC 14496-10:2020. When not present,

depth hor mult minuslanddepth ver mult minusl are inferred to be equal to 1,

and

depth hor rshanddepth ver rsh areinferred to be equal to 0.

NOTE 1 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.

QTE 2 depth hor mult minus] and depth hor rsh cpprify the ratio of the width of the

luma sample in a texture view c?)mponent relative to the width of the luma sample in a depth view
cqmponent. depth ver mult minusl and depth ver rsh specify the ratio of the height of the

luma sample in a texture view component relative to the height of the luma sample in a depth view
cdmponent.

grid gos num views specifies the number of views for which grid pos wvdew id[il],

d pos x[grid pos view id[i]] andgrid pos ylgrid pos view id[i]]

present.

grid gos view id[i] specifies aview_id value of a texture view.

el

mvdDeqg

whi

ive to the luma texture sampling grid in texture luma sample units.
d pos _ylgrid pos view id[i]] specifies a-vértical offset of a depth sampling gr
ive to the luma texture sampling grid in textureduma sample units. When no value of

id pos view id[i] isequaltoaview idvalue ofa texture view,
id pos x[view id] andgrid pos_ y[view id] areinferred to be equal to 0.

DTE 3 grid pos num views, grid pos\view id[i], grid pos x[grid pos view id[i]]

arld grid pos y[grid pos view id[i]] @ré specified identically to the semantics of the syntax

bments with the same names in Annex J~of I1SO/IEC 14496-10:2020. In MVC+D bitstreams, the depth

sgdmpling information SEI message carries information corresponding to depth hor mult minusl,
d¢pth hor rsh,depth ver mullt. minusl,and depth ver rsh.

th the sample entry.applies. When not present, the width and height of the coded depth

comEonents are inferfred to be the same as the width and height of the coded texture view
com|

onents.

mvcscdlinfoged contains an SEI NAL unit containing only a view scalability information SEI

mes

cage as-specified in ISO/IEC 14496-10:2020 Annex H. The ’size’ field of the container bo

ViewScalabilityInformationSEIBox shall not be equal to 0 or 1.

os_x[grid pos view id[i]] specifies a horizontal'effset of a depth sampling grigl

are

d

thRes contains the width and height of the coded depth view components in the streamn to

view

mvdscalinfosei contains an SEI NAL unit containing only a MVCD scalability information SEI
message as specified in ISO/IEC 14496-10:2020 Annex I. The ’size’ field of the container box
MVDScalabilitylnformationSEIBox shall not be equal to 0 or 1.

7.6.4 Syncsample

A sync sample identifies the presence of an IDR access unit of the MVC or MVD bitstream for any sample
entry that includes an MVC or MVD configuration record, respectively.
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For video data described by a sample entry of type 'mvc3', 'mvc4d ', 'mvd3', 'mvd4 "', 'a3d3"’, or

'a3d4 ', the following applies:

7.6.5

A sh
for M

7.6.6

If th{
shou
data
sam

need

If th
then
of th
0 of {
may

7.6.7

Whe

NOT

a) If the sample is a sync sample, all parameter sets needed for decoding that sample shall be

included 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 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.

Shadow sync

hdow sync box shall not be used for video data described by any MVC or MVD¢sample e
[VC or MVD is deprecated.

Independent and disposable samples box

e SampleDependencyTypeBox is used in a track that is both AVCOand MVC compatib
Id be taken that the information provided by this box is true no matter what valid subse

(possibly only the AVC data) is used. The ‘unkmown’ values (value 0 of
ple depends _on, sample is depended on, and sample has redundanc
ed if the information varies.

e SampleDependencyTypeBox is used in atrack that is compatible to all of AVC, MV
care should be taken that the information provided by this box is true no matter what
e MVD data (possibly only the AVC dataseronly the MVC data) is used. The ‘unknown’ v
he fields sample depends on,sample is depended on,and sample has re
be needed if the information varies:

Sample groups on randem access recovery points 'roll' and random access p¢
A} rap A}

n version 0 of the SampleToGroupBox is used, the following applies:

For video data described by a sample entry of type 'avcl', 'avc2', 'avc3' or
random™access recovery sample group and the random access point sample gr
random access recovery points and random access points, respectively, for all of an A
an'MVC decoder (if any), and an MVD decoder (if any) operating on the entire bitstr

I thaxrandam acocnce racavamy mainte aptha pandoys accnce madnte fortha AVC dacaday
HtRe-fahaea HS-eFtRe-Faaoit PRt o thHe-Arv-c-aeeaaer

thao MVUC da
e eV

ntry. Its use

e, then care
[ of the MVC
the fields
/) may be

C, and MVD,
valid subset
alues (value
Hundancy)

)ints

avcd', the

pup identify
VC decoder,
Pam.

oder, and

e55TFecovery-pot aEEESS

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

conta

ining 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.
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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 entire MVD bitstream.

When version 1 of the SampleToGroupBox is used, the grouping type parameter specifies the

tier_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 followi

hg boxes specify information that relate to more than one output view of an MVE, or

MVD

elementary stream. As any subset of views of an MVC or MVD elementary stream can be chosen for ouftput,
the informdtion carried in these boxes is not necessarily specific to any track and thus contdined
separately. The information can be specified for different groups of output views.
7.7.2 Mulfiview information box
7.7.2.1 Ddfinition
Box Type: ‘mvci’
Container: Media Information Box ('minf ")
Mandatory:| No
Quantity: Zero or one
Located injfe Media Information Box of the base view*trdck indicated by the 'sbas' track refer¢nce,
this box conjtains Multiview Group boxes, and Multiview Group Relation boxes.
7.7.2.2 Syptax
aligned(8) class MultiviewInformationBox
extendp FullBox ('mvci', version = 0, flags) {
}
7.7.3 Multiview group box
7.7.3.1 Ddfinition
Box Type: 'mvcg/
Container: Multiview Information box ('mvci ")
Mandatory:| ,No
Quantity: Zero or more

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
Multiview Group box. 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 Multiview Group box. Otherwise, it is recommended to use one of the view_id based
indications (i.e., entry_type equal to 2 or 3).
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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.

Decoding 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 reference
view identifiers included in the View Identifier box, the 'scal' track references, or from the Tier
Dependency box.

Ifth'\]‘\nvnr\nfﬂ"ncr\-i—v ol 2 d or a2 2 Jdhat ic At racant
P OX-CoORtaHRS ATt eSOt = +C—erat1S t

faview that is

not present, the respective view should be considered removed and the multiview group should be
ignored.

7.7.3.2 Syntax

aligned(8) class MultiviewGroupBox extends FullBox ('mvcg',,.version = 0, |[flags) {

unsigned int (32) multiview group id;

ynsigned int (16) num entries;

it (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_wiew id;
}
else if (entry type ==_3) {
bit (6) reserved2 =05
unsigned int (10)~start view id;
unsigned int (F6)s view count;

}

TierInfoBox subset stream info; // optional
NultiviewReldtgionAttributeBox relation attributes; // optional
TierBitRateBox subset stream bit rate; // optional
BufferingBox subset stream buffering; // optional
NultivilewSceneInfoBox multiview scene info; // optional

7.7.3.3." Semantics

multiview 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

© ISO/IEC 2022 - All rights reserved 77


https://iecnorm.com/api/?name=287ddb322347acba4d0aa1e5cd5eeac2

ISO/IEC 14496-15:2022(E)

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

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 aview_id of a target output view.

. L, I-Ih 4 oo £ A x s P £ 43 ] £ a3 idall loas
Start LCTW  LTUTIUILATTS LT TITOU VITVY_ U 11T d Tdllgt UL CULILIgUUUS VAIUuTsS UL VITVW U dll UTIIE

targpt output views.
view dount indicates the number of contiguous values of view_id all being target output-view
track |idindicates a track.
tier ildindicates a tier within a track.

subsef] stream info indicates the characteristics of the bitstream subset.containing the

indi

relation attributes indicate the relations between output views. If 'ecam' isused as a
com

indi

diffdrentiating attribute, at least one output view is associated with extrinsic camera param¢
with

subset

indi

tie
subset
cont

indi

multiy
bety

7.7.4 Multiiview group relation box

rated output views and the views they depend on.

Imon attribute, all the output views are associated with extrinsic camera parameters
Cating that the cameras have identical rotation and constant spacing. If 'ecam' is used

_stream bit rate indicates the bit rate statistics of the bitstream subset containin
Cated output views and the views they depend on. The values of tierBaseBitRate,
rMaxBitRate, and tierAvgBitRate within the TierBitRateBox are unspecified.

_stream buffering indicatesithe HRD parameters that apply to the bitstream subs
aining the indicated output views and the views they depend on and operating with the
rated target output views.

iew scene_ info contaihs the maximum disparity in units of integer pixel resolution|
Feen any spatially adjacent output views in any access unit.

S a
pters

different rotation from the others or the outputviews are associated with extrinsic canpera
pargmeters not having a constant spacing.

v the

7.7.4.1 Ddfinition

Box Type: 'swic!

Container: Muiltiview Information box ('mvci')
Mandatory:| \"No

Quantity: Zero or more

This box specifies a set of multiview groups from which one multiview group is decoded and played at
any time. The given relation attributes specify which features are common in all associated multiview
groups and which factors make the multiview groups differ from each other. The relation attributes can
be 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.
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7.7.4.2 Syntax

aligned(8) class MultiviewGroupRelationBox () extends FullBox('swtc', version = 0,
flags) {
unsigned int (32) num entries;
for (i=0; i<num entries; i++)
unsigned int (32) multiview group id;
MultiviewRelationAttributeBox relation attributes;

}

7.7.4.3 Semantics

num_entries indicates the number of associated multiview groups.
Multiview group idisthe identifier of an associated multiview group.
felation attributes indicate the relations between the associated multiview groups.

7.7.5 Multiview relation attribute box

7.7.9.1 Definition

Box Type: ‘mvra’

Container: MultiviewGroupBox or MultiviewGroupRelationBox
Man@atory:  No in MultiviewGroupBox, Yes in MultiviewGrotpRelationBox
Quantity: Zero or One in MultiviewGroupBox

One in MultiviewGroupRelationBox

When the Multiview Relation Attribute box is contained in a Multiview Group box, it indicates|the relation
of the output views of the respective multiview‘group with each other. When the Multiview Relation
Attl;:liute box is contained in a Multiview Group Relation box, it indicates the relation of thie multiview

groujps with each other.

The [Multiview Relation Attribute /box contains common and differentiating attributes| When the
Multiview Relation Attribute box(is included in a Multiview Group box, a common attribute indicates a
charpcteristic that is commpn.for each one of the target output views of the multiview group and a
differentiating attribute indicates a characteristic that differs in at least one of one of the target output
views of the multiview.group. When Multiview Relation Attribute box is included in a Multjview Group
Relafion box, a common attribute indicates a characteristic that is common for the indicated multiview
groupps or for the.respective target output views in each one of the indicated multiview groujps, whereas

a differentiating attribute indicates a characteristic that differs in at least one of the indicated multiview

groupps or atleast one of the respective target output views in the indicated multiview groupys.

A common attribute is associated with an additional parameter, which carries the value of he common
attribute. The syntax and semantics of the additional parameter depend on the attribute in question.

For example, a file writer can create a Multiview Group for each stereo pair suitable for display from a
multiview bitstream. Furthermore, a file writer can create a Multiview Group Relation box listing all the
multiview groups for stereo pair output and including a Multiview Relation Attribute box with common
attributes number of views (equal to 2) and in-line camera arrangement. A file reader can study the
Multiview Group Relation box to find the options for stereo pair output and choose one multiview group
for processing. Note that the presence of views in a group does not necessarily imply they are all
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suggested as output views at any given time - the terminal may choose which views to output, and it is
not limited by the group information.

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;
unsjgned int (32) common value;

}
bit (16) reserved2 = 0;

unsigned int (16) num differentiating attributes;
for (if0; i<num differentiating attributes; i++)

unsjigned int (32) differentiating attribute;
}

7.7.5.3 Semantics

commor] attribute anddifferentiating attribute are selected from the list below
Attr|butes that can be used as a differentiating attribute are associated with a distinguishing
pointer to the field or information.

commor] value specifies the value for the common attribute. Its syntax and semantics depend on
the gommon attribute and are specified in the table below.

Name Attribute  Pointer and semantics common_value syntax and
semantics
Profile 'prfl'  This attribute shall net be included in the bit (24) reserved = (;
Multiview Group heok! unsigned int (8)

When included.in the Multiview Group profilelndication;

Relation box;the attribute refers to the profileIndication is the prqfile
profile ('required for decoding the sufficient for decoding [the
bitstream subset corresponding to the bitstream sulpset
multiview group. The attribute points to corresponding to all indicgted
the profileIndication field of the multiview groups.
subset_stream_info element of the

Multiview Group box.

Level "Levl' This attribute shall not be included in the bit (24) reserved = (;
Multiview Group box. unsigned int (8)
levelIndication;

When included in the Multiview Group
Relation box, the attribute refers to the profileIndication is the level
level required for decoding the bitstream sufficient for decoding the

subset corresponding to the multiview bitstream subset
group. The attribute points to the corresponding to all indicated
levellndication field of the multiview groups, or 0 if the

subset_stream_info element of the levelisunspecified.
Multiview Group box.
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Bitrate 'bitr' This attribute shall not be included in the unsigned int (32)
Multiview Group box. bitrate;
When included in the Multiview Group
Relation box, the attribute refers to the bitrate indicates the average bit
total size of bitstream subset required for rate in bits per second of the
decoding of the multiview group divided bitstream subset required for
by the duration in the track header box. decoding the multiview group.
The attribute points to the avgBitRate The bitrate may be rounded up.
field of the subset_stream bit_rate
element of the Multiview Group box, if
present, or a value that would be
contained in the avgBitRate field of the
subset_stream_bit_rate element of the
Multiview Group box, if it were present.
Frame rate 'frar' This attribute shall not be included in the unsigned int (16)
Multiview Group box. integer part;
When included in the Multiview Greuip bit(l6) reserved = 0;
Relation box, the attribute refetrs) the
number of samples in the track divided by integer_part shall be equal to
duration in the track headerbox. the output rate of decoded
access units in secorid rounded
to the closest integef using the
Round function specified in
ISO/IEC 14496-10.
Number of 'nvws' ~ Number of target output views indicated unsigned int (3%)
output in the Multiview Group Box ('mvcg') num_views;
views If this attribute is included in the
Multiview Group box, it shall be a num views indicates the
common attribute and merely documents number of views in the
the number of output views in the multiview group.
respective multiview group.
Intginsic “icam' The intrinsic camera parameters are Unspecified.
canpera stored in 'avcl', 'avc2', 'avc3',
parpmeters 'avcd', 'mvcl', 'mvc2’, 'mvc3',
'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
Multiview Group box and used as a
common attribute, the intrinsic camera
parameters of the target output views are
identical. If this attribute is included in
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Extrinsic
camera
parameter

82

the Multiview Group box and used as a
differentiating attribute, the intrinsic
camera parameters of the target output
views differ at least partly.

If this attribute is included in the
Multiview Group Relation box and used
as a common attribute, the number of
target output views in all indicated
multiview groups shall be the same and

12

'ecam'

the intrinsic camera parameters of the
respective target output views in all
indicated multiview groups are identical.
If this attribute is included in the
Multiview Group Relation box and used
as a differentiating attribute, the intrinsic
camera parameters of the respective
target output views differ at least partly.

The extrinsic camera parameters are

stored in 'avcl', 'avc2', 'avc3¥,
'avcd', 'mvcl', 'mvc2’, 'mve3’',
'mvcd', 'mvdl', 'mvd2’, Smvd3',

'mvd4', 'a3dl', 'a3d2’, “a3d3', or
'a3d4' Sample Entry (in,Sample entry
box of media track).

If this attribute. ds" included in the
Multiview Group~box and used as a
common attribute, the rotation of the
cameras.for-all the target output views is
the same-and, if the cameras are arranged
in «.linear, elliptical, or rectangular
arrangement, the distance of adjacent
cameras is the same. If this attribute is
included in the Multiview Group box and
used as a differentiating attribute, the
rotation or the distance of adjacent

cameras in linear elliptical ar

Unspecified.

rectangular arrangement differs.

If the attribute is included in the
Multiview Group Relation box and used
as a common attribute, the relative
extrinsic camera parameters target
output views in all indicated multiview
groups are identical. That is, the distance
of cameras relative to each other and
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Inline view
array

"ilvi!

their rotation matches in the indicated
multiview groups. If the attribute is
included in the Multiview Group Relation
a differentiating
attribute, the relative extrinsic camera
parameters of respective target output
views differ at least partly.

box and used as

If used as a common attribute, the
associated cameras are located on a

ISO/IEC 14496-15:2022(E)

bit (28)
unsigned int (2)

reserved = 0;

straight line.

When included in a Multiview Group box,
the attribute shall be a common attribute.

horizontal ordgr;
unsigned int (2
verticals order

horizontal drder
indicates the

vertical ord

0: the views are

horizontal o
views:
the views are
same horizoj|
location
the views are
left-to-right
the views ard
right-to-left
the order of {
is undefined,

der of the

in the
tal

ordered

ordered

he views
or left and

right are not well-

defined.

indicates the|

er
vertical

order of the Views:

same vertica
the views ard
bottom-to-to
the views are
top-to-bottor]

in the
location
ordered
p
ordered
n

the order of the views

is undefined,

hottom aren

or top and
t well-

Rectangular
view array

'rtvi'

If used as a common attribute, the
associated cameras form a rectangular
shape and are regularly spaced along the
orthogonal coordinate axes.

When included in a Multiview Group box,
the attribute shall be a common attribute.

© ISO/IEC 2022 - All rights reserved

defined.

unsigned int (16)
row_view count;
unsigned int (16)
col view count;

row _view count
specifies the number of
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rows in the rectangular
array.

col view count specifies
the number of columns in the

rectangular array.

indicated in
order in the

The views are
raster
Multiview Group box.

scan

84

Planar view  'plvi' If used as a common attribute, the Unspecified
array associated cameras are located on a
plane, but may be irregularly spaced.
When included in a Multiview Group box,
the attribute shall be a common attribute.
Elliptical 'elvi' If used as a common attribute, the bit (28) reserved = (;
view array associated cameras are located on the arc unsigned int (2)
of an ellipse. horizontal order;
When included in a Multiview Group box, unsu?meil lnz (2)
the attribute shall be a common attribute: yertical order;
The semantics are identical to
those for the Inline view array.
Spherical "spvi' If used as a common dttribute, the Unspecified.
view array associated cameras are~located on the
surface of a sphere.
When included in aMultiview Group box,
the attribute shall be a common attribute.
Stereo vieyy 'stvi' If used as'a common attribute, the bit(6) reservedl = (;
array associated' cameras are a pair of views unsigned int (10)
suitable for stereo viewing. left view id;
When included in a Multiview Group box, bit ( ®) Zeéervi(gz =4
the attribute shall be a common attribute. ur.151gne _ 1n.t (10)
right view id;
Geometry 'geon’ If used as a differentiating attribute, Unspecified.
indicates that the views or groups of
views belong to different view
arrangements (e.g. inline, planar, etc.)
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7.7.6 Multiview scene info box

7.7.6.1 Definition

Box Type: 'vwdi'

Container: Multiview Group box ('mvcg!')
Mandatory:  No

Quantity: Zero or one

An optional Multiview Scene Info Box includes the maximum disparity between the adjacent views of the

resp leo prior to
rendering on a 3D display.
NOTH A Multiview Scene Information SEI message, as specified in MVC H.12.1.5, can indicate themaximunj disparity

betw¢en any adjacent views in the bitstream. Thus, the Multiview Scene Info Box represents similar, information jas carried
in the Multiview Scene Information SEI message but is limited to a certain set of views rather thai ¢oncerns all thle views in
the bitstream.

The Multiview Scene Info Box shall not be present for multiview groups associated with camleras that
do npt form a one-dimensional arrangement, such as a line or an are¢fan ellipse.

7.7.4.2 Syntax
clags MultiviewSceneInfoBox extends Box ('vwdi")

Uynsigned int (8) max disparity;

7.7.64.3 Semantics

max_disparity specifies the maximum disparity in units of integer luma samples betyeen the
spatially adjacent view components (within an access unit) in this multiview group. This
information can be used for‘processing the multiview video prior to rendering on a 3D display.

7.7.71 MVC view priority assignment box

7.7.71.1 Definition

Box [Type: 'mveP’

Container: Sample Entry ('avcl', 'avc2', 'ave3!', 'avcd ',
'mvel', 'mve2!', 'mvc3', 'mvcd',
'mvdl"', 'mvd2"', 'mvd3"', 'mvd4 ')
Mangatory: No

b Taox 3
Qual tity: Zetrootr-ohe

A priority assignment URI provides the name (in the URI space) of a method used to assign content
priority values in the View Priority sample grouping. 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 or selection of output views based on particular content priority
values would do.
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7.7.7.2 Syntax

class MVCViewPriorityAssignmentBox extends Box ('mvcP')

{

unsigned int (8)

string

}

method count;
PriorityAssignmentURI [method count];

7.7.7.3 Semantics

method count provides a count of the number of following URIs.

Priori
con|
this

8 HEVC
8.1 Oven

tyAssignmentURI provides a unique name of the method used to assign
tent priority idvaluesin View Priority sample groupings. In the case of absehce
box, the priority assignment method is unknown.

elementary streams and sample definitions

iew

The High Efficiency Video Coding (HEVC) standard, jointly developed by the ITU-T and ISO/IEC, dffers

not only ing
that useit. T
for the inter

This clause

The storagg
defines exte

reased coding efficiency and enhanced robustness, but alsomany features for the sys
o enable the best visibility of, and access to, those features,and to enhance the opportur
change and interoperability of media.

specifies the storage format for single-layer HEV.O(1SO/IEC 23008-2) video streams.

of HEVC content uses the existing capabilities of the ISO base media file format but
nsions to support the following features\ofthe HEVC codec.

b0, sequence and picture parameter'set mechanism decouples the transmission of
bntly changing information from-the transmission of coded block data. Each slice contail
bd block data references the'picture parameter set containing its decoding parameters.
e picture parameter set references a sequence parameter set that contains sequence lev,

tains global decoding parameter information (across layers).
ent includes the following tools for supporting of HEVC contents:

al scalability sample grouping indicates the association of access units with different
1y leévels of temporal scalability.

g parameter information, and the sequence parameter set references a video parameter

tems
ities

also

ning
n

set

sub-layer access (TSA) samples.

a) The vidg
infrequ
the cod
turn, th
decodin
that cor

This docum

a) Tempor
hierarc

b)

c)

step-wise temporal sub-layer access (STSA) samples.

8.2 Elementary stream structure

In Clause 8,

86

a video stream is represented by one video track in a file.
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NOTE Some HEVC streams as defined in ISO/IEC 23008-2 include data that can be stored alternatively according to
Clause 9 or 10.

Two types of elementary streams are defined for storing HEVC content:

— Video Elementary Stream that does not contain any parameter sets; all parameter sets are stored
in a sample entry or sample entries;

— Video and Parameter set elementary stream that may contain parameter sets, and may also
have parameter sets stored in their sample entry or sample entries.

8.3 | Sample and configuration definition
8.3.1 Canonical order and restrictions

The |canonical stream format is an HEVC elementary stream that satisfies the-following cpnditions in
addifion 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 composition time are those of the picture.

- Access unit delimiter NAL units: The constraints obéyed by access unit delimiter NAL units are
defined in ISO/IEC 23008-2.

— Pprameter sets: For a video stream that a particular sample entry applies to, the video parameter set,
s¢quence parameter sets, and picture parameter sets, shall be stored only in the sample|entry when
the sample entry name is 'hvcl ', and mdy be stored in the sample entry and the samples when the
sample entry name is 'hevl"'.

NOTH 1 A parameter set to be used in apicture needs to be sent prior to the sample containing that pictur¢ or in the
sample for that picture.

NOTH 2 Storing parameter sets int 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 dynam|sm in the
case ¢f parameter set updates\(a particular parameter set’s content is changed but using the same ID) and in the case of
addinig additional parameter sets. A decoder initializes with the parameter sets in the sample entry, and then updptes using
the pqrameter 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 dgcoder re-
initializes with th€ 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 for transmission if needed. Filler Data NAL units and Filler Data SEI messages shall not be
present in the file format stored stream when the sample entry does not also permit in-stream
parameter sets.

NOTE 3 The removal or addition of Filler Data NAL units, start codes, SEI messages or Filler Data SEI messages can
change the bitstream characteristics with respect to conformance with the HRD when operating the HRD in CBR mode as
specified in ISO/IEC 23008-2:2020, Annex C.
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8.3.2 Decoder configuration information

8.3.2.1 HEVC decoder configuration record

8.3.2.1.1 Definition

This subclause specifies the decoder configuration information for ISO/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 units as well as the parameter sets, if stored in the sample entry. This record is externally framed

(its sizeis s

This record
Incompatib
attempt to ¢

Compatible
Readers sh
understand

The values

general f
general |
bit dept}

mpptied by the structure thrat comtains it):

contains a version field. This version of the specification defines version 1 of this re

ecode this record or the streams to which it applies if the version number ds:inrecogniz

extensions to this record will extend it and will not change the configtration version
buld be prepared to ignore unrecognized data beyond the définition of the data

for general profile space, general tier flag, general profile ]

rofile compatibility flags, general éonstraint indicator flg

level idc, min spatial segmentation idc, chroma format i

W luma minus8 and bit depth chroma_minus8 shall be valid for all parametey

cord.

e changes to the record will be indicated by a change of version number. Redders shalll not

ed.

rode.
they

dc,

gs,
dc,
sets

that are activated when the stream described by this record is decoded (referred to as "all the parameter

sets" in the
The ¥

The
highge

The
asso(

NOTE1 If th
determine wh
that there is n|
streams with 3

following sentences in this paragraph). Spécifically, the following restrictions apply:
falue of general profile spacg in all the parameter sets shall be identical.

fier indication general tiex flag shall indicate a tier equal to or greater thar

st tier indicated in all the.parameter sets.

profile indication géneral profile idc shall indicate a profile to which the sti

iated with this configuration record conforms.

e sequence patameter sets are marked with different profiles, then the stream could need examinat
ch profilesifiany, the entire stream conforms to. If the entire stream is not examined, or the examination r
0 profile-to which the entire stream conforms, then the entire stream needs to be split into two or mor
eparate’ configuration records in which these rules can be met.

| the

eam

on to
bveals
sub-

— Each bitin general profile compatibility flags may only be set if all the parameter
sets set that bit.

— Each bit in general constraint indicator flags may only be set if all the parameter
sets set that bit.

— Thelevel indication general level idc shall indicate alevel of capability equal to or greater

than
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the highest level indicated for the highest tier in all the parameter sets.
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The min spatial segmentation idc indication shall indicate a level

segmentation equal to or less than the lowest level of spatial segmentation indicate

parameter sets.
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 identical.

of spatial
d in all the

The value of bit depth chroma minus8 in all the parameter sets shall be identical.

Expl
bitd
typ

reco

e

be ug
HEV

Ther
PPS,
and

rd. If two sequences differ in any type of such information, two different HEVC sample
ed. Ifthe two sequences differ in color space indications in their VUI infoxrmation, then t
C sample entries are also required.

e is a set of arrays to carry initialization NAL units. The NAL unit¥ypes are restricted to i

n this document may acquire a definition in future, and ¢eaders should ignore arrays w

or uppermitted values of NAL unit type.

NOTH
comp|
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the §
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htible extensions to these arrays in future specifications:

recommended that the arrays be in the order VPS, SPS, PPS, prefix SE], suffix SEI

n (bit 3 of the

ral_constraint_indicator_flags) isyequal to 0 and some of the samples referring to this s

general non packed &Onstraint flag

amples referring to this'sample entry covers more than one constituent frame of the fr
ent, the techniques * described in ISO/IEC 14496-12:2020, subclause 8.15 (‘P

tereo Video Box should be set to 1, to indicate that the frame packing scheme used in
e as in AVC,

cit indication is provided in the HEVC Decoder Configuration Record about the chrom4
bpth as well as other important format information used by the HEVC video elementary s

VPS, prefix SEI, and suffix SEI NAL units only. NAL unit types-that are reserved in ISO/]
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8.3.2.1.2 Syntax

aligned(8) class HEVCDecoderConfigurationRecord {
unsigned int (8) configurationVersion = 1;
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;

bit (4) reserved = '1111'b;

unsign d 1'n1-(1'>\ min QP:H-{Q‘I corjmonf:}fir\ﬂ ir\]r*,-
bit (6)| reserved = '111111'b;

unsigne¢d int (2) parallelismType;

bit (6)| reserved = '111111'b;

unsigned 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;
unsigngd int (16) avgFrameRate;
unsigne¢d int (2) constantFrameRate;
unsignegd int (3) numTemporallayers;
unsigne¢d int (1) temporalIdNested;
unsigne¢d int (2) lengthSizeMinusOne;
unsignegd int (8) numOfArrays;
for (j0; j < numOfArrays; Jj++) {
unsjgned int(l) array completeness;
bit[(l) reserved = 0;
unsjigned int (6) NAL unit type;
unsfgned int (16) numNalus;
for| (1i=0; i< numNalus; i++) {
hinsigned int (16) nalUnitLengtliy
pbit (8*nalUnitLength) nalUnigy

}
8.3.2.1.3 Semantics

genergl profile spac¢é&, general tier flag, general profile idc,
general profille,;Compatibility flags,
general consfixaint indicator flags, general level idgc,
min| spatia¥¥-segmentation idc, chroma format idc,
bit| depth~luma minus8 and bit depth chroma minus8 contain the matching
valules far the fields general_profile_space, general_tier_flag, general_profile_idc,
genug‘al_profile_compatibility_ﬂag[ i] forifrom 0 to 31, inclusive, the 6 bytes starting with the
byte containing the general_progressive_source_flag, general_level_idc,
min_spatial_segmentation_idc, chroma_format_idc, bit_depth_luma_minus8 and
bit_depth_chroma_minus8 as defined in ISO/IEC 23008-2, for the stream to which this
configuration record applies.

parallelismType indicates the type of parallelism that is used to meet the restrictions imposed
bymin spatial segmentation idc when the value of
min spatial segmentation idcis greater than 0. Value 1 indicates that the stream to
which this configuration record applies supports slice based parallel decoding. Value 2 indicates
that the stream to which this configuration record applies supports tile based parallel decoding.
Value 3 indicates that the stream to which this configuration record applies supports entropy
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coding synchronization based parallel decoding. Value 0 indicates that the stream supports

mixed types of parallel decoding or that the parallelism type is unknown. The values
be inferred by the fields tiles enabled flagand

above can

entropy coding sync enabled flag asdefined in ISO/IEC 23008-2. Specifically: if the
fieldstiles enabled flagandentropy coding sync enabled flag are both equal
to 0 in all PPSs that are activated when the stream to which this configuration record applies is
decoded, then parallelismType canbesetto 1.If the field tiles enabled flagisequal
to 1 in all PPSs that are activated when the stream to which this configuration record applies is

decoded, then parallelismType can be set to 2. If the field

entropy_coding sync enabled flagisequalto 1 in all PPSs that are activated when the

]

\

stream to which this configuration record applies is decoded, then parallelismTy
set to 3. If none of the above is true (or if it is unknown which of them is true) then
parallelismType should be set to 0.
vgFrameRate gives the average frame rate in units of frames/(256 seconds), for the g
which this configuration record applies. Value 0 indicates an unspecified average fra
onstantFrameRate equal to 1 indicates that the stream to which this’configuration 1

layer in the stream is of constant frame rate. Value 0 indicates that the stream may o
be of constant frame rate.

applies is temporally scalable and the contained number-of temporal layers (also ref
temporal sub-layer or sub-layer in ISO/IEC 23008-2)is equal to numTemporalLayer
indicates that the stream is not temporally scalable. Value 0 indicates that it is unkng
whether the stream is temporally scalable.

emporalIdNested equal to 1 indicates thatall SPSs that are activated when the strez
this configuration record applies is decoded have sps_temporal_id_nesting_flag as de
ISO/IEC 23008-2 equal to 1 and temporal sub-layer up-switching to any higher temp
can be performed at any sample. Value 0 indicates that the conditions above are not
be met.

engthSizeMinusOne plus 1 indicates the length in bytes of the NALUnitLength fie
HEVC video sample in thestream to which this configuration record applies. For exa
of one byte is indicatedWwith a value of 0. The value of this field shall be one of 0, 1, of
corresponding to a length encoded with 1, 2, or 4 bytes, respectively.

yumArrays indicates the number of arrays of NAL units of the indicated type(s).

rray completéness when equal to 1 indicates that all NAL units of the given type a
following array and none are in the stream; when equal to 0 indicates that additiona
of the indicated type may be in the stream; the default and permitted values are cons
the sample entry name.

that type); it takes a value as defined in ISO/IEC 23008-2; it is restricted to take one

'pe can be

tream to
me rate.
record

applies is of constant frame rate. Value 2 indicates that the representation of each tenporal

" may not

yumTemporallayers greater than 1 indicates that the stream to which this configuration record

brred to as
5. Value 1
wn

m to which
fined in
oral layer
br may not

Id in an
mple, a size
3

re in the
NAL units
trained by

[AL unit type indicates the type of the NAL units in the following array (which shall be all of

bf 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
stream as a whole. An example of such an SEI could be a user-data SEL

nalUnitLength 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 23008-2.
When one or more SEI NAL units containing an SEI manifest SEI message and/or an SEI prefix

indication SEI message are available, they should be stored as instances of nalUnit
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8.4 Derivation 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 and Box Types: 'hvcl"', "hevl', "hvcC'

Container:
Mandatory:

Sample Table Box ('stbl")

An 'hvcl!' or "hevl' sample entry is mandatary

Quantity:

An HEVC vi
an HEVCDe

An optiona
information
Stream Des

Multiple sa

that use difI

When the s
be a compl

(including profile, tier, and level) given in the HEVCConfi'gurationBox.

When the s3
1 for arraysg
'hevl',th

8.4.1.1.2 §

class HEV
HEVCDe
}

class HEV
HEVCCo
MPEG4E
}

One or more sample entries may be present

sual sample entry shall contain an HEVC Configuration Box, as defined below., This incl
roderConfigurationRecord, as defined in 8.3.2.1.

BitRateBox may be present in the HEVC visual sample entry to’signal the bit

'riptor, when used in MPEG-4, may also be present.

ple entries may be used, as permitted by ISO/IEC 14496~12, to indicate sections of ¥
rent configurations or parameter sets.

mple entry name is "hvcl' or 'hevl', the stream/to which this sample entry applies
ant and HEVC stream as viewed by an HEVE:\decoder operating under the configur:

mple entry name is 'hvcl', the default and mandatory value of array completene
of all types of parameter sets, and™0 for all other arrays. When the sample entry nar
p default value of array completeness is 0 for all arrays.

yntax

CConfigurationBox\ extends Box ('hvcC')
roderConfigurdtionRecord () HEVCConfig;

{

CSampleEntty () extends VisualSampleEntry ('hvcl' 'hevl'") {
hfigurationBox config;

ktensienDescriptorsBox

or

(); // optional

8.4.1.1.3

Semantics

udes

rate

of the HEVC video stream. Extension descriptors that should be inserted into the Elementary

ideo

shall
ition

5s is
ne is

Compressorname in the base class VisualSampleEntry indicates the name of the compressor
used with the value "\013HEVC Coding" being recommended (\013 is 11, the length of the
string in bytes).

HEVCDecoderConfigurationRecord is defined in 8.3.2.

8.4.2 Parameter sets in sample entry

This subclause applies to a particular type of parameter sets (VPSs, SPSs, or PPSs) when the particular
type of parameter sets is included in the sample entry.
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Each HEVC sample entry, which contains the HEVC video stream decoder specific information, includes a
group of the particular type of parameter sets. This group of parameter sets functions much like a

codebook. Each parameter set has an identifier, and each slice references the parameter set i
against using the parameter set's identifier.

In the file format each configuration of parameter sets is represented separately. When the

t was coded

value of the

applicable array completeness is 1, a parameter set cannot be updated without causing a different

sample entry to be used.

Systéms wishing to send parameter set updates will need to compare the two configuration
differences in order to send the appropriate parameter set updates.

It is recommended that when several parameter sets are used and parameter set updating is
parameter sets are included in the samples of the stream.

NOTH Decoders conforming to this document need to support both parameter sets,stored in the samples
parameter sets stored in the sample entries, unless restricted by another specificationusing this one.

8.4.3 Syncsample

A sypc sample in "hvcl' and "hevl' tracks shall contain VCL NAL units indicating thg
pictyre with nuh_layer_id equal to 0 in the sample is an Instantaneous Decoding Refresh (ID
Clean Random Access (CRA) picture, or a Broken Link Ac¢ess (BLA) picture. When the coded
nuh flayer_id equal to 0 in a sync sample is a BLA ‘or CRA picture, there shall be no RA
assofiated with that BLA or CRA picture.

Former versions of this specification allowed the presence of RASL pictures associated with sy
althqugh this is not in conformance witl’ISO/IEC 14496-12. When RASL pictures are assoc

5 to find the

desired, the

as well as

t the coded
R) picture, a
bicture with
SL pictures

mc samples,
iated with a

sync|sample, tools that inspect onlyfile-format structures might reach incorrect conclusions about the

depgndencies in the bitstream. RASL pictures can be signalled in the file format as leading pi

tures in the

SampleDependencyTypeBox;yand BLA and CRA pictures with RASL pictures can be signalled as a SAP

of type 3, using the SAP saniple group or using the RAP sample group. For older files co
previous versions of the ‘specification, when performing random access into this track
discontinuous edit,(the’ flag HandleCraAsBlaFlag can be set for the HEVC decoder. For er
whete HEVC filesprocessors need information that sync samples are not associated with RA
the brand 'nxAas"', as defined in Clause D.5, may be used to indicate compliance to this do
later| versiens.

hforming to

or after a
vironments
SL pictures,
cument and

NOTH In the context of L-HEVC file format specified in Clause 9, the signalling of sync samples that c

pncerns a

particular base layer picture can be different from the signalling of sync samples here for the same picture.

Table 9 indicates the mapping between HEVC VCL NAL unit types, ISOBMFF sync sample sta
types as documented in ISOBMFF.
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Table 9 — Mapping of sync sample status and SAP types to NAL unit type

NAL Unit Type ISOBMFF sync DASH 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_LP true 1
BLA_W_RADL true 2 (if the IRAP has associated RADL pictures)
1 (if the 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 has
associated RADL pictures)
true 1 (if the IRAP has no associated-leading pictures)
CRA false (*1) 3 (if the IRAP has asso€iated RASL pictures)
true 2 (if the IRAPc¢has no associated RASL pictures but Rhas
associated RADL pictures)
true 1 (if the JRAP has no associated leading pictures)
(*1) see above discussion on sync samplés:and leading HEVC pictures
When the sgmple entry name is “hév1', the following applies:
— If the sgmple is a sync sample, all parameter sets needed for decoding that sample shall be inclfided
either in the sample‘entry or in the sample itself.
— Otherwjse (the sample is not a sync sample), all parameter sets needed for decoding the sample shall
be inclydéd either in the sample entry or in any of the samples since the previous sync sample tp the

sample 1tsell, Inclusive.

For signalling of various types of random access points, the following guidelines are recommended:

— The sync sample table (and the equivalent flag in movie fragments) shall be used in an HEVC track

unless all samples are sync samples. Note that track fragment random access box refers to the

presence of signalled sync samples in a movie fragment.

— The 'roll' sample group is recommended to be used only for gradual decoding refresh (GDR)

based random access points, i.e. those that contain non-intra coded slices.
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— The use of the 'rap ' or 'sync' sample group is optional, depending on the need of either the
information on leading samples associated with the random access points or the picture types (e.g.
IDR, CRA, or BLA) of the random access points.

— The use of the Alternative Startup Sequences (ISO/IEC 14496-12:2020, subclause 10.3) sample
group is recommended to be used only with random access points consisting of CRA and BLA
pictures.

In the context of this clause, the leading samples, defined as part of the definition of the ' rap ' sample
groulp in ISO/TEC 14496-12, contain Random Access Skipped Leading (RASL) access units ds defined in
ISO/[EC 23008-2.

8.4.4 Sync sample sample grouping
8.441 Overview

Synd 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 ay) 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 Syncsample sample group entry

8.4.4.2.1 Definition

Groyp Types: 'sync'

Contfiner: Sample Group Description Bex-(' sgpd"')
Mangatory:  No
Quantity: Zero or more

A syhc sample sample group entry identifies samples containing a sync sample of a speciic type. The
grofiping type parameger-is not defined for the SampleToGroupBox with grouping type

'sypc'.
8.4.4.2.2 Syntax

clags SyncSampleEntry () extends VisualSampleGroupEntry ('sync')

{
biel2) reserved = 0;

unsigned int (6) NAL unit type;
}

8.4.4.2.3 Semantics

NAL unit type shall be atype thatidentifies a valid sync sample (e.g. IDR).
8.4.5 Temporal scalability sample grouping
8.4.5.1 Overview

An HEVC video track may contain zero or one instance of a SampleToGroupBox with a
grouping type 'tscl'.This SampleToGroupBox instance represents the assignment of samples
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in the track to temporal layers (referred to as temporal sub-layers or sub-layers in ISO/IEC 23008-2). An
accompanying instance of the SampleGroupDescriptionBox with the same grouping type shall be present,

and contain

TemporalLayerEntry sample group entries describing the temporal layers.

There may also be a set of Temporal Level sample group definitions (ISO/IEC 14496-12:2020,
subclause 10.5). A sample mapped to a sample group description entry with index A of a Temporal Level
sample grouping shall also be considered mapped to the sample group description entry in the temporal
scalability sample group (defined here) having temporalLayerId equal to A (i.e. a sample to group

mapping for the temporal scalability sample group may also be present but is not required).

8.4.5.2 Temporal layer sample group entry
8.4.5.2.1 Definition
Group Typep: 'tscl'
Container: Sample Group Description Box (' sgpd"')
Mandatory:| No
Quantity: Zero or more
A temporal layer sample group entry defines the temporal layer information for all samples in a temporal
layer. Tempjoral layers are numbered with non-negative integers, and‘€ach temporal layer is assoclated
with a partigular value of TemporalId as defined in ISO/IEC 23008-2. A temporal layer associated [with
a Temporal Idvalue greater than 0 depends on all temporallayers associated with lower Temporg41Id
values. A tgmporal layer representation, also referred to.as the representation of a temporal layer,
associated with a particular TemporalId value cohsists of all temporal layers associated [with
Temporal Id values less than or equal to the given:TemporalId value.
The groupfing type parameter is not definled for the SampleToGroupBox with grouping|type
"tscl'.
8.4.5.2.2 Syntax
class TemporallayerEntry()\ eéxtends VisualSampleGroupEntry ('tscl')
{

unsigne¢d int (8) temporallayerId;

unsigned int (2) Elprofile space;

unsignegd int (19 tltier flag;

unsigngd int(5)" tlprofile idc;

unsigngd 1X(32) tlprofile compatibility flags;

unsigned/int (48) tlconstraint indicator flags;

unsignegdMnt (8) tllevel idc;

unsigned int (16) tlMaxBitRate;

unsigned int (16) tlAvgBitRate;

unsigned int(8) tlConstantFrameRate;

unsigned int (16) tlAvgFrameRate;
}
8.4.5.2.3 Semantics

temporalLayerId gives the ID of this temporal layer. For all samples that are members of this
sample group, the VCL NAL units shall have Temporalld, as defined in ISO/IEC 23008-2, equal to

tem

96

porallLayerId.
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tlprofile compatibility flags, tlconstraint indicator flags,
tllevel idc contain the values of general_profile_space, general_tier_flag,

general_profile_idc, general_profile_compatibility_flag[ i ] for i from 0 to 31, inclusive,

bytes starting with the byte containing the general_progressive_source_flag, and

5:2022(E)

and

the 6

general_level_idc, respectively, for the representation of the temporal layer identified by

temporallayerId.

tlMaxBitrate givesthe maximum rate in 1000 bits per second over any window of one second,

for the representation of the temporal layer identified by temporallayerId.

t1AvgBitRate gives the average bit rate in units of 1000 bits per second, for the representation of

4

the temporal layer identified by temporalLayerId.
1ConstantFrameRate equal to 1 indicates that the representation of the tempeoralls
identified by temporalLayerIdis of constant frame rate. Value zero indicates tha
representation of the temporal layer identified by temporalLayerId may-or may

constant frame rate.
1AvgFrameRate gives the average frame rate in units of frames/(256;seconds), for th

representation of the temporal layer identified by temporalLayefrId. Value 0 indi
unspecified average frame rate.
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e
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8.4.4 Temporal sub-layer access sample grouping

8.4.6.1 Overview

An HEVC video track may contain zero or onef instance of a SampleToGroupHox with a
gropiping type 'tsas'.This SampleToGroupBox instance represents the marking of samples as
temporal sub-layer access points. An accompanying instance of the SampleGroupDescriptionBox with the
samg¢ grouping type shall be present.

8.4.42 Temporal sub-layer access sample group entry

8.4.4.2.1 Overview

Groyp Types: 'tsas'

Container: Sample Group Description Box (' sgpd"')

Mangdatory:  No

Quantity: Zergorone

This| sample{group is used to mark temporal sub-layer access (TSA) samples. The
grofipingstype parameter is not defined for the SampleToGroupBox with grouping type
'tsas/|

8.4.6.2.2 Syntax

class TemporalSubLayerEntry ()

{
}

extends VisualSampleGroupEntry ('tsas')
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8.4.7 Step-wise temporal layer access sample grouping

8.4.7.1 Overview

An HEVC video track may contain zero or one instance of a SampleToGroupBox with a
grouping type 'stsa'.This SampleToGroupBox instance represents the marking of samples as
step-wise  temporal sub-layer access points. An accompanying instance of the
SampleGroupDescriptionBox with the same grouping type shall be present.

When temporalIdNested in the applicable sample entry is equal to 1, the quantity of step-wise

temporal sdb-layer access sample group entry shall be zero.

8.4.7.2 Ste¢p-wise temporal layer sample group entry

8.4.7.2.1 Definition

Group Typep: 'stsa'

Container: Sample Group Description Box (' sgpd"')
Mandatory:| No

Quantity: Zero or one

This sample group is used to mark step-wise temporal sub-layer access (STSA) samples.|The
grouping|type parameter is not defined for the SampleToGroupBox with grouping |type
'stsa’.

8.4.7.2.2 Syntax

class StepwiseTemporallayerEntry () extends VisualSampleGroupEntry ('stsa')
{
}

8.4.8 Definition of a sub-sample for HEV-C

For the use pfthe SubSampleInfaormationBox (ISO/IEC 14496-12:2020, subclause 8.7.7) in an HEVC
stream, a sub-sample is defined on'the basis of the value of the £ 1ags field of the sub-sample information
box as specjfied below. The presence of this box is optional; however, if present in a track contajning
HEVC data, the ‘codec_spedific parameters’field inthe box shall have the semantics defined here.

flags spedifies the/type of sub-sample information given in this box as follows:

0: |NAL-tnit-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 tile regions (as defined in
Clause 10) can only be used for a set of tiles that are enclosed in one or more complete slice segments.

98 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=287ddb322347acba4d0aa1e5cd5eeac2

ISO/IEC 14496-15:2022(E)

3:  CTU-row-based sub-samples. A sub-sample either contains one CTU row within a slice and

the associated non-VCL NAL units, if any, of the VCL NAL unit(s) containing the
contains one or more non-VCL NAL units. This type of sub-sample information
used when entropy_coding_sync_enabled_flag is equal to 0.

4: Slice-based sub-samples. A sub-sample either contains one slice (where eac

CTU row or
shall not be

h slice may

contain one or more slice segments, each of which is a NAL unit) and the associated non-VCL

NAL units, if any, or contains one or more non-VCL NAL units.

Othd

The
ISO

The
(e.g.

Whe
incly

The

57 Picture-based sub-samples. A SUb-Sample contains one coded picture and th
non-VCL NAL units.

r values of f1ags are reserved.

associated

subsample_priority field shall be set to a value in accordance with theispecification of{this field in

[EC 14496-12.

Hiscardable field shall be set to 1 only if this sample is still decodable if this sub-sample
the sub-sample consists of an SEI NAL unit).

is discarded

n the first byte of a NAL unit is included in a sub-samiple, the preceding length field ghall also be

ded in the same sub-sample.

rodec specific parameters field of thesSubSampleInformationBox is defin

as folllows:

if (flags == 0)
unsigned int(l) Sublay€rRefNalUnitFlag;
unsigned int (1) RapNalUnitFlag;
unsigned int (1) VcINalUnitFlag;
bit (29) reserved = 0;

} else if (flags(== 1)
bit (32) resexrved = 0;

{
1
1
1

else if (flagsh == 2) {
unsigned Int(2) vcl idc;
bit (2) \rkeserved = 0;

unsighed int (4) log2 min luma ctb;
unsdgned int (12) ctb x;
unsigned int (12) ctb_y;

Jrelse if (flags == || flags == 4) {
unsigned int(2) vcl idc;

bhit (30) reserved = 0

ed for HEVC

} else if(flags == 5) {
unsigned int (1) DiscardableFlag;

unsigned int VclNalUnitType;
unsigned int LayerId;
TempId;

unsigned int
unsigned int
bit (14) rese

SubLayerRefNalUnitFlag;

(
(
(
unsigned int (
(
(
rved = 0;

)
)
)
) NoInterLayerPredFlag;
)
e
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SubLayerRefNalUnitFlag equalto 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 equalto 0 indicates that none of the NAL units in the sub-sample has
nal unit type equaltoIDR W RADL, IDR N LP, CRA NUT, BLA W LP,
BLA_W_RADL, BLA N LP, RSV_IRAP VCL22, or RSV_IRAP 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_IRAP VCL22, or RSV _IRAP VCIL23 as specified in ISO/IEC 23008-2.

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

vcl idc indicates whether the sub-sample contains Video Coding Layer (VCL) data, non<VCL fata,

or bpth, as follows:

): 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

P: the sub-sample may contain both VCL and non-VCL data, which shall be associated [with

each other. For example, a sub-sample may contain a decoding unit informatior] SEI

message followed by the set of NAL units associated with the SEI message.

B: reserved

log2 min luma ctb indicates the unitof ctb x and ctb yyspecified as follows:

): 8 luma samples

|: 16 luma samples

P: 32 luma samples

B: 64 luma samples

ctb_x gpecifies the 0-based coordinate of the right-most luma samples of the tile associated with the
sub{sample when flags is equal to 2/and vcl idc is equal to 1 or 2, in units derived from
logR min luma ctb as specifiedabove.

ctb_y gpecifies the 0-based coordinate the bottom-most luma samples of the tile associated with the
sub{sample when flags isequal to 2 and vcl idc is equal to 1 or 2, in units derived from
logR min luma ctb as specified above.

DiscandableFlag indicates the discardable_flag value of the VCL NAL units in the sub-samplg. All
the YCL NAL units in the sub-sample shall have the same discardable_flag value.

NOTE 2 | This is notthe-same definition as the discardable field in the SubSampleInformationBox.

—_—

VclNallUnitRype indicates the nuh_unit_type value of the VCL NAL units in the sub-sample. Al
the YCIKNAL units in the sub-sample shall have the same nuh_unit_type value.

Layer Id Indicates the nuh_layer_id vatue of the NAL units in the sub-sampie. At the NALunitsin
the sub-sample 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-sample 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.

d) When the track includes a CompositionOffsetBox ('ctts"'),
1) version 1 of the CompositionOffsetBox shall be used,
2) thevalue of sample offset shall be set equal to -23! for each non<output §ample,

3) the CompositionToDecodeBox ('cslg') should be containedqn‘the SampleTableBox
("stbl') of the track, and

4) when the CompositionToDecodeBox is present for the track, the value of
leastDecodeToDisplayDelta field in the box shall be equal to the smallest
composition offset in the CompositionOffsetBox excluding the sample offget values
for non-output samples.

NOTH Thus, leastDecodeToDisplayDelta is greater than-231.

9 | Layered HEVC elementary stream and sample definitions
9.1 | Overview

This|clause specifies the storage format ofcoded video data of layered HEVC (L-HEVC), whijch includes
all the layered HEVC extensions that use'the same layered design specified in Annex F of ISOfIEC 23008-
2:20R0. These layered HEVC extensions include SHVC, MV-HEVC, and 3D-HEVC. This clause also specifies
the dtorage of temporal sub-layers-of a layer in more than one track. This clause extends the¢ definitions
of the storage format of HEVC in Clause 8.

The file format as defin&d in this clause and Annex A uses the existing capabilities of the ISO|base media
file format and the plain HEVC file format (i.e. the file format specified in Clause 8). Clause D.4 specifies
brands for layered HEVC. The following structures or extensions, among others, to suppeort L-HEVC-
specffic features are used:

a) Aggregators enable efficient scalable grouping of NAL units by changing irregular patterns of NAL
1nits into regular patterns of aggregated data units

NOTE1 When compared 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 has been constrained.

b) Extractors enable efficient extraction of NAL units from other tracks than the one containing 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.
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LHEVCConfigurationBox in atrack 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.
AV() 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).
9.2 Overyiewof I-HEVC storage
The support for L-HEVC includes a number of tools, and there are various ‘models’ of how they mig|
used. In particular, an L-HEVC stream can be placed in tracks in a number of ways, amongiwhich ar
following:

a) all the layers in one track;

b) each layer 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 multi

scene).

The L-HEV( file format allows storage of one or more layers into a-track. Storage of multiple layer

track can bg
not intende
layers whe
accordingly

When an L-
which the 14

passing thein to the L-HEVC decoder. An L-HEVC operating point may be explicitly represented by a t

i.e., each sar
be containe
may be spa
HEVC acces

The storage
Information

used. For example, when a content provider wants to provide a multi-layer bitstream tk
1 for subsetting, or when the bitstream has been created for a few pre-defined sets of ot
e each layer corresponds to a view (suchxas 1, 2, 5, or 9 views), tracks can be cre

HEVC bitstream is represented by multiple tracks and a player uses an operating poin
lyers are stored in multiple tracks) the player shall reconstruct L-HEVC access units be

nple in the track contains.afi;access unit, where some or all NAL units of the access unit
] in or referred to by extractors and aggregators. If the number of operating points is lar
Ce-consuming and irapractical to create a track for each operating point. In such a cas
b units are reconstriicted as specified in 9.5.2.2.

of L-HEVC-bit'streams is supported by structures such as the sample entry, Operating P
("oinf ") sample group, and Layer Information ('1inf ') sample group. The struct

within a sa
informatio

]

pleentry provide information for the decoding or use of the samples, in this case coded v
that are associated with that sample entry. The Operating Points Information sample g

ht be
b the

view

b per
1at is
tput
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t for
pfore
rack,
may
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e, L-

bints
ures
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roup

records information about operating points such as the layers and sub-layers that constitute the
operating point, dependencies (if any) between them, the profile, level, 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. The information in these
sample groups, combined with using track references to find tracks, is sufficient for a reader to choose an
operating point in accordance with its capabilities, identify the tracks that contain the relevant layers and
sub-layers needed to decode the chosen operating point, and efficiently extract them.
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When the samples of a track contain temporal sub-layers of an HEVC base layer but do not contain,
natively or through extraction, the temporal sub-layer with Temporalld equal to 0 of an HEVC base layer,
an 'hvc2', or "hev2' sample entry shall be used. 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-layer with Temporalld equal to 0, an "hvcl"', 'hevl', "hvc2', 'hev2', 'hvc3', or 'hev3'
sample entry shall be used.

NOTE When a sample entry type 'hvc2', "hev2', '"hvc3' or 'hev3' isused in a track containing the base layer,
parsers complying only with non-layered HEVC storage specified in Clause 8 are not able to process the track.

The [L-HEVC file format supports a hybrid codec configuration where the base layer is coj}ed using an
extefnal video codec (e.g. AVC). The base layer, if coded using an external codec specification (e.g.
ISO/IEC 14496-10), shall be stored according to the external codec file format (e.g. the AVC file format as
specjfied in Clause 5).

9.3 | L-HEVC elementary stream structure

L-HHVC 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
videp elementary stream:

— An L-HEVC video elementary stream contains all video coding related NAL units (i.¢. those NAL
inits containing video data or signalling video strficture, possibly after resolution of extractors and
hr aggregators) and may contain non-video codingrelated NAL units such as SEI messagefs and access
nit delimiter NAL units. Aggregators and Extractors, when present, shall not be directly output by
file parsers.

9.4 | Sample and configuration definition
9.4.1 Overview

A sample in an "hvcl' or 'hevl' track with the L-HEVC configuration is an L-HEVC saniple, while a
sample in an 'hvcl' or "hevl' track without the L-HEVC configuration is not an L-HEVC sample.

Thrqughout Clause 9,umless mentioned otherwise, an access unit refers to an L-HEVC accesf unit and is
as dé¢fined in ISO/IEC23008-2:2020, Annex F.

9.4.2 Canonical order and restrictions

The following restrictions apply to L-HEVC data in addition to the requirements in subclausg 8.3.1.

— Ifall 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.

— VCL NAL units: All VCL NAL units within one access unit and belonging to the layers represented by
a track shall be contained in the sample and the sample shall not contain NAL units of any other
access unit. After resolution of extractors and aggregators, when present, an L-HEVC sample shall
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contain an integer number of picture units. The picture units in an L-HEVC sample shall be stored in
their decoding order.

— Aggregators and extractors: Each aggregator is allowed to aggregate NAL units belonging to one
picture unit only. The order of all NAL units included in an aggregator or in a resolved 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 23008-2.

— Carriage of externat-codec coded base layertrack: An externat-codec (e.g- AVC)coded base layer
shall alyvays be carried in a track of its own, and shall consist of samples as specified in the‘extérnal
codec file format (e.g. the AVC file format as specified in Clause 5).

9.4.3 Decqder configuration record

When the decoder configuration record defined in subclause 8.3.2.1 is used for|a stream that can be
interpreted|as either an L-HEVC or HEVC stream, the HEVC decoder configuration record shall apply to
the HEVC cqmpatible base layer, and should contain only parameter sets ne€ded for decoding the HEVC
base layer.

The syntax ¢f LHEVCDecoderConfigurationRecord is as follows:

aligned(8) class LHEVCDecoderConfigurationRecord ‘Y

unsigne¢d int (8) configurationVersion = 1;

bit (4)| reserved = '1111'b;

unsigned int (12) min spatial segmentatiom idc;
bit (6)| reserved = '"111111"'b;

unsigned int (2) parallelismType;

bit(2)| reserved = '1l1'b;

unsigneéd int (3) numTemporallayexs;
unsigngd int (1) temporalIdNested;
unsigne¢d int (2) lengthSizeMimniusOne;
unsigngd int (8) numOfArravsy
for (j¥0; j < numOfArrays;” j++) {
unsjgned int(l) arxdy completeness;
bit|(1l) reserved = 03
unsjgned int (6)\NAL unit type;
unsjigned int(l®6) numNalus;
for| (i=0; i<~numNalus; i++) {
insigned int (16) nalUnitLength;
bit (BXnalUnitLength) nalUnit;

}

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
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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 nalUnit, 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 Derivation from the ISO base media file format and the HEVC file format (Clause 8)

9.5.1

L-HEVC track structure
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LHEVC stream is represented by one or more video tracks in a file. Each track represents
s or sub-layers of the coded bitstream.
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ded information. This group of tracks that forms the complete encoded information
plete subset”. The complete encoded information can be retained when the tracks inc
plete subset” are retained; all other tracks shall represent subsets-or copies (through e;
omplete subset.

acks of the complete subset shall be indicated with a track group of type 'cstg' (com
L grouping).

ach valid pair of nuh_layer_id and Temporalld.among all the coded pictures of an L-HEV|
omplete subset shall include one and only 6nhe track in which the '1inf' sample gro
the sub-layer identified by nuh_layer_id and Temporalld is natively present.

Consequently, a file reader can extrfact a sub-bitstream of any operating point without the neeg
gators and Extractors.

hn L-HEVC bitstream with an- external base layer (i.e.,, when an active VPS of the bi
base_layer_internal_flagrequal to 0 and vps_base_layer_available_flag equal to 1), the b
ys assigned one track of its own. A track containing an external base layer for an L-HEV
not be a part of thex*cstg"' track group of the tracks of that L-HEVC bitstream.

L-HEVC bitstream has an external base layer, the track containing the external b
nated as-the base track. Otherwise, the track with the lowest temporal sub-layer (the V(
hich have Temporalld equal to 0) of the base layer natively present is nominated as the
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reference of type 'sbas"'. All the tracks sharing the same base track shall share the same timescale as

the s

calable base track.

Tracks that contain extractors shall be linked to the tracks from which they extract data using the 'scal’

track reference 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.
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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.

9.5.2 Data sharing and reconstruction of an L-HEVC bitstream

9.5.2.1 General

NOTE 1

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 tra

In order to 1
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9.5.2.2

Implicit reconstruction

cks may logically share data through the use of extractors (defined in Clause A.7).

econstruct an access unit from samples of multiple tracks carrying an L-HEVE hitstrean
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t list included in the Operating Points Information sample group. Tracks that carry the relevant layers for a
t can be obtained by following the 'oref' track references and information in’thelayer information sampl
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When reconstructing a bitstream containing a sub-layer for which the VCL NAL units have Temporalld
greater than 0, all lower sub-layers (i.e., those for which the VCL NAL units have smaller Temporalld)
within the same layer are also included in the resulting bitstream and the required tracks are selected
accordingly.

Each access unit is reconstructed as described below, the reconstructed access units are placed into the

L-HEVC bitstream in increasing order of decoding time, and the duplicates of end of bitstream (EOB) and
end of sequence (EOS) NAL units are removed from the L-HEVC bitstream, as described further below.
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Aggregators, when present, are resolved, while extractors, when present (natively present or resolved
from aggregators), are discarded without being resolved, and the resultant NAL units are arranged in an

orde

r conforming to ISO/IEC 23008-2.

When reconstructing 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
NAL
EOB

For &
belo
cont
kept]
bitst]
units
cont
be k
EOB

Sinc

fthe tracks containing an EOB NAL unitin the respective samptes. In this case, only on
units shall be kept in the final reconstructed access unit, placed at the end of the acces
NAL units are discarded.

ccess units that are within the same coded video sequence of an HEVC or LéHEVC bitstre
g to different sub-layers stored in multiple tracks, there may be mpre than one o

in the last of these access units (the one with the greatest decoding/time) in the final re|
ream, placed after all NAL units, except the EOB NAL unit (whén-present), of the last of
, and other EOS NAL units are discarded. Similarly, theré-may be more than one of
hining an EOB NAL unit in the respective samples. In this case, only one of the EOB NA
ept in the final reconstructed bitstream, placed at thé.end of the last of these access unit
NAL units are discarded.

requfired tracks for an operating point, a selection may need to be made among the set of tr|

carr)

The

colle
reco
are d

NOTH
and t|
varia
conta
remo
Some|
layers

y the particular layer or sub-layer.

final required tracks, after seleection among the tracks carrying a same layer or sub-lay
ctively carry some layers or.sub-layers that do not belong to the target operating
hstructed bitstream for the target operating point should not contain the layers or suh
arried in the final requiréd tracks but do not belong to the target operating point.

Some L-HEVC\decoder implementations take as input a bitstream as well as the target output layer
ne highest Temporalld value of the target operating point, which correspond to the TargetOlsldx and H
les in ISO/IEC23008-2:2020, Clause F.8, respectively. In this case the bitstream reconstructed by the file j
n layers or.sub=layers that do not belong to the target operating point, because these L-HEVC decoders are
bing the layers not included in the target output layer set and the sub-layers beyond the highest Tempor
other-L-HEVC decoder implementations input a bitstream that is required not to contain any other layers
thanthose included in the target operating point. In this case the file parser needs to ensure that the reg

e of the EOB
b unit; other

am and that
f the tracks

hining an EOS NAL unit in the respective samples. In this case, only one’of the EOS NAL units shall be

constructed
these access
such tracks
. units shall
s, and other

e a particular layer or sub-layer may be represented by more than one track, when figuring out the

acks that all

er, may still
point. The
-layers that

set index
ighestTid
arser can
rapable of
11d value.
and sub-
onstucted

bitstr

pamdoes not contain any other layers and sub-layers than those included in the target operating point.
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9.5.3 L-HE

VC video stream definition

9.5.3.1 Sample entry name and format

9.5.3.1.1 Definition

Sample Entr
Container:
Mandatory:

y and Box Types: "hvc2', 'hev2', "hvec3"', "hev3', '1hvl’', ‘1hel"', "1hvC'
Sample Description Box ('stsd"')
An 'hvcl', 'hevl', "hvc2', 'hev2', '"hvc3"', 'hev3"', '1hvl',or 'lhel’
sample entry is mandatory

+ mavhban

riac
T ICS

Quantity:

When the s3
arrays of all
the default y

When the
configuratig
'hevl' ap]

When the sdq
and the sam

NOTE 1 Tl
in-band paran
pictures at leas
from an acces{

a)

For
is de

For
the

b)

ralue of array_completeness is 0 for all arrays.

One-or-more-samnle-oan
o E- O TTHOTE-5apre-C1t thdy D¢

mple entry name is ' 1hv1 ', the default and mandatory value of array_completen€ssis
types of parameter sets, and 0 for all other arrays. When the sample entry namé is ' 1h

bample entry name is 'hev2' or 'hev3' and the sample entrjcontains the K

n only, the same constraints as specified in subclause 8.4.3 for the sample entry 1
bly.

mple entry nameis ' Lhel', or when the sample entry nameds 'hevl"', "hev2' or 'h4g
ple entry contains both HEVC and L-HEVC configuratiots, the following applies:

le constraints below impose restrictions on placement of odt’of‘band parameter sets (in sample entries) an
eter sets (in samples), in order to enable convenientwandom access from access units containing IRA
t in some layers. With these constraints, a file reader thatinitializes with the sample entries and rolls forwar
unit wherein all pictures are IRAP pictures will haverall the parameter sets it needs.

hny particular sample in a particular track, the temporally collocated sample in another {
fined as the one with the same decoding time as that of this particular sample.

hn [RAP picture of a given sample, track and layer, each parameter set needed for decg
RAP picture shall be included in one of the following:

1) the sample entry-that applies to the given sample in the given track

D

when implicit reconstruction is used, the sample entry of the initial sample of a {
carrying-a reference layer of the given layer, where the initial sample is either the g
sample's temporally collocated sample, when the temporally collocated sample con
an/IRAP picture of the reference layer, or the previous sample that contains an

)

picture of the reference layer

3)

4)

the given sample itself, possibly by using extractors

the given layer, possibly by using extractors

|= g vppwn

1 for
el "',

EVC
ame

v3'

rack

ding

rack
iven
fains
RAP

when present, any temporally collocated sample of the tracks carrying reference layers of

c) Foranon-IRAP picture of a given sample, track and layer, each parameter set needed for decoding

that

108

picture shall be included in one of the following:
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the sample entry that applies to the given sample in the given track

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

any of the samples in the given track since the previous sample containing an IRAP picture

4)

The
loca

inthe given tayer to the given sampte 1tSelf, Inciusive, possibly by USIng extractors

when present, any of the samples in a track carrying a reference layer)of thg given layer
since the temporally collocated sample of the previous sample containing an ﬂRAP picture
in the given layer to the temporally collocated sample of the(given samp

possibly by using extractors

e, inclusive,

parameter sets needed for decoding a picture in a sample of a track using extractors shall only be
ed in media samples (of that track or of dependent tracks throtgh extractors), or in

the sample

description entry associated with that sample, and parameter-Sets carried in sample entrjies of other

tracls are ignored in this case. This implies that when extractors are used, some parameter
cated in the sample description of tracks with extractors and in the other tracks depemded on this
track. When implicit reconstruction is used, the sample‘entries of a track shall only contain th
1sed in that track and shall not contain the parameter sets used in dependent or dependg
Thede parameter sets may be stored in the sample or in the sample description associated to
rding to the sample entry type used.

dupl
sets

acco

sets may be

e parameter
d on tracks.
the sample,

When present, parameter sets in the.sample entry of an HEVC/L-HEVC track and, in cpse implicit

reco
reco

hstructed bitstream in increasing layer order, and before any parameter sets presentin

hstruction is used, in the sample entries of the tracks depended on, shall be output in the

he samples.

In cajse two parameter sets with different content but using the same ID are present, it may no

to usg
eithe
sets

NOTH
samp
reade

e a single sample entty of type 'hvcl', "hvc2', "hve3' or 'lhvl’'; file packagers s
r different sample-entries of type 'hvcl"', 'hvc2, 'hvc3' or '1hvl', or use in-ban
through 'hevil”, "hev2', "hev3' or 'lhel' sample entries.

e entfies result in duplicates; additionally, presence of such duplicates are conformant with ISO/IEC 230
r can discard them.

2 It'ean happen, in files mixing both implicit reconstructions and extractors, that gathering parameter]

L be possible
Iould create
parameter

sets from
8-2, afile

NOTE 3

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 is 'hvcl', '"hvec2' or 'hvc3', the sample entry name of other tracks carrying the same

bitstream shall be "hvc2"', 'hvc3' or 'lhvl', and when the sample entry name of the base track is

'hevl', 'hev2' or "hev3', the sample entry name of other tracks carrying the same bitstream shall
be 'hev2', 'hev3'or 'lhel"'.
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For an L-HEVC bitstream whose base layer is an AVC bitstream, when the sample entry name of the base
trackis 'avcl' or 'avc2', the sample entry name of the other tracks carrying the associated L-HEVC
bitstream shall be "hvc2', "hvc3', or '1hvl', and when the sample entry name of the base track is
or 'avc4', the sample entry name of the other HEVC tracks carrying the associated L-HEVC
or 'lhel’.

'ave3!
bitstream shall be 'hev2"', "hev3'

NOTE 4 The above constraints mandate convenient random access (see NOTE 1 in this subclause 9.5.3.1.1) to be
enabled and indicated for either all tracks carrying an HEVC or L-HEVC bitstream or none of the tracks.

When the samples of a track contain a temporal subset of an HEVC base layer, the value of

numTempo]}
layers preg
HEVCConf]
HEVCConf]
HEVC com
LHEVCCon]
enhanceme
LHEVCCon]}

If the sampl
the sample
LHEVCCon]}
LHEVCDec

The lengtl
L-HEVC and

NOTE 5 W
base track hav
track.

NOTE 6 W
layer to accom
base layer and
happens when
HEVC configui]
optimal level {
caution is to b
"greater” than
PTL  inform
HEVCDecode

ralLayers field in the HEVCConfigurationBox shall match the number of temporal
ent in the track, natively or through extraction. Here, the entry shall contain
| gurationBox, possibly followed by an LHEVCConfigurationBox as defined.below

batible base layer as defined by the HEVCDecoderConfiguratdonRecord.
FigurationBox possibly documents parameter sets of the VL-HEVC compa
1t layers as defined by the LHEVCDecoderConfiguratidnRecord, stored in

figurationBox.

bs of a track do not contain, neither natively nor throughcextraction, an HEVC base layer,
entry type 'lhv1l' or 'lhel' shall be used and“the sample entry shall contai
defined This

derConfigurationRecord, as defined in this document.

FigurationBox, as below. includes

1SizeMinusOne field in the L-HEVC and\HEVC configurations in any given sample ent
HEVC tracks sharing the same base track shall have the same value.

hen the base layer is coded by AVC, the AengthSizeMinusOne field for the L-HEVC tracks sharing the sam
e the same value, but that value does not have to be equal to the lengthSizeMinusOne field for the AV

1]

hen HEVC compatibility is indicated, it can be necessary to indicate a high enough level for the HEVC bas
modate the bit rate of the entire bitstream, because all the NAL units are considered as included in the HEV
hence can be fed to the\decoder, which is expected to discard those NAL unit it does not recognize. This cas|
the "hvcl', 'hevly", 'hvc2', 'hev2', 'hve3' or '"hev3' sample entry is used and both HEVC and L
ations are present.-However, when only an HEVC and L-HEVC configuration is present, on the contrary, th
or the HEVE frack is the one that only accommodates the bit rate of the base layer bitstream. In this casg
e taken that)the profile, tier and level (PTL) in the VPS base (i.e. the first PTL structure in a VPS) might b
the PTI-of the base layer that is to be included in the HEVCDecoderConfigurationRecord. Rather, th
htion\_Jin  the  first PTL  structure in the VPS extension can be included i

IR

= C I N

rConfigurationRecord.

sub-

an
The

| gurationBox documents the Profile, Tier, Level, and possibly also parameter sets of the

The

tible

the

then
n an

an

ry of

An LHEVCConfigurationBox may be presentinan 'hvcl', 'hevl', "hvc2', 'hev2', 'hve3'!' or

'hev3' sample entry. In this case the HEVCLHVCSampleEntry definition below applies.

Table 10 shows for a video track all the possible uses of sample entries, configurations and the L-HEVC

tools:
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Table 10 — Use of sample entries for HEVC and L-HEVC tracks

sample entry
name

with configuration
records

meaning

'hvecl' 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
Configurations

An L-HEVC track with both NAL units with
nuh_layer_id equal to 0 and NAL units with

1 ] LA | 4 41 ral A . 4 d
Hull_IaytCl_1Uu gI'TdilTl Uldll U, LALI dCLULS an

aggregators shall not be present.

'hyc?2' or
'hev2!

HEVC Configuration Only

A plain HEVC track without NAL dnits with
nuh_layer_id greater than 0; Extractors may|be
present and used to referemce NAL unijts;
constructor type shalbbe equal to 0 or 2
in extractors; Aggregators may be presenf to
contain and reference-NAL units.

'hyc2' or
'hev2!

HEVC and L-HEVC
Configurations

An L-HEVC traek \with both NAL units wjith
nuh_layer_id.equal to 0 and NAL units wjith
nuh_layer_id. greater than 0; Extractors gnd
aggregators may be present; Extractors may
reference any NAL unjts;
constructor type shall be equal to 0 or 2
ih extractors; Aggregators may both conthin
and reference any NAL units.

'hyc3' or
'hev3!

HEVC ConfigurationOnly

A plain HEVC track without NAL units wjith
nuh_layer_id greater than 0; Extractors may|be
present and used to reference NAL unijts;
constructor type shall be equalto0, 2, 3,
4, 5 or 6 in extractors; Aggregators may|be
present to contain and reference NAL units

'hyc3' or
'hev3!

HEVC and L-HEVC
Configurations

An L-HEVC track with both NAL units with
nuh_layer_id equal to 0 and NAL units wjith
nuh_layer_id greater than 0; Extractors gnd
aggregators may be present; Extractors may
reference any NAL unjts;
constructor type shallbe equalto0,2, 3,

4, 5 or 6 in extractors; Aggregators may both
contain and reference any NAL units.

'lhvl', 'lhel’

L-HEVC Configuration
Only

An L-HEVC track with NAL units with
nuh_layer_id greater than 0 and without NAL
units with nuh_layer_id equal to 0; Extractors
shall not be present; Aggregators may be
present to contain and reference NAL units.
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When an "hvc2', 'hev2', '1hvl',or '1hel"' track does not contain extractors and does not contain
VCL NAL units with Temporalld equal to 0, the track shall contain VCL NAL units with exactly one
nuh_layer_id value.

9.5.3.1.2 Syntax

class LHEVCConfigurationBox extends Box ('lhvC') {
LHEVCDecoderConfigurationRecord () LHEVCConfig;
}

class HEVCLHVCSampleEntry () extends HEVCSampleEntry () {
LHEVCCpnfigurationBox lhvcconfig;

}

// Use thlis if track is not HEVC compatible

class LHEYCSampleEntry () extends VisualSampleEntry ('lhvl', or 'lhel')VJ
LHEVCCpnfigurationBox lhvcconfig;
MPEG4EktensionDescriptorsBox (); // optional

}

9.5.3.1.3 Semantics

When the| sample entry is 'lhvl' or 'lhel', Compressorname in the base f[lass
VisualSampleEntry indicates the name of the compressor used with the value "\014LHEVC Coding"
being recompmended (\014 is 12, the length of the string “LHEVCc€oding” in bytes). When the sample
entry is ['hvc2', 'hev2', 'hvc3' or 'hev3', Cempressorname in the base F[lass
VisualSamppleEntry indicates the name of the compressor used with the value "\013HEVC Codling"
being recompmended (\013 is 11, the length of the string ‘HEVC Coding” in bytes).

9.5.4 L-HHVC visual width and height

The widthpnd height documented in the VisstalSampleEntry shall be set as follows:

—  If the sample entry typelis "hvcl' or 'hevl',thewidth and height documentgd in
the VisualSampleEntry shall be set according to subclause 4.6 using only the base
layer information.

—  Otherwise, ifthe sample entry type is 'hvc2', 'hev2', "hvc3' 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 extradtors,
when the track contains extractors, or by implicit reconstruction, when the track does
not contain extractors.

—  Otherwise (the sample entry type is "hvc2', 'hev2', "hvc3' or 'hev3' and the

track contains an L-HEVC configuration record or the sample entry type is '1hel' or
'lhvl'),width and height shall be the maximum cropped frame dimensions of the
decoded pictures, within the scope of the sample entry, of any layer in the track that is
marked as an output layer of any output layer set.
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Sync samples in a track of a particular sample entry type shall conform to the following constraints:

If the sample entry type is 'hvcl' or "hevl'and the track does not contain an L-HEVC

configuration record, the specifications of 8.4.3 apply.

Otherwise, if the sample entry type is "hvcl' or 'hevl' and the track contains an L-HEVC

configuration record, each sync sample of the track shall contain an IRAP picture in all layers

represented by the track.

2l

NOTH1

Syng

sample is non sync samp?e flag equal to 0, as specified in ISO/IEC 14496-12. Sync s
be aglditionally documented by the stream access point 'sap ' sample group.

Whehn a sync sample-centains natively or through extraction a BLA or CRA picture in a layer t
have an alternative output layer, as defined by HEVC, in an output layer set represented
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 H

pictures/contained in sync samples, although this is not in conformance with ISO/IEC 14

As can be observed from the list abové;in some cases sync samples need the presence of an IRAP
more|than one layer. If layer-specific informationis needed, the 'sap ' sample grouping can be used.

samples

Otherwiseif-the aaluplc entry-typets—tvez 5 thev2 S —Hve St orthev 3t a
contains extractors, each sync sample of the track shall contain an IRAP pictureé
represented by the track either natively or through extraction.

Otherwise, if the sample entry typeis "hvc2"', "hev2', "hvc3' orfhev3', a
does not contain extractors, contains a sub-layer with Temporalld.egual to 0 for
layers, and does not contain an L-HEVC configuration record, each sync sample
shall contain an IRAP picture with nuh_layer_id equal to 0.

Otherwise, if the sample entry typeis 'hvc2', "hev2 ', "*Yhvl',or 'lhel"' a
does not contain extractors, contains a sub-layer with Temporalld equal to 0 for
layers, and contains an L-HEVC configuration re¢grd, each sync sample of thg
contain an IRAP picture in all layers natively present in the track.

Otherwise (the sample entry type is 'hvc2¥, 'hev2', '1hvl',or 'lhel', a
does not contain extractors and does not.¢ontain any sub-layer with Temporalld
each sync sample of the track shall. eontain a TSA picture with Temporalld §
lowest Temporalld present in the track.

are documented™~in the SyncSampleBox and, for movie fragn

1d the track
in all layers

nd the track
pbne or more
of the track

nd the track
bne or more
track shall

nd the track

equal to 0),
equal to the

picture in

with
amples may

lents,

hat does not
y the track,

LA and CRA
196-12. 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 annex D.5, may be used

to indicate compliance to this and later versions of this specification.

NOTE 2

sample definition of ISO/IEC 14496-12 and hence they cannot be present.
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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 {nformation of all SAPs, the SAP sample group 'sap ' specified in ISO/IEC 14496-12 {3 fised.

The semant

When layer]

NOTE If
and does not
Temporalld pif

When lays
carried in th
to a maxim
mapped to
associated

For example
to the least]
layer id
the mapped|
specific SAP

csof layer id method idc equalto 0 is specified in ISO/IEC 14496-12.
[id_method_idc is equal to 0, a SAP is interpreted as follows:

If the sample entry type is 'hvc2', "hev2', '1hvl"', or '1lhel"', and the track
not contain extractors and does not contain any sub-layeréwith Temporalld equal
a SAP specifies access to all the sub-layers present in thetrack.

Otherwise, a SAP specifies access to all layers presentmatively or through extracti
the track.

the sample entry type is "hvc2', 'hev2', '1hvl"', or ' Yhel', and the track does not contain extractor
contain any sub-layer with Temporalld equal to 0, a FSA-picture with Temporalld equal to the loweg
esent in the track serves as a SAP.

r id method idcis equal to 1, eachbit in the field target layers represents a
e track. Since this field is only 28 bits.fi'length, the indication of SAPs in a track is constra
im of 28 layers. Each bit of this-field starting from the least significant bit (LSB) sha
the list of layer id values'signalled in the Layer Information sample group ('11i
vith that sample, in ascendifig order of layer id values.

,if atrack carries layer with layer idvalues4,10,and 29,thenthe layer id4isma

significant bit, the layer id 10 is mapped to the second least significant bit, ang
29 maps to the'third least significant bit. A value of one in the bit signals that in the sa
layer has@picture that is a SAP. In the previous example Table 11 gives an example of
information.

does
to 0,

bn in

=+

ayer
ined
1l be
hf')

bped
| the
mple
ayer
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Table 11 — Bit pattern for the target_layer field of the 'sap ' sample grouping for an example

use case described above. (informative)

Bit pattern of target layers (LSB | layer id values (among 4,

right most bit) 10, 29) of SAPs
000000000000000000000010 | {10}
000000000000000000000100 | {29}
000000000000000000000101 | {29, 4}

Whe
extrs
SAP

n SAP sample groups are used, they shall be used on all tracks carrying an'LsHEVC bitst
ictors are used in a track, the SAPs of those layers referred to by extractorsare also docui
Hocumentation shall be consistent for any given layer.

9.5.8 The 'roll’, 'rap ', 'sync’', 'tsas' and 'stsa' sample groups

Whe
groulps applies to the base layer only, not considering any other layers that are present in thg

n included in the base track, the information provided by the’' ro11', 'rap ',and 'sy

Whep included inan 'hvc2', "hev2', "hvc3', or. "iev3' track thatis not the base track 4§
extractors, the information provided by the¢!¥oll', 'rap ', and 'sync' samplg
SampleToGroupBox(es) with version equal’to 0 applies to the track, after resolving ex

aggrpgators contained in the track.

Whe
cont

n included in an "hvc2', "heyZ2™, "1hvl"', or 'lhel’ track that is not the base tra
hin extractors, and natively contains only one layer (including its lowest sub-layer), the
proviided by the 'roll', 'xap ', and 'sync' sample groups in SampleToGroupB

ream. When
mented. The

nc' sample
e samples.

nd contains
groups in
ractors and

rk, does not
information
bx(es) with

istics that
to initiate

', "hve3!,

vergion equal to 0 applies to that layer.

NOTH Whena 'rodl' 'rap ',or 'sync' sample group concerns a predicted layer, it indicates characteq
apply|jwhen all the referenee layers of the predicted layer are available and decoded. The sample group can be used|
decoding of the predieted layer.

The |presence-of the 'sync', 'roll', and 'rap ' sample groups in 'hvc2', "hev2
'hey3/,1hvl', or 'lhel"' tracks natively containing more than one layer or natively cot
layerbutnotitslowest sub-layerisdisallowed in thisversion of [SO/IEC 14496-15 andp s
to this version of ISO/IEC 14496-15 shall ignore SampleGroupDescriptio

SampleToGroupBoxes with grouping type equal to 'sync', 'roll', or 'rap
tracks.

For the 'tsas' and 'stsa' sample groups, the specifications in 9.5.7 apply with 'sa

replaced by 'tsas' and 'stsa', respectively, and "SAP" being replaced by "TSA point’
point", respectively.
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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 is specified in 8.4.9 is not always applicable when multiple layers are involved. If what is specified
in 8.4.9 cannot be followed, then the composition time of a sample shall be set as if the sample were an
output sample (i.e., at least one picture of the sample is output). If the decoding of a sample results into
no output pictures, the presentation of the sample is omitted and the duration of the previous sample is
extended, s¢ that the following samples have correct composition timing.

9.6 L-HEVC specific structures
9.6.1 Extefnal base layer sample group
9.6.1.1 Deffinition

When a multi-layer HEVC bitstream uses an external base layer (i.e., when an.aetive VPS of the bitstream
has vps_bdse_layer_internal_flag equal to 0 and vps_base_layer_avaijlable_flag equal to 1) an
LhvcExternalBaseLayerInfo sample grouping may be used to signal parameters that are required
for inter-layfer prediction from the external base layer to a track eontaining L-HEVC samples. WHen a
sample is linked to the zero index of this sample grouping, it meanis that no decoded base layer pictyre is
used for theldecoding of that sample.

9.6.1.2 Syntax

aligned($) class LhvcExternalBaselayerInfo () extends

VisualSampleGroupEntry ('1lbli'")

{
bit (1) reserved = '"1l'b;
unsigrjed int (1) bl irappic flag;
unsigrfed int (6) bl irap-hal unit type;
signed int (8) sample offset;

}

9.6.1.3 Semantics

In this subdause, 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 flag specifies the value of the BlIrapPicFlag 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.

bl irap nal unit type specifies, whenbl irap pic flagisequal 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
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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 curre

sample offset equal to 1 specifies that the associated sample is the next sample

the associated sample derived for sample offset equal to 0; sample offset

nt sample;
relative to
equal to -1

specifies that the associated sample is the previous sample relative to the associated sample

derived for sample_offset equal to 0, and so on.

9.6.2 The operating points information sample group

9,

9.6.

Ap
and {
poin
this

)

4 ' S T
- L DIl

ications are informed about the different operating points provided by a given-L-HEV
heir constitution by using the Operating Points Information sample group (' oiaf:"). Ea
L is related to an output layer set, a max Temporalld value, and a profile, level and tier s
nformation is captured by the 'oinf' sample group. Apart from these’information,

groupp also provides the dependency information between layers, the types of scalabilities co

HEV
type

For 4

C bit stream, and the dimension identifiers that relate to any particular layer for a give

1l tracks of an HEVC bitstream containing only NAL unitswith nuh_layer_id 0 and for whi

sublayers are split across several tracks, there is no requiremient for any track to carry 'oir
group.
For all tracks of an L-HEVC bitstream, there shall)be exactly one track among this set th3

'oi

L-HH

nf' sample group. Except the tracks that€arry the 'oinf' sample group, all other ti

VC bitstream shall have a track reference of type 'oref' to the track that carries the '

groupp they relate to.

NOTH
extra
bitstr
of the

For

defin
track
follo

An L-HEVC bitstream usually, requires using only one track with 'oinf' sample group information.
tors enable creating new bitstreams with different profiles and levels not signaled in the 'oinf' of th
pam for which data is extractéd, Using extractors can require additional 'oinf' to store the operation in|
se new bitstreams.

hny particular sample in a particular track, the temporally collocated sample in anot
ed as the onewith the same decoding time as that of this particular sample. For each sat
£ TN that has-an 'oref ' track reference to the track Tk that carries the 'oinf ' sampl
W applies:

Ifthere is a temporally collocated sample Sk in the track Tk, then the sample SN i

C bitstream
'h operating
ignaling. All
this sample
Hed in the L-
h scalability

ch temporal
f' sample

t carries an
acks of that
binf' sample

However,
e original
formation

her track is
mple SNin a
e group, the

s associated

with the same 'oinf' sample group entry as the sample Sk.

Otherwise, the sample SN is associated with the same 'oinf' sample group
last of the samples in the track Tk that precede the sample SN in decoding time.
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When several VPSs are referenced by an L-HEVC bitstream, it may be needed to include several entries
in the sample group description box with grouping type 'oinf'.For more common cases where a single
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.

The grouping type parameter is not defined for the SampleToGroupBox with grouping type
'oinf'.

An operating point shall contain at least one other layer in addition to an external base layer.

9.6.2.2 Syptax

class Op¢ratingPointsRecord {
unsigmed int (16) scalability mask;
bit (2] reserved = 0;
unsigped int (6) num profile tier level;
for (1=1; i<=num profile tier level; i++) {
ungigned int (2) general profile space;
ungigned int(l) general tier flag;
ungigned int (5) general profile idc;
) general profile compatibility flags;

(
(
ungigned int (
ungigned int (

(

32

48) general constraint indicator flags;

ungigned int(8) general level idc;

}

unsigped int (16) num operating points;

for (1=0; i<num operating points) {
ungigned int (16) output layer set idx;
ungigned 1int(8) max temperal id;

ungigned int (8) layer (Gount;

for (3j=0; j<layer clunt; j++) {

unsigned int (8) ptl idx;

unsigned int layer id;

is outputlayer;

vvvvl

(o
unsigned dnt (1
unsigned\int (1) is alternate outputlayer;
}
ungigped int (16) minPicWidth;
ungigned int (16) minPicHeight;
unsigned 1int(lob) maxPicwidtn,
unsigned int (16) maxPicHeight;

unsigned int (2) maxChromaFormat;
unsigned int (3) maxBitDepthMinus8;
bit (1) reserved = 0;
unsigned int (1) frame rate info flag
unsigned int(l) bit rate info flag
if (frame rate info flag) {

unsigned int (16) avgFrameRate;
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bit (6) reserved = 0;

unsigned int (2) constantFrameRate;

if (bit rate info flag) {
unsigned int (32) maxBitRate;
unsigned int (32) avgBitRate;

}

unsigned int (8) max layer count;

Or (1=0; 1<max layer count; iFt¥) {

unsigned int (8) layerID;

unsigned int (8) num direct ref layers;

for (Jj=0; Jj<num direct ref layers; J++) {
unsigned int(8) direct ref layerID;

}

for (3=0; j<16; J++) {
if (scalability mask & (1 << J))

unsigned int(8) dimension identifieXy

claps OperatingPointsInformation extends VisualSampleGroupEntry ([oinf')

9.6.2.3 Semantics

DperatingPointsRecord oinf;

gcalability mask: This field indicates the scalability types that are represented by the access

units resolved from thée.sdmples that are associated with this 'oinf ' sample group entry. Each
bitin 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 significantbit in the scalability mask field corresponds to
scalabidity mask flag[O0] of the VPS extension syntax. A one in a bit positior| indicates
that thesealability dimension is present.
pum profitle tier level: Gives the number of following profile, tier, and level combinations

as-well as the associated fields.
gefieral profile space, general tier flag, general profile idc,
general profile compatibility flags,

general constraint indicator flags, and general level idc are definedin
ISO/IEC 23008-2.

num_operating points: Gives the number of operating points for which the information
follows.

output layer set idx istheindex of the outputlayer 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.
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layer count: This field indicates the number of necessary layers, as defined in ISO/IEC 23008-2,
of this operating point.

ptl idx: Indicates the index, where value 1 is the first entry in the list of profile, tier, level in the
OperatingPointsRecord, of the listed profile, level, and tier flags for a layer with identifier equal
to layer id.When the value of pt1 idx equals zero for a layer, that layer shall be assumed
to have no profile, level, and tier signalled. pt1 idx shall be equal to 0 for an external base
layer. When pt1 idx is equal to O for a layer that is not an external base layer, that layer shall
not be an output layer or a layer that is a direct or indirect reference layer of any output layer of
the operating point.

layer id:provides the nuh_layer_id values for the layers of the operating point.

is oufjputlayer: A flag that indicates if the layer is an output layer or not. A one indicates@n
output layer.

is alflernate outputlayer: This flag when set indicates that this layer can be considered| as
an ajternate output layer for this operating point. This flag is set to one if and only.ifone lay¢r in
the pperating point hasits is_outputlayer flag set.

minPidWidth specifies the least value of the luma width indicators as defined’by the
pic_width_in_luma_samples parameter in ISO/IEC 23008-2 for the stream-of the operating point.

minPidHeight specifies the least value of the luma height indicators as.defined by the
pic_height_in_luma_samples parameter in ISO/IEC 23008-2 for the\stream of the operating
poirt.

maxPidWidth specifies the greatest value of the luma width indicators as defined by the
pic_idth_in_luma_samples parameter in ISO/IEC 23008-2for the stream of the operating point.

maxPidHeight specifies the greatest value of the luma height indicators as defined by the
pic_height_in_luma_samples parameter in ISO/IEC 23008-2 for the stream of the operating
point.

maxChyomaFormat specifies the greatest value of the chroma_format indicator as defined by fthe
chrgma_format_idc parameter in ISO/IEC 23008-2 for the stream of the operating point.

maxBifiDepthMinus8 specifies the greatestwalue of the luma and chroma bit depth indicatoys as
defined by the bit_depth_vps_luma_minus8 and bit_depth_vps_chroma_minus8 parameters,
respectively, in ISO/IEC 23008-2 forthe stream of the operating point.

frame |rate info flag equal to O'indicates that no frame rate information is present for the
operating point. The value 1 indicates that frame rate information is present for the operating
point.

bit rdte info flag egual to 0 indicates that no bitrate information is present for the
operating point. The ¥alue 1 indicates that bitrate information is present for the operating point.

avgFrgmeRate givesithe average frame rate in units of frames/(256 seconds) for the operating
point. Value 0 jndicates an unspecified average frame rate.

constgntFrameRate equal to 1 indicates that the stream of the operating point is of constar
fran:{e rate;Value 2 indicates that the representation of each temporal layer in the stream of|the

(s

operating-point is of constant frame rate. Value 0 indicates that the stream of the operating
poirlt may or may not be of constant frame rate

maxBitRate gives the 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 of direct ref layerID.

num direct ref layers: The number of direct reference layers for the layer with
nuh layer idequaltolayerID.

direct ref layerID: nuh_layer_id of the direct reference layer.
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dimension identifier: Set to the value of the dimension_id field as specified in the VPS

extension syntax as defined in ISO/IEC 23008-2.

9.6.3 The layer information sample group

The list of layers and sub layers a track carries is signalled in the Layer Information sample group as

specified

in subclause 4.15. The values

completeness_flag shall both be equal to 0.

of irap gdr pics in layer only

flag and

Every L-HEVC track, including the base track (when coded with HEVC), shall carry a '1inf' sample

groulp.

Whe
inth
VPS

Infor

9.6.4

9.6.4

Each
cloc}
thes
the ¢
deco
bitst]

All
gro
time

U
U

ope
Ope
corr

n several VPSs are referenced by an L-HEVC bitstream, it may be needed to include sev
b sample group description box with grouping_type '1inf'. For more common cases wl
s present, itis recommended to use the default sample group description index and inclu
mation sample group in the sample table box, rather than including it in"each track frag|

The decoding time hint sample group

1.1 Definition

decoding time hint sample group description entry,('"©pth ') records a delta time in

 ticks (given by timescale of the MediaHeadefBox). The corrected decoding time i
um of the delta time associated with a sample through the SampleToGroupBox of type
lecoding time of the sample. The corrected‘decoding times conform to the hypothetic
der of ISO/IEC 23008-2 operating accorditig to a partitioning scheme where each layer
ream partition, as defined in ISO/IEC 23008-2.

for-, the time hint group shg

hping type parameteriThe grouping type parameter field is specified for t

SampleToGroupBoxes decoding sample

hint sample group as follows:

reserved = 0;
operating point index;

nsigned int (16)
nsigned int (1(6)
Fating point index specifies the index of the operating point, as given in thg
FatingPédntsInformation sample group description, for which this sample group |
ected decoding times. A value of 0 indicates the first operating point in that sample group

eral entries
here a single
de the Layer
ment.

terms of the
s defined as
'opth'and
al reference
is in its own

1
he decoding

include

associated
brovides the
description.

9.6.4.2.Syntax

class OperatingPointDecodeTimeHint ()

extends VisualSampleGroupEntry

{

signed int (32)

}

("opth’)

delta time;
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9.6.4.3 Semantics

delta_ time plusthe 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

ISO/IEC 23
have coding
dependenci

clause definges tools to describe and manipulate tiles, including:

A rectangul

slice segments that are within the same coded picture and contain ngother HEVC tiles. The slice segn

of arectang

Rectangular
(i.e., instand

NOTE T}
TileRegion

If each sam]
type 'trif
of type 'tr
version of
Otherwise,
SampleTo
SampleGr

08-2 video provides support for coding of rectangular regions called tiles. HEVC tiles d
by dependencies with other HEVC tiles in the same coded picture but may have ca
es with other HEVC tiles from previous coded pictures or may be independently'decoded.

description of HEVC tiles and their temporal coding dependencies with“other HEVC tile
track(s) extracting one or several tiles from other track(s), and
track(s) containing only data from one or several HEVC tiles for fast access to a rectang
region over a network.

1 region for HEVC shall consist of one or more complete HEVC tiles in one or more com

1lar region may but need not be contiguous in decoding order.

b not
ding
This

rular

blete
ents

regions can be described through rectangulartegion visual sample group description enltries

es of RectangularRegionGroupEntry)with rect region flagequalto 1.

e and used to be calle

EroupEntryand tile region flag.

RectangularRegionGroupEntry rect region flag

ble of a track consists of NAL units of only one rectangular region, SampleToGroupB
' can be used to associate samples to the rectangular region, but this SampleToGroug

x of
Box

if' can be omitted if the'default sample group description index is used (i.e., when the

the SampleGroupBescriptionBox of type 'trif' is equal to or greater thai
samples, NAL units, and rectangular regions are associated with each other thr
broupBoxes of fype 'nalm' and grouping type parameter equal to 'trif'
upDescriptionBox of type 'nalm'.ARectangularRegionGroupEntry descri

a rectangular region composed of HEVC tiles, and
coding dependencies between HEVC tiles in this rectangular region and HEVC tiles in ¢

n 2).
bugh
and
bes:

ther

rectangular regions
=4 1=

Each RectangularRegionGroupEntry is assigned a unique identifier, called groupID. This
be NAL
RectangularRegionGroupEntry.

identifier can used to associate units in a sample to a particular

Positioning and size of rectangular regions are identified using luma sample coordinates.

When used with movie fragments, RectangularRegionGroupEntry can be defined for the duration
of the movie fragment, by defining a new SampleGroupDescriptionBox in the track fragment box

as defined in ISO/IEC 14496-12:2020, subclause 8.9.4. However, there shall not be any
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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.

NAL|units mapped to a rectangular region may either be carried in the video track, as u$ual, or in a
sepalrate track called tile track. Tile tracks are defined for both HEVC and L-HEVC.

10.7 NAL unit map entry

The gpecification of NAL unit map entry can be found in subclause 4.13.
10.3 Tile region group entry

The gpecification of tile region group entry can be found in subgelause 4.14.

10.4 Tile sub track definition
10.4]1 Overview

A tile sub track describes one or more tile regions,

An afdditional descriptive attribute ' tile ' may be used to indicate the sub track is a spatigl part of the

track.
Naine Attribute Description
Tiling 'tile' The sub-track is spatial part or tile of the track.

A tile sub track is defined as a group of tile regions using the TileSubTrackGroupBox.
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10.4.2 TileSubTrackGroupBox

10.4.2.1 Definition

Box Type: ‘tstb’

Container: Sub Track Definition box ('strd")
Mandatory:  No

Quantity: Zero or one

10.4.2.2 Syntax

aligned (8
unsign
for (i

uns

}
}

10.4.2.3 Se

The uni
item ¢
tileGn
gro

10.5 HEV(
10.5.1 Over

There are c:
easy access
HEVCTile
description

An HEVC or]
L-HEVC trag
of the HEV(

class TileSubTrackGroupBox extends FullBox('tstb', 0)
bd int (16) item count;
0; i< item count; i++) |

i gned int (16) tileGroupID;

0, {

mantics

noftileGroupIDs in this box describes the sub track defined'by this box.
ount counts the number of tile groups listed in this box.

oupID is the identifier of the tile region group (groupID) contained in this sub t
upID is defined in RectangularRegionGroupEntry.

and L-HEVC tile track
view

ses where storing NAL units of HEVC or L-HEVC tile regions in different tracks are usefi
to one or a few particular tile regidnis. For such cases, tile tracks may be created usin
bampleEntry, HEVCTileSSHEnfoSampleEntry or LHEVCTileSampleEntry sa
format.

L-HEVC tile track is a video track in which there is a ' tbas"' track reference to the HE\
k, respectively. This:HEVC or L-HEVC track is refered to as the HEVC or L-HEVC tile base {
or L-HEVC tile traek, respectively. The sample entry type for an HEVC tile track is 'hvt]

rack.

i1l for
y the
mple

C or
rack
'or

'"hvt3'. The sample entry-type for an L-HEVC tile trackis ' 1ht1'. The use of sample entry types for tile

base tracks

A tile track

is definednin 10.5.5.

r tile.base track shall not include extractors. A tile base track shall not include VCL NAL u

nits.

A tile track

hall not carry VCI NAL units hplnnging to more than one layer

For any picture unit carried by samples in a tile base track and a number of tile tracks, all the NAL units
that apply to the entire coded picture shall be carried in the tile base track. These NAL units include (but
are not limited to) parameter sets (VPS, SPS, and PPS) as well as EOB and EOS NAL units, when present.
The SampleDescriptionBox of a tile track shall not carry NAL units that apply to any entire coded
picture, either. The NAL units that do not apply to a tile shall not be carried in the tile track containing
that tile. The NAL units that apply to a tile shall be carried in the tile track containing that tile.

NOTE 1 When a NAL unit applies to multiple tiles, these tiles can only be stored in the same tile track.
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A tile track shall only depend on the tile base track and shall be independent from any other tile track
that includes VCL NAL units of the same layer as this tile track.

An HEVC or L-HEVC sample of a tile track consists of one or more complete tiles in one or more complete
slice segments.

An HEVC or L-HEVC sample in the tile base track is considered as a sync sample if and only if the sample
resulting from the merging of the corresponding samples of all tile tracks and the tile base track, as
defined in 10.5.4, is a sync sample as defined for a non tiled HEVC or L-HEVC track, respectively, that has
the Jample entry type equat to that i the tite base track and the same configuration records as those in
the tjle base track.

A sample stored in a tile track is considered as a sync sample when the respective,saniple in the tile base
track is a sync sample.

The fubSampleInformationBox and sample groupings defined for regtlar HEVC or L-HEVC tracks
also ppply to HEVC or L-HEVC tile tracks, respectively.

NOTH 2 Many aspects of the tile track can be discovered by inspecting the base track if they are not explicitly declared
in thetile track; for example,a ' rol1 ' sample group.

NOTH3 An implementation can decide to decode only a subset-of the tiles of an HEVC or L-HEVC stream. In this case,
it canluse the dependency information in the RectangularRegdfonGroupEntry sample group descriptions|to discard un-
needg¢d NAL units.

Whehn a timed metadata track is linked to a tile base’track with a ' cdsc' track reference, it describes the
HEV( video bitstream carried by the tile base‘track and all the associated tile tracks, and in this case the
time[d metadata track shall not be linked te'the associated tile tracks.

10.5)2 Sample entry name and format for HEVC tile tracks
10.5{2.1 Definition

Sample Entry Type: 'hytl'

Container: Sample-Description Box ('stsd")
Mangatory:  No
Quantity: Zere-or more sample entries may be present

This|sample\entry describes media samples of an HEVC tile track. The width and height of the
VispalSampleEntry for an HEVC tile track (sample entry type 'hvt1 ') shall be set to the width and

height\of the minimum bounding box enclosing all tile regions contained in the track.| The layout
information in the track header (i.e., layer, matrix, width and height) of an HEVC tile track

shall be ignored by file parsers. CleanApertureBox and PixelAspectRatioBox shall not be
presentinan 'hvtl' sample description.

10.5.2.2 Syntax
class HEVCTileSampleEntry () extends VisualSampleEntry ('hvtl') {

HEVCTileConfigurationBox  config(); // optional
}
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class HEVCTileConfigurationBox extends Box('hvtC') {
HEVCTileTierLevelConfigurationRecord () HEVCTileTierLevelConfig;

}

aligned(8) class HEVCTileTierLevelConfigurationRecord {
unsigned int (8) configurationVersion = 1;
bit (7) reserved = 0;
unsigned int (l) mcts_tier flag;
unsigned int(8) mcts_ level idc;
bit (8) reserved = 0;

}
10.5.2.3 Semanties

The HEJCTileSampleEntry shall not contain any HEVCConfiguratiénBox,
LHEVCConfigurationBox or MPEG4ExtensionDescriptorsBox; these boxes are found in the
tile base track's sample description. Other optional boxes may be included. There arge usually as many
entries in [the SampleDescriptionBox of an HEVC tile track as there \are entries in| the
SampleDegcriptionBox of the tile base track.

Optionally, the HEVCTileSampleEntry may contain one
HEVCTileTierLevelConfigurationRecord, used to indicate the tier and level information ip the
case the tile[region in this tile track is a motion-constrained tile or tile set.

Comprdssorname in the base class VisualSampleEnt®y indicates the name of the comprgssor
used with the value "\020HEVC Tile Coding". béing recommended; the first byte is a gount
of the remaining bytes, here represented by \020, which (being octal 20) is 16 (decimal), the
nuniber of bytes in the rest of the string.

mcts fier flag, mcts level idc are set to the values of the fields mcts_tier_flagf and
mct$_level_idc in the temporal motionsconstrained tile sets SEI message if the tile region i the
tile frack is a temporal motion-constrained tile set as defined in ISO/IEC 23008-2. If the tile rggion
in the tile track is not the same as.any of the temporal motion-constrained tile set in the stream
or np temporal motion-constrained tile sets SEI message is present in the stream, an appropfiate
valule according to the temperal motion-constrained tile sets SEI as defined in ISO/IEC 230[08-2
shall be set.

10.5.3 Sample entry name and format for L-HEVC tile tracks
10.5.3.1 Ddfinition

Sample Entfy Type: 'lhtl'

Container: Sample Description Box ('stsd")
Mandatory:  No
Quantity: Zero or more sample entries may be present

This sample entry describes media samples of an L-HEVC tile track. The width and height of the
VisualSampleEntry for an L-HEVC tile track (sample entry type ' 1ht1') shall be set to the width
and height of the minimum bounding box enclosing all tile regions of all layers contained in the track. The
layout information in the track header (i.e, layer, matrix, width and height) of an L-HEVC tile
track shall be ignored by file parsers. CleanApertureBox and PixelAspectRatioBox shall not be
presentinan '1ht1"' sample description.
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10.5.3.2 Syntax

class LHEVCTileSampleEntry () extends VisualSampleEntry ('lhtl') {

}

10.5.3.3 Semantics

The LHEVCTileSampleEntry shall not contain any LHEVCConfigur

5:2022(E)

ationBox,

HEVCConfigurationBox or MPEG4ExtensionDescriptorsBox; these boxes are found in the tile
base track's sample description. Other optional boxes may be included. There are usually as many entries

in

he SampleDescriptionBox of an [-HEVC tile track as there are entr

es in the

Sam

10.5

Sinc
a |
tra

tracl

bleDescriptionBox of the tile base track.

ompressorname in the base class VisualSampleEntry indicates the nameg-ofthe c
used with the value "\022L-HEVC Tile Coding" being recommended; the firs
count of the remaining bytes, here represented by \022, which (beingloctal 22) is 18
the number of bytes in the rest of the string.

4 Bitstream reconstruction from tile base and tile tracks

sabt ' track reference to the tile tracks. When a “sabt' track reference f
ck _group id ofan 'alte' track group, any single track of the 'alte' track group i

 to be used in the bitstream reconstruction. The X'sabt ' track reference may only be u

to ti

The

e
of thlls track shall not use aggregators.

tracks from a tile base track. When the 'salt " track reference is present in a track,

hitstream is reconstructed as follows:

h) For a tile base track and a number of tile tracks carrying VCL NAL units of one lay
unit is firstly reconstructed'to consist of the following NAL units in the order listed:

1) If the picture-unit corresponds to a sample that is the first sample of a sef

associated with a sample entry, the parameter sets and SEI NAL units cont
sampleentry

2)
3)

NAI{ uriits in the sample of the tile base track
NAL units in the samples of the tile tracks in the order of the 'sabt ' track

Then the following steps apply, in the order listed, for the above-reconstructed pictu

If there is one or more than one EOS NAL unit present, an EOS NAL unit is g

bmpressor
 byte is a
(decimal),

e extractors cannot be used in a tile base track, a tile base track shall indicate the tile ordlering using

oints to a
s a valid tile
sed to refer
the samples

b1, a picture

of samples
hined in the

eferences

re unit:

laced at the

4)

b)

c)

NOTE

end oI the picture unit and any other tUS NAL unitis removed.

5)
end of the picture unit; any other EOB NAL unit is removed.

If only

If there is one or more than one EOB NAL unit present, one EOB NAL unit is placed at the

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.

Finally, the bitstream is reconstructed from the reconstructed access units as specified in 9.5.2.2.

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.
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10.5.5 Sample entry names for tile base tracks

When no NAL unit is included in a sample in a tile base track (i.e. all the NAL units are in the tile tracks),
the size of the sample may be 0, and the sample documents the timing and other sample properties of the

sample.

The sample entry names of a tile base track and the corresponding tile tracks shall be one of the rows in

Table 12.

Table 12 — Sample entry names for a tile base track and the corresponding tile tracks

10.5.6 HEV

10.5.6.1 De

Sample Ent
Container:
Mandatory:
Quantity:

An '"hvt3'
HEVC tile

VisualSar

information

Sample entry name for a tile | Sample entry name for a
base track corresponding tile track
hvc2 hvtl

hev2 hvtl

1lhvl 1htl

lhel 1htl

 tile track with slice segment header info
finition

y Type: 'hvt3'
Sample Description Box (' stsd")
No
Zero or more sample entties may be present

track shall have a 'tbas"track reference to an HEVC tile base track. The specification
rack specified in10.5 apply to the 'hvt3' track. The width and height
hpleEntry foran HEVC tile track (sample entry type 'hvt3 ') shall be set to the widt}

of

height of the minimum:bounding box enclosing all tile regions contained in the track. The la
in the track header (i.e, layer, matrix, width and height) of an HEVC tile {
red-by file parsers. CleanApertureBox and PixelAspectRatioBox shall n

shall be ig
present in

t

'hwt3' sample description.

s for
the
and

yout
rack

t be

For each VCL NAL unitin "hvt3"' tracks there shall be a preceding S1iceSegmentHeaderInfo 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.
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10.5.6.2 Syntax

class HEVCTileSSHInfoSampleEntry () extends VisualSampleEntry ('hvt3'") {
HEVCTileConfigurationBox config(); // optional
}

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.

10.4 HEVC slice segment data track
10.6{1 Overview

The general definition of sample format as provided in subclause 4.2.3 does notapply to the flefinition of
'hvp2 ' tracks.

The $ample format of an 'hvt2 ' track consists of one and only one instance of the HEVC syntlax elements
slice| segment_data( ) and rbsp_slice_segment _trailing_bits( ) of an ihdependent slice segment. No other
datalfis present in samples of "hvt2 "' tracks.

'hvi2 ' tracks avoid the need to have a slice segment headertedundantly present for applications where
the dlice segment header is adjusted depending on which‘composition of tracks is merged to|a bitstream
to b¢ decoded. Appropriate slice segment headers for an 'hvt2' track are present in extractor tracks
that include samples from the 'hvt2' tracks by.reference of type 'scal'. It is not possible to process
an "hvt2' track without an "hvc2', "hev2® "hvc3', or 'hev3' track that contains slice segment
headers natively and the respective slice_.segment data by reference from the "hvt2' track through
extractors.

trafk in movie shall be equal to'0 in the TrackHeaderBox of 'hvt2"' tracks.

10.6)2 Sample entry name ‘and format for HEVC slice segment data tracks

10.6)2.1 Definition

Sample Entry Type:: "hvt2'"

Container: Sample Description Box ('stsd")
Mangatory:\~'No
Quantityt Zero or more sample entries may be present

This Sample entry describes the media samples of an HEVC Slice segment data track. 1he width and
height oftheVisualSampleEntry foran HEVCslice segment data track (sample entry type 'hvt2 ")
shall be set to the width and height of the minimum bounding box enclosing the independent slice
segments contained in the track. The layout information in the track header (i.e., layer, matrix,
width and height) of an HEVC slice segment data track shall be ignored by file parsers.
CleanApertureBox and PixelAspectRatioBox shall not be present in an 'hvt2' sample
description.
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The sample format of an "hvt2"' track shall consist of one and only one instance of the HEVC syntax

elements slice_segment_data( ) and rbsp_slice_segment_trailing_bits( ) of a typically independent slice
segment. No other data shall be present in samples of 'hvt2' tracks.

All "hvt2 "' tracks referenced by the same extractor track and the extractor track shall share the same

timescale.

NOTE

If an ‘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 prov

ded that there is no other extractor track referencing them

10.6.2.2 Sy

class HEV
HEVCTi
}

10.6.2.3 Se

The HEVCS
LHEVCCon]}
sample des¢
Other optio

Optionally,
HEVCTile
segment daf

Compr4g
use
isa
(ded

11 VVCe
11.1 Oven
11.1.1 Gen¢

The Versati
many featur

htax

CS1liceSegmentDataSampleEntry () extends VisualSampleEntry ('hv&3') {

|eConfigurationBox  config(); // optional
mantics
liceSegmentDataSampleEntry shall not contain any #EVCConfiguration

ription of the track containing extractors for including the slice segment data by refer
nal boxes may be included.

the
lonfigurationBox, used to indicate the, tier and level information in the case the

HEVCSliceSegmentDataSampleEntry may contain

a in this track is for a motion-constrained tile or tile set.
ssorname in the base class VisualSampleEntry indicates the name of the compreg

Count of the remaining bytes, hére represented by \ 025, which (being octal 25) is 21
imal), the number of bytes jintthe rest of the string.

lementary streams and sample definitions
jiew
ral

e Video.Coding (VVC) standard (ISO/IEC 23090-3) offers increased coding efficiency
es’for'the systems that use it. To enable the best visibility of, and access to, those feat

and to enha

Box,

figurationBox or MPEG4ExtensionDescriptorsBox;these boxes are found in the

Ence.

one
slice

sor

| with the value "\025HEVC Slife Data Coding" being recommended; the first hyte

and
ures,

rifies

T TrceT oo Tororo e

lause sno
el ¥

the storage format for both single-layer VVC bitstreams and multilayer VVC bitstreams with more than

one layer.

This clause specifies the storage of layers and temporal sublayers of a VVC bitstream in more than one

track. Multi-track storage could be used for accessing and playing the layers or temporal sublayers

selectively. Subclause 11.1.4 contains an overview of storage options for VVC bitstreams with multiple

layers or sublayers.
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This clause specifies the storage of rectangular regions of one or more VVC subpictures or slices as
individual VVC subpicture tracks. Such storage could be used for accessing VVC subpicture tracks
selectively in immersive video applications where only a subset of the video content is viewed at any
moment. Subclause 11.1.5 contains an overview for storage using VVC subpicture tracks.

This clause enables storing non-VCL NAL units in VVC non-VCL tracks. Such storage could be used for
sharing the same non-VCL NAL units among multiple VVC tracks or VVC subpicture tracks and accessing

non-

Sub
whe

11.1

The
exte

a) Rarameter sets and DCI and OPI NAL units:

VCL NAL units only when needed.

tause 1154 Specifies a process for reconstructing of a vVC bitStream that reade
never multiple tracks carry NAL units of the bitstream.

2 Background: features of VVC

btorage of VVC content uses the existing capabilities of the ISO base media(file format but
hsions to support the following features of the VVC codec:

[he VPS, SPS, and PPS mechanism decouples the transmission of infrequently changing
rom the transmission of coded block data. Each coded\picture references the PPS ca
lecoding parameters. In turn, the PPS references.@n SPS that contains sequence lev
barameter information, and the SPS references)avVPS that contains global decoding
nformation across layers. When the referenced.\VPS ID has a value zero, the bitstream c
bne layer and there is no VPS actually referenced.

'he APS mechanism allows efficient storage and transmission of information that tyy
arge number of variations withih™a bitstream and is often updated across pictuy
parameters for the adaptive loop filter (ALF), parameters for the adaptive in-loop re
known as luma mapping, with chroma scaling (LMCS), and parameters for a scaling
hssociates each frequency index with a scale factor for a scaling process specified in ISO/I
APSs carrying parameters for ALF, LMCS, and scaling list are also referred to as ALF APS
ind scaling list APS, respectively. Each slice containing the coded block data may refer
more APSs containing ALF parameters for the slice. Moreover, each picture header mz
APSs of any;type.

A VVE:bitstream may contain DCI NAL units containing parameters describing th
Capability needed for decoding the entire bitstream.

s shall use

also defines

information
ntaining its
el decoding

parameter
bntains only

ically has a
es, such as
shaper, also

list, which
EC 23090-3.
, LMCS APS,
ence one or
y reference

P maximum

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.

b) Picture header:

A picture header (PH) structure includes parameters that have the same value for all slices of a
picture, is present for each picture, and is present either in its own PH NAL unit or directly in the slice
header (SH). A PH structure can only be included in the SH of a slice if it is the only slice in the picture.

The presence of a PH structure in a SH is indicated by the first bit in the SH. Within
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structures can only be either all in PH NAL units or all in SHs. When a PH NAL unit is present, some
parameters may be present either in the PH NAL unit or in the SH of slices associated with the PH
NAL unit.

c) Subpictures:

A VVC subpicture is a rectangular region of one or more slices within a picture. A VVC subpicture
contains one or more complete tiles or a part of only one tile. An encoder may treat the subpicture
boundaries like picture boundaries and may turn off loop filtering across the subpicture boundaries.

Thus, 1j'ﬂmﬁe-mmmrm€dwmmm VvvC
bitstream(s) or merged to a destination VVC bitstream. Furthermore, such VVC bitstream extra¢tion

or merging operations can be performed without modifications of the VCL NAL units. Thé subpi¢ture
identifigrs (IDs) for the subpictures that are present in the bitstream may be indicated.in the SPS(s)
or PPS(F).

11.1.3 Types of tracks for carriage of VVC elementary streams

1°2]

This documgpnt specifies the following types of tracks for carriage of VVC elémentary streams:
a) VVCtragk

b) VVC non-VCL track

NOTE 1 A VVC non-VCL track could contain APSs, which carry“ALF, LMCS, or scaling list parameters, with o
without ofher non-VCL NAL units, stored in and transmitted through a track that is separate from the track containin
the VCL NAL units. A VVC non-VCL track could also contain picture header NAL units, with or without APS NAL unit
and with ¢r without other non-VCL NAL units, stored in andfransmitted through a track that is separate from the trac
containing the VCL NAL units.

N < Jd9

c) VVC subpicture track.

NOTE 2 VVC non-VCL tracks and VVG-subpicture tracks enable an optimal delivery of VVC video in streamin|
applications as follows. These tracks can‘each be carried in DASH representations of their own, and for decoding an
renderingof a subset of the tracks, the DASH representations containing the subset of the VVC subpicture tracks as we
as the DAPH representation containing the non-VCL tracks can be requested by the client, segment by segment. Thi
way, redundant transmission of‘APSs and other non-VCL NAL units can be avoided, and transmission of unnecessar
subpicturps can also be avoided:

<O — T U

—

NOTE 3 When a ¥VE€ subpicture track contains one or more complete slices but not all slices of a subpicture, a
slices in the subpicture track belong to the same subpicture, and any VVC merge base track that references the
subpicturp track,through the ' subp' track reference, also references the subpicture track(s) that contain(s) the reg
of the slicps from the same subpicture.

[

11.1.4 Overviewof VV€ storage withmultipte layersorsublayers

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;
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one or more layers or sublayers in individual tracks, where a bitstream containing all samples of

one or more layers or sublayers in individual tracks, where there is no operating point that

The VVC file format allows storage of one or more layers into a track. Storage of multiple layers per track
can be 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 output
layers where each layer corresponds to a view (for example stereo pair), tracks can be created

aCco

Whe
thel

to thie VVC decoder as specified in subclause 11.5.4.

A VVC operating point may be explicitly represented by a track, i.e., each sample in the track]

acce
thro
thel

The

e vl 0 B Y

Whe
reso

appl

NOTH

dingly.

n a VVC bitstream is represented by multiple tracks and a player uses an operating’poi
hyers are stored in multiple tracks, the player shall reconstruct VVC access unitsbefore p

5s unit natively or through resolving 'subp' or 'recr' track veferences (when pi
1gh resolving 'vvcN' track references (when present). The agcess units contain NAL u
hyers and sublayers that are part of the operating point.

storage of VVC bitstreams is supported by structures’such as the

) sample entry,

) VVC bitstream entity group ('vvcb'),

) Operating Points Information (' vopi~3J’sample group,
) Operating Points Entity Group (' opeg"').

n the track does not natively contain a VVC bitstream and does not represent a VVC bit
ving 'subp', 'recr' and('vvcN' track references (when present), one of the foll

:
- The track has ans'vreg"' track reference to an ' opeg"' entity group.
- The track has.a 'vref ' track reference to a track that contains a ' vopi ' sample gra

- The track-contains a 'vopi ' sample group and all layers and sublayers specified in
sample-group.

For example, when a single-layer VVC bitstream contains two temporal sublayers stored in different

nt for which
assing them

contains an
'esent), and
nits from all

btream after
owing shall

up.

the 'vopi!

racks, the

track

that contains the sublaver with Temporalld equal to 1 contains an 'vref' track reference to the track th

t contains

the sublayer with Temporalld equal to 0.

The structures within a sample entry provide information for the decoding or use of the samples, in this

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 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.
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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.

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 Over

view of VVC storage with VVC subpictures

11.1.5.1 Options to store VVC subpictures

VVC subpictures can be stored in different ways:

a) VvC
VVC

into
trac

b) VVC

whi
extr

11.1.5.2 VV|

a single VVC bitstream based on a VVC merge base track thatteferences the VVC subpi
ks or based on a subpicture entity group.

subpictures of a VVC bitstream can be stored intgla single 'vvcl'/'vvil' track,

hction base track.

C subpicture tracks, VVC merge base tracks,and VVC subpicture entity groups

VVC subpicture tracks enable the storage of VV&’subpictures as separate tracks so that any combin

of subpictu

[t is possible

decoded.

e to create VVC subpicture tracks in two ways, presented in Figure 4:

a) EncIding the video content with multiple subpictures into a VVC bitstream, extracting the c

sub

sequ

icture.sequences from the VVC bitstream, and storing each extracted coded subpi
encéasa 'vvsl' VVC subpicture track.

'h a subset of VVC subpictures can be extracteddnte another VVC bitstream based on a

subpictures can be stored into several different 'vvcl'/'vvil'"er 'vvsl' trackg, i.e,
subpicture tracks. VVC subpictures stored in different VVC subpicture tracks can be merged

ture

from
VVC

ition

es can be streamed or decoded."VVC subpicture tracks enable representing rectangular
regions oft]Le

emphasis o
streamed ot

same video content at different bitrates or resolutions. Consequently, bitrate or resoljition
regions can be adapted:-dynamically by selecting the VVC subpicture tracks that are

bded
ture

b) Splitting the uncompressed video before encoding into multiple uncompressed subpicture
sequences, encoding each uncompressed sequence as a VVC bitstream, and storing each VVC
bitstreamasa 'vvcl'/'vvil' track.
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Bitstream with
multiple subpictures

Multiple coded
subpicture sequences
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Encoding +| Subpicture Storage as
with subpictures extraction 'vwsl' tracks
uncompressed
video
L . Storage as
Splitting to subpicture L»| Encoding o vvelttuvit

sequences

Multiple

subpicture tracks

VVC bitstreams

Itis
extrd

crea

One
of VY

Figure 4 — Possibilities for creating VVC subpicture tracks

possible to mix the above-described ways of creating the VVC subpicture tracksFor ex
icting coded subpictures, they could be stored as 'vvcl'/'vvil' tracks;Which wa
[ing some high-level syntax structures, such as parameter sets.

br more VVC merge base tracks are created for a set of VVC subpicturetracksor 'alte 't

g

/C subpicture tracks. A VVC merge base track references to VVCsubpicture tracks or '

gro

conthins a subpicture order ('spor ') sample group, which specifies, either implicitly or ¢

ord

merging the referenced VVC subpicture tracks in the orfer specified by the subpicture o

gro
'al
incly
diffe
reco

NOTE
subpi
VvcN|
subpi
fill in
merg
availg

Suby
coul
such|

s of VVC subpicture tracks through a ' subp' track reference, In addition, a VVC merg
of 'subp"' track references. A VVC merge base track répresents a VVC bitstream that i

.Whenan 'alte' track group is referenced, readers may select any VVC subpicture tr
Fe' track group for merging. When a track reference index of the same 'alte' tra
ded multiple timesina ' spor' sample grnoup description entry, a reader is expected to
Fent VVC subpicture tracks. A reader shall reconstruct a VVC bitstream by following th
hstruction process for a VVC merge base track, as specified in subclause 11.5.4.

A VVC subpicture track that ‘does not contain content intended for displaying (referred to as a
cture track in this NOTE) can~be indicated with a box header flag of VvcConfiguratid
ALUConfigBox in the samplésentry and can be used for either or both of the following purposes: 1) A
cture track can be referenced'by a VVC merge base track when the other referenced VVC subpicture tracks
the entire picture area. 2)\A player can select a substitute subpicture track from an 'alte"' track group, w
e base track references the 'alte' track group and no other VVC subpicture track of the 'alte' trac
ble, e.g. due to a delayed transmission.

icture entity groups may be created for representing combinations of VVC subpicturg

as,pagameter sets, when merging VVC subpicture tracks as suggested by subpicture ent

ample, after
uld require

rack groups
1 1te' track
e base track
xplicitly, an
s formed by
‘der sample
ick from the
ck group is
resolve it to
e bitstream

substitute
nBox or
substitute
iwould not
hen a VVC
kK group is

tracks that

 be merged as VVC bitstreams. A reader needs to create some high-level structures of thie bitstream,

ity groups.

Annex G contains examples of the usage of VVC merge base tracks and VVC subpicture tracks.

11.1.

5.3 VVC extraction base track extracting subpictures from a VVC track

VVC subpictures of a VVC bitstream can be stored into a single 'vvcl'/'vvil' track. In this case, the

individual VVC subpictures can be reconstructed from a 'vvcl'/'vvil' VVC extraction base track

with a track reference 'recr' to the track containing all VVC subpictures of the VVC bitstream, as

presented in Figure 5.
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uncompressed Encoding with Storage as a
video > subpictures »  'vvcl'/'vvil'
track

Bitstream with
multiple subpictures

VVC extraction base tracks with
'recr' track reference

One or mors
'vvel'/ 'Y
'vvel!' /'y
extraction H
order of re
reference. A
referenced |

the rectangfilar region order sample group. A reader shall'reconstruct a VVC bitstream by followin

bitstream r¢
11.1.6 Over]

This docum

Rectangular
(i-e., instang

If each sam]
type 'trif
of type 'tr

extracting one or more
subpictures

Figure 5 — VVC extraction base tracks for subpicture extraction

e VVC extraction base tracks are created for extracting one or more VVC subpictures fron
Fvil' track with all VVC subpictures. Such VVC extraction.base tracks reference tq
vil' track with all VVC subpictures through a ' recr' track reference. In addition, a
ase track contains a rectangular region order (' rror&)‘sample group, which specifig
rtangular regions to be extracted from the track seferenced through the 'recr' f
L VVC extraction base track represents a VVC bitstream that is formed by extracting
/VC subpictures corresponding to the indicated\rectangular regions in the order specifie

construction process for a VVC extractionbase track, as specified in subclause 11.5.4.
view of rectangular regions carried ina VVC bitstream

ent provides support for describing rectangular regions composed of either:

a sequence of one or mere'VVC subpictures that forms a rectangular region, or
a sequence of one or more complete slices that forms a rectangular region.

h the

the
VVC
S an
rack
r the
d by
s the

regions can be described through rectangular region visual sample group description enftries

es of RectangularRegionGroupEntry) with rect region flagequalto 1.

ble of a track consists of NAL units of only one rectangular region, SampleToGroupB
' can bewused to associate samples to the rectangular region, but this SampleToGroug

x of

Box

if\.dan be omitted if the default sample group description index is used (i.e.,, whe

version of

he’SampleGronpDescriptrionRBox of type '+rif' is equal to or greater tha

the
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 oftype 'nalm'. A RectangularRegionGroupEntry describes:

a rectangular region,
coding dependencies between this rectangular region and other rectangular regions.

Each RectangularRegionGroupEntry is assigned a unique identifier, called groupID. This

identifier can be used to associate NAL wunits in a sample to a particular
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RectangularRegionGroupEntry. When multiple tracks carry a VVC elementary stream, groupID
values should be unique among all the tracks carrying the VVC elementary stream and an identical
grouplID value in any of the tracks carrying the VVC elementary stream should indicate the same

rectangular region.
Positioning and size of rectangular regions are identified using luma sample coordinates.

When used with movie fragments, RectangularRegionGroupEntry can be defined for the duration
of the movie fragment, by defining a new SampleGroupDescriptionBox in the track fragment box
as ¢lefined in ISO/IEC 14496-12:2020, subclause 8.9.4. However, there shall ~npt be any
RectangularRegionGroupEntry in a track fragment that has the same ~grohipID as a

RectangularRegionGroupEntry already defined.

The pase region used in the RectangularRegionGroupEntry is the pictureto which the NAL units
in a rectangular region associated with this rectangular region group entrytbelongs.

If there is any change in the base region size in consecutive samples;samples should be ass¢ciated with
different RectangularRegionGroupEntry entries reflectingtheir respective base regioh size.

NALJunits mapped to a rectangular region may either be carried in a VVC track or in a separate track
called VVC subpicture track.

11.2 Sample and configuration definition
11.2{1 Sample format of VVC tracks and VVC subpicture tracks

The fample format of VVC tracks and VVC-subpicture tracks conforms to that in subclause 4.p.3.

A VYC merge base track shall noti¢ontain VCL NAL units and shall not be referred to by p VVC track
thropgh a 'vvcN' track reference:

A VVC extraction base track.shall not contain VCL NAL units and shall not be referred to by[a VVC track
thropigh a 'vveN' trackreference.

A sample of a VV€subpicture track contains either of the following:

—0One or more complete subpictures as specified in ISO/IEC 23090-3 that form a|rectangular
region.

— (Oneormaore r‘nmplp‘rp slices as QpP(‘iﬁPd in IQOI/IF(‘ 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 DecoderConfigurationRecordbeingthe 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 non-VCL sample. Let the VVC sample be the sample for which both of the following are true:
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— The VVC sample resides in a VVC track or a VVC subpicture track that contains a 'vvcN'

track reference to the VVC non-VCL track.
— 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 'vvcl' or 'vvil' and the value of
array completeness inthe 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 rg¢ferenced sample entry has type 'vvs1', the non-VCL sample shall not contain any DCI

VPS, SPS, PHS, AUD, PH, EOS, and EOB NAL units.

11.2.3 Canopnical order and restrictions

The canoni¢al stream format for VVC is an elementary stream that consists of NAL units specific
ISO/IEC 23(90-3 and satisfies the following conditions in addition to the general conditions in subcl

4.2.2:

— Ifall VCL NAL units for a single picture are stored in the same track, they shall be contained w
the sample whose decoding time and composition time are those of the picture. Otherwise

OPI,

bd in

ause

ithin
(i.e.,

whern pieces of a coded picture are stored in samples of\different tracks), each of these sanmples

shalllhave the decoding time and composition time that are those of the coded picture.

NOTE 1
samples g
times that

— Acce

— DC
be present [

— APSs
unit
parti
the s
unit

]

For example, when VVC subpictures of a coded picture are stored in different VVC subpicture tracks, th
f the VVC subpicture tracks that belong to the sanfe.coded picture have the same decoding and compositio
are equal to those of the coded picture.

=]

rior to the sample centaining that picture or in the sample for that picture.

and dparticutar vatue of aps_params_type withima PUare attowed to be present but TequiT

have

— Filler data: Video data is naturally represented as variable bit rate in the file format and should
be filled for transmission if needed. Filler data NAL units and Filler payload SEI messages shall not

the same content.

be present in samples when the sample entry does not also permit in-stream parameter sets.

NOTE 2

The removal or addition of Filler Data NAL units, start codes, SEI messages or filler payload SEI messages

can change the bitstream characteristics with respect to conformance with the HRD when operating the HRD in the
CBR mode as specified in ISO/IEC 23090-3:2021, Annex C.
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5s unit delimiter NAL units: The-constraints obeyed by access unit delimiter NAL unitf are
defined in ISO/IEC 23090-3.

NAL units, VPSs, SPSs; and PPSs: A VPS, SPS, or PPS to be used for decoding a picture shall

: A prefix APS NAL unit is constrained to be present before the first VCL NAL unit of a pi¢ture
PU). Prefix APS NAL units with a particular value of aps_adaptation_parameter_set_id dnd a
cular valtie of aps_params_type within a PU are allowed to be present but required to have
hme, content. A suffix APS NAL unit is constrained to be present following the last VCL|NAL
bfhe PU. Suffix APS NAL units with a particular value of aps_adaptation_parameter_set_id
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The following constraints apply for storing a canonical stream in samples and sample entries of one or
more tracks:

— The DCI NAL units (if any), VPSs (if any), SPSs, and PPSs shall be stored only in the sample entry
when the sample entry name is 'vvcl', and may be stored in the sample entry and the samples
when the sample entry name is '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
if changed but using the same ID) and in the case of adding additional parameter sets. A decoder initializes yith these
Harameter sets in the sample entry, and then updates using these parameter sets as they occur in the \€]lementary
gtream, starting from any sample marked as a sync sample. Such updating can replace these parameter. sets with a new
g
¢

efinition using the same identifier. Each time the sample entry changes, the decoder re-initializes with these
arameter sets included in the sample entry.

— LMCS APS NAL units and scaling list APS NAL units may be stored either in the samiples 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 trjacks, 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}4 Decoder configuration information
11.244.1 VVC profile-tier-level record
11.2)4.1.1 Definition

This[subclause specifies the profile-tier-level syntax structure for ISO/IEC 23090-3 video content stored
in a file.
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11.2.4.1.2 Syntax

aligned(8) class VvcPTLRecord(num_sublayers) {

}

11.2.4.1.3 Semantics

140

bit (2)

reserved = 0;

unsigned int (6) num bytes constraint info;

unsigned int (
unsigned int(
unsigned int(
(
(

unsign
unsign
unsign
for (i
uns
for (3
bit
for (i
if

unsign
for (3
uns

num bytes constraint info is used to specify the length of
general constraint info field. The length of the general constraint info fig
num bytes constraint info *8-2 bits. Theé/value shall be greater than 0. The ¥
equal to 1 indicates that the gci_present flag in the general_constraint_info( ) syntax stru
repijesented by the general constraint info field is equal to 0.

generdl profile idgc, generadMtier flag, general level |
ptl
general constraint info,
subllayer level idc[i],
gen
stru
ptl_inulti_layer_enabled_flag,~ general_constraints_info(), ptl_sublayer_level_present_fl
sublayer level_idc[i], ptlinum_sub_profiles, and general_sub_profile_idc[j] as defineg

ISO

Wh¢n sublayex\\level idc[i] is notpresent, its value is inferred as follows:

NOTE

7) general profile idc;
1) general tier flag;
8) general level idc;
ed int(l) ptl frame only constraint flag;
ed int(l) ptl multi layer enabled flag;
ed int (8*num bytes constraint info - 2) general constraint info;
—num th‘lzyov‘c =2 3 =0 1'——)
igned int (1) ptl sublayer level present flagl[i];

num_sublayers; j<=8 && num sublayers > 1; j++)
(1) ptl reserved zero bit = 0;
Fnum_sublayers-2; i >= 0; i--)

(ptl sublayer level present flag[i])

insigned int(8) sublayer level idc[i];

ed int (8) ptl num sub profiles;

=0; J < ptl num sub profiles; j++)

igned int (32) general sub profile idc[j];

| frame only constraint flag; ptl multi layer enabled f]
ptl sublayer level present flag
ptl num sub profiles
ral sub profile id¢(j] contain the matching values for the fields or sy

ctures general_profile_ide;general_tier_flag, general_level_idc, ptl_frame_only_constraint

[EC 23090-3 for.the CVSs to which this VvcPTLRecord applies.

— Thevalue of sublayer level idcl[num sublayers - 1] isinferred tobe g
tolgeneral level idc.
—  \For i from num sublayers -2 to 0 (in decreasing order of values of i), incly

the
1d is
ralue
ture

idc,
lag,
(1],
and
ntax
| flag,
gli],
| in

qual

sive,

sublayer level idc[i] is inferred to be equal

to

sublayer level idc[i + 1].

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_minus1 or sps_max_sublayers_minus1. 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.
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4.2 VVC decoder configuration record

4.2.1 Definition

5:2022(E)

This subclause specifies the decoder configuration information for ISO/IEC 23090-3 video content.

NOTE 1

The definition and semantics of the decoder configuration record are specified in the context of including the

record in a sample entry of a VVC track. It is possible to use the decoder configuration record in other contexts too, such as
for image items, by re-specifying parts of the definition and semantics.

The term referenced CVS is defined within the context of subclause 11.2.4 to be any CVS for which either

of the following is true:

NOTH

The

of each referenced CVS natively present in or reconstructed from the samples that referencg

entr

This
NAL
reco

Whe
track
samj

Ther
indiq
inIS

VvcDecoderConfigurationRecord.

- The CVS is reconstructed as specified in subclause 11.5.4 with the \samples that re
sample entry containing this VvcDecoderConfigurationRecoOxd as input.

2 Whenptl present flagisequalto 1, the referenced CVS is reconstructed from both of the follow|
[he samples referencing the sample entry containing this VvcDecoderConfigurationRecord.
[ime-aligned samples of the referenced VVC non-VCL track, if any.

erm referenced CVSs is defined within the contéext of subclause 11.2.4 to be a set of CVSs {

 containing this VvcDecoderConfigutationRecord.

record contains the size of the lengthfield used in each sample to indicate the length of i
units as well as the parameter Sets, DCI, OPI, and SEI NAL units, if stored in the sample
Fd is externally framed (its size is supplied by the structure that contains it).

nthe ptl present ‘flag isequal to zero in the decoder configuration record of a ti
t does not contaip~a*' vopi' sample group and all layers and sublayers specified in {
le group, the value of track in movie flag shall be equal to 0.

e is a set-0f arrays to carry initialization non-VCL NAL units. The NAL unit types are 1
ate DEI;OPI, VPS, SPS, PPS, prefix APS, and prefix SEI NAL units only. NAL unit types that 3
D AEE23090-3 and in this document may acquire a definition in the future specification,

- The CVS is natively present in the samples that reference the sample entdy conftaining this

ference the

ng:

hat consists
the sample

's contained
entry. This

ack and the
he 'vopi'

estricted to
ire reserved
and readers

£NAL

sho

NOTE 3

1434 1a 3338 - 2 d 1 1 W | 1 + 4
TUTEIoTC artay S witr TCSCT v e UT aTrp T It O v araC S OT INZ TG aTrc ey Pes

compatible extensions to these arrays in future specifications.

NOTE 4

This ‘tolerant’ behaviour is designed so that errors are not raised, allowing the possibility of backwards-

The NAL units carried in a sample entry are included immediately following the AUD and OPI NAL units (if any)

in, or otherwise at the beginning of, the access unit reconstructed from the first sample that references the sample entry.

It is recommended that the arrays be in the order DCI, OPI, VPS, SPS, PPS, prefix APS, prefix SEI.
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11.2.4.2.2 Syntax

aligned(8) class VvcDecoderConfigurationRecord {

bit (5)

reserved = '11111'b;

unsigned int (2) LengthSizeMinusOne;
unsigned int (1) ptl present flag;
if (ptl _present flag) {

unsigned int

) ols_idx;

(9
unsigned int (3) num sublayers;
(2

unsigned int

) constant frame rate;

unsigned int (2) chroma format idc;

uns
bit
Vvc
uns
uns
uns

}

unsign
for (3
uns
bit
uns

if

for

}

11.2.4.2.3 Semantics

Length

the

or nmore CVSsbelong to that operating point. pt1 present flagequal to 0 indicates that

congtraints may not apply.
NOTE1 For

'rjrvor‘] 1'?11—('2\ bit Hopfh mianQ;

(5) reserved = '11111'b;

PTLRecord (num_sublayers) native ptl;
lgned int (16) max picture width;
igned int (16) max picture height;
Lgned int (16) avg frame rate;

bd int (8) num of arrays;

=0; J < num_of arrays; Jj++) {

igned int (1) array completeness;

(2) reserved = 0;

igned int (5) NAL unit type;

(NAL unit type != DCI NUT && NAL unit type > OPI NUT)
insigned int (16) num nalus;

(1i=0; i< num nalus; i++) {

hinsigned int (16) nal unit length;

pbit (8*nal unit length) nal unit;

pperating-point specified by ols idx and num sublayers, and all NAL units of thosg

SizeMinusOne plus 1 indicates‘the length in bytes of the NALUnitLength field i the
samples referencing the sample entty that contains this configuration record. For example, 3
of one byte is indicated with_a,value of 0. The value of this field shall be one of 0, 1,
corresponding to a length encoded with 1, 2, or 4 bytes, respectively. lengthSizeMinug
shal] have the same value in all configuration records for the same VVC bitstream.

ptl pyesent flag egual to 1 specifies that the samples that reference the sample ¢
containing this VvéDécoderConfigurationRecord contain one or more CVSs native
thro

size
or 3
One

ntry
y or

ugh resolving'subp' or 'recr' track references, those one or more CVSs correspond to

one
such

pxample, the referenced CVSs could correspond to multiple output layer sets or samples that reference the s

mple

entry containing this VvcDecoderConfigurationRecord could contain one or more individual layers that do not form an

output layer set or individual 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
CVSs. The value of o1s_idx may be used as the value of the TargetOlsldx variable provided by
external means or by an OPI NAL unit to the VVC decoder, as specified in ISO/IEC 23090-3, for
decoding the referenced CVSs.
num_ sublayers greater than 1 indicates that the referenced CVSs are temporally scalable and the
contained number of sublayers is equal to num sublayers. Value 1 indicates that the
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referenced CVSs are not temporally scalable. Value 0 indicates that it is unknown whether the
referenced CVSs are temporally scalable.
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 o1s idxandnum_ sublayers, this gives the indication of whether
the referenced CVSs of the operating point has constant access unit rate. Value 3 is reserved.
chroma format idc indicates the chroma format that applies to the referenced CVSs. The
following constraints apply for chroma format idc:

If the referenced CVSs contain one and only one layer, th

b value of

sps_chroma_format_idc, as defined in ISO/IEC 23090-3, shall be the sanje 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
chroma format idc shall be equal to that
vps_ols_dpb_chroma_format[ MultiLayerOlsIdx[ ols idx]].

it depth minus8 indicates the bit depth that applieS.to the referenced CVSs. The fo
constraints apply forbit depth minus8:

If the referenced CVSs contain one and only one layer, th
sps_bitdepth_minus8, as defined'in ISO/IEC 23090-3, shall be the sam

the value of
value of

[lowing

b value of
e in all SPSs

referenced by the VCL NAL units of the referenced CVSs, and the value of

bit depth minus8 shall be equal to that value of sps_bitdepth_min

158.

Otherwise (the referenced CVSs contain more than one layer), the value of

vps_ols_dpb_bitdepth_minus8[ MultiLayerOlsldx[ o1s idx]], as
ISO/IEC 230903, shall be the same for all the referenced CVSs, and
bit depth minus8 shall be equal to that
vps_ols_dpb_bitdepth_minus8[ MultiLayerOlsldx[ o1s idx]].

defined in
the value of
value of

OTE 2If two coded video sequences differ in colour space or bit depth indications, then two different VYC sample
ntries are also required.

pative ptlispecifies the profile, tier, and level of the output layer set represepted by the
referénced CVSs. native ptl shall be present in the decoder configuration recotd when the
safiples that reference the sample entry containing this VvcDecoderConfiguratlonRecord
form one or more CVSs natively or through resolving 'subp' or 'recr' track ref

cOrEAG

hyr ~1 |

brences that
e values for

»nardeto-an-aoneratinoarnalnt-cnacifia
CUITTUCOS JUITuUS LU daIil UH\'l CILIIIS }JULLIL OP\.»\,III\.»L»\ UJ ULlo L

and .| T
armru I IaItt QL{LJ_LCI_YCLO- PR Y

the syntax elements within native pt1 shall be valid for all parameter sets that are referenced
when the referenced CVSs are decoded (referred to as "all the parameter sets" in the following
sentences in this paragraph). Specifically, the following restrictions apply:
The profile indication general profile idc shall indicate a profile to which
the output layer set identified by o1s_idx in this configuration record conforms.

NOTE 3
record, then the referenced CVSs could need examination to determine which profile, if any, all the referenced CVSs conform to.
If all the referenced CVSs are not examined, or the examination reveals that there is no profile to which all the referenced CVSs

If different profiles are marked for different CVSs of the output layer set identified by o1s_idx in this configuration
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conform, then the referenced CVSs are expected to be re-mapped to two or more separate configuration records in which these
rules can be met.

The tier indication general tier flag shall indicate a tier equal to or greater
than the highest tier indicated in all the profile_tier_level( ) syntax structures (in all
the parameter sets) to which the output layer set identified by ols idx in this
configuration record conforms.

A bit at a particular bit index in general constraint info shall be equal to 0
when the bit of that same particular bit index is equal to 0 in any

max pi
to th

max pi
appl

general_constraints_info( J Syntax structure among ail the profile_tier_ieyel( )
syntax structures in all the parameter sets referred to by the referenced CVSs:

The level indication general level 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 identifigd by
ols_idxandnum_ sublayers in this configuration recordconforms.

cture width indicates the maximum picture width, in units of luma samples, that applies

e referenced CVSs. The following constraints apply formax picture width:

If the referenced CVSs contain one and ©nly one layer, the valug of
sps_pic_width_max_in_luma_samples, as defined“in ISO/IEC 23090-3, shall b¢ the
same in all SPSs referenced by the VCL NAL 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.

Otherwise (the referenced CVSs, contain more than one layer), the valye of
vps_ols_dpb_pic_width[ MultikayerOlsldx[ ols idx]], as defined in
ISO/IEC 23090-3, shall be the same for all the referenced CVSs, and the valfie of
max picture width shall be equal to that value of
vps_ols_dpb_pic_width[)MultiLayerOIsldx[ o1s idx]].

cture height indicates-the maximum picture height, in units of luma samples,|that

ies to the referenced CVSs. The following constraints apply formax picture height:

If the referenced CVSs contain one and only one layer, the valug of
sps_pictheight_max_in_luma_samples, as defined in ISO/IEC 23090-3, shall b¢ the
same in all SPSs referenced by the VCL NAL units of the referenced CVSs, and the
value of max picture height shall be equal to that valugq of
Sps_pic_height_max_in_luma_samples.

Otherwise (the referenced CVSs contain more than one layer), the valye of

vpc_n]c_dph_pir‘_hpighf[ Multil nyprﬂlddy[ ols id ] ], as defined in
ISO/IEC 23090-3, shall be the same for all the referenced CVSs, and the value of
max picture height shall be equal to that  value of
vps_ols_dpb_pic_height[ MultiLayerOlsldx[ o1s idx]].

NOTE 4 VVC enables picture resolution change within a CLVS. The maximum picture height and width is indicated in
the SPS, whereas the actual width and height for each picture is indicated in the PPS.

avg frame rate gives the average frame rate in units of frames/(256 seconds), for the referenced
CVSs. Value 0 indicates an unspecified average frame rate. When the referenced CVSs contain
multiple layers and samples are reconstructed for the operating point specified by o1s idx and
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num_sublayers, this gives the average access unit rate of the referenced CVSs of the operating

point.

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 refer

enced CVSs;

when equal to 0 indicates that additional NAL units of the indicated type may be present in the
samples used for reconstructing the referenced CVSs; 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 23090-3; it is restricted to take one of the values

11.2

11.2

This

This

indicating a DCI, OPI, VPS, SPS, PPS, prefix APS or prefix SEI NAL unit.

num nalus indicates the number of NAL units of the indicated type included inthe-c

record for the referenced CVSs. The SEI array shall only contain SEI messages of a
nature, that is, those that provide information about the referenced CVSs as‘@whole.
of such an SEI could be a user-data SEI. When not present, the value of @imNalus i
be equal to 1.

nal unit length indicates the length in bytes of the NAL unit.
nal unit contains a DCI, OPI, VPS, SPS, PPS, APS or declarative SEI NAL unit, as

ISO/IEC 23090-3.
4.3 VVC configuration box

4.3.1 Definition

subclause specifies VvcConfigurationBox that carries a VVC decoder configuration

box derives from FullBox and hence contains a version field. This version of the {

defines version 0 of this box. Incompatible changes to the box will be indicated by a change

num

ber. Readers shall not attempt to decode this box or the referenced CVSs if the versio

unrecognized.

Com
be p

11.2

patible extensions to this.box will extend it and need not change the version code. Re3
‘epared to ignore unrecognized data beyond the definition of the data they understand.

4.3.2 Syntax

clags VvcConfidgurationBox extends FullBox ('vvcC',version=0,flags) {

}
11.2

JvcDecodér€onfigurationRecord () VvcConfig;

4.3.3_Semantics

pnfiguration
declarative’
An example
s inferred to

specified in

record.

pecification
bf version

n number is

ders should

VvcDecoderConfigurationRecord is defined in subclause 11.2.4.2.

The following semantics apply when VvcConfigurationBox is contained in a sample entry of type

'vvcl'or 'vvil':

(flags & 1) equal to 1 in a VvcConfigurationBox included in a VVC subpicture track indicates

that the samples referencing the sample entry do not contain content intended for di
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LengthSizeMinusOne plus 1 indicates the length in bytes of the NALUnitLength field in a track
that contains the VvcNALUConfigBox. 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. lengthSizeMinusOne shall have the same value in all instances of

Vvc

ConfigurationBox and VvcNALUConfigBox contained in the sample en

tries

referenced by the samples used for reconstructing a VVC bitstream as specified in subclause

11.5

11.2.4.4 VV

4.

C NAL unit configuration box

11.2.4.4.1

This subcla

indicating the byte count of the NalUnitLengthField that delimits NAL units. VvcNALUEonfig

is intended

11.2.4.4.2 S

class Vvc
unsign
unsign

}
11.2.4.4.3 §

(flags
the

Length
indi
this
resp
Vv
refe

11.5.

11.3 Deriy
11.3.1 VVC

11.3.1.1 De

efimmition
1se specifies VveNALUConfigBox that carries the LenghSizeMinusOne field use
o be used in container structures where an entire VvvcConfigurationBgx‘is unneces

yntax

NALUConfigBox extends FullBox ('vvnC',version=0,flags) {

bd int (6) reserved=0;
bd int (2) LengthSizeMinusOne;
emantics

& 1) equalto 1inaVvcNALUConfigBox includedina 'vvsl' sample entry indicates
amples referencing the sample entry do not.contain content intended for displaying.

SizeMinusOne plus 1 indicates the léngth in bytes of the NALUnitLength field use
cating the byte count of the NalUnitlLengthField that delimits NAL units. The val
field shall be one of 0, 1, or 3 corresponding to NalUnitLengthField of 1, 2, or 4 b
ectively. lengthSizeMinusOne shall have the same value in all instance

Fenced by the samples @sed for reconstructing a VVC bitstream as specified in subcl
4.

ation from ISO.base media file format
ample entries

finition

Sample Enti

1l for
Box
sary.

that

d for
e of
ytes,
of

]

ConfigurationBox andtVvcNALUConfigBox contained in the sample enftries

ause

yIypes: 'vvcl', 'vvil'

Container:
Mandatory:

Quantity:

Sample Table Box ('stbl"')

An 'vvcl' or 'vvil' sample entry is mandatory in at least one track among
the tracks carrying a VVC bitstream

One or more sample entries may be present

A VVC sample entry is defined to be a sample entry that has sample entry type equal to 'vvcl' or

'vvil'.Each sample entry of a VVC track shall be a VVC sample entry. A VVC sample entry shall contain

aVvcConfigurationBox, which includes a VvcDecoderConfigurationRecord.
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When the BitRateBox is present in a VVC sample entry with pt1 present flag equal 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.

Extension descriptors that should be inserted into the Elementary Stream Descriptor, when used in

MPE

G-4, may 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.

Whe
the
bitst
level

Whe

Whe
valu
entr

Whe
follo

n the sample entry name is 'vvcl' or 'vvil' and profile, tier, and level information

sample entry, the contiguous CVSs that the sample entry references shall form) a’cor

ream as viewed by a VVC decoder operating under the configuration (including prof
) given in the VvcConfigurationBox.

n the sample entry name is 'vvcl', the following applies:

— Thevalue ofarray completeness shall be equal to 1 forarrays of SPS, and PPS

to 1 for the array of DCI units. Otherwise, NAL unit type shall notindicate DCI N

to 1 for the array of VPS NAL units. Otherwise, NAL unit type shall not indicg
units.

n the value of array completen€ss is equal to 1 for an array of a particular NAL 1
e, NAL units of that NAL unittype value cannot be updated without causing a diffe
 to be used.

n the sample entry nanie is 'vvil', the value of array completeness of at leas
wing arrays shall be-equal to 0:

— The arrayrof DCI NAL units, if present
— The'array of VPS NAL units, if present

—~.(The array of SPS NAL units

s present in
hpliant VVC
le, tier, and

NAL units.

— Ifa VVC bitstream includes DCI NAL unit(s), the value of array completeness shall be equal

AL units.

— Ifa VVC bitstream includes VPS NAL unit(s), the value of array completeness shall be equal

te VPS NAL

nit type
rent sample

t one of the

— The array of PPS NAL units

NOTE 1

Systems wishing to send parameter set updates will need to compare the constraints of 'vvcl' and 'vvil'

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.

NOTE 2 Decoders conforming to this specification are required to support both parameter sets stored in th

as we

1l as parameter sets stored in the sample entries, unless restricted by another specification using this one.
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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 'vvcl'
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') {
VvcConfigurationBox config;
MPEG4ExtensionDescriptorsBox (); // optional

}
11.3.1.3 Semantics

Comprdssorname in the base class VisualSampleEntry indicates the name of the)comprgssor
used with the value "\012VVC Coding" being recommended (\012 is 10;the length of the
string in bytes).

11.3.2 VVC subpicture sample entry 'vvsl'

11.3.2.1 Definition

Sample Entfy Types: 'vvsl'

Container: Sample Table Box ('stbl')

Mandatory:| No

Quantity: One or more sample entries may be present

When a VV( subpicture track does not contain a conforming VVC bitstream, a 'vvsl' sample enfry is
used for the VVC subpicture track, and the following constraints apply for the track:

— The track in movie flagshall be equal to 0.

— The track shall contain oné-and only one sample entry.

— The track shall be refererced by at least one VVC merge base track through the ' sybp'
track reference.

— DCI, OPI, VPS, SRS, PPS, AUD, PH, EOS, EOB and other AU- or picture-level non-VCL|{NAL
units shall be ‘absent both in the sample entry and in the samples of 'vvs1' tracks.

— Unless indicated otherwise, child boxes of video sample entries (such as
CleanApertureBox and PixelAspectRatioBox) 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 ngt be

present.
— Subsample information for samples of a 'vvs1' track may be present; if present, the

subsample information shall follow the definition of sub-samples for VVC.
The sample entry of type 'vvs1l' shall contain VvcNALUConfigBox.

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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2.2 Syntax

class VvcSubpicSampleEntry () extends VisualSampleEntry ('vvsl') {
VvcNALUConfigBox config;

}
11.3.

2.3 Semantics

5:2022(E)

Compressorname in the base class VisualSampleEntry indicates the name of the compressor
used with the value "\012vvC Coding" being recommended (\012 is 10, the length of the

string in bytes).

11.3

11.3

11.3

Sam
Cont]
Man

3 VVC non-VCL sample entry
3.1 Sample entry name and format
3.1.1 Definition

ble Entry Type: 'vvcN'
Qiner: Sample Description Box ('stsd")
Hatory:  Yes

Quantity: One or more sample entries may be present

A VVIC non-VCL sample entry shall contain a VveNALUConf ¥gBox.

Whep a 'vvcN' sample entry is presentin a track, thet¥ack in movie flag shall be equa
track.

11.3{3.1.2 Syntax

clags VvcNonVCLSampleEntry () exténds VisualSampleEntry ('vvcN') {

\
}

11.3

11.3

A tr3
aVVv

[vcNALUConfigBox config;

3.1.3 Semantics

ompressorname in the'base class VisualSampleEntry indicates the name of the
used with the value "\013VVC non-VCL" being recommended (\013 is 11, thel
string as a byte).

3.2 Trackrweference

ck reference of type 'vvcN' may be included in a VVC track or a VVC subpicture track,
C nen-VCL track. When present, this track reference is used to connect from the VVC trac

| to O for the

compressor
ength of the

referencing
k or the VVC

subp

> 1 1 Al Fakd 1
ICUUTC LI'dCK 1O UIC ITOIT=VUL UI'dCK.

When either a VVC track or a VVC subpicture track has a track reference of type 'vvcN' to a VVC non-
VCL track (hereafter called the associated VVC non-VCL track), the following applies:

— A sample in the video track that is not a sync sample may or may not have a corresponding
sample 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, then that sample in the associated VVC non-VCL track

shall also be a sync sample.

© ISO/IEC 2022 - All rights reserved

149


https://iecnorm.com/api/?name=287ddb322347acba4d0aa1e5cd5eeac2

ISO/IEC 14496-15:2022(E)

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.

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 ('vvcl' or 'vvil') for the VVC

subpicture t

rack.

AVVCtrackjmay containa ' subp' track reference. The entries of a ' subp ' track reference shall contain
either a track ID value of a VVC subpicture track or a track group id value of an 'al®e” frack
group of VV[C subpicture tracks.
A sample group of type 'spor"', as specified in subclause 11.4.17, shall be presentn-each VVC merge
base track.
A VVC track may contain a 'recr' track reference. When a 'recr' track{reference is present, it shall
contain one|and only one entry. The entry of a ' recr' track reference shall contain a track ID value
of a VVC trafk that is neither a VVC merge base track nor a VVC extraction base track. A track referepced
by a 'recH' track reference shall not have any associated VVC rion-VCL track. A VVC extraction base
track shall ot have any associated VVC non-VCL track.
A sample grpup of type ' rror', as specified in subclause. 1;1.4.20, shall be present in each VVC extrattion
base track.
A VVC track|shall not contain both ' subp' trackreference and 'recr' track reference.
A VVC merge base track may contain a "mwixn' track reference, with entries containing any of the
following:

— atfack IDvalue ofaVVE subpicture track,

— atfack group 'idvalueofan 'alte' track group of VVC subpicture tracks, or

— atfack group idvalueofa 'snut' track group of VVC subpicture tracks.
When a VV( subpicture track is referenced by a VVC merge base track containinga ' spor ' sample gfoup
description 'ertry-having-subpie—id—info—fiagequal-tetthe VWCsubpicture-trackshall-contain a

subpicture ID sample group description, potentially using the default sample group description index.

When the VVC track is referenced by a VVC extraction base track containing a 'rror' sample group
description entry having subpic id info flag equal to 1, the VVC track shall contain a subpicture
ID sample group description with rect region flagequal to 1, potentially using the default sample
group description index.
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When the VVC track is referenced by a VVC extraction base track, the VVC track shall containa 'nalm'
sample group that should be associated with grouping type parameterequalto 'trif"'.

NOTE In this version of this document,a ' trif ' sample group is the only sample group that is suitable to be used as
the grouping type parameter for a 'nalm' sample group. However, readers are expected to handle any value
grouping type parameterfora 'nalm' sample group when resolving grouplD values containedin 'rror' sample
group description entries.

When a VVC track is referenced by a VVC extraction base track, the DCI, OPI, VPS, SPS, PPS, AUD, PH, EOS,
and EOB NAL units present in a sample of the VVC track shall be mapped to groupID equal to 0 in the
NALUMapEntry applying to the sample of the VVC track.

A "gnut ' track group shall contain the VVC subpicture tracks, and each time-alignéd set of samples of
all the 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 ¢f any other
VVCisubpicture tracks referenced by the same VVC merge base track’to-avoid decoding mismatches and
couldl therefore be constrained as follows:

—  All the VVC subpicture tracks contain VVC subpictures.

— The subpicture boundaries are like picture boundaries.

When a 'subp' track reference in a VVC mergeibase track references an 'alte' tracK group that

collgcts VVC subpicture tracks with different ¥CL NAL unit types in any time-aligned sample, gither of the
following shall be true:

1+ 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 id vhlues of the
'snut' trackgroups.

— The VVCumnerge base track contains a track reference of type 'mixn' where the enfries are the
tracgk<{ID values of all the VVC subpicture tracks with different VCL NAL unit types in any time-
aligned sample in the respective 'alte"' track group.

11.3[5 Sync sample

A sync sample in 'vvcl' and 'vvil' tracks shall contain VCL NAL units indicating that the coded
picture in the sample is an Instantaneous Decoding Refresh (IDR) picture, a Clean Random Access (CRA)
picture, a Gradual Decoding Refresh (GDR) picture, or a Step-wise Temporal Sublayer Access (STSA)
picture. When the coded picture in a sync sample is a CRA picture, there shall be no RASL pictures
associated with that CRA picture. When the coded picture in a sync sample is a GDR picture, it shall have
ph_recovery_poc_cnt equal to 0 and there shall be no pictures following it in decoding order that precede
it in presentation order. When the coded picture in a sync sample is an STSA picture, its Temporalld
tldSync shall be equal to the lowest Temporalld in the track and there shall be no pictures following it in
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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 tldSync shall be of type STSA.

A sync sample in 'vvcl' and 'vvil' track carrying multiple layers of a VVC bitstream shall contain

VCL NAL units indicating that the coded pictures in the sample are Instantaneous Decoding Refresh (IDR)
pictures, Clean Random Access (CRA) pictures, Gradual Decoding Refresh (GDR) pictures or Step-wise
Temporal Sublayer Access (STSA) pictures. The following conditions apply for the coded pictures in the
sample of a track carrying multiple layers of a VVC bitstream.

— When fhe coded pictures 1 a sync sample are CRA pictures, there shall be no RASL pic

associa

— When t
equal td
order.

— Whent
to the |
decodin
order in

NOTE 1 W
and has entr
example when

NOTE 2 A
such cases syn|
Decoders migh

Table 13 indlicates the mapping between VVC VCL NAL unit types, ISOBMFF sync sample status and

types as dog

ed with the corresponding CRA pictures.

he coded pictures in a sync sample are GDR pictures, they shall have ph_recovery_po
0 and there shall be no pictures following it in decoding order that precede.itin present

e coded pictures in a sync sample are STSA pictures, their Temporalld tldSync shall be ¢
bwest Temporalld in the track and there shall be no pictures following the sync samp
g order that precede it in presentation order and the first sample that follows it in decg

each sublayer with Temporalld greater than tldSync shall-be-of type STSA.

hen there is no sync sample among the samples described by the TrégkBox, the SyncSampleBox is presen
iy _count equal to 0. Storage of a VVC bitstream might not result into any sync samples being present, fo

either of the following is true:

— A VVC bitstream does not contain IDR or CRA" pictures and starts with a GDR picture wit
ph_recovery_poc_cnt greater than 0.

— A VVC bitstream does not contain IDR pictures and contains some CRA pictures but each of them ha|
at least one associated RASL picture.

VVC bitstream stored under multiplettacks might not have time-aligned sync samples in different tracks. I

c samples at an earlier time mightbe needed for accessing all the layers and sublayers of an operating poinf.

t need sync samples to be time-aligned in all the layers of an operating point to perform random accessing.

umented in [SOBMFF for a VVC track of type 'vvcl' and 'vvil'.
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Table 13 — Mapping of VVC VCL NAL unit types to sync sample status and SAP types for a VVC

track of type 'vvcl' and 'vvil'

picture(s) in decoding order that precede it in
presentation order)

NAL Unit Type DASH SAP type ISOBMFF sync sample
status
IDR_N_LP 1 true
2 (if IRAP picture(s) has/have associated RADL | true
pictures)
IDR_W_RADL ; : :
1 (if IRAP picture(s) has/have no associated RADL | true
pictures)
3 (if IRAP picture(s) has/have associated RASL | false
pictures)
CRA 2 (if IRAP picture(s) has/have no associated RASL | true
pictures but has/have associated RADL pictures)
1 (if IRAP picture(s) has/have no associated leading |\true
pictures)
4 (if GDR picture(s) has/have ph_recovery_poc.cnt | false
greater than 0)
3 (if GDR picture(s) has/have ph_recovery)poc_cnt | false
equal to 0 and GDR picture(s) has/have pictures
DR following it in decoding order that. precede it in
presentation order)
1 (if GDR(s) has/have ph_recovery_poc_cnt equal to 0 | true
and GDR picture(s) does/do not have pictures
following in decoding, “erder that precedes it in
presentation order)
3 (if the picture(s)*in the first AU of each further | false
sublayer presentin 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 track that follow the STSA
picture(s) in decoding order but precede it in
presentation order that are not STSA pictures)
2 (if the picture(s) in the first AU of each further | true, if Temporalld equal to
sublayer present in the track that follows the STSA | smallest Temporalld in
STYA picture(s) in decoding order is/are also STSA | track and the firgt following
picture(s). There might be pictures following the STSA | sample of eagh further

sublayer in decoding order
are of type STSA

1 (if the picture(s) in the first picture of each further
sublayer present in the track that follows the STSA
picture(s) is/are also STSA picture(s). There are no
pictures preceding the STSA picture(s) in
presentation order)

true, if Temporalld equal to
smallest Temporalld in
track and the first following
sample
sublayer in decoding order
are of type STSA

of each further
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A syncsamplein 'vvs1' VVC subpicture tracks shall contain one or more subpictures, and each of these

subpictures shall be an Instantaneous Decoding Refresh (IDR) subpicture, a Clean Random Access (CRA)
subpicture, a Gradual Decoding Refresh (GDR) subpicture, or a Step-wise Temporal Sublayer Access
(STSA) subpicture, being constrained as follows.

— When a coded subpicture in a sync sample is a CRA subpicture, there shall be no RASL subpictures
associated with that CRA subpicture.

— When a|coded subpicture in a sync sample is a GDR subpicture, the time-aligned sample in each{VVC

merge llase track that references this VVC subpicture track shall have ph_recovery_poc_cnt eqyal to

0 and there shall be no subpictures following it in decoding order that precede it in present

order.

hition

— When 4 coded subpicture in a sync sample is an STSA subpicture, its Temporalld tIdSync shdll be
equal td the lowest Temporalld in the track and there shall be no subpictures following it in decqding
order that precede it in presentation order and the first sample that follows it in decoding order in
each suplayer with Temporalld greater than tldSync shall be of type/STSA.

Table 14 indlicates the mapping between VVC VCL NAL unit types, ISOBMFF sync sample status and SAP
types as doqumented in ISOBMFF for a VVC subpicture track of tgpe ' vvsl'.

Table 14 - Mapping of VVC VCL NAL unit types to sync sample status and SAP types for 'vvsl'

VVC subpicturetrack
NAL Unit DASH SAP:type ISOBMFF syn¢
Type sample status
IDR_N_LP 1 true
2 (if IRAP subpicture(s) has/have associated RADL | true
subpicture(s))
IDR_ W_RAPL : - ,
1 (if IRAP subpicture(s) has/have no associated RADL | true
subpicture(s))
3 (if IRAP subpicture(s) has/have associated RASL | false
subpicture(s))
CRA 2 (if~IRAP subpicture(s) has/have no associated RASL | true
subpicture(s) but has/have associated RADL subpicture(s))
1 (if IRAP subpicture(s) has/have no associated leading | true
subpicture(s))
4 (if the sample consists of GDR subpicture(s) and the time- | false
aligned sample in each VVC merge base track that references
this VVC subpicture track has ph_recovery_poc_cnt greater
GDR than 0)
3 (if this sample consists of GDR subpicture(s) and the time- | false
aligned sample in each VVC merge base track that references
this VVC subpicture track has ph_recovery_poc_cnt equal to 0
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and the GDR subpicture(s) has/have subpicture(s) following
itin decoding order that precede it in presentation order)

1 (if this sample consists of GDR subpicture(s) and the time- | true
aligned sample in each VVC merge base track that references
this VVC subpicture track has/have ph_recovery_poc_cnt
equal to 0 and the GDR subpicture(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 | false
present 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 subpicture(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 furthersublayer | true, if Temporalld
present in the track that follows the STSA subpicture(s) in | equal to| smallest
decoding order is/are also STSA subpicture(s). There mightbe | Temporalld in track
subpicture(s) following the STSA subpicture(s) in decoding | and the first
order that precede it in presentation order) following |sample of
STS each further
sublayer in decoding
order ar¢ of type
STSA
1 (if the subpicture(s) in the first subpicture of each further | true, if Temporalld
sublayer present in<“the track that follows the STSA | equal to| smallest
subpicture(s) is/are also STSA subpicture(s). There are no | Temporalld in track
subpictures préceding the STSA subpicture(s) in presentation | and the first
order) following |sample of
each further
sublayer in decoding
order ar¢ of type
STSA
The following requirement applies for each bitstream reconstructed as specified in subclausq 11.5.4 with
a VVL hon-VCI. 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 'vvil', and the track has a track reference of type 'vvcN',

the following requirement applies for each bitstream reconstructed as specified in subclause 11.5.4:

— All parameter sets needed for decoding shall be present in the bitstream starting from the decoding
time of the sync sample inthe 'vvcl' or 'vvil' track.

© ISO/IEC 2022 - All rights reserved
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When the sample entry name is 'vvcl' and the track does not have a track reference of type 'vvcN',

the followin

g applies:

— If the sample is a sync sample, all APSs needed for decoding that sample shall be included either in
the sample 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 'vvil' and the track does not have a track reference of type "jvwj
the followinlg applies:
— If the sgmple is a sync sample, all parameter sets needed for decoding that sample;shall be incl

either il

Otherw
be incly
sample

When the s4

If the s3
VVC su

1 the sample entry or in the sample itself.

ise (the sample is not a sync sample), all parameter sets needed for decoding the sample
ded either in the sample entry or in any of the samples since theprevious sync sample t
itself, inclusive.

mple entry type is 'vvs1', the following applies:

mple is a sync sample and thereisa 'vvil' VV&merge base track referencing this ' vy

access ynit reconstructed using the sync sample ag’input as specified in subclause 11.5.4.

NOTE 3 P4
track can, but

Otherw
this ' v

access |

NOTE 4 W
example, an SH
track orina V)

The sync sa
samples are

rameter sets can be repeated in any sample.inithe VVC merge base track. Consequently, the VVC merge bas
loes not need to, have a sync sample alignedin decoding time with a sync sample ofa 'vvs1' track.

ise, if the sample is a sync sample and there isa 'vvcl' VVC merge base track referer
7s1' VVC subpicture track;all APSs needed for decoding the sample shall be present i
Init reconstructed using the sync sample as input as specified in subclause 11.5.4.

hen VVC subpicture tracks are in use, it is not necessary to store all parameter sets in the same track. Fo
S and a PPS could be’stored in a VVC merge base track, while an APS could be stored ina 'vvs1' subpictur]
/C non-VCL trackassociated with one or more 'vvs1' subpicture tracks.

mple table (and the equivalent flag in movie fragments) shall be used in a VVC track unle
synesamples. Note that track fragment random access box refers to the presence of sign

cN',

ided

shall

b the

s1'

bpicture track, all parameter sets needed forydecoding the sample shall be present in the

Icing
1 the

™ =

5s all
hlled

sync sample

NOTE 5

s in amovie ﬁr‘agmnnf

A file writer could need to duplicate APS NAL units from previous samples to provide APSs needed for decoding

a sync sample if a particular value of aps_adaptation_parameter_set_id and a particular value of aps_params_type are not
present in the original bitstream for the AU marked as sync sample. When doing so, a file writer might need to rewrite the
nal_unit_type value from SUFFIX_APS_NUT to PREFIX_APS_NUT.

NOTE 6

A file reader can detect repeated APS NAL units by matching an entire APS NAL unit to a previously decoded

APS NAL unit. A file reader can remove repeated APS units before passing the bitstream on e.g. to a decoder, but this is not
required as the bitstream is conformant with them present.

156

© ISO/IEC 2022 - All rights res

erved


https://iecnorm.com/api/?name=287ddb322347acba4d0aa1e5cd5eeac2

ISO/IEC 14496-1

11.3.6 Definition of a sub-sample for VVC

5:2022(E)

For the use of the SubSampleInformationBox (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 specifies the type of sub-sample information given in this box as follows:

Othe

The
in IS

The
disca

Whe

0:

r values of f1ags are reserved.

subsample priorxity field shall be setto a value in accordance with the specification
D/IEC 14496-12.

NAL-unit-based sub-samples. A sub-sample contains one or more contiguous N:LL units.

Tile-based sub-samples. A sub-sample contains one tile and the associated n
units, if any, of the VCL NAL unit(s) containing the tile.

CTU-row-based sub-samples. A sub-sample either contains onie CTU row with

n-VCL NAL

n 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 us
sps_entropy_coding_sync_enabled_flag is equal to Q.

Slice-based sub-samples. A sub-sample contains one slice (i.e., one VCL NAL u
associated non-VCL NAL units, if any.

Subpicture-based sub-samples. A sub*sample contains one coded subpicty

ed when

nit) and the

re and the

associated non-VCL NAL units, if any, of the VCL NAL unit(s) containing the subpicture.

Picture-based sub-samples. Atsub-sample contains one coded picture and th¢
non-VCL NAL units.

b associated

of this field

discardakle field shall be set to 1 only if this sample is still decodable if this sub-sample is

irded (e,g-the sub-sample consists of an SEI NAL unit).

n the first byte of a NAL unit is included in a sub-sample, the preceding length field s

inclu

hall also be

ded in the same sub-sample

The codec_specific parameters field of the SubSampleInformationBox is defined for VVC

as follows:

© ISO/IEC 2022 - All rights reserved
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(flags == 0) {
unsigned int (1) rap nal unit flag;
unsigned int (1) 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 luma ctb;
unsigned int (12) ctb_x;

unsigned int (12) ctb_y;

} else if (flags == || flags == 3) {
hnsigned int(2) vcl idc;
bit (30) reserved = 0;

} else if (flags == 4) {

}

rap ng
nal_
GDR
1 in

hnsigned int(2) vcl idc;

hinsigned int(5) vcl nalu type;

hinsigned int(2) log2 min luma ctb;

hinsigned int (8) ctb_ x;

hinsigned int (8) ctb_y;

hinsigned int (1) discardable flag;

hinsigned int (1) no_inter layer pred flag;
hinsigned int (1) treated as picture flag;
hinsigned int (1) loop filter across enabled flags;

bit (3) reserved = 0;

| se if (flags == 5) {

hinsigned int (1) discardable flag;
insigned int (1) no_inter layer pred flagy
hinsigned int (1) all intra slices_flags
bit (29) reserved = 0;

init_type equal to IDR_.W_RADL,.JDR_N_LP, or CRA_NUT, or has nal_unit_type equ

IDR|N_LP, or CRA_NUT, orChave nal unittype equal to GDR_NUT with assoc
ph_ilecovery_poc_cnt equal to 0, as specified in ISO/IEC 23090-3.

gdr n3

nal_|

unit

init_type equal to-GDR_NUT as specified in ISO/IEC 23090-3. Value 1 indicates that all

vcel ngl unit fdag equal to O indicates that all NAL units in the sub-sample are non-VCL
unitp. Value 1indicates that all NAL units in the sub-sample are VCL NAL units.
vcl idc indicates whether the sub-sample contains Video Coding Layer (VCL) data, non-VCL

orb

bth, as'follows:

): the suh-sample contains VCI. data and does not contain non-VCI. data

5 in the sub-sample have nal_unit_type equal to GDR_NUT as specified in ISO/IEC 23090

1 unit flag equal to 0 indicates, that none of the NAL units in the sub-samplq has

hl to

_NUT with associated ph_recovery_poc_cnt equal to 0, as specified in ISO/IEC 23090-3. {alue
dicates that all NAL units in“the sub-sample have nal_unit_type equal to IDR_W_RADL,

ated

1 unit flag equal to 0 indicates that none of the NAL units in the sub-samplq has

NAL
3.
NAL

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 other. For example, a sub-sample may contain a decoding unit information SEI

message followed by the set of NAL units associated with the SEI message.

3: reserved
vcel nalu type specifies the VCL nal_unit_type of the sub-sample as specified in ISO/IEC 23090-3.
log2 min luma ctb indicates the unitof ctb x and ctb vy, specified as follows:
0: 32 luma samples
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1: 64 luma samples
2: 128 luma samples
3:reserved

5:2022(E)

ctb_x specifies the 0-based coordinate of the right-most luma samples of the tile associated with the

sub-sample when flags is equal to 2 and vcl idc is equal to 1 or 2, in units d
log2 min luma_ ctb as specified above.

erived from

ctb_y specifies the 0-based coordinate the bottom-most luma samples of the tile associated with the

sub-sample when flags is equal to 2 and vcl idc is equal to 1 or 2, in units d

log2 min luma ctbas cppriﬁpd above

erived from

q

1]

1

]

[«

11.3

liscardable flag indicates the ph_non_ref pic_flag value of the VCL NAL units

sample. All the VCL NAL units in the sub-sample shall have the same ph_non_ref_pic_

NOTE This is not the same definition as the discardable field in the SubSampleInformatiof

1o _inter layer pred flag equal to 1 indicates that the current subpicture or pi

inter-layer reference pictures as active entries in reference picture lists
shall be equal to A indepenc
no inter layer pred flagequalto 0 indicates thatthe current subpicture or

no inter layer pred flag for an

have inter-layer reference pictures as active entries in.feference picture list 0 or 1.

reated as picture flag equal to 1 indicates that the current subpicture is

picture in the decoding process _-ekcluding in-loop filtering

treated as picture flag equalto 0 indicates that the current subpicture is n
a picture in the decoding process excluding.in-loop filtering operations. When the su
picture (i.e there is one subpicture in apicture), treated as picture flag sh

to 1.

oop filter across enabledyflag equal to 1 indicates that in-loop filtering

in the sub-
flag value.

hBox.

ture has no
0 and 1.
lent layer.
picture may

reated as a
operations.
t treated as
bpicture is a
all be equal

operations

across subpicture boundaries are enabled and might be performed across the boundaries of the

current subpicture. loop, filter across enabled flag equal to 0 indicates
filtering operations acress$ subpicture boundaries are disabled and are not performe
boundaries of the current subpicture. When the subpicture is a picture (i.e there is on
in a picture), loop.filter_across_enabled_flag shall be equal to 0.

31l intra s}tiees flag equal to 1 indicates that all coded slices of the current

sh_slice_type equal to 2. all intra slices_ flag equal to O specifies that the

might netbe one or more coded slices in the current picture that have sh_slice_type ¢
1.

7 <Handling non-output samples

that in-loop
d across the
e subpicture

icture have
re might or
qual to 0 or

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 14496-12:2020, subclause 8.6.1.1 apply

The definition on handling non-output samples specified above is not always applicable when
multiple layers are involved. If what is specified above cannot be followed, then the composition

time of a sample shall be set as if the sample were an output sample (i.e., at least one picture of

the sample is output). If the decoding of a sample results into no output pictures, the
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presentation of the sample is omitted and the duration of the previous sample is extended, so
that the following samples have correct composition timing.

11.4 Sample groups

11.4.1 Common layer_id_method_idc semantics

The syntax and semantics of grouping type parameter for the stream access point sample group
is specified in ISO/IEC 14496-12:2020, subclause 10.6.1. The syntax of grouping type parameter

consists of two-syntax n]nmnnfc’ hamn]y 28-hit target ] ayers and-4-bit 1 ayer J d mc#hr\ﬂ_ldcl

J —
Accordingzt% ISO/IEC 14496-12 layer id method idc equal to 0 specifies that the target 14
1

consist of
layer id]

This clause
subclause 1

This clause

In addition,
4 and for th

the layers represented by the track. Furthermore, ISO/IEC 14496-12 specifies-that
|l method_idc value not equal to 0 is specified by derived media format specifications.

D.6.1 shall be used for the following sample groups, when present:

— the stream access point sample group ('sap ')

—  the random access recovery point sample group ('xol1")

—  the step-wise sublayer access sample group (“stsa')

specifies the semantics of the following layeryid method idc values:

— layer id method idc equal te:0 or 2 specifies that the target layers consist p

the layers represented by the track.

as the semantics of Layer id method idc equalto 1in subclause 9.5.7.

e 'roll' samplé group:

all the layers represented by the track.

160

the target layers indicated through target layers.

yers

any

specifies that the grouping type parameter as specified in [SOHEC 14496-12:2020,

fall

—  The semantics of layer*id method idc equal to 1 and 3 are specified be the game
the following semantics are specified for the 'sap ' sample group with SAP type eqyal to
— layernid method idc equal to O specifies that the sample contains a GDR pictulre in

—/layer id method idc equal to 1 specifies that the sample contains a GDR pictulre in

— layer id method idc equal to 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 ta
layers indicated through target layers, respectively:

—  The sample references a PPS with pps_mixed_nalu_types_in_pic_flag equal to 1.

rget
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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;

5:2022(E)

For each subpicture index i in the range of 0 to sps_num_subpics_minus1, inclusive,

—for any subpicture i in the current sample that is not an IRAP subpicture, there
is at least one IRAP subpicture in the sample in the same CLVS that follows the

errrant-carmnlein adinaerder

In ad
samj]
rol
part

Let
follo

NOTH

or 'r

Whe
poss

dee A
COTTCIIC Satrpre T OCCOUTITS OTaCT:

OTE1 VVC enables subpictures with different VCL NAL unit types within the same coded picture.
ecoding refresh is obtained by updating subpictures of each subpicture index as an IRAP subpicture{within
ictures. However, VVC does not specify a decoding process that would start from a picture having. mixed VCI

ypes.

dition, when the 'roll' sample group is used with layer id methgd idcequaltg
ble mapped toa 'roll' sample group shall be mapped to a sample group description
| distance value thatis correct for a decoding process that.omits decoding of subpic
cular subpicture index before there is an IRAP subpicture.

in initiating sample be defined for this subclause as(a*sample marked with at least
wing:

— the 'sap ' sample group with SAP typerequal to 4 and layer id method id|
or 3;

— the 'roll' sample group with Iayer id method idcequalto 2 or 3.

2 The AU reconstructed from an initiating sample can be contained within a track natively or through res
ccr ' track references (when present), and through resolving 'vveN' track references (when present).

n a reader uses an initiating sample for starting the decoding, either of the following aj
ible:

\ non-standard.VVC decoding process is used, where the decoding is started from tl
ample cofitaining mixed VAL NAL unit types and the decoding of subpictures at
ubpicture’location is omitted until the first IRAP subpicture, in decoding order, at tha
pcation.

A gradual
a range of
L NAL unit

2 or 3, each
entry with a
tures with a

one of the

c equal to 2

lving ' subp"'

proaches is

ne initiating
h particular
E subpicture

b)

A standard VVC decoding process is used for the bitstream reconstructed according to subclause

11.5.4 and further modified as follows so that the bitstream starting with the initiating sample is a
conforming bitstream:

1) When the AU reconstructed from initiating sample has an AUD NAL unit, the AUD NAL unit has

aud_irap_or_gdr_flag equal to 1. When the AU reconstructed from initiating sample
NAL unit and the value of the vps_max_layers_minus1 is greater than 0 in the VPS re

has no AUD
ferred to by

the initiating sample (if any), an AUD NAL unit is inserted with aud_irap_or_gdr_flag equal to 1.
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2) Any
3)

4)

SPS referred to by the initiating sample has sps_gdr_enabled_flag equal to 1.

GDR_NUT.

5)

Any PPS referred to by the initiating sample has pps_mixed_nalu_types_in_pic_flag equal to 0.

All VCL NAL units of the AU reconstructed from the initiating sample have nal_unit_type equal to

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 roll distance ofthe 'roll"

Sam

Further san
subclauses.

11.4.2 Stred

The stream
information

When lays

— If the sample entry type is 'vvcl', 'vvil' or 'vvsd', and the track does not contain

subl
trac

Oth

NOTE If
equal to 0, an §

When SAP |
is equal to ()
constraints
for the 'vv

When a SAP
bitstream, a
sublayers o

] pa | 1ot & 4+ Jaiala—tla 1 H pa |
PIC STUUPD UTSUTTPTIUIT TN y U WITTTIT T S ATITPTIC IS TIId P pPeU.

m access point sample group

access point (SAP) sample group 'sap ' specified in ISO/IEC 14496-12 is used to prd
of all SAPs.

r id method idcisequalto 0, a SAP is interpreted as follows:

K.

erwise, a SAP specifies access to all layerspresent in the track.

the sample entry type is 'vvcl' or 'vvid¥)and the track does not contain any sublayer with Temporall
TSA picture with Temporalld equal to thelowest Temporalld present in the track serves as a SAP.

type isless than or equal to-3'or both SAP typeisequalto4and layer id method |

or 1, the samples mappedto a 'sap ' sample group description entry shall conform t
of Table 13 for the_"wvcl' or 'vvil' sample entry type or to the constraints of Tab
51 ' sample entry type.

sample group is present in any VVC track carrying one or more layers or sublayers of a
SAP sample group shall be present in each of the VVC tracks carrying one or more laye
that'VVC bitstream.

ple group specific constraints on layer id method idc are specified in thesubsequent

vide

any

ayer with Temporalld equal to 0, a SAP specified access to all the sublayers present in the

|idc
b the
e 14

VVC
rs or

11.4.3 Rand

OTITaCCESS TECOVETY PUINt Sampie group

The random access recovery point sample group 'roll' specified in ISO/IEC 14496-12 is used to

provide information on recovery points for gradual decoding refresh.

When a 'roll' sample group is present in an VVC tracks, the track shall contain samples with

Temporalld

162

equal to 0.
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When a 'roll' sample group concerns a dependent layer but not its reference layer(s), the sample
group indicates characteristics that apply when all the reference 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 use of the Alternative Startup Sequences sample group (specified in ISO/IEC 14496-12) is
recommended to be used only with random access points consisting of CRA pictures.

11.4

The
VVvC
and

11.4

The

Tem
Tem
tidVv
subyp
equa

11.4

The
wise

Whe
acce
Sam

11.4

Each

In thle
gro

5 Random access point sample group

' specified in ISO/IEC 14496-12 should not]
tracks or VVC subpicture tracks. The use of the ' sap ' sample grouping is preferred fo

random access point sample group 'rap

V'VC subpicture tracks.

context of this clause, the leading samples, defined as part of the definition of the ' ra
in ISO/IEC 14496-12, contain RASL pictures in all layers present-in the track.

6 Temporal level sample group

femporal level sample group 'tele' specified in ISO/IEC"T4496-12 should be used to
poralld value. When the 'tele' sample group is present in a VVC track, the pi
poralld equal to tidValue shall be mapped te,\the sample group description ind
lue + 1. When the 'tele' sample group is present in a 'vvsl' VVC subpicture tra
ictures with Temporalld equal to tidValue shall be mapped to the sample group descr
1 to tidValue + 1.

7 Step-wise sublayer access sample group

Ktep-wise sublayer access sample group 'stsa' specified in subclause 8.4.7 is used ta
sublayer access (STSA) pictures, when the 'stsa' sample group is presentina VVC tr

n an 'stsa' sample group is used with 'vvsl' VVC subpicture tracks, the step-w
5s sample group./is used to mark step-wise sublayer access (STSA) subpictur
bleToGroupBox, when present, shall have version equal to 0.

8 Decoding time hint sample group

decoding time hint sample group description entry (' opth') records a delta time in

be used for
- VVC tracks

p ' sample

indicate the
ctures with

bx equal to
ck, the VVC
ption index

mark step-
hck.

se sublayer
s and the

ferms of the

clockTicks (given by timescale of the MedialeaderBox). 1 he corrected decoding time is defined as
the sum of the delta time associated with a sample through the SampleToGroupBox of type ' opth'and

the decoding time of the sample. The corrected decoding times conform to the hypothetical reference
decoder of ISO/IEC 23090-3.

All for the time hint group shall include

grouping type parameter.The grouping type parameter field is specified for the decoding

SampleToGroupBoxes decoding sample

time hint sample group as follows:
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unsigned int (16)
unsigned int (16)

reserved = 0;
operating point index;

operating point index specifies the index of the operating point, as given in the associated

Operating Points Information sample group description (when applicable) or in the Operating Point

entity group (when applicable), for which this sample group provides the corrected decoding times. A

value of 0 indicates the first operating point in that sample group description.

The syntax and semantics for the 'opth' sample group are specified in subclauses 9.6.4.2 and 9.6.4.3,

respectively.

11.4.9 Laye

The list of 13
group as sp

NOTE Wh
sublayer with
sample group

layer info

Whena "1
to 0.

When seve
grouping|
allocation (
default
SampleTa

11.4.10 Ope
11.4.10.1De¢|

Application
stream and
operating p

signalling. Alll this information is captured by the 'vopi ' sample group. Apart from this information|

sample grot

I information sample group

yers and sublayers that a track carries is signalled in the layer information (' 194nf ') sa
ecified in subclause 4.15.

n the current track contains more than one layer, more than one sublayer, or one sublayer but the sublayer
Temporalld equal to 0, layer and sublayer information can be needed to interpret information signalled in
such as the 'tele', sample groups. The val

1
’

v
’

S, 'sap 'rap 'sync’, and 'vopi!

| present flag has to be set appropriately.

nf' sample group is presentina VVCtrack, sub_layek presence flags shall be ¢

al VPSs are referenced by a VVC bitstreamy the SampleGroupDescriptioBox
| type equal to ' 1inf' may need several entries. When a single VPS is present or whe
f layers and sublayers to a track remdins unchanged, it is recommended to us€
roup_description index and_include the Layer Information sample group in
leBox of the track.

rating points information sample group

finition

their constitution by using the Operating Points Information sample group ('vopi"').
bint is related' to an output layer set, a max Temporalld value, and a profile, tier, and

p also'provides the dependency information between layers.

mple

is not
other
e of

qual

with
h the
the
the

5 are informed about the different operating points provided by a given VVC elementary

Each
level
this

When more

Than one VVU track 1s present 1or a VVU elementary stream and no Uperating Foint e

group is present for the VVC elementary stream, both of the following apply:

ntity

— Among the VVC tracks for the VVC elementary stream there shall be one and only one track that
carriesa 'vopi ' sample group.

— All the other VVC tracks of the VVC elementary stream shall have a track reference of type

'vr

164

ef' to the track that carries the 'vopi' sample group.
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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 Sy in a track Ty that
has a 'vref' track reference to the track Ty that carries the 'vopi' sample group, the following

appl

ies:

— Ifthere is a temporally collocated sample Sy in the track Ty, then the sample Sy is associated with

the same 'vopi ' sample group entry as the sample Sy.

— Otherwise, the sample Sy is associated with the same 'vopi ' sample group entry as the last of

Whe
entr

one
oper

the samples in the track T that precede the sample Sy in decoding time.

n several VPSs are referenced by a VVC elementary stream, it may be needed to include several
es in the sample group description box with grouping type equalto 'vopi.'When gne and only

VPS is present, it is recommended to use the default sample group description index and include the

fragment.

The

'vo

114
clag

1

ating points information sample group in the sample table box, rather than including it in each track

grouping type parameter is not defined for the SampleToGroupBox with grpuping type

pi’'.

10.2 Syntax

s VvcOperatingPointsRecord {

nsigned int (8) num profile tier lewé} minusl;

or (i=0; i<=num profile tier level minusl; i++) {
bit (5) reserved = 0;
unsigned int (3) ptl max temporal id[i];
VvcPTLRecord (ptl max tempoxral id[i]+1) ptl[i];

nsigned int (1) all independent layers flag;
f (all independent lagers flag) {
unsigned int(l) eagh layer is an ols flag;
bit (1) reserved =.0;
else
unsigned ing{2) ols mode idc;
it (2) reserved”= 0;
nsigned inf (IT) incomplete operating points_ flag;
nsigned/int (1) num ref sublayer for ols present flag;
nsignedyint (9) num olss;
or (4=0; i<num olss; i++) {
unsigned int (8) ptl idx([i];
uhsigned int (9) ols_idx[i];

}
b

unsigned 1nt (6) layer countli];

bit (1) reserved = 0;

for (j=0; j<layer count[i]; J++) {
unsigned int(6) layer id[i][]]-;
unsigned int(l) is_output layer[i][]];
bit (1) reserved = 0;
if(!is_outputlayer([i

}

it (4) reserved = 0;

unsigned int(12) num operating points;

© ISO/IEC 2022 - All rights reserved
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for (i=0; i<num operating points; i++) {

unsigned int79
unsigned int (3
unsigned int (1

1

) ols loop entry idx;
) max temporal id;
) frame rate info flag;

unsigned int(l) bit rate info flag;

if

(incomplete operating points flag)

unsigned int (2) op_availability idc;
else
bit(2) reserved = 0;

bit

(3) reserved = 0;

unsigned int (2) chroma format idc;

uns

igned int (3) bhit depth minnsB:;

uns
uns
if

if ('a
uns
for

}

class Vvc
VvcOpe
}

11.4.10.3 Semantics

num_py
leve
ptl ms
bitst

N
bé

lgned int (16) max picture width;
igned int (16) max picture height;
(frame rate info flag) {

hinsigned int (16) avg frame rate;

pbit (6) reserved = 0;

hinsigned int(2) constant frame rate;

(bit rate info flag) {
hinsigned int(32) max bit rate;
hinsigned int (32) avg bit rate;

|1 independent layers flag) {

gned int (8) max layer count;

(1=0; i<max layer count; i++) {
hinsigned int (8) layer id;

hinsigned int (8) num direct ref layersy
For (Jj=0; j<num direct ref layers; J3+)
unsigned int (8) direct ref layéexr id;

DPperatingPointsInformation) extends VisualSampleGroupEntry ('vopi') {
ratingPointsRecord oindl;

ofile tier Jevel minusl plus1 givesthe number of the subsequent profiles, tier
combinations as well as the associated fields.

x_temponal id[i] gives the maximum TemporallD of NAL units of the assoc

ream for the specified i-th profile, tier, and level structure.

DTE ( The semanticsof pt1 max temporal id[i] andmax temporal idofanoperatingpoint, give
low, are different even though they can carry the same numerical value.

and

ated

ptl[i]

specifies the i-th profile, tier, and level structure.

all independent layers flag, each layer is an ols flag, ols mode idc and
max tid il ref pics plusl are defined in ISO/IEC 23090-3.
incomplete operating points flagequalto 1specifies that some operating points declared

in the structure may be incomplete (i.e., some output layer sets or temporal sublayers may be
missing in some operating points). incomplete operating points flag equal

to 0

specifies that all operating points declared in the structure are complete (i.e., all output layer sets

and
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temporal sublayers associated with the operating points are present in the file).
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num_ref sublayer for ols present flag equal to 1 specifies that the syntax element

num ref sublayers in layer in ols[i] []] may be

present.

num_ref sublayer for ols present flag equal to 0 specifies that the syntax element

num ref sublayers in layer in ols[i] [j] is not present.

num_olss specifies the number of output layer sets signalled in this syntax structure. The value of

num_olss 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
output layer set signalled in this syntax structure.

for the i-th

1s idx[1i] is the output layer set index of the i-th output layer set signalled dn
structure.

]
structure.

ayer id[i] [J] specifies the nuh_layer_id value for the j-th layer in’the i-th outp
signalled in this syntax structure.

s _output layer[i] [J] equal to 1 specifies that the j-th layer is an output layer
output layer set signalled in this syntax structure. is oitput layer[i] []j]
specifies that the j-th layer in not an output layer in thé 1:th output layer set sign
syntax structure.

pbum ref sublayers in layer in ols[i][j] equal to O specifies that the pic
layer with layer Id equal to 1ayer id[i] [J]-that are neither IRAP pictures nor G
with ph_recovery_poc_cnt equal to 0 are notdised as inter-layer reference pictures f
of pictures of other layers in the output lay
num_ref sublayers in layer in~ols[i] []J] greater than 0 specifies that, f
pictures of the other layers of the output layer set, no picture from the layer with la
to layer id[i][3] with Temporalld greater

1]

picture and no APS with nuh-layer_id equal to layer id[i] [j] and Temporalld §
num ref sublayers.in”layer in ols[i][]j] -1 is referenced. When not
value of num ref sublayers in layer in ols[i] [j] isinferred to be equ

um_operating points gives the number of operating points for which the informa
The list of operating points shall include all operating points that are present in sam
tracks represénting the bitstream.

1s loop entry idx istheindex to thelist of outputlayer sets signalled in this synt
for the operating point. The variable olsldx is set
ols (idx[ ols loop entry idx ]forthe presentloop entry.

ax Aemporal idindicates the maximum Temporalld of NAL units of this operating

rame rate info flag equal to 0 indicates that no frame rate information is pregs

1]

t

num ref sublayers in layéer in ols[i][Jj] -1 is used as inter-layef

this syntax

ayer count [1] specifies the number of layers in the i-th outputlayer set signalled in this syntax

ut layer set

in the i-th
equal to 0
alled in this

tures of the
DR pictures
or decoding
rer set.
or decoding
yer Id equal
than
reference
rreater than
present, the
1l to 7.
Hion follows.
ple entry of

px structure

equal to
boint.
sent for the

nnnnnnnnnnnnnn hao valinn 1 s dicatnc that Froan ot n 1 fa o precant for +H

T 1 1 Hlonic
Ul.l\,luLAAls l.lUlAAL TTIICvaraC—T morcactC o orat rrarnc T atC o iatror 1o prostireToT— oo

point.

e operating

bit rate info flagequalto 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.

op availability idc equal to O indicates that the operating point is

complete.

op availability idc equalto 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
missing in the operating point. op _availability idc equal to 3 indicates that

sublayer is
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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NOTE The  process specified in  subclause 11.54 is  specified for operating points when
incomplete operating points flag is equal to 0 or op availability idc is equal to 0 (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 11.5.4.

chroma format idc indicates the chroma format that applies to this operating point. The
following constraints apply for chroma format idc:

- 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 idgjshall

be equal to that value of sps_chroma_format_idc.
- Otherwise (this operating point contains more than one layer), the” valug of
chroma format idc shall be equal to the value of
vps_ols_dpb_chroma_format[ MultiLayerOlsldx|[ olsldx ] ], as definedyin’ISO/IEC 23090-3.
bit depth minus8 indicates the bit depth that applies to this operatingpoint. The following

consfraints apply forbit depth minus8:

- If this operating point contains only one layer, the value\of sps_bitdepth_minusB, as
defined in ISO/IEC 23090-3, shall be the same in all SPSs referenced by the VCL NAL finits
in the VVC bitstream of this operating point, and theyalue of bit depth minus8 ghall
be equal to that value of sps_bitdepth_minus8.
- Otherwise(this operating point contains more than one layer), the wvalu¢ of

bit depth minus8 shall be équal to the value of
vps_ols_dpb_bitdepth_minus8[ MultiLayer@Isidx[ olsldx ] ], as defined in ISO/IEC 23/090-
3.

max_pifture width indicates the maximum.picture width, in units of luma samples, that applies
to thys operating point. The following consfraints apply formax picture width:
- If this operating point\* contains only one layer, the value| of
sps_pic_width_max_in_luma_samples, as defined in ISO/IEC 23090-3, shall be the sarhe in
all SPSs referenced by the VCL NAL units in the VVC bitstream of this operating pointj and
the value of max picture width shall be equal to that wvaluel of
sps_pic_width_max_in_luma_samples.
- Otherwise (this® operating point contains more than one layer), the valug of
max picture width shall be equal to the value of
vps_ols_dpb_pic_width[ MultiLayerOlsldx[ olsldx ] ], as defined in ISO/IEC 23090-3.

max_pifturesheight indicates the maximum picture height, in units of luma samples, that applies

w

to this operating point. The following constraints apply formax picture height:

- If this operating point contains only one layer, the value| of
sps_pic_height_max_in_luma_samples, 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 height shall be equal to that value of

sps_pic_height_max_in_luma_samples.

- Otherwise (this operating point contains more than one layer), the value of
max picture height shall be equal to the value of
vps_ols_dpb_pic_height[ MultiLayerOlsldx[ olsldx ] ], as defined in ISO/IEC 23090-3.
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avg frame rate gives the average frame rate in units of frames/(256 seconds) for the operating

constant_frame_rate

point. Value 0 indicates an unspecified average frame rate. When the bitstream of th
point contains multiple layers, this gives the average access unit rate.
equal to 1 indicates that the bitstream of the operating

e 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. constant frame rate equalto3

isreserved.

When the bitstream of the operating point contains multiple layers, this gives the indication of

whether the bitstream of the operating point has constant access unit rate.

max bit rate givesthe maximum bit rate in bits/second of the bitstream of the operating point,

]

1]

11.4

11.4

A sample group description entry of this sample group contains a DCI NAL unit.

NOTH

strucfures included in the DCI NAL unit without re-initialization and two consecutive samples in decoding order

samp
switc
differ]

over any window of one second.

vg_bit rate gives the average bit rate in bits/second of the bitstream of the operat]

ax_layer count specifies the count of all unique layers in all of the operatingpoin
in this syntax structure.

ayer id specifies nuh_layer_id of a layer for which all the direct referenee layers are
following loop of direct ref layer id.

with ph_recovery_poc_cnt equal to 0 are not used‘as inter-layer reference pictures f
of pictures of the layer with nuh_layer_id equal to 1ayer id. A value greater thar
that, for decoding pictures of the layer with'nuh_layer_id equal to 1ayer id, no picty
layer with nuh_layer_id equal to diect ref layer id with Temporalld g
max_tid il ref pics plusl =1l is used as an inter-layer reference picture
with nuh_layer_id equal to direct ref layer id and Temporalld g
max tid il ref pics phusl - 1isreferenced.

11 Decoding capability information sample group

11.1Definition

When a decoder is initialized in a manner that it can handle coded video sequences of any profile_tier|

e entries\that are mapped to the same decoding capability information sample group description entry,
h sample entries without re-initialization of the decoder. When two consecutive samples in decoding o
entYVC bitstreams, switching sample entries without decoder re-initialization could require special handlij

pictur

e bulfer and the decoder picture buffer.

ing point.

s described

given in the

pum_direct ref layers specifies the number of direct referénce layers for thqg layer with
nuh layer idequal to layer id. When all independént layers flag ik equal to 1,
num _direct ref layers isinferred to be equal to 0 for each’layer.

iirect ref layer idindicates nuh_layer_id of the directreference layer.

ax tid il ref pics plusl equal to 0 specifies> that the pictures of the |layer with
nuh_layer_id equal to direct ref layer id thatare neither IRAP pictures nor GDR pictures

or decoding
| 0 specifies
ire from the
reater than
and no APS
eater than

level( ) syntax
reference two
a player could
der belong to
hg of the coded

If any DCI NAL unit is present in any sample entry or inband, it shall be exactly the same as the DCI NAL
unit included in the corresponding decoding capability information sample group.

For playing a single track, the decoding capability information sample group from that track applies.

When a VVC bitstream for a particular operating point is reconstructed from multiple VVC tracks, the
following applies:

© ISO/IEC 2022 - All rights reserved
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— When 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.

— When 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 grou
belonging to the operating point applies.

11.4.11.2Syntax

class Dec

da nrj(“;)p:zh*i 13 Ly Information extends Visual Qnmp1 eGroupkntry (defdi"y |

unsign
bit (8%
}

11.4.11.3 Semantics

dci ns
dci ng

11.4.12 Par3
11.4.12.1D¢€]

A sample gr

When a san]
contained W
the target
grouping|

When a san
to the 'pas

The san

— The VV

corresp
containg

— The sanj
sample

bd int (16)
ici nal unit length)

dci nal unit length;
dci nal unit;

1 unit length indicates the length in bytes of the DCI NAL unit.
1 unit contains a DCI NAL unit as specified in ISO/IEC 23090-3.

meter set sample group
finition
pup description entry of this sample group contains.an SPS NAL unit.

ple is mapped to a parameter set sample group (Y pase'), it indicates that the SPS NAL
rithin the sample group description entry needs to be inserted into the reconstructed
maximum picture format corresponds to the picture format indicated by
| type parameter field inthe SampleToGroupBoxes for the parameter set sample g

ple group of type 'pase’' is present in a VVC track, a sample shall be marked as belor
e ' sample group when any of the following is true:

1ple of the VVC track contains an SPS NAL unit.

[ track has a track/reference of type 'vvceN' to a VVC non-VCL track that and there
bnding sample in the associated VVC non-VCL track having the same decoding time
an SPS NAL-unit.

ple references a different sample entry than the previous sample in decoding order an

p as

unit

AU if

the
oup.

ging

is a
that

] the

bntry contains an SPS NAL unit.

All instances of the SampleToGroupBox for the parameter set sample group shall include

grouping type parameter.Thegrouping type parameter fieldisspecified for the parameter

set sample group as follows:

unsigned int (16) max width;
unsigned int (16) max height;

max width

bitstream for which a SPS NAL unit is to be inserted.
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11.4.12.2 Syntax

class ParameterSetNALUEntry () extends VisualSampleGroupEntry ('pase')

{

}

unsigned int (16) ps nalu length;
bit (8* ps nalu length) ps nal unit;

11.4.12.3 Semantics

11.4{13 Access unit delimiter sample group

11.4)13.1Definition

A sample group description entry of this sample group contains an AUD NAL. unit.

When a sample is mapped to an access unit delimiter sample group ('@ud '), itindicates t
NALunit contained within the sample group description entry needst¢be inserted into the re|

AU

gro
sample group.

All ipstances of the SampleToGroupBox for the ‘access unit delimiter sample group s
gropping type parameter. The grouping type parameter field is specified fol
unit delimiter sample group as follows:

ols| idx specifies the OLS that the sample group applies to.
lowgr ols idx inclusfve equalto O specifies that the sample group applies only to t

11.4{13.2Syntax

clags AUDSampleEntry () extends VisualSampleGroupEntry ('aud ')

{

}

it (22) reserved = 0;

ps_nalu_ length indicates the length in bytes of the SPS NAL unit.
ps—nal unit contains an SPS NAL unit as cpnr‘iﬁ'nd in IQﬂI/IPF 23090-3

5:2022(E)

f the target operating point corresponds to any of thé_output layer sets indic3

uynsigned int (9) ols_idx;
Unsigned int (1) lower ols(idx inclusive;

indexequaltools idx:lower ols idx inclusive equaltol specifies thatthe sg
dpplies to any OLS'with index from 0 to o1s_idx, inclusive.

ig(24) audNalUnit;

hat the AUD
constructed
ted by the

hping type parameter field in the SampleToGroupBoxes for the access unjit delimiter

hall include
" the access

he OLS with
ymple group

11.4.13.3 Semantics

audNalUnit contains an AUD NAL unit as specified in ISO/IEC 23090-3.

11.4.14 End of sequence sample group

11.4.14.1Definition

A sample group description entry of this sample group contains one or more EOS NAL units.

© ISO/IEC 2022 - All rights reserved
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When a sample is mapped to an end of sequence sample group ('eos

'), it indicates that the EOS

NAL

units contained within the sample group description entry needs to be inserted in the reconstructed AU
if the target operating point corresponds to any of the output layer sets and maximum Temporalld
indicated by the grouping type parameter field in the instances of the SampleToGroupBox for

the end of sequence sample group.

All instances of the SampleToGroupBox for the end of sequence sample group shall include

grouping type parameter. The grouping type parameter field is specified for the end of

sequence sa

mple group as follows:

bit (19
unsign
unsign
unsign

ols idx 4

lower olg

point w
the sam

NOTE The
SampleToGr
last AU ina CV!
group with ma|
0, the EOS NAIj
mapped to an
highest Tempd
the reconstrud

11.4.14.2 Syntax

class End
{
unsign
for (i
bit
}

11.4.14.3 Semantics

num_eg
desq
eosNal

Ix_tid equal to 0, which indicates that if the selected operating point has the highest Temporalld value eq

reserved = 0;

pd int (9) ols idx;

bd int (3) max_ tid;

bd int (1) lower ols idx inclusive;

Ind max tid specify the operating point that the sample group applies.to.

_idx_inclusive equaltoO specifies that the sample group appliesionly to the oper
th OLS index equal to ols_idx.lower ols idx inclusive( equalto 1 specifies
ple group applies to any OLS with index from 0 to o1s idx, inclusive.

assignment of samples to an 'eos sample group description entry and to instances o
bupBox with particular max tid values is described with an examiple as follows: In the example, AU(N)
and has Temporalld equal to 1, and AU(N-1) has Temporalld eqial to 0. AU(N-1) ismappedtoan 'eos 's
units in the mapped sample group description entry need to-be inserted into the reconstructed AU(N-1). Al
'eos ' sample group with max tid equal to 1, which indicates that if the selected operating point h
ralld value equal to 1, the EOS NAL units in the mapped sample group description entry need to be inserte|

ted AU(N).

DfSequenceSampleEntry (), extends VisualSampleGroupEntry ('eos ')
bd int (8) num eos nal unit minusl;
F0; 1 <= num _eos_nal unit minusl; i++)

(16) eosNalUnitsfd};

s nallunit minusl plus 1 specifies the number of EOS NAL units in the sample g
ription entry.
URAE[1i] containsthe i-th EOS NAL unit in the sample group description entry. The sy

hting
that

f the
is the
mple
ual to
I(N)is
hs the
d into

roup

ntax

and
11.4.15End

11.4.15.1De

A sample gr

sermarntics of the EOS NALunitarespecified imtSO/TEC23090-3:
of bitstream sample group
finition

oup description entry of this sample group contains an EOB NAL unit.

When a sample is mapped to an end of bitstream sample group ('eob '), itindicates that the EOB NAL

unit contained within the sample group description entry needs to be inserted into the reconstructed AU
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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 SampleToGroupBox 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;

FE oMY ul 2

U
U
U

ols)
low

11.4

clag

11.4
q
11.4
11.4

This
VVC
tracl

group description entryindicates a list of one or more subpicture ID values in decoding or

cont

rstgred—iat{S—ots—ieh
nsigned int (3) max_tid;
nsigned int (1) lower ols idx inclusive;

| idx andmax_tid specify the operating point that the sample group applies-te.

it (16) eobNalUnit;

15.3 Semantics

obNalUnit contains an EOB NAL unit as specified in ISO/IEC 23090-3.
16 Subpicture ID sample group

16.1Definition

sample group may be presentin such VVC tracks and VVC subpicture tracks that contain
subpictures with sh_subpig:id present in the slice headers. This sample group shall not b
ks that do not contain VVC subpictures with sh_subpic_id present in the slice headers. |

hined in samplés mapped to this sample group description entry.

pr ols idx inclusive equaltoO specifies that the sample group applies only to the operating

oint with OLS index equal to ols_idx.lower ols idx inclusiwvg-equal to 1l specifies that
he sample group applies to any OLS with index from 0 to ols idx, inclusive.

15.2 Syntax

s EndOfBitstreamSampleEntry () extends VisualSampleGroupEntry ('eob '

pne or more
e present in
kach sample
der that are
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11.4.16.2Syntax

aligned (8
{

) class VvcSubpicIDEntry () extends VisualSampleGroupEntry('spid')

unsigned int(l) rect region flag;

bit(2)

reserved = 0;

unsigned int (1) continuous_id flag;
unsigned int (12) num subpics minusl;

for (i
if

= 0; 1 <= num subpics minusl; i++) {
((continuous id flag && i == 0) || !continuous id flag)

unsigned int (16) subpic id[i];

if

(rect rogion flag)
A = 2

}

11.4.16.3Semantics

rect 1
prov
entr
regi
desq

num_sy
map

subpid
map

Whe
ton
groupl

subpicture contained in the sample mapped to this sample group description entry.

11.4.17 Subpicture order sample group

11.4.17.1De)

This samplg
tracks. Each
decoding o
subpictures

To ease PPS

Jnsigged int716) groupID[i];

rided for the subpictures contained in the sample mapped to this sample group descri

bns is provided for the subpictures contained in the sample mapped to this sample g
ription entry.

bpics minusl plus 1 specifies the number of VVC subpictures contained in the sa
ped to this sample group description entry.

_id[1] specifies the i-th subpicture identifier, in-decoding order, contained in the sa

ncontinuous_ id flagisequalto 1, the value of subpic id[i] for i in the rangg
im subpics minusl, inclusive, is equal'to subpic id[i-1]+1.
D[i] specifies unique identifier of*the rectangular region associated with the

finition

group is used in V€ merge base tracks with 'subp"' track referencing to VVC subpi
sample group description entry indicates the subpictures or slices of a coded pictu

or slicegthat are contiguous in decoding order.

or,SPS rewriting in response to subpicture selection, each sample group description g

egion flag equal to 0 specifies that no association information to reéetangular regioans is

tion

y. rect region flag equal to 1 specifies that association ihformation to rectangular

roup
mple

mple

ped to this sample group description entry. Thedalue of subpic id[i] shall not be gqual
to afy other value of subpic id[j], where i is netequal toj, in the same VvcSubpicIDEn

try.
of 1

i-th

ture

re in

‘der, wheresveach index of the track reference of type 'subp' indicates one or more

ntry

may contain

ASNIOCQ bt A TR Atz 2 T F o b 3 A Qb pren vt ot that conting.
o roouoPt W= +HOF =
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— an indication of whether selected subpicture IDs should be changed in PPS or SPS
units;

— the length (in bits) of subpicture ID syntax elements;

— the bit position of subpicture ID syntax elements in the containing RBSP;

NAL

— a flag indicating whether start code emulation prevention bytes are present before or

within subpicture IDs;
— the parameter set ID of the parameter set containing the subpicture IDs.
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17.2Syntax of VVCSubpicIDRewritingInfomationStruct

aligned(8) class VVCSubpicIDRewritingInfomationStruct ()

{

unsigned int

subpic id len minusl;

(4)
unsigned int (12) subpic id bit pos;
(1)

unsigned int

start code emul flag;

unsigned int (1) pps_sps_subpic_id flag;
if (pps_sps_subpic_id flag)

unsigned int (6) pps_id;

else {

un ‘;ZYY‘\QP] 1'7\1-(4\ 1'/*1,-

11.4

alig

i

bit (2) reserved = 0;

17.3Semantics of VVCSubpicIDRewritingInfomationStruct

ubpic id len minusl plus 1 specifies the number of bits in subpicture identifier syntax

elements in PPS or SPS, whichever is referenced by this structure!

ubpic id bit pos specifies the bit position starting from 0 of the first bit of the firs
ID syntax element in the referenced PPS or SPS RBSP.

tart code emul flag equal to O specifies that start code emulation prevention b
present before or within subpicture IDs in the~referenced PPS or SPS
start code emul flag equalto 1 specifies that’start code emulation preventio
be present before or within subpicture IDs in the feferenced PPS or SPS NAL unit.

L subpicture

tes are not
NAL unit.
h bytes may

ps_sps_subpic id flag, when equal to ¥/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.

ps_id, when present, specifies the PPS ID of the PPS applying to the samples mapped td this sample

group description entry.

ps_id, when present, specifies-the SPS ID of the SPS applying to the samples mapped tqg this sample

group description entry.

17.4Syntax of VvcSubpicOrderEntry

ned(8) class MvcSubpicOrderEntry () extends VisualSampleGroupEntry ('spor')

nsigned ing (¥) subpic_id info flag;
nsigned ARt (15) num subpic ref idx;
or (1 m\0; i < num subpic ref idx; i++)
unsighed int (16) subp track ref idx[i];
f (subpic_id info flag)
WCSubpicIDRewritingInfomationStruct () subpic id rewriting info;

}

11.4.

17.5Semantics of VvcSubpicOrderEntry

subpic_id info flagequalto 0 specifies that the subpicture ID values explicitly signalled in the

SPSs and/or PPSs or inferred without explicit signalling are correct for the indi

cated set of

subp track ref idx[i] values 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 subp track ref idx[i] va
subpicture ID values are not inferred.

© ISO/IEC 2022 - All rights reserved
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num_ subpic ref idx greater than 0 specifies the number of reference indices of subpicture
tracks or track groups of subpicture tracks referenced by the VVC track. num subpic ref idx
equal to 0 specifies that 1) the number of reference indices of subpicture tracks or track groups
of subpicture tracks referenced by the VVC track is equal to the number of entries in the ' subp'
track reference of the VVC track, and 2) the order of subpicture tracks or track groups of
subpicture tracks to be resolved for inclusion into the VVC bitstream reconstructed from the 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' trackreference index of the i-th list of one or more
subpictures or slices to be included in the VVC bitstream reconstructed from the VVC track.
subpic_id rewriting info contains syntax elements assisting in rewriting subpicture IDs in

PPS

11.4.18 Subpicture layout map entry

11.4.18.1De¢j

The Vvcsul
loop entry g

The VvcSu
providing

groupID i
to indicate §
provide senj

If num_sup
VvcSubpi
Otherwise
VvcSubpi

When grouy
a SampleG

rect |

full j

11.4.18.2 Syntax

or SPS NAL units.

finition

bpictureLayoutMapEntry may be used to assign an identifier, called groupID, to
fthe 'spor' sample group.

the shall
 nfo 4cc to the four-character code of the associated@Sample grouping type. It is forbi

semantics of that groupID. This link be provided by setting

in associated grouping type for which the sample group description definition doe
antics for groupID.

tLayoutMapEntry maps to subp track ref idx[i] in VvcSubpicOrderEn
0), the i-th
tLayoutMapEntry maps to the i-th entry of the ' subp' track reference.

(num subpic ref idx equal to loop entry in

PID info 4ccisequalto” trif' ina VVC merge base track, the same track shall ing
roupDescriptionBoxof type "trif' with entries constrained as follows:

region flagshall be equal to 1.

bicture shall be equal to 0.

each

bpictureLayoutMapEntry, when present, shall be linkedto'a sample group description

the
den

5 not

pic_ref idx in VvcSubpicOrderEntry is greater than 0, the i-th loop entry in the

try.
the

lude

class Vvc

Cuboicol oot MonEnt vz () taends VicualSomnlaoaCrouniint » ('oialm )
g P g PARWS ing g P AN 7

unsigned int (32)
unsigned int (16)
for (1=0;

unsigned int (16)

}

groupID info 4cc;
entry count minusl;
i <= entry count minusl; i++)
grouplD;

11.4.18.3 Semantics

groupID info_ 4cc specifies that further information of the groupID values specified in this
entry are provided in a SampleGroupDescriptionBox with grouping type equal to

gro

176

upID info 4cc.
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entry count minusl plus 1 specifies the number of entries in the map. When
num_subpic ref idx in VvcSubpicOrderEntry is equal to 0, entry count minusl
plus 1 shall be equal to the number of entries in the 'subp' track reference. Otherwise,
entry count minusl plus 1 shall be equal to num subpic ref idx in
VvcSubpicOrderEntry.

grouplD specifies the unique identifier of the group. More information about the group is provided
by the sample group description entry with this groupID and grouping type equal to
groupID info 4cc.

11.4.19 Mixed NAL unit type pictures sample group

11.4)19.1Definition

This|sample group is used in VVC merge base tracks, i.e., in VVC tracks with ' subp%track referencing to
VVCisubpicture tracks. Each sample group description entry indicates a group®f'pairs of 'mixn"' track
refefence indices, which reference VVC subpicture tracks or track groups)When a VVC bitstream is
resolved from the VVC merge base track containing the 'minp' sample"group by merging|the pairs of
VVCsubpicture tracks signalled in the "minp' sample group entry then'there is mixing of different NAL
unit types.

To epse PPS rewriting in response to subpicture selection,“each sample group description entry may

contpin:
— the bit position of the pps_mixed_nalu_types_in_pic_flag syntax element in th¢ containing
RBSP;
— the parameter set ID of the parameter set containing the pps_mixed_nalu_type$_in_pic_flag
syntax element.
11.4{19.2 Syntax

aligned (8) class VvcMigedNALUnitTypePicEntry () extends
VisualSampleGroupEntry ("minp')

Unsigned int (1(6)) num mix nalu pic idx;

for (i = 0; i X num mix nalu pic idx; i++){
unsigned\dint (16) mix subp track idx1[i];

unsighéd int (16) mix subp track idx2[i];

unsigned int (10) pps mix nalu types in pic bit pos;
unéighed int (6) pps_id;

}

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 type pictures sample group description entry.

mix subp track idx1[i] and mix subp track idx2[i], for each value of i, specifies a
'mixn’' track reference index value, each referencing a track ID value of a VVC subpicture
track or a track group id value of an 'snut' or 'alte' track group of VVC subpicture
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tracks. The wvalue of mix subp track idx1[i] shall not be equal to
mix subp track idx2[i].

pps mix nalu types in pic bit pos specifies the bit position starting from 0 of the
pps_mixed_nalu_types_in_pic_flag syntax element in the referenced PPS RBSP.

pps_1id specifies the PPS ID of the PPS applying to the samples mapped to this sample group
description entry.

11.4.20 Rectangular region order sample group

11.4.20.1Definition

This sampld group is used in VVC extraction base tracks. Each sample group description entry indi¢ates
the rectangiilar regions of a picture in decoding order, where each region id[i] value presentin the
sample groyp description entry identifies a rectangular region.

To ease PPYor SPS rewriting in response to rectangular region selection, each sample’group description
entry may fontain a VVCSubpicIDRewritingInfomationStruct structure that is specifigd in
subclauses 11.4.17.2 and 11.4.17.3 and contains:

—tan indication of whether selected subpicture IDs should be.¢hanged in PPS or SPS NAL ynits;
—tthe length (in bits) of subpicture ID syntax elements;

—tthe bit position of subpicture ID syntax elements.inthe containing RBSP;

—ta flag indicating whether start code emulation,prevention bytes are present before or wiithin
subpicture IDs;

—| the parameter set ID of the parameter'set containing the subpicture IDs.

11.4.20.2 Syntax

aligned(8) class VvcRectRegionQ#derEntry () extends
VisualSampleGroupEntry (‘rron!)
{
unsigned int (1) subpigid info flag;
bit (7)| reserved = 0
unsigned int (16) ¢num alternate region set;
for (i|l= 0; 1 &num alternate region set; i++) {
unsfgned mt\(16) num regions in set[i];
unsjgned-int (16) alternate region set id[i];
for| (J(=0; J < num_regions_in set[i]; J++)
hnsigned int (16) groupID[i]l[j];

}
unsigned int (16) num regions minusl;
for (i = 0; 1 < num regions minusl; i++)
unsigned int (16) region idf[i];
if (subpic_id info flag)
VVCSubpicIDRewritingInfomationStruct () subpic id rewriting info;

}
11.4.20.3Semantics

subpic id info flagequalto 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
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region id[i] values 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[1i] 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 alternate region set id[i] shall notbe equal to 0 and shall not be equal

11.4{21 Subpicture level information sample group

11.4J21.1Definition

num_regions minusl plus 1 specifies the number of rectangular regions.
tegion id[i], for each value of i, specifies the value of groupID in the NALUMapEptry in the

toany groupID inthe NALUMapEntry in the referenced VVC track by ' recr' tra¢k reference
in this track.

groupID[i] [J] specifies the unique identifier of j-th rectangular region that-belongs to the i-th

alternate region set. groupID[i] [j] value is equal to groupID in the NALUMapEntry in the
VVC track referenced by the 'recr' track reference in this track. Thewdlue of groupID[1] []]
shall not be equal to 0.

referenced VVC track of the i-th rectangular region to\bé included in the VV{ bitstream
reconstructed from this track or the value of alternate region set id of an alternate
region set of the i-th rectangular region to be included‘in the VVC bitstream reconstjructed from
this track. The value of region id[i] shall notbe’equal to 0.

gubpic_id rewriting info contains syntax@lements assisting in rewriting subpicture IDs in

PPS or SPS NAL units. The syntax and semantics of subpic id rewriting info are
specified in specified in subclauses 11.4.17.2 and 11.4.17.3, respectively.

Whep a subpicture entity group withlevel is static flagequalto 0 is present, a subpicture level

infofmation sample group ({spli') shall be present in the track with track ID egual to the

level info entity idx-<thentity id value of the subpicture entity group.

A subppicture level infermation sample group provides level information for one or more grpups of VVC
subylicture trackstindicated by a subpicture entity group, referred to as the associated subpicture entity

groupp.

Information for identifying the associated subpicture entity group is signalled by the

gropping\type parameter field in the instances of the SampleToGroupBox for th¢ subpicture

level] information sample group.

Allinstances of the SampleToGroupBox for the subpicture level information sample group shall include

grouping type parameter. The grouping type parameter field is specified for the

subpicture level information sample group as follows:

unsigned int(32) subpic_entity group id;

subpic entity group id specifies the group id in the EntityToGroupBox of the associated
subpicture entity group.
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11.4.21.2 Syntax

aligned(8)

{

unsigned int (8)

}

class SubpiclLevelInfoEntry () extends VisualSampleGroupEntry('spli')

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

conferms-

11.5 Entity groups

11.5.1 Sub

11.5.1.1 Ge

Subpicture
bitstream o

NOTE T}

The implici
parameter ¢
reconstruct

When the V]
the player g

level contrilpution, the SubpicCommonGroupBox indicates the combinatorial rules.

When there
to be jointly]

Both Subp
value applid
group. Whe
SubpicMul
information|
value is pr

icture entity groups
neral

bntity groups are defined to provide level information indicating.€eonformance of a me
1t of several VVC subpicture tracks.

he VVC merge base track provides another mechanism for merging VVC(subpicture tracks.

[ reconstruction process based on the subpicture entity groups requires modificatic
ets. The subpicture entity groups give guidanceto ease parameter set generation fo
ed bitstreams.

VC subpicture tracks within the group thatare to be jointly decoded are interchangeabl
an select any set of num_active tnacks subpicture tracks from a group with the §

are coded subpictures with different properties, e.g. different resolutions, which are sele
decoded, the SubpicMuiltipleGroupsBox indicates the combinatorial rules.

| cCommonGroupBex and SubpicMultipleGroupsBox may contain the level |
able when decoding jointly any combination of VVC subpicture tracks indicated in the e
n the applicable 1level idc value is not static, both SubpicCommonGroupBox
| tipleGrdupsBox may indicate the track that contains the associated subpicture
sample.group that indicates the applicable 1evel idc value. An applicable level |
vided in at least one of a subpicture entity group and the associated subpicture

rged

n of
- the

b, i.e.
ame

cted

|idc
ntity

and
level
|idc
level

informatio

samnle aroun
et S-57 T

..... oap

All the entity idvaluesincluded in the subpicture entity groups shall identify VVC subpicture tracks.

When present, SubpicCommonGroupBox and SubpicMultipleGroupsBox shall be contained in

the GroupsListBox in the file-level Me t aBox and shall not be contained in Me t aBoxes of other levels.
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11.5.1.2 Syntax of subpicture common group box

aligned(8)
{ unsigned int (1)
unsigned int (1)
bit (6)

class SubpicCommonGroupBox extends EntityToGroupBox('acgl',O,
level is present flag;

level is static flag;

reserved = 0;

if( level is present flag )

unsigned int (8) level idc;

if( level is static flag == )

unsigned int (16)

unsigngdiint(SZ) level info entity idx;
num_active tracks;

5:2022(E)

0)

11.5

]

]

]

evel is present flag equal to 1

evel is static flag equal to 1

evel idc

1.3 Semantics of subpicture common group box

specifies that level idc  isy-prese
SubpicCommonGroupBox. level is present flag equal to 0 specifies that ]
is not present in this SubpicCommonGroupBox.

specifies that the level to which 4
num_active tracks entitiesamong the current entity group-conforms is static foy
in the selection of tracks and is indicated by the Ievel idc field in f{
SubpicCommonGroupBox. level is static flag equal to 0 specifies that t

nt in this
level idc

ny set of
all samples
he current
he level for

such a selection, for a particular set of samples, is indicatéd by the 1evel idc field ipthe sample

group entry of the associated subpicture level inforimation sample group, which is
with track ID equal to level info efitity idx-th entity id wval
SubpicCommonGroupBox and has subpigyentity group id equal to the g3

in the track
ie in this
roup idin

this SubpicCommonGroupBox. The particular set of samples is the set of samples that are

members of the associated subpicture level information sample grd
level is present flagisequalte’0,level is static_ flag shall be equa
specifies the level to which any set of num active tracks entities
current entity group conforms.

evel info entity idx specifies the track containing the associated subp

information sample group. The track with track IDequalto level info ent]
entity id value in.this SubpicCommonGroupBox should be a track that cont
header NAL units.

um_active tracks’ specifies the number of tracks for which the value of level

provided in this)SubpicCommonGroupBox or in the associated subpicture level
sample group.

up. When
1 to 0.

among the

cture level
Lty idx-th
pins picture

| dc value is
information
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11.5.1.4 Syntax of subpicture multiple groups box

aligned(8)
{

class SubpicMultipleGroupsBox extends EntityToGroupBox ('amgl',0,0)

unsigned int (1) level is present flag;
unsigned int (1) level is static flag;

bit (6)

reserved = 0;

if( level is present flag )
unsigned int (8) level idc;

if( level is static flag == 0 )
unsigned int (32) level info entity idx;

unsign d 1'?11-(1 ) num thrjv‘r\np ir‘]c;
subgroppIdLen = (num_ subgroup ids >= (1 << 8)) 2 16 : 8;
for (i]= 0; i < num_entities in group; i++)

unsjgned int (subgroupIdLen) track subgroup id[i];

for (i

unsjgned int (16) num active tracks[i];

}

11.5.1.5 Semantics

level |

SubpicMultipleGroupsBox. level is present flag™equal to 0 specifies
leviel idcisnotpresentin this SubpicMultipleGroupsBox

level |
num|

= 0; 1 < num_subgroup ids; i++)

is present flag equal to 1 specifies that level<idc is present in

is static flag equal to 1 specifies that the-level to which the set of
active tracks[i] tracks among the subgroupwith ID equal to i for all values of

this
that

any
iin

the range of 0 to num subgroup ids - 1, inclusive,.conforms is static for all samples in the

subpicture tracks included in the current entity group, and is indicated by the level idc

in th
that

leviel idc fieldinthe sample group entry of the associated subpicture level information sa

groy

entlity id value in this SubpicMultipleGroupsBox and
subpic_entity group id equal to the group id in the EntityToGroupBox o
current entity group. The parti¢ular set of samples is the set of samples that are members g

dSSo

equalto 0, level is  Static flag shall be equalto 0.

level |

subgroup with ID equal to i for all values of i in the range of 0 to num subgroup ids
inclyisive, conforms.

level |
info
ent

headerNALunits:

e current SubpicMultipleGroupsBox. devel is static flag equal to O spe
the level for such a combination, forca~particular set of samples, is indicated by

p, which is in the track with.@brack id equal to level info entity ig

ciated subpicture level\information sample group. When level is present fla
idc specifies the level to which the setof any num active tracks[i] tracksamon
info _entity idx specifies the track containing the associated subpicture

'mationrsample group. The track with track IDequalto level info entity id
ity -idvaluein this SubpicMultipleGroupsBox should be a track that contains pi

field
rifies
the
mple
x-th

has
- the
f the
g is

o the
-1,

level
x-th
ture

num_subgroup_ids specifies the number of separate subgroups, each identified by the same value

of track subgroup id[il].

tra

ck subgroup idf[i].

Different subgroups are identified by different values of

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[1i] 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 tmplicit reconstruction process when aggregating samples of the tracks mapped te an operating
point described in this entity group does not require removing any further VCL NAL units tp result in a
confprming VVC bitstream. Tracks belonging to an Operating Point Entity Group: shall have a track
refefence of type 'vreg' to the group id indicated in the Operating Point Entity Group and shall not
carry a 'vopi' sample group.

All the entity id values included in the operating point entity groups shall represent frack IDs of
tracls that belong to the same VVC bitstream. When present, OpgratingPointGroupRox shall be
contpined in the GroupsListBox in the file-level MetaBox and shall not be contained in MetaBoxes
of other levels.
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11.5.2.2 Syntax

aligned(8) class OperatingPointGroupBox extends EntityToGroupBox ('opeg',0,0)
{

unsigned int (8) num profile tier level minusl;

for (i=0; i<=num profile tier level minusl; i++)

VvcPTLRecord (0) opeg ptlf[i];

bit (6) reserved = 0;

unsigned int (l) incomplete operating points flag;

unsigned int(9) num olss;

for (i=0; i<num olss; i++) {

1r\c1'rjr\ar4 {nf(Q\ F1-1 1d [ ],-

insigned int(9) ols idx[i];

hinsigned int(6) layer count[i];

bit (1) reserved = 0;

insigned int (1) layer info present flag[i];

Lf (layer info present flag) f{

for (j=0; j<layer count; j++) {
unsigned int (6) layer id[i][j];
unsigned int (l) is output layer[i][j];
bit (1) reserved = 0;

bit|(4) reserved = 0;

unsjgned int (12) num operating points;

for| (1=0; i<num operating points; i++) {
insigned int(9) ols loop entry idx;
hinsigned int (3) max_ temporal id;
insigned int (1) frame rate info flagy
insigned int (1) bit rate info flag@;

Lf (incomplete operating pointsxflag)
unsigned int (2) op_availabdibity idc;
bl se

bit (2) reserved = 0;

pbit (3) reserved = 0;

hinsigned int (2) chroma format idc;
nsigned int (3) bit/depth minus8;
nsigned int (16) maX picture width;
hinsigned int (16)\max picture height;

L f (frame raté info flag) {

unsigned 4int (16) avg frame rate;

bit (6) «réserved = 0;

unsighed int (2) constant frame rate;

Lf (AL rate info flag) {
unmsigned int (32) max bit rate;
Gnsigned int (32) avg bit rate:

}

unsigned int (8) entity count;

for (Jj=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.
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opeg ptl[i] specifies the i-th profile, tier, and level structure.
incomplete operating points flagequalto 1 specifies that some operating points declared

5:2022(E)

in the structure may be incomplete (i.e., some output layer sets or temporal sublayers may be

missing in some operating points). incomplete operating points flag

equal to 0

specifies that all operating points declared in the structure are complete (i.e., all output layer sets

and temporal sublayers associated with the operating points are present in the file).

num_olss specifies the number of output layer sets signalled in this syntax structure. The value of

num_olss shall be less than or equal to the value of TotalNumOlss as specified in

ISO/IEC 23090-3.

]

]

tl idx[i] specifies the zero-based index of the listed profile, tier, and level structure
output layer set signalled in this syntax structure.

1s idx[i] is the output layer set index of the i-th output layer set sighalled in
structure.

structure.
ayer info present flag[i] specifies whether the list of ]ayers that belong to the
layer set is present or not.
ayer id[i] [j] specifies the nuh_layer_id value for the-j<th layer in the i-th outp
signalled in this syntax structure.
s_output layer[i] [j] equal to 1 specifies that the j-th layer is an output layer
output layer set signalled in this syntax stricture. is output layer([i] [J]
specifies that the j-th layer in not an output layer in the i-th output layer set sign
syntax structure.
hum operating points gives the number of operating points for which the informa
The list of operating points shall include all operating points that are present in san]
tracks representing the bitstream;
bls loop entry idx isthe index to the list of outputlayer sets signalled in this synt]
for the operating point. The variable olsldx is set
ols idx[ ols looplentry idx ]forthe presentloop entry.

frame rate info, flag equal to 0 indicates that no frame rate information is preg

operating point,"The value 1 indicates that frame rate information is present for th

point.

bit ratesinfo flag equal to 0 indicates that no bitrate information is pre
operating point. The value 1 indicates that bitrate information is present for the ope

p_awvailability idc equal to 0 indicates that the operating point i
op) availability idc equal to 1 indicates that at least one layer is missing in tk

nax temporal id givesthe maximum Temporalld of NAL units of this operating point.

for the i-th

this syntax

ayer count [1] specifies the number of layers in the i-th outputlayer set signalled in this syntax

i-th output
ut layer set

in the i-th
equal to 0
alled in this

fion follows.
ple entry of

ax structure
equal to

sent for the
e operating

bent for the
rating point.

complete.
e operating

point. op availability idc equal to 2 indicates that at least one temporal

sublayer is

NOTE

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.

The  process specified in  subclause 11.54 is  specified for operating p

oints 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 11.5.4.
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chroma format idc indicates the chroma format that applies to this operating point. The
following constraints apply for chroma format idc:

—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 idc shall be
equal to that value of sps_chroma_format_idc.

— Otherwise (this operating point contains more than one layer), the value of
chroma format idc shall be equal to the value of
vps_ols_dph_chroma_format[ MultiLayerOlsIdx[ alsldx ] ], as defined in ISO/IEC 23090-3.
bit depth minus8 indicates the bit depth that applies to this operating point. The foellojving

consfraints apply forbit depth minus8:

—If this operating point contains only one layer, the value of sps_bitdepthy minusp, as
defined in ISO/IEC 23090-3, shall be the same in all SPSs referenced by the'VCL NAL unjts in
the VVC bitstream of this operating point, and the value of bit depth”minus8 shdll be
equal to that value of sps_bitdepth_minus8.
— Otherwise(this operating point contains more than one’ layer), the valug¢ of
bit depth minus8 shall be equal to the value of
Vps_gls_dpb__bitdepth_minu58[ MultiLayerOlsldx[ olsldx ]}, as defined in ISO/IEC 23090-3.
max_pifture width indicates the maximum picture width, in tnits of luma samples, that applies
to thys operating point. The following constraints apply for max picture width:
—If this operating point contains ‘only one layer, the wvalue| of
sps_pic_width_max_in_luma_samples, as definedfn ISO/IEC 23090-3, shall be the same |n all
SPSs referenced by the VCL NAL units in the VVC bitstream of this operating point, angl the
value of max picture width @shall be equal to that wvalue| of
sps_pic_width_max}n_luma_sa?nples.
—Otherwise (this operating point' contains more than one layer), the valup of
max picture width shall be equal to the value of
vps_ols_dpb_pic_width[ MultikayerOlsldx[ olsldx ] ], as defined in ISO/IEC 23090-3.
max_pifture height indicatesthe maximum picture height, in units of luma samples, that applies
to thys operating point. The following constraints apply formax picture height:
— If this operating point contains only one layer, the wvalue| of
sps_pic_height_max_in.luma_samples, as defined in ISO/IEC 23090-3, shall be the same in all [SPSs
refergnced by thetVCL NAL units in the VVC bitstream of this operating point, and the valtie of
max |picturé/height shall be equal to that value of sps_pic_height_max_in_luma_sampleg.
—| OtherWwise (this operating point contains more than one layer), the valu¢ of
max_Jpicture height shall be equal to the value of
vpS_ols_dph_pic height[ Multil.ayerOlsldx[ alsldx ]], as defined in ISO/IEC 23090-3
avg frame rate givesthe average frame rate in units of frames/(256 seconds) for the operating
p_oint. 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.
max bit rate gives the maximum bit rate in bits/second of the bitstream of the operating point,
over aHy window of one second.
avg _bit rate gives the average bit rate in bits/second of the bitstream of the operating point.
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entity count specifies the number of tracks that are present in an operating point.

entity idx specifies the index to the entity id list in the entity group that belongs to an

operating point.

11.5.3 VVC bitstream entity group

The VVC bitstream entity group is defined to provide the VVC tracks of a single VVC elementary stream.

When an EntityToGroupBox with grouping type equal to 'vvcb' is present, the following

constraints apply:

Q)

and shall not be contained in MetaBoxes of other levels.

the VVC tracks carrying one VVC elementary stream.

a VVC track that carries the 'vopi' sample group.

included in the EntityToGroupBox shall not carryithe 'vopi' sample group.
11.5}4 VVC switchable tracks entity group
11.5/4.1 General

The VVC switchable tracks entity group defines a set of tracks among which it is possible to s
the dample description box of a single tragk‘included in the entity group.

In the following, track k refers to the track with track ID equal to the k-th entity id
entitly group, where k is a variable-The sample description box of the track i may be used as
a particular value of, track switch hierarchy idl[i], any track
tragk switch hierarchy id[j] less than or equal to track switch hierarchy|
be used with the sample description box in the track i. Switching from one track to another ig
to lepd to a valid VVE-bitstream when the switch is performed at a SAP sample with a SAP ty]
or equal to 3. When a 'dcfi' sample group is present in track i, it also applies to any track j
group with) value track switch hierarchy id[j] smaller than or

tragk, 6witch hierarchy id[i].

) The EntityToGroupBox shall be contained in the GroupsListBox in the file-level MetaBox

) Theentity idvaluesincluded inthe EntityToGroupBox shall represent the track IDs of all

d) Thefirstentity idvalueincluded inthe EntityToGroupBox shall represent the track ID of

d) The VVC tracks with track ID values represented by.the second and later entity id values

witch using

value of the
follows. For
j with
[id[i] may
guaranteed
pe less than
of the entity
equal to

When an EntityToGroupBox with grouping type equal to 'swtk' is present, all the following

constraints apply:

— TheEntityToGroupBox shall be contained in the GroupsListBox in the file-level MetaBox and

shall not be contained in any MetaBox of other levels.

— Alltheentity id valuesin the entity group shall be track ID values of VVC tracks.
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lengthSizeMinusOne shall have the same value in all instances of VvvcConfigurationBox 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 the entity group.

A TrackSelectionBox may be presentin 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] valueinthe VVC switchable tracks entity group for which

track ID

11.5.4.2 Syntax

aligned (8
{

(1
uns

for

}

11.5.4.3 Semantics

track |
to th

11.6 Data
11.6.1 Gen€

The output
bitstream.

A file reade
invocation ¢

AW
bitst

a)

b) And

opel

The

sequaltoentity id[entityldx].

class SwitchableTracks extends EntityToGroupBox ('swtk', 0¢4Q)

= 0;
i gned int (16)

i1 < num _entities in group; i++)
track switch hierarchy id[i];

switch hierarchy id[i] specifies the hierarchy 6f a track within the tracks belor
e entity group.

sharing and VVC bitstream reconstruction
ral

bf the process specified in this subclause is a VVC bitstream, which is referred to as the ot

r shall invoke the process specified in this subclause when one or more of the follo
onditions are true:

(C bitstream (' vveb\\) entity group is present in a file and the file reader processes the
ream represented-by the entity group to generate the output bitstream.

ating points described by the entity group to generate the output bitstream.

ging

tput

wing

VVC

perating point (' opeg') entity group is present in a file and the file reader uses any of the

filee reader extracts a subset of the layers or sublayers of a VVC track

with

ptl
The
The
The
g) The

188

_present flagequalto 1 to generate the output bitstream.

file reader processes a VVC merge base track.

file reader processes a VVC extraction base track.

file reader processes a VVC track that has an associated VVC non-VCL track.

file reader processes a VVC track that contains a 'pase' sample group.
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When a VVC switchable tracks entity group (' swtk') is present in a file, a file reader initially selects a
VvcDecoderConfigurationRecord among the tracks that belong to the VVC switchable tracks
entity group with a particularvalueof track switch hierarchy id[i].Thefilereader may switch
at SAP samples with SAP type less than or equal to 3 to any other track that belongs to the VVC switchable
tracks entity group and has value of track switch hierarchy id[j] less than or equal to the
of The
VvcDecoderConfigurationRecord track
the

selected
of
of

value initially
with

particular

particular track switch hierarchy id[i].

used for value

than

is any a

track switch hierarchy id[j] less or equal to value

albsz
Ty

2021
—C T

tra

EVNENEPS
Tt

The

Q)

)

Nl

brocess specified in this subclause consists of the following ordered steps:

When the invocation condition a, b, or ¢ above is true, an operating point‘is detern
start of the VVC bitstream and may be determined again for any IRAPOr"GDR access

The method of determining the operating point is outside the seopé of this document.

When incomplete operating points flagisequalto 1inan 'opeg' entit
'vopi' sample group, the selected operating point shall’be such that op availab]
is equal to O for the selected operating point.

When the file reader either selects an operating point the first time or selects a differe
point than what was selected earlier, the file'reader shall indicate the output layer s
the highest Temporalld value of the selected operating point to the VVC decodg
including them in an OPI NAL unit<inserted into the output bitstream (as the fir
following the AU delimiter NAL unit, if any, in the first access unit where the opera
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 C
as the set of layers and sublayers being decoded is within the latest operating point that was indica
decoder through an OPI NAL unit or by other means. Layer up-switching can take place at an IRAP, GD
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 or
from an<aceess unit wherein the operating point is determined, inclusive, to thé
bitstream or the access unit wherein the operating point is determined next tim
whichever is earlier in decoding order.

nined at the
unit.

y group or a
l1ity idc

Nt operating
bt index and
r either by
st NAL unit
[ing point is

VS as long
ted to the
R, or STSA

der starting
end of the
b exclusive,

When a VVC hitstream is represented by multiple VVC tracks, a file parser identifid

s 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. whena 'vopi ' sample group is present),

determine, from the 'vvcbhb' entity group which VVC tracks represent a VVC bitstream. The

firstentity id of the 'vvcb' entity group identifies the track containing the 'vopi’
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sample group. The mapping of operating points to layers and sublayers is concluded from
the 'vopi' 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 the '1inf' sample groups present in the VVC tracks of the VVC bitstream.

Since a particular layer or sublayer 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 sublayer.

c) Accdss units to the output bitstream are reconstructed in the decoding time order of sanpples
among the VVC tracks needed for the chosen operating point (when the invocation conditiot] a, b,

orc

above is true), or within the VVC merge base track (when the invocation condition d abgve is

true]), or within the VVC extraction base track (when the invocation condition e abagve is tru¢), or

witHin the VVC track (when the invocation condition f above is true).

If several tracks contain data for the access unit, the alignment of respective samples in tradks is

perfprmed based on the sample decoding times.

Ase

invgking the implicit reconstruction process specified in subclause 11.6.2 repetitively.

The

decqding time.

d) When both of the following conditions are true:

When a VV(
such that if

guence of access units is reconstructed from the respective’samples in the required tracks by

reconstructed access units are placed into thefoutput bitstream in increasing order of

the sequence of access units is followed by a selection a different operating point than what
was selected earlier, and

the sequence of access units does not end with EOS NAL units in each layer of the applied
operating point or an EOB NAL unit,

the file reader shall include an EOS NAL unit for each layer of the applied operating point
into the outputbitstream. The included EOS NAL units may be placed at the end of the ag¢cess
unit in theinereasing order of the nuh_layer_id value of the EOS NAL units.

bitstfeam is represented by multiple VVC tracks, the decoding times of the samples shall be
the-tracks were combined into a single bitstream ordered by increasing decoding timg, the

access unit

rderwoutd becorrectas specified imISOAE€ 236090-3:

11.6.2 Implicit reconstruction of a VVC bitstream

This proces

s specifies the reconstruction of an access unit from the time-aligned samples having the

current decoding time among:

— the

— the

190

required VVC track(s),

associated VVC non-VCL tracks, if any, and
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— the referenced VVC subpicture tracks, if any.
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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
referenced VVC subpicture track, if any, is the sample that has the greatest decoding time that is less than
or equal to the current decoding time.

When reconstructing a bitstream containing a sublayer for which the VCL NAL units have Temporalld
greater than 0, all lower sublayers (i.e., those for which the VCL NAL units have smaller Temporalld)

with

Whe
the g
the ¢

Whe
gro
max|

initiz

NOTE
VvcDh
VvcDh
differ

Whe
the s
follo

[T the same layer are atso inctuded in the resutting bitstream. |

n the sample(s) with the current decoding time contain VCL NAL units with Temporalld
reatest Temporalld included in the selected operating point, no access unit,is_reconst
urrent decoding time.

n a sample of the track is marked as belonging to a samplé' group 'pass

hping type parameter includes max_ width and( ) max_ height
| picture width and max picture height in the VyébB&coderConfigurat]

lly selected to reconstruct the bitstream, the following applies:

The SPS NAL unit within the 'pase' sample group is placed before the NAL u
in the sample and after the AUD NAL unit,ifany.

Any SPS NAL units in the reconstructed access unit as specified in this subclause
inserted by a 'pase' sample groip are removed.

1 When a VVC switchable tracks?,entity group is present, the file reader initially
ecoderConfigurationRecord among the tracks that belong to the VVC switchable tracks entity grou
ecoderConfigurationRecord is.also used for extracting the SPS NAL unit within the 'pase' sample
ent track belonging to the VVC swit¢hable tracks entity group when reconstructing a sample of that track.

ame decoding time.are placed into the access unit in increasing order of the nuh_layer_i
wing steps may,be performed when the condition applies:

— When' a sample of the track containing the first picture unit of a sample ig
belonging to a sample group 'aud ' with ols idx and lower ols idx |
corresponding to the target operating point, the AUD NAL unit within the 'au

breater than
ructed from

and the
equal to

|l onRecord

nits present

that are not

selects  a
p and this
broup in a

n reconstructing an access unit, picture units (as specified in ISO/IEC 23090-3) from samples having

d value. The

marked as
Inclusive

d ' sample

group description entry is placed into the AU as the first NAL unit of the AU.

When a sample in a track is marked as belonging to a sample group 'eos ' withols idx,

max_tidand lower ols idx inclusive corresponding to the target operating point,

the EOS NAL units within the 'eos

' sample group description entry are placed into the

AU after all NAL units from the sample, excluding the EOB NAL unit, when present.

— When a sample in a track is marked as belonging to a sample group 'eob ' with

ols idx,max_tid,and lower ols idx inclusive corresponding to the target
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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.

NOTE 3 VVC decoder 1mplementat10ns take as 1nput a bltstream correspondlng to the target output layer set index and

the highest Te

HighestTid va 1ab1es ofISO/IEC 23090 3: 2021 Clause 8 A f11e parser needs to ensure that the reconstructed bltstream doe

not contain arly other layers and sublayers than those included in the target operating point before sending it to~alVV

decoder.

When recon

(in the forl

When a VV(

specified in
reconstruct

op over num_olssinthe 'vopi' sample group), the following applies:

When reconstructing an access unit, for each layer in the output layer set with index j i
range from 0 to layer count [1}\5%, inclusive,

selected accordingly.

— When reconstructing an access unit, for each layer in the output layer set with index j i

range from 0 to layer count[i]-1, inclusive,

units of the reference layers only IRAP picture units and GDR picture units

tracks are selected accordingly.

subclause 14.6.3. When a VVC track contains a 'recr' track reference, each picture u
bd as specified in subclause 11.6.6. The process in subclause 11.6.3 or 11.6.6 is repeate

each layer of thetarget operating point in increasing nuh_layer_id order.

NAL units anpd-D

il

ISP ILZ]

structing an access unit based on an operating point associated with output layer set index i

n the
if

num_ref sublayers in layer in ols[i][J] is-greater than 0, then the VCL|NAL
units belongs to the sublayers of that layer for which the VCL NAL units have Tempoyalld
less than or equal to Min(num ref sublayers in layer in ols[i][j]-1,
max_temporal_id), where max_temporal_id is the,value of the corresponding syntax elefnent
for the operating point, are included in the resulting bitstream and the required trackg are

n the
if

num ref sublayers in Jayer in ols[i] [j]is equal to 0, from all the pi¢ture

with

ph_recovery_poc_cnt equal to 0 are included in the resulting bitstream and the required

track contains a,;"subp"' or 'vvcN' track reference, each picture unit is reconstructed as

hit is
d for

be of

O

UNSPEC_28 to UNSPEC_31, 1nc1u51ve ie. nal _unit type values in the range 0f28 to 31 1nclu51ve as defmed
in ISO/IEC 23090-3), are discarded from the reconstructed access units.

The reconstructed access units are placed into the VVC bitstream in increasing order of decoding time.

Since a particular layer or sublayer 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 sublayer.
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11.6.3 Reconstructing a picture unit from a sample in a VVC track with 'subp' or 'vvceN' track

references

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 or in the time-aligned sample of the associated

VVC non-VCL track, is included in the picture unit.

NOTE1 When an AUD NAL unit is present in a sample, it is the first NAL unit in the sample.

)

AL 4] ] s 4] £ 4 ] £ £ ] LR | L s )
|( ) VVIITIT LT SAUIPIT IS LIIT TITSU SAHIPIT U d STYUTITILT UL SAIIIPITS dS55ULIAdLTU VWILIT LT 5
entry, the DCI, OP], parameter set and SEI NAL units contained in the sample entry
included in the picture unit.

q) When there is an associated VVC non-VCL track and the picture unit is the first pictur
access unit that is reconstructed from the sample, the following NALZunits are incl
picture unit:

1) If there is at least one NAL unit in the time-aligned sample of the associated V
track with nal_unit_type equal to EOS_NUT, EOB_NUT) SUFFIX_APS_NUT, SUFF
FD_NUT, or RSV_NVCL_27 (a NAL unit with sucha NAL unit type cannot precede
NAL unit in a picture unit), the NAL units (excluding the AUD NAL unit, if any)
aligned sample of the associated VVC non-VCL track up to and excluding the fi
NAL units.

2) Otherwise all NAL units in the timézaligned sample of the associated VVC non-V

d) If there is at least one NAL unit in‘the sample with nal_unit_type equal to EOS_NU

type cannot precede the first VCL NAL unit in a picture unit), the NAL units in the s
and excluding the first.of these NAL units are included in the picture unit, otherwise 3
in the sample are included in the picture unit.

sample entries and samples from the reconstructed access unit in all of the steps abo|

NOTE 2 (tis discouraged to include OPI NAL units in sample entries or samples when multiple tracks a
store layets or sublayers of a VVC bitstream.

me sample
v, if any, are

b unit in this
uded in the

VC non-VCL
[X_SEI_NUT,
the first VCL
in the time-
rst of these

CL track.

, EOB_NUT,

SUFFIX_APS_NUT, SUFFIX_SEI"NUT, FD_NUT, or RSV_NVCL_27 (a NAL unit with such a NAL unit

ample up to
11 NAL units

d) Ifthereader has)selected an operating point, the reader shall exclude any OPI NAL unjits stored in

ve.

e used to

ble from the

f) \f the VVC track does not reference VVC subpicture tracks, the NAL units of the samj

VVC track are included in the picture unit.
Otherwise, the following applies:
1) The track references are resolved as specified in subclause 11.6.4.

2) Parameter sets are updated when necessary as specified in subclause 11.6.5.

3) The picture unit is appended by the content of the time-aligned (in decoding time)

resolved sample from each referenced VVC subpicture track in the order
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subpicture tracks being referenced in the 'subp' track reference (when
num_subpic ref idx in the same group entry of the 'spor' sample group entry
mapped to this sample is equal to 0) or in the order as specified in the 'spor' sample
group description entry mapped to this sample (when num subpic ref 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, and EOB NAL units; and

)

— whena 'vvcl'/'vvil' VVC subpicture track is referenced, all SEI NAL nnits

that do not contain a scalable nesting SEI message with sn_subpic_flag eqyal to
1.

If a referenced VVC subpicture track is associated with a VVC non-VCl-track, the resglved
sample of the VVC subpicture track contains the following NAL units:

— Ifthereis atleast 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 unitjwith
such a NAL unit type cannot precede the first VCL NAL unit in a picture ynit),
the NAL units (excluding the AUD NALwnit, if any) in the time-aligned sample
of the associated VVC non-VCL track up to and excluding the first of these|[NAL
units.

— Otherwise all NAL units in‘the time-aligned sample of the associated VVC non-
VCL track.

— The NAL units from the sample of the referenced VVC subpicture track.

— The remaining’NAL units, if any, from the time-aligned sample of the assoclated
VVC non-VCL track.

Otherwise (a‘referenced VVC subpicture track is not associated with a VVC nontVCL
track), 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)
resolved sample from all the referenced VVC subpicture tracks, the following applieg:

— 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) All NAL 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 t
UNSPEC_28 to UNSPEC_31, inclusive, are discarded from the picture unit.
11.6.4 Resolving subpicture track references

he range of

If ny
equd
tra
each|

to thlis sample as follows.

NOTH
regio
rectat

NOTH
Vve(
displd
viewy

m_subpic ref idx in the 'spor' sample group description entry mapped to'th
1 to 0, each track reference in the ' subp' box is resolved as follows. Otherwise, the)tra
ck IDs[subp track ref idx[i]]inthe 'subp' TrackReferenceTypeBoxis
instance of subp track ref idx[i] inthe 'spor' sample group description en

1 Each sample of the VVC merge base track resolved from the 'subp' tfack references forms a r¢
n without holes (i.e., all samples in the rectangular region are covered) and without overlaps (i.e., all samy
hgular region are covered only once).

fthe track reference points to a track ID of a VVC subpicture track, the track reference is
he VVC subpicture track.

Dtherwise (the track reference points to an 'alte' track group), the track reference is
hny of the tracks of the "alte' track group!

2 A reference to an 'alte' track group is advised to be resolved to a track with (flags & 1) equa
bnfigurationBox or VvcNALUConfigBox included in a sample entry only when the application
ying of the track. For example, a player catiselect such a track when the content of the track is not used to
ort for omnidirectional video represented by the VVC merge base track.

[he track reference shall notbe resolved to a particular subpicture track more than once
picture unit.

When a particuldr track reference index value was resolved to a particular track in t
sample, it shall be resolved in the current sample to either of the following:

— the same particular track, or

s sample is
'k reference
resolved for
try mapped

ctangular
les in the

resolved to

resolved to

| to 1ina
omits the
produce a

per a single

he previous

—(any other track in the same 'alte' track group that contains a sync sample that is tlime-aligned

NOTE 3

witlrthecurrentsampte:

The VVC subpicture tracks in the same 'alte' 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.
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11.6.5 Parameter set updating

If a reader selects VVC subpicture tracks containing VVC subpictures with a set of subpicture ID values
that is the initial selection or differs from the previous selection, the following steps are taken:

NAL

The 'spor' sample group description entry is studied to conclude whether a PPS or SPS

unit needs to be changed.

NOTE 1An SPS change is only possible at the start of a CLVS.

prey
RBS

the pverriding in the next step, start code emulation prevention is re-done.

groy

ones.

rew
acCcCeg

SPS

incliide a copy of that previous PPS and SPS (ifthe PPS or SPS with that same PPS or SPS ID v|

resp
with

When there
track, the fo

If the 'spor' sample group description entry indicates that start code emul
ention bytes are present before or within the subpicture IDs in the containing NAL un
P is derived from the NAL unit (i.e., start code emulation prevention bytes are removed). |

The reader uses the bit position and subpicture ID length information inthe ' spor' sa
p entry to conclude which bits are overwritten to update the subpicture IDs to the selg

When the subpicture ID values of a PPS or SPS are initially” selected, the reader nee
"ite the PPS or SPS, respectively, with the selected subpigture ID values in the reconstru
Ss unit.

When the subpicture ID values of a PPS or SPS:are changed compared to the previous P}
(respectively) with the same PPS ID value or‘SPS ID value (respectively), the reader nee

ectively, is not present in the access unit otherwise) and rewrite the PPS or SPS (respecti
the updated subpicture ID values inthe reconstructed access unit.

isa 'minp' sample group'description entry mapped to the sample of the VVC merge
[lowing operations are applied:

pps_mixed_nalutypes_in_pic_flag as follows:

— _The following examination is performed for each pair of track ID value
subpicture tracks selected to reconstruct a picture unit to determine whether
map to the track reference mix subp track idxl[i]

ition
t, an
After

mple
cted

s to
cted

PS or
ds to
alue,

vely)

base

The 'minp' sample group description entry is studied to conclude the value of

s of
they
or
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mi subp track idx2[di7 in ﬂu)'minp’ cmﬂph group dmwﬁpﬁnnc

mapped to this sample:

ntry

—If the track reference points to the track ID directly, the track ID maps to

mix subp track idxl[i] ormix subp track idx2[i].

— Otherwise, if both of the following are true:

— the track reference points to an 'alte' track group or a 'snut'

track group, and
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— the '"alte' track group or the 'snut' track group, respectively,
contains a track having the track ID value,

the track ID wvalue maps to mix subp track idx1[i] or
mix subp track idx2[i].

— Otherwise, the track ID value does not map to mix subp track idx1[i]
ormix subp track idx2[i].

— If any pair of subpicture tracks selected to reconstruct a picture unit-have track ID
values that map to mix subp track idx1}i|] and
mix subp track idx2[i] with the same value of i,
pps_mixed_nalu_types_in_pic_flag is concluded to be equal to 1"

—  Otherwise, pps_mixed_nalu_types_in_pic_flag is concluded to be equal tp 0.

— Ifthe value of pps_mixed_nalu_types_in_pic_flag differs fromthat in the previous §PS NAL unit
with the same PPS ID in the reconstructed bitstream, the‘following applies:

—  When no PPS was included in the pictute unit by the steps above, the rpader needs
to include a copy of the PPS with the updated pps_mixed_nalu_types_in_pic_flag value in
the reconstructed picture unit.

—  The reader uses the bit position in the 'minp' sample group entry [to conclude
which bit is overwritten to update the pps_mixed_nalu_types_in_pic_flag.

11.6{6 Reconstructing a picture unit fromra sample in a VVC track with 'recr' track referenge

A sample of a VVC track is resolved«te’a picture unit in the order of the following numbered bullets:

h) The AUD NAL unit, when present in the sample, is included in the picture unit.
NOTE 1When an AUD NAL\wnit is present in a sample, it is the first NAL unit in the sample.

b) When theisample is the first sample of a sequence of samples associated with the same sample
entry,£he DCI, OPI, parameter set and SEI NAL units contained in the sample entry, if any, are
included in the picture unit.

C) {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.

d) The picture unit is 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.
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1) Each region is resolved to the rectangular region indicated by region id[i] in the
'rror' sample 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 picture unit.

—If the wvalue of region id[i] is not equal to any
alternate region set id[j] defined in the 'rror' sample group
description entry, the resolved region corresponds to the rectangular region

with unique identifier groupID equal region id[i].

— Otherwise (region id[i] is equal to a value of
alternate region set id[j] defined in the 'rror'’sample gfroup
description entry), the region is resolved to any rectangulanregion with urlique
identifier groupID equal to any value of groupID[j] k" that belongs tp the
alternate region set with alternate regiom set id[j] equal to
region id[1i], and if a particular region id¥i-] value was resolved to a
particular region in the previous sample, it_shall be resolved in the cufrent
sample to either of the following:

— the same particular region, or

— any other region in the same alternate region set if a sync sample ih the
referenced VVC track is time-aligned with the current sample.

NOTE 2 The|regions in the same alternate region set are neeessarily independent of any other regions referenced by thejsame
VVC extractior] base track to avoid decoding mismatches and could therefore be constrained as follows:

— All the regions contain VVC subpictures.
— The subpicture boundaries are like picture boundaries.

P) NAL units of thejresolved regions are identified by groupIDinthe 'nalm' sample gfoup
description entry mapped to the time-aligned sample in the referenced VVC track.

B) After appending the picture unit with the NAL units of all the resolved regions} the
following applies:

Falih N 4

Land} £ A D AL . A | | - b 4+l £ b rahd AL e c
= I'IT PITIIX ATS INAL UIILS 4dI'c ICOTUcIrcd prior tu uUIic ISt vUL INAL UIIIt Ul the

picture unit.

— The suffix APS NAL units are reordered after the last VCL NAL unit of the picture
unit.

e) All NAL 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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f) 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.

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:

NOT

Anr-SPSchange is-onlypossibleatthestartofa-CLVS

The 'rror' sample group description entry is studied to conclude whether a PPS or SPS

NAL unit needs to be changed.

12 [EVC elementary streams and sample definitions

12.1

This
base
conf]

Overview

clause definés, the carriage of EVC elementary streams, as defined in ISO/IEC 23094-
media file"format. The elementary stream structure is provided in subclause 12.2.
guration-definition is provided in subclause 12.3. Derivation from ISO base media file

prOV|ided in subclause 12.4.

If the 'rror' sample group description entry indicates that start(code
prevention bytes are present before or within the subpicture IDs in the containi

emulation
hg 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 emulatign preventior

The reader uses the bit position and subpicture ID length information in the ' rr
group entry to conclude which bits are overwritten teupdate the subpictur
selected ones.

When the subpicture ID values of a PPS or SRShare initially selected, the read

1 is re-done.

or ' sample
b [Ds to the

er 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 prej
SPS (respectively) with the samie*PPS ID value or SPS ID value (respectively)
needs to include a copy of that'previous PPS and SPS (if the PPS or SPS with th
or SPS ID value, respectively, is not present in the access unit otherwise) and rew
or SPS (respectively) with the updated subpicture ID values in the reconstructed

yious PPS or

the reader
ht same PPS
rite the PPS
access unit.

|, in the ISO
Sample and
format are

Internet media applications require defined values for the Codecs parameter specified in IETF RFC 6381
for ISO BMFF 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 units and their storage in the [SO Base Media File Format
follows similar principles as other NAL structured video formats.
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The storage of EVC elementary streams is subdivided into two parts: static information that is globally
used in the elementary stream and dynamic information that may vary per sample. The SPS and PPS are

considered to be part of the information that rarely changes and is as such considered to be static. A set

of flags are used to indicate if the parameter sets are expected to change in the stream. In such case, a

sample grouping is defined that indicates the samples at which the parameter sets do change.

The Adaptation Parameter Set (APS) is considered to be dynamic information. The APS is used to carry

the Adaptive Loop Filter (ALF) and Dynamic Range Adjustment (DRA) information. Usage of ALF or

DRA

to process samples of video data is signalled by a flag and referred APS identification in the slice header

for ALF and|in the picture parameters header for DRA.

12.3 Sample and configuration definition
12.3.1 Overview

An EVC samlple contains an access unit as defined in ISO/IEC 23094-1:2020, subclause 3.1, and confi
to the sample format specified in subclause 4.2.3.

12.3.2 Can¢nical order and restrictions

The canoni¢al stream format is an EVC elementary stream that satisfies the following conditior
addition to the general conditions in subclause 4.2.2:

— | Ifall VCL NAL units for a single picture are stored in the same track, they shall be contg
within the sample whose decoding time and composition time are those of the pid
Otherwise (i.e.,, when pieces of a coded picture are stored in samples of different tra
each of these samples shall have the.decoding time and composition time that are tho
the coded picture.

— | Access unit delimiter NAL units: The constraints about access unit delimiter NAL
defined in ISO/IEC 23094x1 shall be obeyed.

— | SPSs and PPSs: An'SPS or PPS to be used in a picture shall be present prior to the sa
containing that-picture or in the sample for that picture. The sample entry shall carry at

PPSs maybe 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

rms

s in

ined
ture.
cks),
se of

inits

mple
least

the SPS and'RPS needed to process the first sample associated with it. Other SPSs and/or

The

AP$sumay be stored in the sample entry and/or in the samples.

—  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 for transmission if needed.

NOTE The removal or addition of Filler Data NAL units, start codes, or SEI messages can change the bitstream
characteristics with respect to conformance with the HRD when operating the HRD in CBR mode as specified in

ISO/IEC 23094-1:2020, Annex C.
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3 Decoder configuration information: EVC decoder configuration record

3.1 Definition

5:2022(E)

This subclause specifies the decoder configuration information for ISO/IEC 23094-1 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 unrecognized.

Com
Read
unde

The
chr
bit]
that
sets'

Speg

NOTE
any,
which
config

patible extensions to this record will extend it and will not change the configurationv
ers should be prepared to ignore unrecognized data beyond the definition ef |th
rstand.

values for profile idc, level idc, toolset idc kY toolss

pma_format idc, pic width in luma samples, pic hedight in luma
| depth luma minus8, and bit depth chroma minus8 shalkbe valid for all paj
hre activated when the stream described by this record is decodéd (referred to as "all th

in throughout this subclause).
ifically, the following restrictions apply:

The profile indicationprofile idc shallindicate a profile to which the strear
with this configuration record conformis.
1 If the SPSs are marked with different profilesythen the stream could need examination to determine v
he entire stream conforms to. If the entire streamnr’is not examined, or the examination reveals that there

the entire stream conforms, then the entire stream has to be split into two or more sub-streams

uration records in which these rules can-be'met.

The level indication"tevel idc shall indicate alevel of capability equal to or
the highest level'indicated in all the parameter sets of this configuration record

The picwidth in luma samples and pic height in luma samj
contain the highest values of all parameter sets of this configuration record.

Thetoolsetindication toolset idc land toolset idc hshallsignalallt

comply with the conformance requirements as provided in ISO/IEC 23094-1:

prsion code.
b data they

et idc 1,
| samples,
ameter sets

P parameter

n associated

hich profile, if
s no profile to
with separate

breater than
shall

bles

bols that are

required to decode the stream associated with this configuration record. The tod|s flags shall

2020, Table

A G and chall ha s dantiaa] vatl +h A o+ = =2 N d +

| ul
cCOoOOTO

field that is

ul an + 2l
1LO oIt Strart ot 1o CtIIorCar vv It crac- co o T o T T TaOcC— 1T aIrcr | PR I W )

signalled in the SPS.

The value of chroma format idc in all the parameter sets shall be identical.

The value of bit depth chroma minus8 in all the parameter sets shall be i
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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
specification may acquire a definition in the future specification, and readers should ignore NAL units
with unrecognized NAL unit types.

NOTE 2 This ‘tolerant’ behaviour is designed so that errors are not raised, allowing the possibility of backward{-
compatible ex{ensions to these arrays in future specifications.

It is recommended that the arrays in the decoder configuration record be in the order SPS;.PPS, APS| SEL

12.3.3.2 Syntax

aligned(8) class EVCDecoderConfigurationRecord {
unsigne¢d int (8) configurationVersion = 1;
unsigngd int (8) profile idc;
unsigngd int (8) level idc;
unsigned int (32) toolset idc_h;
unsigned int (32) toolset idc 1;
unsigned int (2) chroma format idc;
unsignegd int (3) bit depth luma minus$§;
unsigngd int (3) bit depth chroma minus8;
unsigned int (16) pic_width in luma samplé&s;
unsigned int (16) pic_height in luma samples;
unsigne¢d int (6) reserved = '000000'b;
unsigngd int (2) LengthSizeMinusOne;

unsigned int (8) num of arrays;

for (J§¥0; j < num _of arrays; J+£)({
unsjigned int(l) array completeness;
bit|(l) reserved = '0'b;
unsjgned int (6) NAL unit:type;
unsjgned int (16) num ‘nalus;
for| (i=0; i< num nalus; i++) {

insigned int (16) nal unit length;

pbit (8*nal unit length) nal unit;

}
12.3.3.3 Semantics

profiie_ldc, level 1dc, toolset i1dc_h, toolset idc I, chroma_tormat_idc,
toolset idc,bit depth luma minus8 and bit depth chroma minus8 containthe
matching values for the fields in the PPS for all parameter sets of the configuration record.

pic width in luma samples and pic height in luma samples contain the largest
values for the fields 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
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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.
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 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 23094-1; it is restricted to take one ¢f the values
indicating a SPS, PPS, APS, or SEI NAL unit.
num nalus indicates the number of NAL units of the indicated type included in the configuration
record for the stream to which this configuration record appliés.
nal unit length indicates the length in bytes of the NAL unit.
nal unit contains an SPS, PPS, APS or a SEI NAL unit, as'specified in ISO/IEC 23094-1,.

12.4 Derivation 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: 'evcl'

Container: Sample Table Box (' stbi")

Manglatory:  An 'evcl' sampleentry is mandatory for EVC bitstream
Quantity: One or more sample entries may be present

Box [l'ype: 'eveC'

Conffainer: EVC Sample Entry ('evcl!')
Mangatory:  Yes

Quantity: One

An [EVC visual sample entry shall contain an EVCConfigurationBox. This ipcludes an
EVCDecoderConfigurationRecord, as defined in subclause 12.3.3.

N9

An optionalBitRacebosmaybepresentinthe BV Cvisual sample-entry tosignalthe bitrateinformation

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 'evcl

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, andaps in stream whensetto 0, indicate that

the array of

the NAL units of the corresponding type is complete.

If the sample of a 'evcl' track contains unspecified NAL unit types (NAL units that have NalUnitType
values in the range of 56 to 62 as defined in ISO/IEC 23090-3), 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 s

pecified above.

12.4.1.2 Sy

class EVC
EVCDec
}

class EVC
EVCCon
MPEG4E
}

12.4.1.3 Semantics

Compr4g
used
striy

EVCDed
12.4.2 Pard
12.4.2.1 Ov]

An EVC sanj
with it. If sy
present in-H
group of tyy]
parameter s

ntax

ConfigurationBox extends Box('evcC') {
bderConfigurationRecord () EVCConfig;
FampleEntry () extends VisualSampleEntry ('evcl') {
figurationBox config;

ktensionDescriptorsBox (); // optional

s in streamand/ofpps in streamis set to ‘1’, additional SPSs and/or PPSs m4
and in the stream. Samples that carry one or more parameter sets shall belong to a sa
e 'pssl'. The sample group description entry associated with the sample gives the ty
ets present in.the sample (SPS and/or PPS and/or APS).

ssor

ssorname in the base class VisualSampleEntry indicates the name of the comprg
with the value "\012EVC Coding" being recommended (\012 is 10, the length of the
g in bytes).

oderConfigurationRecord is definedin subclause 12.3.3.

meter sets

erview

ple entry shall carry at least,the SPS and PPS needed to process the first sample assoc

ated
y be
mple
be of

12.4.2.2 In+band parameter set indication sample group entry
12.4.2.2.1 Definition

Group Types: 'pssl'

Container: Sample Group Description Box (' sgpd"')
Mandatory:  No

Quantity: 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 'pssl’'.
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12.4.2.2.2 Syntax

class PSSampleGroupEntry () extends VisualSampleGroupEntry ('pssl')
{

unsigned int(l) sps_present;
unsigned int(l) pps_ present;
unsigned int(l) aps_present;
bit (5) reserved = 0;

}
12.4.2.2.3 Semantics

1
1
1

$ps_present indicates thatasample associated with this sample group description enftry contains
an SPS NAL unit if set to 1, or does not contain any SPS NAL unit if set to 0.
pps_present indicates thatasample associated with this sample group description enjtry contains
an PPS NAL unit if set to 1, or does not contain any PPS NAL unit if set to O:
3dps_present indicates thata sample associated with this sample group description enftry contains
an APS NAL unit if set to 1, or does not contain any APS NAL unit if setito 0. When sps present
and pps_present are both equal to 0, aps_present shall be equial to 1.

12.4)3 Sync sample

An EVC sync sample shall contain VCL NAL units with NALUnitType IDR_NUT only; all SPS, PPS and APS
requiired to process the bitstream from this sync sample on-shall either be in this sync sample or in the
assofiated sample description entry.

Table 15 indicates the mapping between EVC VCL NAL unit types, ISOBMFF sync sample status and SAP
typep as documented in ISO/IEC 14496-12.

Table 15 — Mapping of sync sample status and SAP types to NAL unit type

NAL Unit Type ISOBMFF sync SAP type
sample status

IDR_NUT true lor?2
IDR_NUT  after | false 3
which some

pictures are not

dedodable

12.4.4 Definition of a sub-sample for EVC

For the use of the SubSampleInformationBox as defined in ISO/IEC 14496-12 in a EVC 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 of this box is optional; however, if present in a track containing EVC 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:
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0: NAL-unit-based sub-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
associated non-VCL NAL units, if any.

3: Temporal ID-based sub-sample; A sub-sample contains all the VCL NAL units (of the sample)

h oy accnnia taod non VUCT NAT

wath tha T Hd s ralhiie At 1ot HriEeif oy
VvVIUILD UIIC OdIIIC 1 L/llllJUl dllu valug, vvicil (All‘y doouUlldlUC U I1IVvVITI VUL INIYL UIlnito 11 (All]-

Other valuep of f1ags are reserved.

The subsaple priority field shall be setto 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 decedable if this sub-sample is
discarded (¢.g. the sub-sample consists of an SEI NAL unit).

The length field, as defined in subclause 4.2.3, of each NAL unit in the sub-sample shall be included ih the
sub-sample|size.

The codec| specific parameters field of the SubSafspYeInformationBox is defined for|EVC
as follows:

if [(flags == 1) {
insigned int (16) tile col idx;
hnsigned int (16) tile row id&j;

elsg¢ if(flags == 3){

insigned int (3) temporad- id
bit (29) reserved = 0%

}
els¢ {

bit (32) reservedh= 0;

}

tile dol idx {orsub-samples based on tiles, this parameter indicates the 0-based index of the
tile column.that contains the tile of this sub-sample.

tile now (idx for sub-samples based on tiles, this parameter indicates the 0-based index of the
tile yaw that contains the tile of this sub-sample.

temporal 1d forsub-samplesbased onm Temporal ID; this parameter indicates the TemporaliD of
the VCL NAL units in the sub-sample.

12.5 EVC slice track
12.5.1 Overview

ISO/IEC 23094-1 EVC supports coding of rectangular regions within a picture as independently
decodable units, so called slices. EVC slices can be encoded to have no coding dependencies with other
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slices in the same picture but with other slices from the previous coded pictures so that they can be
independently decoded. To support fast and efficient access of one or more slices for certain use cases
requiring a subset of a picture instead of entire picture, a track containing data for one or more slice is

defined in this section.

12.5.2 Implicit reconstruction of an EVC bitstream

If there are multiple tracks containing slice data for an access unit, the alignment of respective samples

in tr

deco
of th

Whe
unit.
NAL

unitg

they

Whe
inin

12.5

12.5

EVC
EVC
NAL
or A
or n
para

or tH
refer

VCL

acks is per
cons

ICIC "

ding time shall be placed into the access unit in increasing order of the smallest valueA
first tile of the slice.

n the samples include SEI NAL units, then they shall be placed before any V€Is NAL units

units, if any, contained in the sample entry of the main slice track are‘placed before t
s in an access unit. When the samples include NAL units with NALUnitType equal to Fl
shall be placed after all VCL NAL units of an access unit.

n reconstructing an EVC bitstream, the reconstructed access units are placed into the EV
creasing order of decoding time.

.3 EVC slice component track
.3.1 Definition

slice component track is a track contains a subset of a picture composed of one or mor
slice component track with sampleéntry type 'evs1' shall only contain VCL NAL units
but it shall not contain non-VCLONAL units whose NALUnitType is not equal to SPS_NU
PS_NUT. EVC slice componenttrack with sample entry type 'evs2' can contain any VC
bn-VCL NAL units. If a EVI€ slice component track contains any parameter set NAL uf
Imeter sets required to process VCL NAL units in the track shall be contained in either th¢
e EVC slice basetrack. This type of track shall have TrackReferenceBox with 'e
ence type to link-this type of track to the track containing non-VCL NAL units required t
NAL units in‘this track.

formed based on the sample decoding times, i.e. using the time-to-sample ta

ble without

of an access

When the sample is the first sample of a sequence of samples, the paramieter set NAL units and SEI

he VCL NAL
D_NUT, then

C bitstream

e EVC slices.
or non-VCL
T, PPS_NUT
L NAL units
1its, then all
p same track
ver' track
decode the
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12.5.3.2 Sample entry for EVC slice component track

12.5.3.2.1 Definition

Sample Entry Type:

'evsl'or 'evs2'

Container: Sample Table Box ('stbl")
Mandatory: An 'evsl'or 'evs2' sample entry is mandatory
Quantity: One or more sample entries may be present
Box Type: 'evsC!
Container: EVC Slice Component Sample Entry ('evsl' or 'evs2')
Mandatory:| Yes
Quantity: One
An EVC visyal 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
EVCSliceQomonentTrackConfigurationRecord.
An optional BitRateBox may be present in the EVC visual sample entryto)signal the bit rate information
of the EVC slice data in this track.
Multiple sample entries may be used, as permitted by the ISO-Base Media File Format specificatign, to
indicate secfions of video that use different configurations orparameter sets.
12.5.3.2.2 Syntax
class EVCBliceComponentTrackSampleEntryy)
extends VisualSampleEntry ('evs® or 'evs2') {
EVCSliteComponentTrackConfigurationBox config;
}
class EVCpBliceComponentTrackConfigurationBox extends Box('evsC') {
EVCSligeComponentTrackConfigurationRecord () config;
}
aligned(8) class EVCSliceComponentTrackConfigurationRecord {
unsigngds/int (16) numOfSlice;
for (ig0y” i1 < numOfSlice; i++) |
unsigned int (16) numOfTile;
for (i=0; j< numOfTiles; j++) {
unsigned int(16) tilelID;
}
}
}
12.5.3.2.3 Semantics
numOfSlice indicates the number of slices contained in this track.
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numOfTile indicates the number of tiles in a slice.
tileID indicates the tile ID.

12.5

12.5

.4 EVC slice base track

4.1 Definition

5:2022(E)

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

refeffencing this track. The restrictions in the subclause 12.3.2 are applied to this type of trac}
EVCislice base track can only include any SPS, PPS and APS which are not included in(the array of NAL
unit§ of the configuration record of the track when they are required for decoding of VCL NAL
samg track. The parameter sets required for decoding of any EVC slice component track s

carried in the configuration record of the EVC slice base track.

12.5.4.2 Sample entry for EVC slice base track

12.5.4.2.1 Definition

Sample Entry Type: 'evml'

Contpiner: Sample Table Box ('stbl"')

Manflatory: ~ An 'evml' sample entry is mandatory for EVC slice base track

Quantity: One or more sample entries may bepresent

Box [lype: 'evmC'

Contginer: EVC Slice Base Sample Entry (" evml ')

Mangatory:  Yes

Quantity: One

An BVC visual sample entry shall’contain an EVC Configuration Box as defined in the subcla
when a track is an EVC slice base track. This includes an EVCDecoderConfigurationRec
in the subclause 12.3.3.

An optional BitRateBox may be present in the EVC visual sample entry to signal the bit rate
of the EVC slice«ata in this track.

Multiiple(sample entries may be used, as permitted by the ISO Base Media File Format spe
indiqate-Sections of video that use different configurations or parameter sets.

L except that

units in the
hall only be

use 12.4.1.1
brd defined

information

rification, to
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Annex A
(normative)

In-stream structures

A.1General
Aggregatorgand a 3
extraction of NAL units from other tracks.
Aggregatorg and Extractors use a syntax that is similar to the NAL unit syntax but does frat follow the
start code [emulation prevention mechanism required for the NAL unit syntax.as specified in
ISO/IEC 14496-10 or ISO/IEC 23008-2. These NAL-unit-like structures are seen @soNAL units in the
context of the sample structure. While accessing a sample, Aggregators shall berremoved (leaving their
contained dr referenced NAL units) and Extractors shall be replaced by{the data they refergnce.
Aggregatorg and Extractors shall not be output by file parsers.
These structures use NAL unit types reserved for the application/transport layer by ISO/IEC 14496-10
or ISO/IEC 23008-2.
See Annex H for more information about use of “reserved”, “tnispecified”, “not specified” and “registrant-
defined” nall unit type values.
A.2Aggregators
A.2.1 Definition
This subclause describes Aggregators,~which enable NALU-map-group entries to be consistent| and
repetitive. (fee Annex B).
Aggregatorg are used to group-NAL units belonging to the same sample.
For storage |of ISO/IEC 14496-10 video, the following rules apply:

— | Aggregators use the same NAL unit header as SVC VCL NAL units, MVC VCL NAL ynits,

MVC+D depth VCL NAL units, or 3D-AVC VCL NAL units, but with a different value of|NAL
unit type.

210

If the sample entry contains the MVCD Configuration Box or the A3D Configuration Box, the
NAL unit header of the aggregator follows the syntax of the NAL unit header for the NAL unit

of nal_unit_type equal to 21. Otherwise, the NAL unit header of the aggregator follow
syntax of the NAL unit header for the NAL unit of nal_unit_type equal to 20.

If the sample entry contains the SVC Configuration Box and the svc_extension_flag of the

s the

NAL

unit syntax (specified in ISO/IEC 14496-10:2020, subclause 7.3.1) of an aggregator is equal

to 1, the NAL unit header of SVC VCL NAL units is used for the aggregator.
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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

For stor

ifional_bytes field within them). When the stream is scanned by a file.feader that does

aggregator.

[ y OI' plad ARV alay H A o

0 vi.

bgate NAL units belonging to more than one picture unit (where picture unit i
[EC 23008-2).

h) and also aggregate, by reference, NAL units that follow them (within the area indig

pgators, only the included NAL units are seen as “within” the aggregator. This permit

or b
refer

Whe
sam]

An /

aggr
incly

An Aggregator shall not be empty, i.e., it shall include or reference to at least one NAL unit.

Whej

d

read|
perIits such a file reader not to skip NAL units but let them remdin in-stream when they ar¢

r to skip a whole set of un-needed NAL units when they arevaggregated by inclusig

ference.

egators can be used to group base layer or base view NAL units. If these Aggregators ar
~1', 'hvcl',or '"hevl' track then an aggregator shall not use inclusion but reference
hse view NAL units (the length of the Aggregator includes only its header and the
enced by the Aggregator are specified hyadditional bytes).

n the aggregator is referenced by either an extractor with data_length equal to zero,
ple group, the aggregator is treated as aggregating both the included and referenced byt

lggregator may include, ot reference Extractors. An Extractor may extract from Aggy
pgator shall not include~or reference another aggregator directly; however, an aggr
de or reference an‘extractor that references an aggregator.

n scanning the stream:
) ,ifthe aggregator is unrecognized (e.g. by an AVC or HEVC reader or decoder) it is eas

discarded with its included content;

age of ISO/IEC 23008-2 video, Aggregators use the NAL unit header as defined in ISO/IEC 23008-
] o e B E— AT TS FC-23008=2 ator shall not

defined in

egators can both aggregate, by inclusion, NAL units within them (within the’size indicated by their

ated by the
not support
5 such a file
n. This also
aggregated

e used in an
fbase layer
NAL units

br by a Map
S,

egators. An
egator may

ily

b]

1I the aggregator 1s not needed (1.e. 1t belongs to an undesired layer] 1t and 1ts conten

(s both by

inclusion and reference are easily discarded (using its length and additional_bytes fields);
c) ifthe aggregator is needed, its header is easily discarded and its contents retained.

An aggregator is stored within a sample like any other NAL unit.

All NAL units remain in decoding order within an aggregator.
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A.2.2 Syntax

class aligned(8)

Aggregator (AggregatorSize) {

NALUnitHeader () ;

unsigned int 1

sizeof (NALUnitHeader ());

unsigned int ((lengthSizeMinusOne+1) *8)
additional bytes;
i += lengthSizeMinusOne+1;

while

(i<AggregatorSize) {

unsigned int ((lengthSizeMinusOne+1l) *8)

NALUnitLength;

e
T

MNAT ITa 2 = .
paFRe=Avy g =y ey

Uns i<

i +

}

NOTE Tl
in ISO/IEC 144
0x000000 to
parsing a file,
to a video decq

A.2.3 Semq

The value o
returns the

NALUnN]
thre|

nal

For

For

A3

NALUnitLength+tlengthSizeMinusOne+1;

2ot (NAT TTn 2 =T otk X Q)
T trvrooir T e oS ST 7

be syntax of Aggregators does not always follow the NAL unit syntax and the NAL unit constraints specifie
96-10 or ISO/IEC 23008-2. For example, there can be three continuous bytes equal to a valug)in the range d

000010, inclusive. This specifiation disallows the presence of Aggregators in a video bitstream output froq
herefore formal non-compliance with the video specifications is immaterial as they,will never be presente
der.

intics

[ the variable AggregatorSize is equal to the size of the aggregator, and the function size
Kize of the field X in bytes.

tHeader () : the first four bytes of SVC, MVC, and MVC+D depth VCL NAL units, or the

e bytes of 3D-AVC NAL units, or the first two bytes of ISO/IEC 23008-2 NAL units.

| unit type shall be set to 30 for ISO/IEC 14496-10 video and 48 for ISO/IEC 23008

Video.

hn aggregator including or referencingSVC NAL units, the following shall apply.

forbidden zero bitand resefved three 2bits shall be setas specified in
ISO/IEC 14496-10.

Dther fields (nal ref ide/.idr flag, priority id,
no inter layer pred flag, dependency id,quality id, temporal
use ref base picd flag, discardable flag,and output flag)shallb
as specified in A4

hn aggregator including or referencing MVC or MVC+D depth NAL units, the following s}

hpply.

forbidden zero bit and reserved one bit shall be setas specified in

ISO/IEC 14496-10.

Dtherfields (nal ref idc, non idr flag, priority id,view id,

teémporal id, anchor pic flag, and inter view flag)shall besetas
AL

| ey =

hE(X)

first

2

14,
P set

1all

P
DPCLIIICU 11 N.J.

For an aggregator including or referencing 3D-AVC NAL units, the following shall apply.
forbidden zero bitand 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, anchor pic flag, andinter view flag)shall be setas
specified in A.6.

For an aggregator including or referencing ISO/IEC 23008-2 NAL units, the following shall

apply.
forbidden zero bit shall be setas specified in ISO/IEC 23008-2.
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Other fields (nuh_layer idandnuh temporal id plusl) shall be setas specified in

A7.6.

additional bytes: The number of bytes following this aggregator that should be considered as
aggregated when this aggregator is referenced by an extractor with data_length equal to zero or

Map sample group.

NALUnitLength: Specifies the size, in bytes, of the NAL unit following. The size of this field is

specified with the 1engthSizeMinusOne field.

NALUnit: a NAL unit as specified in ISO/IEC 14496-10 or ISO/IEC 23008-2, including the NAL unit

header. The size of the NAL unit is specified by NALUnitLength.

A.3]llxtractors for SVC, MV(C, and MVD tracks

A.3.]

This
of tr

An A
extrd
refel
indiy
NOTH
canndg

| Definition

subclause describes Extractors for SVC, MVC, or MVD tracks. Extractors efigble compa
hcks that extract, by reference, NAL unit data from other tracks.

ggregator may include or reference Extractors. An Extractor may reference Aggregato

ences. Those bytes shall not contain extractors; an extraetor shall not reference,
ectly, another extractor.

t.

An etractor contains an instruction to extract data from another track, which is linked to

whid

The

q

In bg

The

'sc
tracl
ond

h the extractor resides, by means of a trackreference of type 'scal".

bytes copied shall be one of the folloWing:

referenced bytes are copiéd
) More than one entire-NAL unit

th cases the bytes extracted start with a valid length field and a NAL unit header.

bytes are copied only from the single identified sample in the track referenced through t

L groupyany single track of the 'alte!' track group is a valid source for extraction. The

Extr:

't formation

rs. When an

ictor is processed by a file reader that requires it, the extractoris logically replaced by|the bytes it

directly or

The track that is referenced can contain extractors even though the data that is referenced by the| extractor

the track in

) One entire NAL unit; notecthat when an Aggregator is referenced, both the irlcluded and

he indicated

h1 ' trackTeference. When a 'scal' track reference pointstoa track group idoflan 'alte'

hlignment is

pcoding time, i.e. using the time-to-sample table only, followed by a counted offset in sample number.
\ctdTs are a media-level concept and hence apply to the destination t]:acIs_b.nﬂ_tn.nﬂ_a.];jjI edit list is

considered. (However, one would normally expect that the edit lists in the two tracks would be identical).
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A.3.2 Syntax

class aligned(8) Extractor () {
NALUnitHeader () ;
unsigned int (8) track ref index;

signed

int (8) sample offset;

unsigned int ((lengthSizeMinusOne+1) *8)
data offset;

unsigned int ((lengthSizeMinusOne+1l) *8)
data length;

}

NOTE Tl
ISO/IEC 14496
inclusive. This
formal non-co

A.3.3 Semantics

NALUN];
thre|

For

For

For

be syntax of Extractors does not always follow the NAL unit syntax and the NAL unit constraints specified i
-10. For example, there can be three continuous bytes equal to a value in the range of 0x000000 to 0x00001
specifiation disallows the presence of Extractors in a video bitstream output from parsing a file,'therefor
mpliance with the video specifications is immaterial as they will never be presented to a video deCoder.

tHeader () : the first four bytes of SVC, MVC and MVC+D depth VCL\NAL units, or the
e bytes of 3D-AVC NAL units.

nal unit type shall be setto 31 for ISO/IEC 14496-10 video.
hn extractor referencing SVC NAL units, the following shalkapply.

forbidden zero bitand reserved three 2bits shall be setas specified in
ISO/IEC 14496-10.

Dther fields (nal ref idc, idr flag,, priority id,
no inter layer pred flag, dependency id,quality id, temporal
use ref base pic flag, distardable flag,and output flag)shallb
as specified in A.4.

hn extractor referencing MVC or MVC+D depth NAL units, the following shall apply.

forbidden zero bitandréserved one bit shall be setas specified in
ISO/IEC 14496-10.

Dther fields (nal ref . idc, non idr flag, priority id,view id,
temporal id;vanchor pic flag, and inter view flag)shall besetas
specified in@A.5:

hn extractorreferencing 3D-AVC NAL units, the following shall apply.

forbidden zero bitand reserved three 2bits shall be setas specified in
ISO/IEC 14496-10.

first

id,
P set

Dther fields (nal ref idc, view idx, depth flag, non idr flag,

temporal id, anchor pic flag, andinter view flag)shallbesetas
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,
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decoding time compared to the decoding time of the sample containing the extractor
(one) is the next sample, sample -1 (minus 1) is the previous sample, and so on.

5:2022(E)

; sample 1

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 re

ferenced 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

A.ANAL unit header values for SVC

Both
unity

or included by recursively inspecting the contents of aggregators or extractors.

The

no

use|
use|

1]

]

pointed to by data offset until the end of the sample, inclusive, are copied. Resd
extractor may result in a reconstructed payload for which there are fewer bytes't
indicated in the NALUnitLength of the first NAL in that reconstructed payload. In
readers shall assume that only a single NAL unit was reconstructed by the‘extracto
rewrite the NALUnitLength of that NAL to the appropriate value (i.e,siZe of the re
payload minus (LengthSizeMinusOne + 1) ).

NOTE If the two tracks use different lengthSizeMinusOne values, then the extracted data wi
formatting to conform to the destination track’s length field size.

extractors and aggregators use NAL unit headers with'the NAL unit header SVC extensi
extracted by an extractor or aggregated by an aggtegator are all those NAL units that ar¢

fields nal ref idc, id® flag, priority id, temnmy
inter layer pred flag, dependency id, quality id, temy
| ref base pic flag, discardable flag, outy
| ref base pic flag, and.no inter layer pred flag shall take the follow

al ref idc shall be set:fothe highest value of the field in all the extracted or aggreg:z
units.

dr flag shall be Setto the highest value of the field in all the extracted or aggregated

riority id, tlemporal id, dependency id,and quality id shall be setto th
values of the.fields, respectively, in all the extracted or aggregated NAL units.

iscardakle flag shall be setto 1 ifand only if all the extracted or aggregated NAL
the di'scardable flagsetto 1, and setto 0 otherwise.

utput™ flag should be set to 1 if at least one of the aggregated or extracted NAL unitg
flag set to 1, and otherwise set to 0.

lution of an
han what is
such cases,
rs, and shall
constructed

| need re-

bn. The NAL
b referenced

oral id,
oral id,
ut flag,
ing values:

ted NAL

NAL units.
e lowest

hinits have

has this

se’ ref base pic flag shallbe setto 1 if and nnly if atleast one of the extracted

r

a_ggreg_ated VCL NAL units have the use ref base pic flagsetto1,and setto
otherwise.

0

no_inter layer pred flagshall besetto 1ifand only if all the extracted or aggregated VCL

NAL units have theno_inter layer pred flagsetto1,and setto 0 otherwise

If the set of extracted or aggregated NAL units is empty, then each of these fields takes a value
conformant with the mapped tier description.

NOTE 1 Aggregators can group NAL units with different scalability information.
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NOTE 2

Aggregators can be used to group NAL units belonging to a level of scalability that is not signalled by the 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

with identical scalability information only. This ensures that the resulting pattern can be accessed by each of the tracks.

NOTE 4

Aggregator includes only the header, and additional_bytes is zero) can exist.

If multiple scalable tracks reference the same media data, then an aggregator might need to group NAL units

If no NAL unit of a particular layer exists in an access unit then an empty Aggregator (in which the length of the

A.S5NAL 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 hy an
extractor of aggregated by an aggregator are all those NAL units that are referenced or included by
recursively [nspecting the contents of aggregators or extractors.
The fields| nal ref idec, non idr flag, priority id, view jd, temporal| id,
anchor pjc flag, and inter view_ flag shall take the following values:
nal rdf idc shall be setto the highest value of the field in all the aggregated or extracted NAL
unitg.
non_idr flag shall be set to the lowest value of the field in all the aggregated or extracted NAL
unitg.
priority idand temporal id shall be setto the lowest values of the fields, respectively, in all
the aggregated or extracted NAL units.
view ild shall be set to the view_id value of the VCENAL unit with the lowest view order index

amaong all the aggregated or extracted VCL NAIZunits.

anchon
resp

A.6NAL un

Both Aggre
ISO/IEC 144
those NAL y
extractors. 4

avc_3d_e3

The fields

anchor pi

ectively, in all the aggregated or extracted VCL NAL units.

ctension,yflagequal to 1.

pic flagandinter view flag shall be setto the highest value of the fields,

it header values for 3D-AVE'NAL units

bators and Extractors uSe the NAL unit header 3D-AVC extension specified in Anne>
:

96-10:2020. The NAL units extracted by an extractor or aggregated by an aggregator a
nits that are referenced or included by recursively inspecting the contents of aggregato

Al the aggregated or extracted VCL NAL units shall have nal unit type equal to 21

nal-tef idc, view idx, depth flag, non idr flag, temporal

¢ ] of
re all
Irs or
and

| id,

c«flag, andinter view_ flag shall take the following values:

nal ref idc shall be setto the highest value of the field in all the aggregated or extracted NAL

units.
view idx shall be set to the lowest view order index among all the aggregated or extracted VCL

NAL

units.

depth flag shall be set to the lowest depth_flag value among all the aggregated or extracted VCL

NAL

units.

non_idr flag shall be set to the lowest value of the field in all the aggregated or extracted VCL

NAL

216

units.
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temporal id shall be set to the lowest value of the field in all the aggregated or extracted VCL

NAL units.

anchor pic flagandinter view flag shall be setto the highest value of the fields,

respectively, in all the aggregated or extracted VCL NAL units.

A.7Extractors for HEVC and L-HEVC tracks

A.7.1 Definition

This subclause describes extractors for HEVC and L-HEVC tracks. Extractors enable compact formation

of tr

Ane

Q)

ol

hcks that extract NAL unit data by reference.
ktractor contains one or more constructors. The following constructors are specified:

) A sample constructor extracts, by reference, NAL unit data from a sample/of another
) Anin-line constructor includes NAL unit data.

An aggregator may include or reference extractors. An extractor may reference aggregato

extrd
resu

The

ting when resolving the contained constructors in their appeatrance order.

bytes referred to by a sample constructor shall not-contain extractors; an extract

refeffence, directly or indirectly, another extractor.

NOTH

cannqt.

An e
anot

type

The

q

In bg

The

refe]

her track that is linked to the trackiin which the extractor resides by means of a track
'scal'.

bytes of a resolved extractor-shall be one of the following:

referenced byteS:are copied
) More than oneentire NAL unit

enced through the indicated 'scal ! track reference. The alignment is on decoding tin

track.

's. When an

ictor is processed by a file reader that requires it, the extractoris logically replaced by the bytes

br shall not

The track that is referenced can contain extractors even though the data that is referenced by the] extractor

ixtractor may contain one or more constructors for extracting data from the current trfack or from

reference of

) One entire NAL unit{ note that when an Aggregator is referenced, both the ircluded and

th cases the-bytes of the resolved extractor start with a valid length field and a NAL unit header.

bytés of a sample constructor are copied only from the single identified sample in the track

he, 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).
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A.7.2 Syntax
class aligned(8) Extractor () {
NALUnitHeader () ;
do {
unsigned int (8) constructor_ type;

if ( constructor type == )
SampleConstructor () ;

else if( constructor type == 2 )
InlineConstructor();

else if ( constructor type ==

Q o ] Con ot it i el o Mo o Sl e o
= <ot

SRt ArSEF rEromfra
els¢ if ( constructor type ==
ReferenceConstructor () ;
els¢ if ( constructor type == )

DefaultReferenceConstructor () ;
els¢ if ( constructor type == )
NALUStartInlineConstructor () ;
} while¢ ( 'EndOfNALUnit () )

=]

NOTE The syntax of Extractors does not always follow the NAL unit syntax and the NAL dnit constraints specified i
ISO/IEC 23008-2. For example, there can be three continuous bytes equal to a value in the hange of 0x000000 to 0x00001
inclusive. This|specifiation disallows the presence of Extractors in a video bitstream output from parsing a file, thereforp
formal non-compliance with the video specifications is immaterial as they will nevér be presented to a video decoder.

A.7.3 Semantics

NALUniltHeader () : The first two bytes of ISO/IEC 23008-2 NAL units.

hal unit type shall be setto 49 for ISO7/IEC 23008-2 video. forbidden zero bift
shall be set as specified in ISO/IEC 23008-2. Other fields (nuh layer idand
nuh temporal id plusl)shall be setas specified in A.7.6.

constyuctor type specifies the constructor that follows. SampleConstructor,
InliineConstructor, SampleConstructorFromTrackGroup,
ReflerenceConstructor,~\DéfaultReferenceConstructor and
NALUStartInlineConst¥actor correspondto constructor typeequaltoO0,2,3,4{5
and 6, respectively. Otherwvalues of constructor type are reserved.

EndOfNALUnit () is @ function that returns 0 (false) when more data follows in this extractor;
othdrwise it returns 1 (true).

A.7.4 Sample constructor

A.7.4.1.1Syntax

class aligned(8) SampleConstructor () {
unsigned int (8) track ref index;
signed int (8) sample offset;
unsigned int ((lengthSizeMinusOne+1) *8)
data_ offset;
unsigned int ((lengthSizeMinusOne+1) *8)
data length;
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A.7.4.1.2Semantics

track ref index:as specified in A.3.3.
sample offset:as specified in A.3.3.
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.

data_length: The number of bytes to copy. If this field takes the value 0, data offset shall
refer to the beginning of a NAL unit length field and the entire single referenced NAL unit is copied
(i.e. the length to copy is taken from the length field referenced by data offset, augmented by
the additional_bytes field in the case of Aggregators). When data offset + data length is

o Q. = —0g o

A.7.]

A.7.]

clag

A.7.]

]

end of the sample, inclusive, are copied, i.e. data length is resolved as (sampl
data_offset).Resolution of an extractor may resultin a reconstructed payload for
are fewer bytes than what is indicated in the NALUnitLength of the first |
reconstructed payload. In such cases, readers shall assume that only"a single N4
reconstructed by the extractors, and shall rewrite the NALUnitIigrigth of that
appropriate value (i.e, size of the reconstructed payload minus (LlengthSizeMinus

OTE1 If the two tracks use different lengthSizeMinusOne valuessthen the extracted data will
brmatting to conform to the destination track’s length field size.

OTE2 When track ref index references a track group, file writers are expected to select the
ata offsetand data length carefully. For example, when thereferenced samples in all the tracks o
roup consist of one and only one VCL NAL unit and the slice segnient headers in all these VCL NAL units havg
bngth, it is possible to use a non-zero data_offset to point‘to the first byte of the slice segment data.
eferenced samples in all tracks of the track group contain one and only one NAL unit, it is possibld
ata_length value that points beyond the sample size'ofany referenced sample to extract bytes from dat 4
ntil the end of the sample from any track of the track group.

b In-line constructor
b.1.1Syntax
s aligned(8) InlineConstructor () {

nsigned int (8) length;
nsigned int (8) indline data[length];

b.1.2 Semantics

engthythe number of bytes that belong to the InlineConstructor following this fi
value-of length shall be greater than 0. The value of 1ength equal to 0 is reserve
nlirfe data:the data bytes to be returned when resolving the in-line constructor.

greater than the size of the sample, the bytes from the byte pointed to by data ofifis
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A.7.6 Sample constructor from a track group

A.7.6.1 Syntax

class aligned(8) SampleConstructorFromTrackGroup () {

unsigned int (8) track ref index;
signed int (8) sample offset;
unsigned int(2) copy mode; // sample, NALU, NALU payload
if (copy mode != 0) {

unsigned int (1) nalu idx field size;

unsigned int (5) reserved;

unsigned 1int ((nalu 1dx field size + 1) * 8) nalu 1dx;
} elsel {

unsjigned int (6) reserved;

}

A.7.6.2 Semantics

track ref index specifies the index of the track reference of type 'sgal' to use to find the
track ID|or the track group id from which to extract data. When the track ref index
resolves to f track group_ id, itis up to the parser or player to select'the most appropriate tragk in
the corresppnding track group depending on the track group type. A default behaviour is to sglect
the first tra¢k in the file having the specified track group id.

copy_modg¢: specifies the copy operation to be performed:when resolving the extractor:

— | When set to 0, it means a sample copy,i:€-"a copy of bytes from the first byte of the sample
until the end of the sample, inclusive:

— | When set to 1, it means a NAL unit copy, i.e. a copy from the first byte of the i-th NAL unit to
the last byte of this same NAL unit, where i corresponds to the nalu_ idx field.

— | When set to 2, it means'd NAL unit payload copy; i.e. a copy from the first byte immediately
following the NALsunit header in the i-th NAL unit payload to the last byte of this same|NAL
unit, where i corresponds to the nalu_idx field.

— | copy mége 3 isreserved for future use.

1 ="

NOTE c¢py. fnode 2 is useful when some header rewriting is performed. In such case, only NALU payload is extracte
and combined with rewritten NALU header, e.g. when some NALUs from different IRAP and non-IRAP pictures ar

merged inene m'ng]n pipi—nra' thaere canbae anoaod torowritag n o1 00 4+ i—lp in-NALU headers-

i

nalu idx: 1-based index of the NAL unit from where to extract. Value 0 is reserved. NAL-unit-like
structures and NAL units that are present in the sample and have nal unit type value inthe range of
48 to 63, inclusive, shall not be accounted for. NAL units included or referenced by an Aggregator shall
be accounted for.
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