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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 bodi

es 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
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lescribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ne¢
the different types of document should be noted. This document was drafted in aceordance v
bditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the
bf patent rights. ISO and IEC shall not be held responsible for identifying any or all such
fights. Details of any patent rights identified during the development of\the document will b
ntroduction and/or on the ISO list of patent declarations received (seeswww.iso.org/patents) or
ist of patent declarations received (see http://patents.iec.ch).

Any trade name used in this document is information given for:the convenience of users and d
constitute an endorsement.

For an explanation of the voluntary nature of standdrds, the meaning of ISO specific ter
bxpressions related to conformity assessment, as wellas information about ISO's adherencg
World Trade Organization (WTO) principles in the Téchnical Barriers to Trade (TBT) see www.
so/foreword.html.

[his document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information tec
bubcommittee SC 29, Coding of audio, picture; multimedia and hypermedia information.

['his second edition cancels and replaces the first edition (ISO/IEC 23000-19:2018), which h
fechnically revised. It also incorpérates the Amendments ISO/IEC 23000-19:2018/Amd.1:2(
SO/IEC 23000-19:2018/Amd.2:2019.

[he main changes compared-to the previous edition are as follows:

— addition of supplemerital data brands;

— modification td-the structural brand cmfc for compatibility with DASH segments;
— definition'efa stricter brand 'cmf2 for legacy devices;

— refinenients and updates to HEVC media profiles for SDR and HDR;

— _definition of the scalable HEVC media profile;

[he procedures used to develop this document and those intended for its further maintenajnce are

ded for
yith the

subject

patent
e in the
the [EC

oes not

ms and
to the

so.org/

inology,

hs been
18 and

-—/definition of AAC multichannel media profiles;

— definition of MPEG-H 3D audio track format and CMAF media profile;

— definition of MPEG-D USAC track format and CMAF media profile;

— definition of IMSC1.1 media profile.

Alist of all parts in the ISO/IEC 23000 series can be found on the ISO website.

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

Common media application format (CMAF) combines and constrains several MPEG specifications to
define a multimedia format that is optimized for delivery of a single adaptive multimedia presentation
to avariety of devices, using a variety of adaptive streaming, broadcast, download and storage methods.

Several MPEG specifications have been adopted for much of the video delivered over the internet and
other [P networks (cellular, cable, broadcast, etc.). Various organizations have taken MPEG’s core coding,
file format and system standards and combined them inta their own specifications for their specific
application. While these specifications are similar, their differences result in unnecessary duplicatior]
of enginmeering effort and duplication of identical content in slightly different formats, which results-in
increaspd storage and delivery costs.

CMAF provides a common media specification that application specifications, such as MPEG dynamic
adaptive streaming over HTTP (DASH), can reference and a common media format that@llows a singlg
encodedl multimedia presentation to be used by many applications.

viii © ISO/IEC 2020 - All rights reserved
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Information technology — Multimedia application format

(MPEG-A) —
Part 19:

segmented media

Scope

[his document specifies the CMAF multimedia format, which contains segimented media
pptimized for streaming delivery and decoding on end user devices !in adaptive mul
bresentations.

CMAF specifies a track format derived from the ISO base media file_format, then derives addy
media objects from CMAF tracks that can be used for storage and delivery.

CMAF specifies sets of tracks that share encoding and packdging constraints that enable the s
bf multiple tracks to form a multimedia presentation afid allow seamless switching of altg
encodings of the same content at different bit rates, frame rates, resolution, etc.

CMAF specifies a hypothetical application model that"determines how tracks in a CMAF presq

lelivery to allow any delivery method. The hypothetical application model assumes a mani
blayer, but CMAF does not specify a manifesg; player, or delivery protocol, with the intent that 4
support the hypothetical application model¢can be used.

CMAF specifies media profiles and\brands that constrain media encoding and packaging o
fracks to enable seamless adaptivesswitching of tracks and allow devices to identify compatible
by its brand.

CMAF specifies presentation® profiles that conditionally require sets of CMAF tracks confor}
bpecified media profiles and allow content creators and devices to identify compatible mul
presentations.

CMAF enables extefisibility by specifying how new media profiles and presentation profiles
specified and identified and includes guidelines for those specifications.

P Normative references

objects
timedia

essable

blection
rnative

ntation

hre intended to be combined and synchronized teform a multimedia presentation. The model ai}stracts

st and
ny that

f CMAF
content

ming to
timedia

can be

content

[héfollowing documents are referred to in the text in such a way that some or all of their

ies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 14496-1, Information technology — Coding of audio-visual objects — Part 1: Systems
ISO/IEC 14496-3, Information technology — Coding of audio-visual objects — Part 3: Audio

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

video coding

ISO/IEC 14496-12, Information technology — Coding of audio-visual objects — Part 12: 1SO base media

file format

ISO/IEC 14496-14, Information technology — Coding of audio-visual objects — Part 14: MP4 file format
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ISO/IEC 14496-15, Information technology — Coding of audio-visual objects — Part 15: Carriage of
network abstraction layer (NAL) unit structured video in the ISO base media file format

ISO/IEC 14496-30, Information technology — Coding of audio-visual objects — Part 30: Timed text and
other visual overlays in ISO base media file format

ISO/IEC 23001-7, Information technology — MPEG systems technologies — Part 7: Common encryption in
ISO base media file format files

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

ISO/IE( 23009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) —Part 1
Media gresentation description and segment formats

ISO/IEq 23008-3:2019,Information technology — High efficiency coding and media ydelivery in
heterogeneous environments — Part 3: 3D audio

ISO/IE( 23091-3, Information technology — Coding-independent code points — Part 3:'Audio
ISO/IE( 23003-4:2015, MPEG audio technologies — Part 4: Dynamic range contie}

ISO/IE(Q 23003-3:2012, Information technology — MPEG audio technologieS=- Part 3: Unified speech ang
audio cgding

IETF RKC 5234, Augmented BNF for Syntax Specifications: ABNF, https://tools.ietf.org/html/rfc5234

IETF RFC 6381:2011, The ‘Codecs’ and ‘Profiles’ Parameters for."Bucket” Media Types, https://tools.ietf
.org/html/rfc6381

ITU-R Recommendation BT.709, Parameter values for the.HDTV standards for production and internationa
programmme exchange

ITU-R Recommendation BT.1886, Reference electro-optical transfer function for flat panel displays used i
HDTYV studio production

ITU-R Recommendation BT.2035, A reference viewing environment for evaluation of HDTV program
materidl or completed programmes

ITU-T Recommendation X.667:2014, Information technology — Open Systems Interconnection —
Procedyres for the operation of 0S| Registration Authorities: Generation and registration of Universall)
Unique [dentifiers (UUIDs) and their use as ASN.1 object identifier components, https://www.itu.int/rec/']
-REC-X 67

ANSI/C[FA-608-E R-2014, Line 21 Data Services, http://www.techstreet.com/standards/cta-608-e-r2014
?produgt_id=181544Y

ANSI/C[TA-708=E;"Digital Television (DTV) Closed Captioning, http://www.techstreet.com/standards/ct3
-708-e?product_id=1860354

W3C IM 4 -oftltes—fortnternetMedia
ttml-imscl

W3C IMSC1.1, TTML Profiles for Internet Media Subtitles and Captions 1.1, http://www.w3.org/TR/ttml
-imscl.1

W3C, TTML Media Type Definition and Profile Registry, W3C Working Group Note, https://www.w3.org/
TR/ttml-profile-registry

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

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

3.1 Media objects
3.1.1

CMAE Frr\ omant

IYITXE KX TITCTIC

encoded ISO BMFF media segment conforming to CMAF constraints

8.1.2

CMAF header
tequence of CMAF constrained ISO BMFF boxes that do not reference any media samples (3.3.15), but
hre associated with a CMAF track (3.2.1) and necessary for the decoding of its CMAF fragments ([3.1.1)

8.1.3
CMAF addressable media object
CMAF media object packaged for storage or delivery

Note 1 to entry: Examples include a CMAF track file (3.1.6) containing a CMAF header (3.1.2) and CMAF fragments
3.1.1), or a CMAF segment (3.1.5) containing one or more CMAF fragments, or a CMAF chunk (3.1.4) confjaining a
bartial sequence of the media samples (3.3.15) of a CMAF fragment.

8.1.4

CMAF chunk
CMAF media object that contains a consecutive subset-of the media samples (3.3.15) of a CMAF frjagment
3.1.1), where only the first CMAF chunk of a CMAEfragment is constrained to be an adaptive switching
3.3.9) point

8.1.5

CMAF segment
CMAF addressable media object (3.1.3) eonsisting of one or more consecutive CMAF fragments (3.1.1)
'rom the same CMAF track (3.2.1)

Note 1 to entry: A “CMAF segment” is conformant to an “ISO BMFF segment” and a “DASH segment”.

8.1.6

CMAF track file
bne CMAF track (3.21))stored consecutively in a single ISO BMFF file with the earliest CMAF fitagment
[3.1.1) constrained. to start at decode time zero

8.2 Logical structure

8.2.1
CMAFEtrack
bequence of CMAF fragments (3.1.1) that are consecutive in presentation time, contain ong media

rAq anfaorya +a ot lagct A o]l CANAAD o d +oagntbha gl o S ccnanio ad (CN1AL h d
tredailll, LUAAlUl IIT LU du ICdot UliIv OLI ualiurar UIviziirx Ulraiiyg, LUS\.’LII\'I VVl\.ll (299 CIOOU\'IGL\'\.»{ UIVIZTT ea er

(3.1.2) that can initialize playback

3.2.2

CMAF switching set

set of one or more CMAF tracks (3.2.1), where each track is an alternative encoding of the same source
content, and are constrained to enable seamless track switching (3.3.9)

3.2.3

aligned CMAF switching set

set of CMAF switching sets (3.2.2), the CMAF tracks (3.2.1) of which all contain alternative encodings of
the same source content in time-aligned CMAF fragments (3.1.1), but all CMAF tracks do not conform to
a single CMAF switching set

© ISO/IEC 2020 - All rights reserved 3
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3.2.4

CMAF selection set

set of one or more CMAF switching sets (3.2.2), where each CMAF switching set encodes an alternative
aspect of the same presentation over the same time period, only one of which is intended to be played at
atime, e.g., an alternative language or codec

3.2.5
CMAF presentation
set of one or more CMAF selection sets (3.2.4) that can be simultaneously decoded to produce a

lt' - H + i1l H | 1. H a | pa - P | pa | ladia]
multimgeatraaset CAPCTITILT, PUTTIIUATT Yy THTCTUUTITS S Y ITCUIIT UITTZTU aUUTU, vIUTU, dIid SUUTITITS

3.2.6
CMAF media profile

encoding constraint on a CMAF track (3.2.1) and its contained media samples (3.3.15) associated with g
CMAF gtructural brand

3.2.7
CMAF presentation profile
requirement on the CMAF media profiles (3.2.6) contained in a CMAF presentation\(3.2.5)

3.2.8
required media profile
CMAF media profile (3.2.6) conditionally required by a CMAF presentation profile (3.2.7)

3.2.9
manifest
document describing one or more CMAF presentations (3.2.5)

Note 1 tp entry: Manifest formats are not specified in this document.

3.2.10
audio grogramme
complete collection of all audio programme components and, if present, a set of accompanying presets

3.2.11
audio grogramme component
smallegt addressable unit of an audip programme

3.2.12
CMAF qupplemental data

data that can be present ina.CMAF track (3.2.1) and its contained media samples (3.3.15) conformant td
a set of requirements idenfified by a brand

3.2.13
CMAF gtructural brand

four-chpracterCode used in brand-signaling boxes to indicate compliance to box-level constraints ag
opposefl to media-level constraints

1on-madal
TOTH ot Cr

&

3.3 Appliea

3.31

CMAF hypothetical application model

CMAF presentation (3.2.5) application model based on late binding (3.3.3) and synchronization of CMAF
tracks (3.2.1) that partly determines the CMAF track encoding constraints necessary for an intended
CMAF presentation

3.3.2

player

component of the CMAF hypothetical application model (3.3.1) responsible for interpreting a manifest
(3.2.9), requesting resources, and rendering a CMAF presentation (3.2.5)

4 © ISO/IEC 2020 - All rights reserved
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3.3.3

late binding

selection (3.3.8) and synchronization of separately stored CMAF tracks (3.2.1) by a player
resulting in a synchronized multimedia presentation

3.34
CMAF presentation timeline

(3.3.2)

timeline shared by all CMAF tracks (3.2.1) in a CMAF presentation (3.2.5), starting at CMAF presentation
time zero, which is coincident with the earliest media samples (3.3.15) intended for presentation

8.3.5
presentation time offset
parliest presentation time of each CMAF track (3.2.1) at the start of a CMAF presentation (3.2.5)

Note 1 to entry: Presentation time offset is an encoded property of tracks in a presentation,but it can a
o that value stored in a manifest (3.2.9).

8.3.6

CMAF fragment duration

sum  of the media sample (3.3.15) durations documented in thé{FrackfFragmentRunBox
ovieFragmentHeaderBoxes in the CMAF fragment (3.1.1)

8.3.7

CMAF presentation duration

sum of the CMAF fragment durations (3.3.6) of the longest-CMAF track (3.2.1) in a CMAF presé
3.2.5), starting from its earliest presentation time on the’CMAF presentation timeline (3.3.4)

8.3.8

selection

choice of a CMAF track (3.2.1) from alternativés in a selection set (e.g., selecting an audio t
anguage), possibly by user action or stored user preference

8.3.9

switching

changing to a different CMAF track (3:2.1) during presentation, including adaptively switching b
CMAF fragments (3.1.1) in a CMAF switching set (3.2.2)

8.3.10

seamless switching

bwitching (3.3.9) betweew CMAF tracks (3.2.1) without interrupting presentation of the media
.e., decoding medig- samples (3.3.15), at the same time and quality as though their containin
'rack was decoded\without switching

8.3.11

CMAF switching set constraints

CMAF media profile (3.2.6) constraints that enable seamless switching (3.3.9) between CMA}
[3.2.1pin a CMAF switching set (3.2.2) conforming to that media profile

3.3/12

so refer

of all

ntation

rack by

etween

rontent,
b CMAF

" tracks

single initialization CMAF switching set constraints
additional CMAF switching set constraints (3.3.11) so CMAF fragments (3.1.1) do notdepend ona d
CMAF header (3.1.2) when switching (3.3.9)

3.3.13
resource identifier
externally specified identifier that identifies a CMAF addressable media object (3.1.3)

Note 1 to entry: An example is a URI or other object identifier specified by a delivery protocol and manifes
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3.3.14

stream access point
media sample (3.3.15) random access property

Note 1 to entry: This is numbered as in ISO/IEC 14496-12:2015, Annex 1.

3.3.15
media sample

media data in a CMAF fragment (3.1.1) associated with a single decode start time and duration

image ahd in the context of audio to refer to PCM waveform samples. In this document, each type of samplg
is identified by a defined term. A media sample defined by ISO BMFF is always identified by the term{'medig
sample”| The word “sample” is frequently used in ISO BMFF to refer to objects and parameters such asa “Samplg
sample size”, etc., and those terms are used without modification in this document.

Note 1 ]5) entry: The term “sample” is often used in the context of video to refer to the spatial samples of-aj

” o«

entry’,

3.3.16

audio RCM sample

digital sample quantizing the amplitude of an audio waveform at regular and frequent intervals

e.g., 48|kHz
3.3.17

video spatial sample

quantized values representing the colour and brightness of an area of an'image corresponding to a two

dimensjonal spatial tessellation of the image

3.3.18
subsampling

video encoding using a smaller number of video spatial samples (3.3.17) than the source video, thaf
numbeff being an integer submultiple that can be scaled:to the source video size based on video strean
paramdters without position shift or picture aspect ratio distortion

4 Abbreviated terms

AAC
ABNF
ADIF
ADTS
AOT
ASC
AU

advanced audio coding
augmented backus-naur form
audio data interchange format
audio data transport stream
audieobject type

dudio specific configuration

access unit

AVC
CCE
CDN
CMAF
CPE

ddlelLCd vidcu LUdillg

coupling channel element

content delivery network
common media application format

channel pair element

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=5945353f37e18471e9b0946e2c092632

ISO/IEC 23000-19:2020(E)

CVS coded video sequence
[A sequence of media samples (coded video frames), starting with a SAP type 1 or 2,
and including all media samples prior to the next SAP type 1 or 2 in decoding order.]

DASH dynamic adaptive streaming over HTTP
DRC dynamic range control
DRM digital rights management
DSE data stream element
DTV digital television
<BU European Broadcast Union
EOTF electro-optical transfer function
GOP group of pictures
HDMI high-definition multimedia interface
HDR high dynamic range
HDTV high definition television
HEVC high efficiency video coding
HLG hybrid log-gamma
HRD hypothetical reference decoder
DR instantaneous decoding refresh
MDCT inverse modified disgrete cosine transform
PF immediate playoutframes
SO BMFF ISO base media file format, defined in ISO/IEC 14496-12
KID key identifier, defined in ISO/IEC 23001-7
LFE lew frequency enhancement
LKFS loudness, K-weighted, relative to nominal full scale
MAE MPEG-H audio metadata information
MHAS MPEG-H audio stream
MIME multipurpose internet mail extensions
MPD media presentation description
MPEG moving picture experts group
MSE media source extension
NAL network adaptation layer
NTSC National Television System Committee

© ISO/IEC 2020 - All rights reserved 7
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OETF opto-electronic-transfer-funktion
PCM pulse code modulation

PNG portable network graphic

PPS picture parameter set

QMF quadrature mirror filter

RAP random access point

RGB red blue green

SAP stream access point, defined in ISO/IEC 14496-12
SAR sample aspect ratio

SBR spectral band replication

SCE single channel element

SEI supplemental enhancement information
SHVC scalable high efficiency video coding
SPS sequence parameter set

TTML timed text markup language

UHD ultra high definition

URI uniform resource identifier

URL uniform resource locator

URN uniform resource name

USAC unified speech and-audio coding
UTC coordinated universal time

UuiD universalyunique identifier

VOD videg*en-demand

VCL video coding layer

VPS video parameter set

VUI video usability information

XML eXtensible Mark-up Language

5 Document organization

First-time readers of this document are advised to start with Clause 6 for a description of the objects
and terminology specified, the CMAF object model, and the hypothetical application model, which
defines how these objects can be combined to form adaptive multimedia presentations.

8 © ISO/IEC 2020 - All rights reserved
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The normative specifications in Clause 7 through Clause 12 are terse to facilitate development and
testing and assume an understanding of Clause 6. Clause 7 specifies ISO Base Media File Format
boxes and structures such as movie fragments and tracks that are used to construct all CMAF media
objects. Clauses 8 through 11 contain details specific to encryption, audio, video, and subtitle tracks.
Clause 12 specifies the combination of CMAF tracks and media profiles into CMAF presentations. It also
recommends how to specify additional CMAF media profiles and presentation profiles, which can be
specified by other documents and organizations.

CMAF presentation profiles and CMAF media profiles are specified in annexes to allow the addition of
£31 sl £ ol 3 1o paj 2 A Jddies 1.6 3 1. 1o d d
ICVV l.ll UIIITS VWILllIuutl \,uauslus LIIT LUIT UUCUILITIIL. AUUILIULIIA] TTITUTITIAdUIVTE dIITIITATS 11dVC UTCTIL d e tO

provide explanations and recommendations on specific topics.

['he following is a list of the main clauses of this document, with a brief description of eachx

Llause 6 describes the segmented media encoding and playback model using the media objects defined
by the CMAF.

Llause 7 describes the use of ISO base media file format for the common mediajapplication formaf brand.

Llause 8 describes how digital rights management information and encryption is applied to the common
media application format.

(lause 9 describes the general video track format, constraints for NAL structured video tracks, and the
\VC video track format.

{lause 10 describes the general audio track format and spe¢cifies two AAC audio CMAF media prjofiles.

(lause 11 describes the subtitle track format, CMAF;media profiles for WebVTT and IMSC1 TTML
bubtitles, and signalling of CTA 608/708 captions embedded in video streams.

Clause 12 describes the general requirements for CMAF media profiles and CMAF presentation profiles.

Annex A describes several CMAF media\profiles, their brands, and a CMAF presentation| profile
rhat conditionally requires some of thdse media profiles. A CMAF presentation shall confornp to the
provisions of Annex A.

Annex B describes packaging and codec constraints for some CMAF media profiles using the HEVC
yideo codec. Systems claiming conformance to CMAF using HEVC shall conform to the provigions of
Annex B.

Annex C describes framing and encoding CMAF switching sets using subsampling and scaling ¢f video
[0 provide seamlesg playback with adaptive bit rate and scaling.

Annex D describes examples of player track selection, synchronization, and adaptive switching of a
CMAF presentation.

Annex Exdescribes the use of event messages attached to media objects to deliver metadata.

Anrfex F describes maintaining presentation timing and delivery in the event of missing media §amples
andresources.

Annex G describes encoding recommendations for AAC audio CMAF tracks conforming to adaptive
CMAF switching sets.

Annex H specifies the CMAF media profile for scalable HEVC (SHVC). Systems claiming conformance to
CMAF using scalable HEVC shall conform to the provisions of Annex H.

Annex I specifies the CMAF media profile for multichannel AAC. Systems claiming conformance to
CMAF using multichannel AAC shall conform to the provisions of Annex I.

Annex | specifies the CMAF media profile for MPEG-H audio. Systems claiming conformance to CMAF
using MPEG-H shall conform to the provisions of Annex J.

© ISO/IEC 2020 - All rights reserved 9
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Annex K specifies the CMAF media profile for MPEG-D USAC. Systems claiming conformance to CMAF
using MPEG-D USAC shall conform to the provisions of Annex K.

Annex L specifies the CMAF media profile for IMSC 1.1. Systems claiming conformance to CMAF using
IMSC 1.1 shall conform to the provisions of Annex L.

6 CMAF hypothetical application model, media object model and profiles

6.1

Q
CMAF defines a hypothetical application model so that encoding to that model results in covﬁr‘]ém
CMAF track encoding, representation in manifests, track selection, late binding, synchregi. tion|
decodinjg, and rendering of CMAF presentations.

Decodlmg requirements can be inferred from encoding constraints and the hypoth appllcatlor
model ut are not directly specified by CMAF. CMAF does not specify manifest fo or associated
resourde identification and transport. However, CMAF does specify CMAF addr e media objecty

derived from encoded CMAF fragments, which can be referenced as resources% manlfest Externa
specifidations can define how a manifest describes a CMAF presentation, ing identifying CMA}
addresgable media objects as resources and representing their logical rel%\shlps determined by thg
CMAF tracks, CMAF switching sets, CMAF selection sets, and CMAF pres;ght ions they are derived from

Figure [l illustrates the media objects that are specified by CMA sgrtlng with the encoded CMAF
fragments that form CMAF tracks, then logical CMAF track se%@termmed by CMAF track encoding
constrdints, then derived CMAF addressable media ob]ects t an package encoded CMAF fragments
or theirmedia samples for storage and delivery.

f')
i < Bl
N
I CMAF CMAF \ CMAF CMAF CMAF
Header Fragment i Fragment Fragment Fragment

CMAF Tracl(‘qsquence of Encoded CMAF Media Objects)

P |

P

CMAF Logical AN |
Media Objects

CMAF Tracks CMAF Tracks

Switching Set
CMAF Aligned Switching Sets

r |}
o N
O\\J CMAF Selection Set
\J
CMAF Addr: Qg I e, T } CMAF CMAF CMAF
Media O{]& Header Segment Track File

<7
D>~
-:% ’W‘—){ Resources |

Switching Set

Specified by CMAF —

«—

Not
specified

Figure 1 — Media objects specified in CMAF and presented by externally specified applications,
such as adaptive streaming

Figure 1 illustrates the mapping between CMAF specified CMAF presentations, and externally specified
manifests and resources. Multiple manifests may reference the same CMAF presentation and CMAF
addressable media objects. Specification of manifests and resource delivery is outside the scope of this
document.

To accurately represent a CMAF presentation, a manifest will describe CMAF track relationships
determined by each track’s source content and CMAF track encoding constraints, e.g., that CMAF tracks
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belong to the same CMAF switching set, which belongs to a CMAF selection set. CMAF groups CMAF
tracks based on their encoding constraints in logical media objects called CMAF selection sets and CMAF
switching sets that also determine intended use in late binding, track selection, seamless switching,
and synchronization. Additional CMAF track metadata such as CMAF media profile brands, “codecs”
parameters, language fields, etc. can be included in manifests to enable adaptive track selection and
playback, optimized for each user and device.

Manifests can reference CMAF addressable media objects by resource identifiers used by manifests
and servers to select the identified CMAF addressable media objects for delivery and playback.

C UU|C y DT C C U U

= ) Ariea = =
v, v Cl V

Fases include prerecorded content that is downloaded or streamed as files, and live and @n)lemand

hdaptive streaming over the Internet. The size of the CMAF addressable media objects can be'optimized

for efficient download and CDN caching, or fast bit rate switching and low latency, c@ ding on the
N

hpplication.
7/

Figure 2 illustrates the relationship between CMAF and streaming specifi@?)gns that can define
h mapping between their manifest and resource formats, and CMAF prqﬁ?_) tions and th¢ CMAF
hddressable media objects they include.

2,
CMAF Specified pecified
Manifest
CMAF Presentation Manifest A Mapping Spec A
CMAF Selection Set Manifest
c ~7 Mapping SpecB
CMAF Video o MAFbI - Content
o ressable it
Switching Sets Video Objects Reference to Manifest A descrlptlon.
CMAF FESaITEES * Media Profiles
- Addressable * Encoding
CMAF Selection Set Media Objects Parameters
: CMAF * Encryption
SC'.VIA: Au;ho Addressable / Manifest B Parameters
PR A S Audio Objects * License
Information
CMAF Selection Set * Media Object
o Information —
. ¢ Manifest B « Resource
CN!AF ,SUbtltle Addressable Ref to CMAF Resources e
Switching Sets \ . Addressable Identification
Suttitle Objects Media Obi
edia Objects
Vab—d
\ )

Figure 2 — Cl@ﬂlypothetical application model using externally defined manifests that
%) describe the CMAF presentations and media objects

S

.2 C ?content processing model

Fhe(QVFAF content processing model is shown in Figure 3. Each CMAF presentation is composefl of one
)1C,Dlore media content components from different source material, for example, audio components in
different languages, video components with different views of the same subject, subtitles with different
languages or functions, etc. A typical presentation includes audio, video, and subtitles. Presentations
are also possible that only include audio components, or include multiple audio components, or include
multiple video sources, e.g., side-by-side video, picture in picture, sign language overlay, etc.

Synchronized CMAF tracks can be created and encoded at different times and synchronized on playback
if they share a common presentation timeline. Content packaged with the appropriate CMAF fragment
decode and presentation times can form a multimedia presentation conforming to the hypothetical
application model. Each CMAF track can be encoded, encrypted and packaged by an independent
encoder if each encoder constrains timing, encoding and encryption parameters to the constraints of
the intended CMAF presentation, CMAF selection set, and CMAF switching set. CMAF tracks in a CMAF
switching set can be independently encoded by multiple encoders with the necessary CMAF fragment

© ISO/IEC 2020 - All rights reserved 11
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time alignment by deriving CMAF fragment timing, spatial and temporal subsampling, etc., from the
parameters of the shared media source they encode from.

Video Video Encod Subsample Encapsulation Pallckagmg (CMAF
Subsampling Telel) lEmIEolery Encryption (Header & Files, Segments,
Fragments) Chunks)
sample Encapsulation Packaging (CMAF
Audio Encoding Encryption (Header & Files, Segments,
Fragments) Chunks)
Image Encodin Serial Encapsulation Packaging (CMAF
(iptional) & - amr;e (Header & Files, Segments, L CMAF Subtitle
S Fragments) Chunks) Switching Sets

Figure 3 — CMAF presentation contenggneration

CMAF Presentation

CMAF Selection Set

CMAF Video

Switching Sets

, \
CMAF Selection Sq/

CMAF Audic
Switching Sats

Audi> Editing

Subtitle Document
Editing

As illugtrated in Figure 3, video media components are ﬁb\s\n preprocessed (e.g., subsampled) and
encodeql in multiple media streams, typically differentgin bit rate and encoded resolution. Medig
stream$ can be encrypted and encapsulated into CM@ fragments, which can then be packaged as
CMAF addressable media objects appropriate for 0@ or more delivery methods. CMAF addressable
media @bjects can be made available as resourceg&d identified as defined by other media applicatior
specifidations. \O

CMAF 4dddressable media objects are derix@h’from CMAF fragments and CMAF chunks as specified i1
Clause }, and inherit CMAF fragment c traints such as alignment of media sample sequences withir
a CMAF fragment, CMAF fragment time alignment within a CMAF switching set, CMAF track and
CMAF 1hedia profile constraints, &‘ his makes CMAF fragment encoding and decoding independen{
of the (MAF addressable medji jects used to store and transport the CMAF fragments. But CMAR
addresgable media objects g‘x’xot be constructed by packaging complete CMAF fragments as long as
the resulting CMAF addregﬁe media objects conform to CMAF fragment and CMAF track constraints

For live streaming, a F fragment in each CMAF track can be encoded simultaneously from each
media ¢ontent sou omponent, and each CMAF fragment packaged and made available as soon as
possibl¢ as a CMé%ddressable media object, such as a CMAF segment or a CMAF chunk.

6.3 Late@?ﬂding CMAF track synchronization
S

The feature-of-synchronizing—separately—stored—EMA racks—duringplayback—is—+ rred—to—as—a
binding. The late binding timing model and accurate recording of CMAF fragment presentation times
during encoding are necessary to synchronize late bound CMAF tracks during delivery and presentation.

In the CMAF hypothetical application model, all CMAF tracks in a CMAF presentation share the same
CMAF presentation timeline, which has a value of zero at the earliest media sample intended for
presentation. All CMAF tracks in a CMAF presentation also share a common track decode timeline
origin. A media sample of a CMAF track T1 that has a CMAF track presentation time of X is presented
at the same time as the media sample of any other CMAF track T2 that also has the CMAF track
presentation time X (the duration X having been divided by each track’s timescale).

As defined in ISO BMFF, the presentation time of a media sample in a file is obtained from the decode
time (derived from the baseMediaDecodeTime in the TrackFragmentBaseMediaDecodeTimeBox and the
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duration of previous samples) and possibly from composition time offsets and edit lists that offset each
track’s presentation time on the file’s movie presentation timeline, which starts at zero. Equivalent
decode and presentation times in different tracks can have different integer values if the tracks have
different timescales.

CMAF tracks are not contained in a single multitrack ISO BMFF file with a shared movie timeline, but the
CMAF presentation timeline provides an equivalent shared timeline and start point for all CMAF tracks
in a CMAF presentation. If a CMAF presentation contains only CMAF track files, the presentation time of
the first media sample of each CMAF track file is 0. However, in CMAF presentations using CMAF tracks,
.hC lJl coc:utatiuu tilllc Uf thC r;cu}ic:ot lJl CDCllth uu:dia ocuup}c: cdll bC d 1IUIITZCT1'U va}uc:, but ib }il ited tO
hn equivalent presentation time across all CMAF tracks. All CMAF tracks in a CMAF presentation are
required to share a common timeline origin, but they may use different timescales, such.a$ 90 |kHz for
yideo and 48 kHz for audio, so an equivalent decode or presentation time can have a différent|integer
alue stored in baseMediaDecodeTime.

A shared CMAF presentation timeline permits synchronization of different CMAP tracks at the CMAF
player by, for example, starting presentation with the earliest media sample of’the earliest videp CMAF
‘ragment and simultaneously presenting selected audio and subtitle CMAE tracks at their presgntation
[ime equivalent to the presentation time of the earliest video media sample-If an audio or subtitle CMAF
‘ragment contains media samples with earlier presentation times than'the earliest video media sample,
'he leading media samples are not expected to be presented. If a CMAF presentation contains np video,
chen the starting CMAF presentation time can be the earliest audio.media sample.

A CMAF track’s presentation time at the start of the CMAF presentation can be specified in a nmpanifest
presentation time offset so long as the equivalent offsetis’ specified for all CMAF tracks in 3 CMAF
presentation. For instance, each period in a DASH maunifest is considered a CMAF presentatipn. The
Fequirement that CMAF presentations share a commpon presentation timeline origin means [that all
bresentation time offsets in a DASH Period will be gquivalent values.

6.4 Adaptive switching of CMAF tracksinh CMAF switching sets

CMAF tracks are contained in CMAF switching sets. Only CMAF tracks encoded from the same¢ media
fontent component can belong to the same switching set, but CMAF tracks encoded from tHe same
media source may also be grouped’into different switching sets that each have different epcoding
Constraints necessary for seamless adaptive switching.

CMAF tracks in a CMAF switehing set have the following characteristics.

— The CMAF tracks are’alternative encodings of a single media content component and medjia type,
e.g., the same audio or video source.

— The CMAE-tracks are perceptually equivalent, e.g., the same aspect ratio, colour space, dyiration,
etc., typically resulting from encoding the same media source, i.e., master file or input stregm.

— The€MAF tracks conform to a common CMAF media profile.

— AThe CMAF tracks are seamlessly switchable based on the general constraints on CMAF tragks and
encoding constraints defined by each CMAF media profile in the CMAF switching set.

Track switching refers to the presentation of decoded media samples of one CMAF track up to a
presentation time ¢, and presentation of decoded media samples of another CMAF track from time ¢t
onwards. For instance, this could be accomplished using two decoders, downloading overlapping
portions of any two streams, decoding both streams, and switching on any decoded media sample.
Track switching could be user initiated or programmatic.

Track switching within a CMAF switching set conforming to a CMAF media profile allows a player to
download a sequence of non-overlapping CMAF fragments from different CMAF tracks and feed them
to a single decoder for seamless playback. When a player performs CMAF track switching automatically
during playback in response to available bandwidth, video quality, decoding capacity, etc., that is called
“adaptive switching”.
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6.5 CMAF specified objects and profiles

6.5.1 Object derivation and interoperability code points

Common media application format specifies track formats and media formats for encoding multimedia
and metadata derived from the fragmented ISO base media file format and various audio, video, and
subtitle media formats.

CMAF 3gddressable media objects inherit the properties of encoded media obj€cts, their profiles, ang
logical media object and set constraints, and make the process of encodinig and decoding of CMAH
fragments independent of the delivery method and packaging. Different délivery specifications can map
the sanfe CMAF addressable media objects to their different manifests t6 enable interoperability. CMAH
addresgable media objects, such as CMAF chunks and CMAF segments, are logically derived from CMAK
fragments, but it is up to implementations whether to physically derive them from CMAF fragments by
post prpcessing or encode and package them directly.

6.5.2 |Encoded media objects

6.5.3 |Logical media object sets

CMAF specifies encoded media objects in a CMAF track format that applies to all media types and

CMJAF specifies logical sets of encoded media objects and their general encoding constraints,

CMJAF specifies profiles that determine the specific encoding constraints on media objects thaf
corfform to identified interoperability points called profiles.

CMJAF addressable media objects are derived by packaging CMAF headers, CMAF chunks, and CMAJ
fragments as ISO BMFF data structures available for storage and delivery.

CMAF specifies CMAF headers and CMAF fragments that form CMAF tracks that conform tg
CMAF media profiles. These are the encoded.@ébjects from which all other objects are derived.

CMAF specifies CMAF switching(sets that logically group CMAF tracks that are alternative
endodings of the same content constrained to enable seamless switching. A CMAF switching sef
is ¢onstrained to simplify seamless switching between tracks by requiring time-aligned CMAJ
fragments, constrained enceding parameters, and shared encryption keys.

CMJAF specifies aligned. CMAF switching sets that logically group multiple CMAF switching sets
thaft are alternative ehncedings of the same content with time-aligned CMAF fragments. Some player§
car] seamlessly swifeh between time-aligned CMAF fragments in different CMAF switching sets
thaItAare encoded'with different characteristics, such as different codecs or encryption keys.

CMJAF specifies CMAF selection sets that logically group alternative CMAF switching sets based
on their eontent and encoding constraints, e.g., alternative languages or codecs. At most, one CMA}
tragkata time is intended to be selected from each CMAF selection set in a CMAF presentation.

CMAF specifies CMAF presentations that logically group CMAF tracks containing related
synchronized content that can be selected, streamed, adaptively switched, decoded, decrypted, and
synchronized on playback to render a multimedia presentation.

6.5.4 Addressable media objects

14

CMAF specifies CMAF addressable media objects that are derived from CMAF tracks and
fragments, and can be used for storage and delivery of a CMAF presentation. CMAF addressable
media objects include CMAF headers, CMAF track files, CMAF segments, and CMAF chunks.
CMAF fragment encoding and decoding are independent of the addressable media objects used to
transport those CMAF fragments.
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6.5.5 CMAF profiles, brand and identifiers

6.5.5.1 Overview

CMAF specifies the following brands and identifiers to support the creation and identification of
interoperable content. They provide standardized conformance points for consistent content creation
and validation. Players and devices can use these brands and identifiers to signal or recognize playback
compatibility.

—CMATF specifies CMAF media profites, CMAF supptemental data; amd TSOBMFF bramdsfon widely
used audio, video, and subtitle formats. Each CMAF media profile specifies constraints-on|codecs,
media samples, CMAF fragments, and CMAF tracks to identify encoder/decoder intenoperability
and optional functionality including random access and seamless adaptive switching spedified as
CMAF switching set constraints. CMAF also specifies guidelines for the specification’of CMAF media
profiles and matching brands to enable other specifications to define CMAF.imedia profiles that
conform to general CMAF requirements. See Table A.1, Table B.1, Table A.2,@wd Table A.3.

— CMAF specifies CMAF presentation profiles and identifiers that conditionally require incliision of
CMAF tracks conforming to specific CMAF media profiles. CMAF presentations conforming to the
CMAF presentation profiles in A.1 are intended to be compatible with most media playback ¢levices.

h.5.5.2 CMAF presentation profile identifiers

CMAF presentation profile identifiers identify CMAF presentations containing CMAF tracks conforming
[0 CMAF media profiles that are conditionally required by the presentation profile. Players ¢an rely
bn the availability of required CMAF tracks based onthe presentation profile identifier. Othef CMAF
switching sets and media profiles can also be included in the CMAF presentation to enable adflitional
features that might not be supported by all playefs conforming to the CMAF presentation pfofile. A
CMAF presentation may conform to and signal multiple presentation profiles if all the requirefl CMAF
‘racks for each presentation profile are ayailable. Presentation profile conformance includ¢s start
hlignment and synchronization of all CMAFE tracks.

b.5.5.3 CMAF media profiles and-ISO BMFF brands

CMAF file and media profile brands identify a CMAF track’s file and media conformance t¢ CMAF
frack and media profile constraints. Each media profile defines codec-specific properties in dddition
[0 those required by all CMAF tracks, such as the CMAF header sample entry, media sample [format,
CMAF fragment constraints, media sample presentation synchronization, scaling, mixing, lqyering,
random access and_én¢oding constraints such as codec profiles and levels. CMAF media profjles can
specify constraints between multiple CMAF tracks in a CMAF switching set, and thereby imply player
requirements pecessary to seamlessly switch between CMAF fragments in those CMAF switchipg sets.

b.5.5.4 _Signalling of supplemental data in CMAF tracks

CMAF»defines brands, called "supplemental data brands" to identify the presence of adflitional
nformation in a CMAF track that is not required by the CMAF media profile of that track. For exkample,
(AL units, SEI messages, ISO BMFFE Boxes can be added to an otherwise conformant CMAIF track
file, where this supplemental data does not make the CMAF track file non-conformant. Signalling its
presence may be useful during production workflow, and to decoders for track selection and decoder
initialization.

6.5.5.5 Single initialization CMAF switching set constraints identifier

Single initialization constraints specify that a CMAF switching set conforms to general CMAF switching
set constraints and to additional CMAF media profile defined constraints that enable seamless switching
and decoding without dependence on the CMAF header for each CMAF track. CMAF switching set single
initialization constraints can be signalled in a manifest, such as the bitstreamswitching attribute in a
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DASH manifest. Players can take advantage of these constraints by processing a single CMAF header
only once prior to sequencing CMAF fragments from the CMAF switching set.

6.5.5.6 ISO BMFF segment brands for CMAF media objects

Segment type brands are specified in 7.2 that can be stored in a segmentTypeBox that start-delimits and
identifies the type of CMAF media object that follows.

6.5.5.7 Specification of CMAF presentation and media profiles

The general requirements for CMAF media profiles and CMAF presentation profiles are specifi€d it

.3, A.4, and B.5.

codec cpnstraints, and optional CMAF switching set constraints for seamless switching following the
guidelipes in 12.1.

Additiopal CMAF presentation profiles can be specified if they conform to the general CMAR
requiregments and specify a URL that identifies the conditionally/required media profiles, as described
in12.2.

6.6 CMAF media object model

6.6.1 |CMAF fragments

In the (MAF hypothetical application model; CMAF fragments are the media objects that are encoded
and dedoded.

Each CMAF media profile further constrains CMAF fragments and media sample data.

The CMAF media profiles in Annex)A and their referenced track formats constrain CMAF fragments tq
be decddable independently of'each other; for example, NAL structured video CMAF fragments contair
one or more complete coded video sequences to make them randomly accessible and independently
decodaple. Audio CMAE\fragments contain a sequence of audio access units, and subtitle CMAK
fragments contain acsingle subtitle document in a media sample, constrained so that each CMAR
fragment is randomilyz"accessible and decodable. Common Encryption can also signal the necessary
decryption parameters in each CMAF fragment to make it independently decryptable, in combinatior]
with anfassocidted CMAF header and keys.

A CMA fragment typlcally consists of one Mov1eFragmentBox and MediaDataBox palr but can contair

a CMAF chunk and each CMAF chunk contalns a consecutlve subset of the CMAF fragments medla
samples.

This is illustrated in Figure 4.
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Media Samples
A

Movie

Fragment Box Media Data Box (‘mdat’)
(‘moof’)

Track Fragment Decode Time Box (‘tfdt’) Q
indicates first sample decode time Qfl,

Figure 4 — Example CMAF fragment data structure containing a single Clb@lf chunk
Q/
Q
6.6.2  CMAF tracks q:bQ

A CMAF track is a continuous sequence of one or more CMAF fraegénts in presentation order
conforming to a CMAF media profile and an associated CMAF header~The CMAF header contains a
ovieBox sufficient to process and present all CMAF fragments i CMAF track. A CMAF trpck can
be produced by an encoder and ISO BMFF file packager, but it i de accessible in the form gf CMAF
hddressable media objects that can be referenced as resourcg defined by an external media appllication

specification.
QQ

[his is illustrated in Figure 5. N
S
CMAF Fragment N \ CMAF Fragment N+1

A

A

Movie */edia Data Movie Media Data
Fragment Box

; ) Box (‘mdat’) Fragment Box Box (‘mdat/)
(‘moof’)

(‘moof’)
\{‘

Q)
\*e 5 — CMAF track data structure

Header

.

bee Clauses 7 through 11 "Qﬁditional details on the construction of CMAF fragments and CMAF tracks
bf different media types )

b.6.3 CMAF tr, b@iles

A CMAF tra is a CMAF addressable media object consisting of a CMAF track stored in a single ISO
BMFF file AF track file is a stored CMAF track with the following constraints.

- I@ts with a CMAF header.

—éhe CMAF header is followed by a continuous sequence of one or more CMAF fragments sfored in
presentation order.

— The first CMAF fragment has a baseMediaDecodeTime of zero.

Additional boxes, such as segmentIndexBoxes, can be present between the CMAF header and the first
CMAF fragment.

This is illustrated in Figure 6.
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Pre-encoded: Size and duration of CMAF Track Files do not change
|

(
[
I

CMAF  BEERE CMAF CMAF CMAF CMAF VAR F N
Header IBIRGEXEN  Fragment 1 Fragment 2 Fragment 3 Fragment 4 ragmen

‘tfdt’ decode time=0

Figure 6 — CMAF track file, addressable media object Q(],Q
v
A sequégnce of one or more CMAF fragments can be requested from a CMAF track file re@o%rce, fol
examplp, using a resource identifier based on HTTP 1.1 consisting of the file URL and.@)byte range
CMAF resource identifiers can be listed in a manifest or determined by some othg@ivery formaf
defined method, such as downloading a segmentIndexBox to determine the byq/ anges of CMAR
fragments. The manifest and request method are out of scope of CMAF. A CMAPQIaCk file can also be
downlopded or progressively downloaded. \\

@)

6.6.4 |CMAF segments \%

N

A CMAF segment is a CMAF addressable media object containi 6he or more consecutive CMAR
fragments from a CMAF track. External application specificationé« define how to reference a CMAJ
segment with a resource identifier that can be used by serversQn manifests to reference and delivet

each CMIAF segment in a CMAF presentation. \Q\
This is {llustrated in Figure 7. \"QQ)
CMAF Fragment N N\ CMAF Fragment N+1
)
\ N \
[ —\[ \
| I
I . .
1 Movie Meaic Data Miovie Media Data
; Fragment Box ) y Fragment Box ’ >
; ) Box (‘mdat’) ; ) Box (‘mdat’)
I (‘moof’) (‘moof’)
N P

A CMKB\ﬁlegment contains a consecutive sequence of

or more CMAF Fragments from a CMAF Track
N\

Fié@e 7 — Example CMAF segment, addressable media object

CMAF video f ent durations are typically 2 seconds to 6 seconds for coding efficiency, and CMAJ
segment d%n ns are typically not greater than 10 seconds to 12 seconds to limit delivery latency ir
live str z@%} g and limit bitrate rate adaptation response time.

Subtitle segment durations are usually close to video segment durations in live presentations to avoid
increasing presentation delay. In a prerecorded CMAF presentation, a single subtitle CMAF segment can
have a duration up to the duration of the CMAF track that contains it.

6.6.5 CMAF chunks

CMAF chunks are CMAF addressable media objects that contain a consecutive subset of the media
samples in a CMAF fragment. CMAF chunks can be used by a delivery protocol to deliver media samples
as soon as possible during live encoding and streaming, i.e., typically less than a second. The same media
samples delivered in a CMAF segment containing one or more CMAF fragments would be delayed for
the duration of the CMAF segment, i.e., typically several seconds. CMAF chunks enable the progressive
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encoding, delivery, and decoding of each CMAF fragment. A MovieFragmentBox at the start of each CMAF
chunk provides access to the contained media samples. Broadcast, unicast, and multicast protocols can
deliver and identify CMAF chunks through various methods, including resource IDs that include both a
CMAF segment number corresponding to a CMAF fragment and the number of the CMAF chunk within

the fragment to allow both fragment and chunk identification.

Figure 8 illustrates that CMAF chunks inherit the media sample constraints of the CMAF fragment they
are derived from. In this example of a video CMAF fragment containing a coded video sequence, the
first media sample of the first CMAF chunk is SAP type 1 or 2, e.g,, an IDR picture in an AVC CMAF

ead the MovieFragmentBox in a CMAF fragment can also lead the MovieFragmentBox of th
Chunk, although they are not shown in this example. (19

Example: CMAF Fragment containing a Coded Video Sequence of 20 samples '\Q .
|

c“ ) “\
EEEE EEEE EEEE EEEE"S EEEE

‘mdat’ in CMAF Video Fragment

\% Encoder outpu
Same media samples packaged in CMAF Chunks for low Iéency encode and transfer

mm@

encoder encoder encoder encoder enco
output time output time S output time output time output

2
N
Figure 8 — CM@hunk, addressable media objects

O

b.6.6 CMAF switching sets a@daptive switching

‘moof”’

£ T it alas A | 1 s 4 1aad d ot H Jd 1o £l CANAL £ £ D h
TdSHITIIL TITICT SWITULHTITS  dITU SPTIL TS CUTIS TN ATITTS AT T UTTITT IITIICU Uy UIT GIVIA T TT AgTIITIIT. DOXES t at

t CMAF

t time

der
time

b.6.6.1 Overview @

As illustrated in CMAF switching sets contain time-aligned CMAF fragments that stqrt with
btream access pm@ SAP type 1 or 2) and timestamps to simplify switching between tracks by
bequencing C agm nts from different CMAF tracks during playback.
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CMAF
Header tte
CMAF
Header ttt
CMAF
Header e
CMAF
Header ttt
CMAF
Header

“tfdt’=T ‘tfdt’=T+duration(N) ‘tfdt’=T+duration(N) CMAF Fragments are\time aligned
+ duration(N+1) and have continyous’duration

Figure 9 — A CMAF switching set

The manifest description of CMAF switching sets and the CMAF tracks they“contain is out of scope of
the CMAF specification, but manifests are expected to contain enough ‘€MAF track and addressable
media gbject information to enable automatic CMAF track selection andadaptive switching by players.

6.6.6.2| Decoding adaptively switched CMAF tracks

Each CMAF media profile can optionally specify one or more CMAF switching set constraints tha
enable players to seamlessly switch between alternatiyé2.CMAF fragments in a CMAF switching set
CMAF gwitching set constraints enable player functions\including decoder and decryptor initialization
video s¢aling, audio mixing, media sample presentation timing, etc. that are intended to make adaptive
switchipg as perceptually seamless as possible.

The media profiles in the CMAF specificatien reference or define CMAF switching set constraints thaf
enable h stream of CMAF headers and CMAF fragments to decode on decoders without downloading
overlaz[;ing CMAF fragments or requiring the use of multiple decoders.

An adaptively delivered CMAF switching set results in a timed sequence of CMAF headers and
fragments a player selects from-multiple CMAF tracks contained in a CMAF switching set. The encoding
constrdints of the CMAF switching set and CMAF media profile determine how the CMAF switching sef
can be pncoded and decoded-They are independent from CMAF addressable media object packaging
applied|during storage er-tiansport.

The CMAF track forimat specifies two types of CMAF switching set processing, determined by specifiq
constraints on NAL structured video track formats referenced by some CMAF media profiles. If 2
CMAF dwitching'set conforms to general constraints, a CMAF track’s header is assumed be processed
before ¢very\switch to that CMAF track. Additional constraints are specified for a CMAF switching sef
ing to single initialization constraints that do not depend on processing a new CMAF header ta

Figure 10 illustrates the player generated bitstreams resulting from the two types of CMAF switching
set constraints and the decoding process each enables. Those two processes and bitstreams are
described as “single initialization track switching” and “multiple initialization track switching”.

One method of single initialization track switching relies on a “common” CMAF header containing all
referenced sample entries and decoding parameters in the CMAF switching set. It is assumed that
players download CMAF headers only once per CMAF track. Consequently, new video parameter
sets and indexes referenced by portions of a CMAF track encoded after the CMAF header has been
downloaded would not be available to a player. Another method relies on parameter sets delivered in-
band when those parameter sets are not included in the initially downloaded CMAF header or differ
between CMAF tracks.
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Audio CMAF switching sets typically only require single initialization because parameters that are
allowed to change are contained in the audio media samples and CMAF fragments.

Subtitle CMAF tracks are typically not adaptively switched, and therefore have a single CMAF track per
CMAF switching set.

See 7.3.4 for details on CMAF switching sets.
Single Initialization Switching Process

Track 1
o
Multiple Initialization Switching Process
Track 1 Track 2 Track 3 (‘5 Track 4
Header Header Header k. (], Header

Figure 10 — Adaptively switched resource streams for different CMAF switching set constraints

h.6.6.3 Displaying adaptively switched video CMAF tracks

[he normative behaviour of a video decoder processinga\single track is well-specified in eadh video
rodec specification, such as AVC, but display processing is considered out of scope of thosg codec
bpecifications. For instance, AVC does not specify the\conversion by a display processor of YCb{r 4:2:0
yideo spatial samples and colour subsamples outputby a decoder to 32-bit or 48-bit RGB pixels ip a size,
Colour space, resolution, and refresh rate appropriate for a specific display.

Adaptive switching, enabled by CMAF media-profile constraints, allows a player’s decoder and|display
bystem to deterministically scale different video spatial sampling used to encode differenf CMAF
‘ragments to the same display size, position, and refresh rate. The encoding of CMAF tracks in p CMAF
switching set is constrained so that a sequence of CMAF fragments can be accurately rescalegl to the
same presentation height and width with precise registration and visual continuity of the video ¢ontent,
ncluding its size, shape, location, colour, brightness, etc. The variations allowed between CMAF tracks
conforming to CMAF switching set constraints determine the scaling behaviour needed in |display
brocessors, but display preeessing and other player requirements are not directly specified by (MAF.

b.6.6.4 Video parameter set storage and processing

[he CMAF header of a CMAF video track needs to be processed on each CMAF track switch if decoding
parameters.and parameter indexes are not identical between CMAF tracks, and parameters that can
thange are not signalled in each CMAF fragment. This is often the case when each video CMAF track
stores the video parameter set(s) for that CMAF track in its CMAF header sample table, e.g., the 'avc1®
sample and track format. In that case, a decoder and display processor need to index the correct gncoded
ideo spatial sample counts and cropping parameters from a sample entry containing the |correct
SPS, PPS, and VUI information matching the parameter index encoded in each video NAL slice header.
If CMAF tracks in a CMAF switching set use different spatial subsampling, they will have different
parameter sets and sample entries, and different CMAF tracks might use the same parameter set index
value for a different parameter set. That makes it necessary to process the CMAF header and sample
table of each CMAF track when switching to that CMAF track so that the correct decoding parameters
in a sample entry are in effect.

Multiple initialization switching can be used to process all CMAF switching sets, but may not result
in seamless presentation when a system processes the entire CMAF header rather than just the video
parameters allowed to change in a CMAF switching set, such as height, width, and cropping parameters.
Multiple initialization adaptive switching is necessary for a NAL structured video CMAF switching set
unless it conforms to single initialization constraints specified by its CMAF media profile.
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A CMAF header of a CMAF video track only needs to be processed once for a CMAF switching set
conforming to single initialization constraints. There could be several ways to achieve this functionality
that can be specified by each CMAF media profile.

Two methods of specifying single initialization constraints are the following.
a) A common CMAF header and sample entries for a CMAF switching set

In this case, each CMAF header and its sample table contain all parameter sets and sample entries
used to encode CMAF fragments in the CMAF switching set. All the parameter indexes are unique
and correspond to the index values encoded in the video NAL slice headers. There would be-g
different sample entry for each different subsampling used in the CMAF switching set.

b) Gemeric CMAF headers and parameter sets stored in each CMAF fragment

In this case, each CMAF header contains initialization information in the video-tonfiguratior
recprd and/or additional boxes as specified in Clause 9 and/or a manifest, but theSPS, PPS, ang
VU] information used for decoding is stored and indexed within each coded video sequence ang
CMAF fragment. The initialization information is sufficient for the CMAF medid profile identified
by prand in each CMAF header, and re-initialization is only necessary if swit¢ching to a higher CMAH
mefia profile. For example, when a CMAF switching set contains some/GMAF tracks that conformn
to hoth SD and HD profile, but others that only conform to HD profilea’decoder initialized to HJ}
coyld switch all CMAF tracks without reinitializing, but a decodertinitialized to SD would need tg
limiit playback to SD media profile CMAF tracks, or reinitialize te HD, if possible.

For NAL structured video, single initialization encoding can be accemplished by encoding the Sequence
Paramdter Set and Picture Parameter Set NALs in the IDR access unit that begins that coded vided
sequenge (e.g., using the 'avc3' sample description and traek format). Then the decoder and display
procesgor can reference the parameter set necessary to.décode and scale each CMAF fragment from the
paramdter set stored in the first media sample of each, CMAF fragment.

Continyity between a sequence of CMAF presentations is not specified by CMAF (typically a manifes
defines| sequences of CMAF presentations).However, seamless playback of sequenced CMAR
presentiations is possible with CMAF presentations that conform to the same single initializatior
constraints and signal in-band parameters(in each CMAF fragment.

6.6.7 [CMAF selection sets and late binding

A CMAF selection set is a set(©@f-CMAF switching sets, where each CMAF switching set encodes ar
alternative aspect of the same:presentation over the same presentation time, for example, different
audio ldnguages, video camera angles, video formats, or codecs.

CMAF flayers are expécted to select one CMAF switching set from each CMAF selection set at the start of
playbadk based on.player compatibility and user preferences. Users or playback applications may switcH
betweep CMAF switching sets in a CMAF selection set during playback, but seamless presentation i
not explected,either because the content differs (e.g., a different language or camera view) or because
CMAF fragment time alignment and decoding are not constrained to decode seamlessly.

Al n CMAE cuntching catc oy anendinage AF v coman catinon ~na fant ath i Slignnd CMNMA
lg e GIVILRT JIVV lL\,llllls JULO dI'C \,llbuulllsd Ul CIIC  OdIlic JSJUUTCU CUITILCTIU VV Ierr CITIIC allsll\,u GIVIORT

fragments to enable compatible players to seamlessly switch between tracks in different but aligned
CMAF switching sets that contain CMAF tracks that do not conform to all the constraints of a single
CMAF switching set.

For example, in Figure 11, the SD, HD, and UHD10 CMAF media profile CMAF switching sets could be
aligned CMAF switching sets, and some players could seamlessly switch between them. In one case, only
the encryption key might be different between the SD, HD and UHD CMAF switching sets. In another
case, codecs could differ. Each CMAF switching set individually conforms to normal constraints for its
media profile, and each player can determine if it can process the differences between aligned CMAF
switching sets seamlessly.
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Late binding allows CMAF tracks to be encoded once and used in different combinations. See 6.3 for

more information.

Audio
Selection —

Set English multichannel CMAF Switching Set (single Track)
] French multichannel CMAF Switching Set (single Track)

I English WebVTT description CMAF Switching Set (single Track)

Cobd] o
EAZLA 1A

. English TTML description CMAF Switching Set (single Track)
Selection — -

Set French WebVTT dub CMAF Switching Set (single Track)
French TTML dub CMAF Switching Set (single Track)
- ) |

SD Media Profile CMAF Switching Set (multiple Tracks)

- —

Video

Selection — HD Media Profile CMAF Switching Set (multiple Tracks)
Set

UHD10 Media Profile CMAF Switching Set (multiple Tracks)

LY

Figure 11 — Example of CM election sets

manifest format is expected to provide sufficient i mation to enable players to select optimg

['he description of selection sets in a manifest is noé @‘ined by the CMAF specification; howev
switching sets from CMAF selection sets. \sg\

When there are multiple tracks in a selec:ci@$set that differ by language, the language of eac
needs to be identified to at least the precision needed to differentiate the tracks, using the la
field and optionally the ExtendedLanguﬁ\@Box as defined in ISO/IEC 14496-12.

When there is more than one tr @#hat is visually presented (e.g., video and subtitles), thg
ayering of the tracks is indicat€d y the track header's layer field. CMAF recommends that
CMAF tracks be positioned @n layer -1 (ISO BMFF tracks with lower layer numbers overlay
ayer numbered tracks) a ideo CMAF tracks may be packaged with layer zero, or values rel
bubtitles per the conten ator’s intended effect.

-

O
b.6.8 CMAF pl@@htation timing model

rimescale inlinits per second, increases at a continuous rate over time, and has an origin wh
measur als zero.

s

[here are $@)le timelines involved in synchronizing a CMAF presentation. Each timelin

. English AAC stereo CMAF Switching Set (single Track)
French AAC stereo CMAF Switching Set (single Track)

er, each
1 CMAF

h track
nguage

2 visual
subtitle
higher
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e has a
ere the
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Global realtime timelines with different origins

All CMAF tracks in a CMAF presentation are specified in Clausé€ 7 'to measure baseMediaDecodeTimd
in the TrackFragmentBaseMediaDecodeTimeBox from the same timeline origin and adjust each medid
samplef presentation time relative to its decode time using composition offsets and offset edit lists
when necessary. The resulting presentation timelines and*decode timelines all reference the samg
(coincident) timeline origin. The timelines and their relationships are illustrated in Figure 12.

The tinjelines are:

a)

Comnpon decode time origin

VvV V'V

44— The start of a live CMAF Presentation is synchronized to realtime timelines

Track Presentation time

e Origin = zero CMAF Presentation Timeline

UII)CL

< Decode time origin CMAF Video Track baseMediaDecodeTime, media samples in decode order

< Decode time origin CMAF Video Track composition time, media samples in presentation order

< Decode time origin CMATF Audio Track, earliest presentation time is CMAF Presentation time zero

Ld— audio presentation time offset edit list, if needed tosubtract decoder delay

Figure 12 — CMAF timelines and synchronization-model

Track decode time — Is determined by thie storage sequence and duration of each media sample
and for any media sample, equals thefsum of all prior media sample durations added to the
bageMediaDecodeTime of the first CMAFfragment.

Track composition time — Is determined by each sample’s composition offset in the TrackrRunBos
relative to its decode time and.js‘used to reorder video media samples to their presentation order.

Track presentation time = Is determined by applying any offset edit list in the CMAF header tg
eadh media sample’s composition time, as shown for a CMAF audio track in Figure 12.

CMAF presentation-timeline — Is defined in CMAF to start with a CMAF presentation time equa
to fero, at the €arliest video media sample presentation time, or the earliest audio media samplg
presentation-time if there are no video CMAF tracks. The CMAF track presentation time at CMAH

CMAF chunk availability. A wall clock timestamp may be stored in a ProducerReferenceTimeBox in
a CMAF chunk or fragment, and that timestamp linked to a media sample decode time. Manifests
can indicate the wall clock time that coincides with the start of a CMAF presentation so a player can
determine when each CMAF fragment or chunk will be available for download.

CMAF tracks in a CMAF presentation are required to use the same decode timeline origin, similar
to the shared movie timeline of multiple tracks in one ISO BMFF file. But CMAF tracks can start at a
non-zero decode time (baseMediaDecodeTime) stored in the earliest video CMAF fragment. The CMAF
presentation timeline starts at zero, coincident with the earliest media sample presentation time, and is
equivalent to the ISO BMFF movie timeline.

24
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As illustrated in Figure 13, CMAF tracks with audio CMAF fragments that overlap the earliest video
media sample are intended to start presenting simultaneously with the earliest video media sample.
Audio CMAF track presentation time is determined by the value of baseMediabDecodeTime recorded in
each CMAF chunk or fragment, and any presentation time offset in an edit list, if an edit list is present in
the CMAF track’s CMAF header.

ISO BMFF defines files and requires that the decode time of each media sample is the sum of all
prior media sample durations in that track in stored order. The first media sample in each track in
a file therefore has a decode time of zero. Movie fragmentation is optional. In contrast, all media
samptes—in \4 reks—are—stored—irmoviefrasmrents—and—th S ragren eatn have a
N0N-Zero baseMediaDecodeTime in the TrackFragmentBaseMediaDecodeTimeBox. The decode
pach media sample equals the sum of prior media sample durations in the CMAF track @dde
baseMediaDecodeTime Of the first CMAF fragment in the CMAF track. The decode time of each media

3 C otrea OVTe = C C

sample also equals the sum of prior media sample durations in the CMAF fragment that con
hdded to the CMAF fragment’s baseMediabDecodeTime.

Manifests can specify a presentation time offset for each CMAF switching setto determine th
hssumed to be the earliest video media sample when video is included in a CMAF prese

encoded in the CMAF tracks, the presentation time offset of every GMAF switching set in a manif
be equivalent, which means equal presentation time offsets, but possibly different integer val
fimescales per CMAF switching set. Matching presentation time offsets plus CMAF presentati
n each CMAF track being presented maintains the encoded-synchronization between audio, vig

tains it

e CMAF

[rack presentation time at the start of each CMAF presentation. The start of CMAF presentaltions is

ntation,

ptherwise the earliest audio media sample. To maintain audio, videoy‘and subtitle synchromnization

est will
les and
bn time
eo, and

fext content on playback.

A manifest can select different start and end times-with presentation time offsets and dura
bresent different timespans of the CMAF presentation timeline to play a portion of a CMAF prese

fions to
htation.

Coded Video Sequence Coded\Video Sequence Coded Video Sequence Cvs
| | | |

AEEEEEEEERSEENENEEEEEEENEEEEEEEE
>
A\

Matching the.earliest Presentation time
" of each CIAF Track results in A/V sync

CMAF
Header

Audio, Samples
|

Audio Samples
|

Audio Samples
|

EEEEEEEEEEEEENENENENNENN
J

Audio sample | A]
Not presented

CMAF Q
Header P
Each{fragment contains complete video or audio media sample sequences or sync samples
Startalignment, Fragment alignment, Fragment duration, and Sample duration often differ between Selection Sets

Figure 13 — Audio/video synchronization and start alignment

CMAF tracks containing video can use negative composition offsets where necessary to reorder media
samples without adding composition delay, so that the earliest composition time and presentation
time of each CMAF fragment equal its earliest decode time (with the optional exception of CMAF track
files, mentioned above). The baseMediaDecodeTime in the TrackFragmentBaseMediaDecodeTimeBox is the
earliest media sample presentation time of each CMAF fragment, and the baseMediabDecodeTime of the

earliest video CMAF fragment is the presentation time offset of the CMAF track at CMAF presentation
time zero.

CMAF tracks, illustrated in Figure 6, can also be encoded using positive composition offsets and

packaged with an edit list in the CMAF header to remove composition delay.
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During random access and “trick play” (fast forward, reverse, slow motion, jump, etc.), the TrackFragm
entBaseMediaDecodeTimeBox and the TrackRunBox can be used to determine each media sample decode
time relative to the CMAF fragment baseMediaDecodeTime, then any edit list present in the associated
CMAF header can be used to calculate the presentation time offset relative to each media sample’s
composition time.

Decode time discontinuities between CMAF fragments can resultfrom startinganew CMAF presentation
in a playlist, for example, in sequenced programs or programs interspersed with prerecorded ads. A
manifest can locate the new CMAF presentation on its manifest presentation timeline and adjust CMAF

: : L P L (Caos S EI|
switchi g SeTpreseirtation timre orrsets accoramgry-

Howevdr, in cases where a decode time discontinuity results from one or more missing or damaged
CMAF {ragments in a continuous CMAF presentation, players can use the baseMediaDecodeThime Of
the next available CMAF fragment to resume presentation synchronized to the current presentation
timeling. Error concealment could include repeating video frames and skipping over missing conten
in the dase of on demand or buffered media, but all CMAF tracks have to skip the same duration tq
maintajn A/V synchronization.

6.6.9 |Manifest information

Although CMAF does not define the form or the content of the manifest, it does’define its role. A manifes
is a document that describes one or more CMAF presentations, e.g., an MPEG DASH Media Presentatior]
Descrigtion (MPD). A manifest is responsible for describing the combination and synchronization of
independently packaged CMAF tracks grouped in CMAF switching sets and selection sets to form 4
synchr¢nized multimedia presentation.

A manifest provides the player with information to select,initialize, start align, and synchronizg
the CMAF track(s) to be played and identify CMAF media’objects as resources to access and possibly
downlofd them. CMAF tracks and CMAF fragments contain sufficient information to enable decryption
decodinjg, and presentation scheduling. A manifest ean also provide information on delivery protocol
network management, authorization, license acquisition, etc., in addition to resource identification ang
presentfation description. The manifest can alse-signal that tracks conform to a CMAF media profile.

In case§ where there are multiple CMAF tracks in a CMAF switching set or multiple CMAF presentations
in a sequence, a manifest can indicate(tora player that the CMAF switching set conforms to a CMAR
media grofile and CMAF switching set'constraints, so a player can select and initialize compatible CMAH
tracks and can switch seamlessly between those CMAF tracks, reinitializing only when necessary.

6.6.10 |CMAF addressable media objects, resources, and resource identifiers

CMAF headers, CMAF (chiinks, and CMAF fragments can be packaged and referenced as CMAR
addresgable media objects for storage and delivery. Each CMAF addressable media object can beg
referenfed as a resgurce as specified by an external specification, e.g.,, MPEG DASH (ISO/IEC 23009-1).

Externgl specifications can define resource identifiers and the CMAF addressable media objects they
identify so that'servers, CDNs, and manifests can access CMAF addressable media objects and sequence
them far decodmg and presentatlon A common example isa CMAF addressable medla ob]ect packaged
as the ; 5 ;

file can be segmented durmg dehvery by addlng a byte range to each HTTP request for the file’s URL
using byte ranges matching one or more CMAF fragments or the CMAF header of the CMAF track file.

Use of the same URI per CMAF addressable media object is recommended to improve efficiency in
content distribution networks and caches, even when different manifests or delivery protocols are
used. The use of different URIs for the same CMAF addressable media object causes duplicate storage
and delivery of the same CMAF media objects. For example, in cases where the same CMAF segments
can be delivered over broadcast, multicast, and unicast, a CMAF player can request a CMAF segment
with a single resource identifier and retrieve it from the player’s cache regardless of which network
path and encapsulation delivered it.
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7 CMAF track format

7.1 Overview

The CMAF track format is derived from the ISO base media file format in this clause and structural
brands are specified. At this point, the 'ecmfc' and the 'emf2' CMAF structural brands are defined. The

'emf2' brand further restricts the 'cmfc' brand.

Several CMAF media objects are derived from the CMAF track format.

7.2 CMAF brands

Clause 7 defines the requirements and constraints that apply to all CMAF tracks.

with Clause 7 and Clause 8 (specifying file format and optional encryption, bitynot media en
['he file brands also declare that boxes specified in common encryption (ISQAEC 23001-7) an
[ISO/IEC 23009-1) may be present.

[he common constraints of all structural file type brands are described in subclause 7.3.2.2.

such as the CMAF media profiles that reference the NAL structured video CMAF track format

specified in Clause 10, incorporating boxes specified in ISOMEC 14496-3.

media object to identify its type (see Table 1).

Table1 — CMAF brands

A CMAF track should include all structural CMAF brands that it conforms to, indicating confojrmance

oding).
d DASH

Media profiles and their brands may specify additional box requirements and CMAF track congtraints,

defined

n Clause 9, incorporating boxes specified in ISO/IEC 14496-15, and AAC audio CMAF track| format

CMAF also specifies addressable media objects in subglause 7.3.3 that are derived from CMAF tracks
hnd have segment type brands that may be included in a segmentTypeBox prepended to an addijessable

Brand Location Conformance requirements
cmfc FileTypeBox'and SegmentTypeBox 7.6
cmf2 FileTypeBo% and SegmentTypeBox 7.7
cmfs SegmentTypeBox 7.3.3.1
cmfl SegmentTypeBox 7.3.3.2
cmff SegmentTypeBox 7.3.2.3

bhould be listeéd in compatible brands to improve interoperability with file readers. The 'isox

Constraints of CMAF structural brands as specified in this clause.

fGany of the structural CMAF brands is the major brand, the minor version shall be set to 0,

An ISO brand, sueh‘as 'iso9', that indicates the ISO BMFF boxes actually present in each CMAF track

" brand

[where “X” epresents a number or letter) specified in each new edition of ISO/IEC 14496-12 det¢rmines
vhat boX wersions are allowed in CMAF tracks, unless specifically constrained by the common

and file

TaINes SNould USe the file eXTtensions i 1abie 2. OTherwise, file maimes snould use the file exten
Internet Media Type specified to match the major brand, e.g., * .mp4, *.3gp, *.uvv and * . uva.

NOTE It is expected that file readers read possible future versions of CMAF that increment the
version number.

© ISO/IEC 2020 - All rights reserved
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Table 2 — Common media application format file extensions

Track type File extension Internet media type (MIME type)
Video .cmfv video/mp4
Audio .cmfa audio/mp4
Text (subtitle) .cmft application/mp4

Each CMAF track has a CMAF header assoc1ated with it, although the CMAF header and CMAF fragments

7.3.1

CMAF ¢
specifig
in the “

Some b
in the

in a CM
FileTyq

CMAF 4
CMAF f]

Additio

specifid audio, video, and subtitle formats (see suhclause 7.4.4).

‘IConstraints” column of Table 3 through Table 5. The normative references are dated, e.g., the
2015 edlition of ISO/IEC 14496-12, so the box versions and features defined in that edition are valid

AF media objects

CMATF boxes

racks shall include the following ISO BMFF boxes with nesting, optionality,’and cardinality
d in Table 3 through Table 5, with box definitions incorporated by reference to the clauses listed
bpecification” column that reference ISO/IEC 14496-12, ISO/IEC 23001-%.0r ISO/IEC 23009-1.

bxes are additionally constrained by CMAF, as specified by clausesin-this document referenced

AF track unless additionally constrained by CMAF or by-the 'isox' brand promised in the

eBox.

ddressable media objects are derived from the CMAF track, CMAF header, CMAF chunk, and
ragment recorded media objects and specify additienal box constraints in subclause 7.3.3.

pal boxes and constraints are specified by CMAF track formats and CMAF media profiles foj

Legend for Tablé 3, Table 4, and Table 5

«wxn

— ‘4

_

pr

The “Format Req.” column indicates the numberof boxes that are required to be presentin a CMAF track, where:

« , n|

— “1"lindicates one box shdll be present;

— “CR” indicates that\a box is conditionally required as specified in the CMAF track format or a specific media

means “zero or more” may be present;
means “one or more” shall be.present;

1” indicates only one box may be present, and it is optional;

file and shall' be present under those conditions (see “Constraints” column).

Table 3 — CMAF header boxes

NL O]/ NL 1 | NL. 2 | NL 3 | NL 4| NLS5 F‘:.;rxat Specification Constraints Description
ISO/IEC 14496-12 CMAF 7.2 File type and
feyp 1 Compatibility
ISO/IEC 14496-12 Container for
moov 1 functional
metadata
mvhd 1 ISO/IEC 14496-12 CMAF 7.5.1 Movie header
trak 1 ISO/IEC 14496-12 Container for
each track
tkhd 1 ISO/IEC 14496-12 CMAF 7.5.4 Track header
edts CR ISO/IEC 14496-12 CMAF 7.5.13 Edit box
elst 1 ISO/IEC 14496-12 CMAF 7.5.13 Edit list box

28
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Table 3 (continued)

NL O |NL1|NL2|NL3 |NL4| NLSG F‘l’{‘:gat Specification Constraints Description
mdia 1 ISO/IEC 14496-12 Track media
information
mdhd 1 ISO/IEC 14496-12 CMAF 7.5.5 Media header
ISO/IEC 14496-12 Declares the
hdlr 1 media handler
type
ISO/IEC 14496-12 Extendefl
elng 0/1 Ia tag
1SO/IEC 14496-12 ‘4@{2
minf 1 +|information
,\@ ‘containgr
ISO/IEC 14496-12 CMAF Z,a%’ ) Video m¢dia
vmhd CR Q header
fa\
nhd cR |ISO/IEC14496-12  |CMARZ57 Sound media
| header
sthg crR |1SO/IEC 1449612, \[AMAF 75.8 Subtitle nedia
WA header
Ging | |1S0/IEC 1449612 Data |
N information box
150/1E8$<}E96-12 CMAF 7.5.9 Data ref¢rence
dref 1 box, declares
Q source of media
[-Q data in track
\\ 'MSO/IEC 14496-12 CMAF 7.5.12 Sample tjable box,
stbl s& containgr for the
~ time/spqce map
s‘(\"’ ISO/IEC 14496-12  |CMAF 7.5.10 Sample
sts ™ 1 descript|ons (see
QN Table 4 fpr addi-
’\\Q tional ddtails)
- ISO/IEC 14496-12 CMAF 7.5.12 Decodinp, time
Os tts 1 P
O N to sample
R stsc 1 ISO/IEC 14496-12 CMAF 7.5.12 Sample-fo-chunk
O | stsz/ | |ISO/IEC14496-12  |CMAFZ512  |Sample gize box
t\\’ . stz2
) stco 1 ISO/IEC 14496-12 CMAF 7.5.12 Chunk offset
- oo cR |ISO/IEC14496-12  [CMAFZ518  [Sample droup
Pall gp descriptjon box
\C)\J stss CR ISO/IEC 14496-12 CMAF 7.5.12 Sync sanpple box
A ta 0/1 ISO/IEC 14496-12 User dath box
05) cprt * ISO/IEC 14496-12 Copyrigltt box
v*\ kind * ISO/IEC 14496-12 CMAF 7.5.3 Track kipd box
NY o ex 1 ISO/IEC 14496-12 Movie ejtends
. VS box
\) .
’\ ISO/IEC 14496-12 CMAF 7.5.1 Movie eqtends
% mehd 0/1 header
trex 1 ISO/IEC 14496-12 CMAF 7.5.14 Track extends box
ISO/IEC 23001-7 CMAF 7.4.3 Protection
pssh * system specific
header box
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Table 4 — CMAF header protected sample entry boxes

Format ies 4 . oL
NL 5 | NL 6 | NL 7 | NL 8 Req Specification Constraints Description
stsd 1 ISO/IEC 14496-12 Sample description box
. ISO/IEC 14496-12 CMAF 7.5.11 |Protection scheme
sinf CR . .
information box
frma 1 ISO/IEC 14496-12 Original format box
chm 1 ISO/IEC 14490612 Scheme tuno hav
U ~J d
schi 1 ISO/IEC 14496-12 Scheme information hox
tenc 1 ISO/IEC 23001-7 CMAF 7.4.1 Track encryption box
NOTE Table 4 is a continuation of Table 3 showing nesting levels 5 to 8 separately to reduce table width.
fable 5 — CMAF chunk, CMAF fragment, CMAF segment, and CMAF track file boxes
Format e L. . .
NL O NL 1 NL 2 NL 3 NL 4 NL 5 Req Specification Constraints Description
styp 0/1 ISO/IEC 14496-12 Segment type
ISO/IEC 14496-12 Producer
prit /1 reference time
emsg * ISO/IEC 23009-1 CMAF 7.4.5 Event message
moof + ISO/IEC 14496+12 Movie fragment
nfhd 1 ISO/IEC 14496-12 Movie fragment
header
traf 1 ISOJIEC 14496-12 Track fragment
tfhd 1 ISOY/1EC 14496-12 CMAF75.16 Track fragment
header
ISO/IEC 14496-12 Track fragment
tfdt i base media
decode time
trun 1 ISO/IEC 14496-12 CMAF 7.5.17 gg?(ck fragment run
senc 0/1 ISO/IEC 23001-7 CMAF 8.2.2.1 lS)a(l)gmle encryption
ISO/IEC 14496-12 CMAF 8.2.2.1 Sample auxiliary
saio CR information
offsets box
ISO/IEC 14496-12 CMAF 8.2.2.1 Sample auxiliary
saiz CR information sizes
box
sbgp * ISO/IEC 14496-12 Sample to group box
sabd % ISO/IEC 14496-12 CMAF 7.5.17 Sample group
P description box
Subs CR ISO/IEC 14496-12 CMAF 7.5.19 _Sub—sam]_)le
information box
ISO/IEC 14496-12 CMAF 7.5.18 Media data
mdat + container for
media samples

7.3.2 CMAF track media objects

7.3.2.1 CMAF header
A CMAF header as defined in 3.1.2 conforms to the following constraints.

a) A CMAF header shall contain the set of boxes in Table 3 and Table 4 with the conditions and
optionality listed.
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b) Each CMAF header shall form a valid CMAF track, as specified in subclause 7.3.2.2, when followed
by a continuous sequence of associated CMAF fragments in decode order.

c) ACMAF header shall be conformant with ISO/IEC 14496-12 and the following additional constraints
and requirements.

1) The CMAF header shall start with a FileTypeBox.

2) The CMAF header shall include exactly one MovieBox.

5) The MovieBox shall start with a MovieHeaderBox, as constrained 1n subclause /.5.1.

4) The MovieBox shall contain exactly one track containing media data as specified\in“subclause
7.3.2.2.

NOTE Timed metadata tracks can be provided as separate CMAF tracks in aSeparate seledtion set.

5) The MovieBox shall contain a MovieExtendsBox, as defined in ISO/IEC 14496-12, to indicpte that
the file contains MovieFragmentBoxes.

6) The MovieExtendsBox may contain a MovieExtendsHeaderBox,as defined in ISO/IEC 14}496-12,
and if so, shall provide the overall duration of the CMAF track)If the duration is unknoyn, this
box shall be omitted.

1) If the CMAF header requires sample entries with a decoeder configuration record, as specjfied by

.3.2.2 CMAF track

a CMAF media profile, with decoding and rendering pasameter limits, such as codec profile, level,
image height, width, etc., then the first sample entryshall contain parameters equal or greater than
the maximum values contained in all CMAF fragments in the track to enable a single initiaflization
of media decoding and rendering systems to render all CMAF fragments in the CMAF track.

Table-6 — CMAF track structure

Format ies e CMAF -
NL 0 Reg. Specification constraints Description
CHAF 1 CMAF 7.3.2.1 CMAF header
Header
CMAE 1+ CMAF 7.3.2.4 CMAF fragment
Fragmenpt

\ CMAF track as-defined in subclause 3.2.1 has the structure shown in Table 6 and conforms§ to the
following constraints.

) A CMAFtrack shall conform to at least one structural CMAF brand and contain the set of hoxes in
Table\3, Table 4, and Table 5, with the conditions and optionality listed.

D).”“The concatenation of a CMAF header and all CMAF fragments in the CMAF track in congecutive
decode order shall be a valid fragmented ISO BMFF file, with the exception that the first CMAF
fragment in a CMAF track may have a non-zero baseMediabecodeTime.

c) Each CMAF fragment in a CMAF track shall have baseMediabDecodeTime equal to the sum of all prior

CMAF fragment durations added to the first fragment’s baseMediabecodeTime. A CMAF fragment
duration is the sum of the media sample durations, documented in the TrackFragmentRunBox in the
MovieFragmentHeaderBox.

NOTE Valid CMAF tracks do not have media time discontinuities resulting from missing media samples
or fragments. Gaps in decode time can result in audio-video synchronization errors. For recommendations
on handling missing media samples and missing CMAF fragments, see Annex F.
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d) Each CMAF track contains a single ISO BMFF track and TrackBox, as determined by CMAF header

constraints specified in subclause 7.3.2.1.

Additional constraints specific for encryption, video, audio, and subtitle CMAF tracks are specified in
Clauses 8, 9, 10 and 11, respectively, and are derived from the general CMAF track format specified in
this clause.

7.3.2.3 CMAF chunk

CMAF ghunksasdefimedimrsubclause 3-tAare thesmattest EMAFmrediaobject that camrbeencoded
and thejy can be referenced as addressable media objects.

h)

32

NAA

Table 7 — CMAF chunk structure

NL 0 Format Specification CMAI.? Description
Req. constraints

styp 0/1 ISO/IEC 14496-12 |CMAF 7.2 Segment type
signalling compatibility
to CMAF chuk

prft 0/1 ISO/IEC 14496-12 Producereference time

emsg * ISO/IEC 23009-1 CMAF 7.4.5 Event message

moof 1 ISO/IEC 14496-12 |CMAF Table5 |Movie fragment box and
the boxes it contains

ndat 1 ISO/IEC 14496-12 |CMAF 7.5.19 Media data container for
media samples

AF chunk conforms to the following constraintss

A CMAF chunk shall contain the boxes in Table Zwith the conditions and optionality indicated.

Thé MovieFragmentBox shall conform to theyconstraints of the structural CMAF brand constraints
spdcified in Table 5, such as containing” only one TrackFragmentBox that contains only one
TrgckRunBox.

NOTE1 Since there is only one TrackRunBox per MovieFragmentBox, all media samples of a CMAF chun}
arellocated in a single track run ifiiéne MediaDataBox.

Th¢ MediaDataBox shall _centain all media samples referenced by the TrackrRunBox and shoulg
immediately follow the Tr&ckrunBox in byte order.

Alllmedia samples-iCa CMAF chunk shall be addressed by byte offsets in the TrackrRunBox that arg
relative to the firstbyte of the MovieFragmentBox. See ISO/IEC 14496-12.

A C(MAF chunk'shall contain a consecutive subset of the media samples of a CMAF fragment.

A MAF ‘chunk shall contain a TrackFragmentDecodeTimeBox containing the baseMediabDecodeTimdg
of thée-first media sample.

A sequence of CMAF chunks that spans the decode time and duration of a CMAF fragment containing
those media samples shall contain all the media samples in the CMAF fragment, without duplicates,
i.e.,, CMAF chunks in a CMAF track shall not overlap or have gaps in decode time.

The decode time and CMAF track presentation times of a media sample in a CMAF track shall not
change whether the sample is contained in a CMAF chunk or a CMAF fragment.

NOTE 2  Because the CMAF fragment and the first CMAF chunk both start with the same media sample,
they both have the same baseMediabecodeTime.

A CMAF chunk may include a segmentTypeBox preceding the MovieFragmentBox and may be
referenced as a CMAF addressable media object. The segmentTypeBox should include the CMAF
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chunk brand 'cmf1' and may include any valid compatible brands listed in the FileTypeBox of the
CMAF track’s CMAF header.

CMAF chunks may be referenced as CMAF addressable media objects, and optional file level boxes
may be prepended when they are formatted as CMAF addressable media objects.

NOTE 3  Preceding boxes indicated in Table 7 can be prepended to CMAF chunks at time of encoding or
prepended to CMAF chunks and CMAF segments at time of delivery. It is expected that players will process
the boxes prepended to the start of each CMAF addressable media object, but they will ignore these boxes
when located within a CMAF addressable media object, i.e., not prepended to the first CMAF chunk in a

7.3.2.4 CMAF fragment

CMAF segment. The SegmentTypeBox is specified by ISO/IEC 14496-12 to be the first box of an-l§0 BMFF
segment and can be ignored in other locations.

NOTE4 A segmentTypeBox prepended to CMAF chunks or fragments at the time of\encoding can be
useful as a media object delimiter and identifier. It allows indexing and packaging operations td rapidly
locate and identify CMAF chunks and fragments within a CMAF track without deep in§péction of elementary
streams or other clues to identify CMAF fragment boundaries and preceding boxes.intended to b¢ part of
each media object.

A CMAF fragment as defined in subclause 3.1.1 contains one or more CMAF chunks, thereforg CMAF
Chunks may be present in CMAF addressable media objects, including CMAF segments and CMAF track
files, and a CMAF chunk may be referenced as a CMAF addressable media object (see subclause }.3.3.2).

Table 8 — CMAF fragment'structure

NL 0 F(l){mat Specification CMAI.T Description
eq. constraints
styp 0/1 ISO/IEC 14496-12 CMAF 7.2 Segment type
Signalling compatibility to CMAF fragment
prft 0/1 ISO/IEC 14496-12 Producer reference time
emsg * ISO/IEC 23009-1 CMAF 74.5 |Event message
CMAF Chunk 1+ CMAF 7.3:2.3 CMAF chunk

)
D)

Fach CMAF fragment conforms to the following constraints:

A CMAF fragment shall’contain the boxes in Table 8, with the conditions and optionality indicated.

Each CMAF fragment, in combination with its associated CMAF header and optional decryption
key(s), shallccortain sufficient metadata to enable the CMAF fragment to be decoded, dedrypted,
and displayed when it is independently accessed.

NOTE-L\ ™ For example, if sample groups and sample group descriptions are used to signal encrypftion key
changes, then a sampleGroupDescriptionBox and SampleToGroupBox probably need to be present in the
TratkFragmentBox to make the CMAF fragment randomly accessible and decryptable.

The first CMAF chunk in a CMAF fragment may be preceded by other boxes as long| as the

d)

CMAF fragment remains conformant, including one segmentTypeBox and/or one or more
ProducerReferenceTimeBox(es) and/or DASHEventMessageBox(es). (See subclause 7.4.5 and Annex E
for more information on Event Messages).

A CMAF fragment with a segmentTypeBox preceding the first MovieFragmentBox should include the
CMAF fragment brand 'cmff' and may include any compatible brands listed in the FileTypeBox of
the CMAF track’s CMAF header.

A CMAF fragment can be referenced as a CMAF segment and may have a segmentTypeBox prepended
that includes the CMAF segment brand 'cmfs' to identify the start of the CMAF segment.
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£)

7/
Figure |14 illustrates the box sequence (left to right) and containment (top to bot@@of a CMAH

NOTE 2 It is possible that the first CMAF chunk in the first CMAF fragment in a CMAF segment would
be preceded by a segmentTypeBox that includes the compatible brands 'cmfl', 'cmff', and 'cmfs' to
indicate that it is the start of a CMAF segment, fragment, and chunk. The start of a CMAF fragment that
contains multiple CMAF chunks can be identified by including both the 'cmff' and 'cmfl' brands, whereas
subsequent CMAF chunks in the CMAF fragment would only include the 'cmf1' brand.

NOTE3 As noted in subclause 7.3.2.3, only a SegmentTypeBox at the start of a CMAF addressable
media object is expected to be processed by players, whereas a SegmentTypeBox located within a CMAF
addressable media object is expected to be ignored by players.

a A i O

VIAF Y0

Eaqt

dg [ (1 d [ [[dCK [ (1 Ol d d
pogsible exception of the first and last CMAF fragments of the CMAF track. Qq’
NOTE4  Additional constraints specific to video, audio, and subtitle media types are specified in Glauses 9|
10, Annex A and Annex B.
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Movie Protection '
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NOTE 5| Lower boxes indicate c inment in the box above. The sequence of boxes contained in thg
TrackFfagmentBox ('traf')iso ecommended. Light shaded boxes are always optional. Light boxes in thg
bottom fow are required or co ionally required when encryption is used. This example contains one CMA}

chunk (fmoof', 'mdat') in tl% AF fragment.
N\

5@2 14 —CM

?\

AF fragment box sequence and containment

7.3.3 |CM dressable media objects
7.3.3.1 AF segment
Table 9 — CMAF segment structure
Format CMAF
NL 0 Specification con- Description
Req. .
straints
styp 0/1 |ISO/IEC 14496-12 Segment type
Signalling
compatibility to
CMAF segment
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Table 9 (continued)
Format CMAF
NL 0 R Specification con- Description
eq. .
straints
prft 0/1 |ISO/IEC 14496-12 Producer reference time
emsg * ISO/IEC 23009-1 |CMAF 7.4.5 |Event message
CMAF Fragment 1+ |CMAF73.2.4 CMAF fragment

Hach CMAF segment as defined in subclause 3.1.5 conforms to the following constraints.

) A CMAF segment shall include the boxes in Table 9, with the conditions and optionalijty }iSte

decode order.

) A CMAF segment may include a ProducerReferenceTimeBox and/or_ OAsHEventMessagd
preceding the first MovieFragmentBox.

1) A CMAF segment may include a segmentTypeBox preceding all other’bexes in the CMAF segm
SegmentTypeBox Should include the CMAF segment brand 'cmfs { and may include any comp
brands listed in the FileTypeBox of the CMAF track’s CMAF header.

NOTE Preceding boxes can be prepended to CMAF-chunks or CMAF fragments
of encoding or prepended to CMAF segments at time of* delivery. It is expected that play
process the boxes prepended to a CMAF addressabléunedia object, but they will ignore thes
when located within a CMAF addressable media object, i.e., not prepended to the first CMA
in a CMAF segment. The segmentTypeBox is specified by ISO/IEC 14496-12 to be the first b
[SO BMFF segment and can be ignored in othérlocations.

7.3.3.2 CMAF chunk

A CMAF chunk is specified as a data striueture within a CMAF fragment in subclause 7.3.2.3, but
chunk may also be referenced as a.GCMAF addressable media object, e.g., for low latency live stre|

[here is no direct restriction on-the SAP type of the first media sample in a CMAF chunk, ex
nheritance of CMAF fragment media sample constraints specified by a CMAF media profile. |
yideo CMAF media profilés typically constrain the initial media sample type to be SAP 1 or 2, {
CMAF chunk in a CMAF fragment inherits that media sample constraint.

Adaptive switching~in players is normally limited to the earliest CMAF chunk in a CMAF fr{
Prepending a sebfient TypeBox to each CMAF chunk with appropriate brands can indicate the st
CMAF chunkthat is also the start of a CMAF fragment.

A Segment TypeBox, ProducerReferenceTimeBox, and/or DASHEventMessageBox (es) may be prepe
h CMAE ¢hunk at time of encoding or time of delivery. In a CMAF addressable media object, on
'hese boxes precede the first MovieFragmentBox are they expected to be processed by a player.

d.

h) A CMAF segment shall contain one or more complete and consecutive CMAF fragmlents in

Box(es)

ent. The
htible

ht time
ers will
e boxes
F chunk

bx of an

h CMAF
aming.

cept by
Because
he first

hgment.
artof a

nded to
y when

7.3.3.3 CMAF track file

A CMAF track as defined in subclause 3.1.6 is a logical collection of CMAF fragments and a CMAF header
that might never be stored or stored in that form. In contrast, a CMAF track file is a single file that

contains one CMAF track, stored in sequence, and is therefore addressable as a file. Since CMAF
and CMAF fragments can be preceded by a segmentTypeBox, CMAF media objects may be ident

chunks
ified by

SegmentTypeBox within a CMAF track. CMAF media objects may be indexed in a segmentIndexBox to

enable addressing CMAF media objects in a CMAF track file by byte range.
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Table 10 — CMATF track file structure

NL 0 F(l){mat Specification CMAF Description
eq. constraints
CMAF Header 1 CMAF 7.3.2.1 CMAF 7.2 CMAF header
sidx 0/1 |ISO/IEC 14496-12 Segment index
CMAF Fragment 1+ |CMAF73.2.4 CMAF 7.3.2.4|CMAF fragments

Each CMAF track file conforms to the following constraints:

a)
b)

<)

d)

7.3.4 |CMAF switching sets

7.3.4.1| General constraints on a CMAF switching set

These general CMAF switching set constraints, plus*specific constraints defined by a CMAF medi3
profile that the CMAF switching set conforms to, areintended to enable seamless adaptive switching by
typical players.

Each CMAF switching set as defined in sub¢lause 3.2.2 conforms to the following constraints.

a)

b)

c)

d)

f)

g)

h)

36

A CMAF track file shall include the boxes in Table 10, with the conditions and optionality listed:

Addlitional boxes, such as segmentIndexBox (es), may be present between the CMAF header and thg
firgt CMAF fragment.

If gegment IndexBoxes exist, each subsegment referenced in the segmentIndexBox shall be a single
CMAF fragment contained in the CMAF track file.

A video CMAF track may use an offset edit list as specified in subclauses 7.5:13’and 10.2.6.

A vlideo CMAF track may use vl TrackRunBoxes using negative compdsition offsets to adjust thg
composition time of the earliest presented video media sample in“€ach CMAF fragment to it3
bageMediaDecodeTime and the earliest video media sample in the CMAF track file to zero, without
usipg an offset edit list.

A (MAF switching set shall containone or more CMAF tracks, each of which is a synchronized
endoding of the same source centent.

A (MAF switching set shallcontain CMAF tracks of only one media type, i.e., audio or video o}
sulgtitles.

All[CMAF tracks in@CMAF switching set shall have the same duration (computed from the medig
sample durations,optionally stored in a MovieExtendsHeaderBox).

AllICMAF tracks in a CMAF switching set shall contain the same number of CMAF fragments.

Forlany CMAF fragment in one CMAF track in a CMAF switching set, there shall be a CMAF fragmen
withahe same decode time in all other CMAF tracks.

—-

All CMAF tracks in a CMAF switching set shall have the same value of baseMediabDecodeTime in the first
CMAF fragment’s TrackFragmentBaseMediaDecodeTimeBox, measured from the same timeline origin.

The presentation time of the earliest media sample of the earliest CMAF fragment in each CMAF
track shall be equal.

Alternative CMAF fragments in a CMAF switching set with the same baseMediabecodeTime shall
contain alternative encodings of the same source media samples.

NOTE1 These constraints do not prohibit different frame rates in different CMAF tracks in a CMAF

switching set. However, these constraints restrict the combinable frame rates to those that result in identical
CMAF fragment durations for alternative CMAF fragments.
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i) All CMAF tracks in a CMAF switching set shall conform to one CMAF media profile. However,
CMAF tracks included in a CMAF switching set may contain different CMAF media profile brands
that all conform to one CMAF media profile. See subclause 12.1 for additional CMAF switching set
constraints specified by CMAF media profiles.

NOTE 2

CMAF media profiles specify the maximum limits for encoding parameters, so subset or lower

media profiles that can be decoded by a higher media profile decoder conform to the higher media profile.

j) CMAF header parameters shall not differ between CMAF tracks, except as allowed in Table 11.
CMAF media profiles may specify additional constraints, as noted in the table

k) Additional CMAF header boxes specified in Table 3 and Table 4 that are not listed in Table|11 may

contain different boxes and information.

Table 11 — General constraints on CMAF header boxes in CMAF switching sets

Box General CMAF header constraints in a CMAF switching set

ftyp Shall be identical except for media profile brands [see i)4in 7.3.4.1]

mvhd Shall be identical except for creation time and médification time

tkhd Shall be identical except for width, height, creation time,afiddmodification time.See NOTE 1.

trex Identical

elst Shall be identical except for video CMAF track filesywith a different composition offset

mdhd Shall be identical except for creationytime and modification time

mehd Identical

meta May containdifferent boxes and data

udta May contdin different boxes and data

cprt Identical

kind Identical

elng Identical

hdlr Identical

vmhd Identical

smhd Identical

sthd Identical

dref Identical

stsd Sample'entries shall have the same codingname [fou'rjcharacter _code) and conform to othefy CMAF

track format and media profile specified constraints. See NOTE 2.

sgpd May differ

pssh Identical

sinf Identical

schi Identical

Schm Identical

fTrma Identical

tenc Shall be identical except for initialization vector values
NOTE 1 Track width and height can differ, but picture aspect ratio is the same for all CMAF tracks.
NOTE 2 Sample entry constraints for CMAF switching sets are defined by each CMAF media profile, its specified or
referenced ISO BMFF track format, and its CMAF switching set constraints. A sample description can contain multiple
sample entries.

There are two functional types of CMAF switching set initialization constraints:

1) Multiple initialization — CMAF switching sets conforming to the general constraints above may
rely on decoding parameters stored in each CMAF track’s header to decode a CMAF fragment from
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2)

The twa types of CMAF Q\I\Iif(‘hihg set constraints and prnrpccing are illustrated in Ficure 10

7.3.4.2| CMAF switching set single initialization constraints

Encoding of CMAF tracks in a CMAF switching set can be further constrained to allow one-time
initialiZation of the CMAF switching set using a single CMAF header (see Figure 10). EachtEMAF medi3
profile [or the CMAF track format it references can specify single initialization CMA¥.switching se
constraints.

In general, single initialization constraints can be specified by:

NOTE Enabling changes in inband parameters-gver time is useful for live streaming, where content from
differenf encodings can be sequenced in a CMAF presentation, such as programs and ads in a live “channel”, o1
when a live video contribution feed is received(containing inband parameters that change and are not known ix
advancegwhen a CMAF header is packaged dnd-delivered to a player.

7.3.4.3| CMAF switching set single initialization constraints identifier

The ideptifier "urn:mpeg:cmaf:51ss" may be used to signal CMAF switching set conformance to singlg
initialization constraints.

7.3.4.4 Aligned CMAF switching set constraints

Aligned CMAF switching sets are defined in subclause 3.2.3 to be a “set of CMAF switching sets, thg
CMAF fracks ofswhich all contain alternative encodings of the same source content in time-aligned
CMAF fragments, but all CMAF tracks do not conform to a single CMAF switching set”.

Al CXIAL it alad 4 £ ol o €11 3 4 HS
lgne GIVIZSAL OVV lLLllllls SOCLS LUITIVUIIIT LU LUIICT TUITUVV llls CUILISLI AdI1ItS.,.

a)
b)

‘)
d)

e)
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that CMAF track. This implies that a player needs to access and process the CMAF header for each
CMAF track it switches to.

Single initialization — If CMAF headers are constrained to be equivalent within a CMAF switching
set, or CMAF tracks only change parameters that are stored in each CMAF fragment, then a player
only needs to access one CMAF header and each CMAF fragment to find all the necessary decoding
and rendering parameters. A player only needs to initialize the CMAF switching set once, then it
can continue decoding CMAF fragments from any CMAF track in the CMAF switching set.

«

a “¢ommon CMAF header” in all CMAF tracks containing all decoding{dgcryption, and rendering
parameters required by any CMAF fragment in the CMAF switching sef;

“:

inpand parameter sets” stored and referenced in each CMAF fragment, where CMAF headers arg
onlly used to initialize decoding and display with the appropriate codec, profile, level, resolution, etc
This is typically the case for audio and can be specified for‘inband video parameter media sample
formats such as 'avc3' sample entry;

a C;Lmbination of both CMAF header and CMAF fragment stored parameters, but with the constraint
thaft the combination of any CMAF header in the CMAF switching set and CMAF fragment will contair
the|necessary decoding parameters.

An aligned CMAF switching set shall contain two or more CMAF switching sets.

Aligned CMAF switching sets shall contain CMAF switching sets that are encoded from the same
media stream.

Aligned CMAF switching sets shall contain CMAF switching sets of equal duration.
Aligned CMAF switching sets shall contain the same number of CMAF fragments in every CMAF track.

Aligned CMAF switching sets shall contain CMAF fragments in every CMAF track with matching
baseMediaDecodeTime and duration, for each CMAF fragment in a CMAF track.
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Some CMAF players can seamlessly switch between CMAF tracks in different CMAF switching sets

that are aligned, such as CMAF switching sets with different encryption keys and their associated DRM license(s).

7.3.5 CMAF selection sets

CMAF selection sets as defined in subclause 3.2.4 conform to the following constraints.

a) A CMAF selection set shall contain one or more CMAF switching sets.

) All CMAF switching sets within a CMAF selection set shall be of the same media type, e.g,, audio,
video, or subtitles.

[)  All switching sets within a CMAF selection set shall be of the same duration, withina-tolefance of
the longest CMAF fragment duration of any CMAF track in the selection set.

1) Different CMAF switching sets that encode the same content with different codecs or video formats
may be contained within a CMAF selection set to enable a player to selectthe most compatible
codec or video format and the CMAF switching set that contains it.

£) A CMAF selection set may contain multiple aligned CMAF switching séts, which encode the same
content in different CMAF switching sets that have time-aligned CMAF fragments, bjit with
different keys, codecs, etc.

) One CMAF track should be presented from each selection sét'in a presentation, e.g., one auflio, one

7.3.6 CMAF presentations

A CMAF presentation as defined in subclause 3.2.5(onforms to the following constraints.

video, and one subtitle selection set.

h)  All CMAF tracks in a CMAF presentation shall have the same timeline origin.

p) Different CMAF switching sets may use different CMAF track timescale values. In that case,
baseMediaDecodeTime integer valués-will be different even if the corresponding ISO BMFF §amples
would have the same presentation time.

) All CMAF tracks in a CMAF presentation containing a video switching set shall be start [aligned
with CMAF presentation time zero equal to the earliest video media sample presentation start time
in the earliest CMAF fragment (see subclause 6.6.8).

1) All CMAF tracksinjya CMAF presentation that does not contain video shall be start aligned ith the
CMAF presentation time zero equal to the earliest audio media sample presentation start|time in
the earliest GMAF fragment.

£)  Media samples in audio and subtitle CMAF tracks with earlier presentation times thagj CMAF
preséntation time zero should not be presented.

) Média samples in audio and subtitle CMAF tracks whose durations overlap the earliest videp media
sample presentation time should be partially presented, starting at the earliest video medialsample
presentation tine:

g) The duration of a CMAF presentation shall be the duration of its longest CMAF track.

h) CMAF tracks in a CMAF presentation shall equal the CMAF presentation duration, within a

tolerance of the longest video CMAF fragment duration.
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NOTE The CMAF hypothetical application model synchronizes media samples by presentation times relative
to a common timeline origin. CMAF track presentation time is determined by each CMAF fragment’s stored
baseMediaDecodeTime and any composition or edit list offsets present. Synchronization during late binding does
not rely on externally stored presentation time offsets. This means that audio, video and subtitle media samples
that are intended to be played simultaneously in a CMAF presentation need to have overlapping presentation
time ranges, where the presentation time range starts at the media sample presentation time (subclause 6.2) and
ends at the media sample presentation time plus the media sample duration.

7.4 Additional boxes, not defined in the ISO Base Media File Format

7.4.1 [Track Encryption Box (' tenc')

The TrjckEncryptionBox ('tenc') specified in ISO/IEC 23001-7 indicates that media samples in the
track mlight be encrypted using a specific scheme of Common Encryption, identified by a fourcharactet
code, suiich as 'cenc' or 'cbes'. The TrackEncryptionBox contains parameters and defaultyjvalues tha
apply t¢ an entire track. See Clause 8 for additional information.

7.4.2 |Sample Encryption Box ('senc')

When Jommon Encryption sample auxiliary information is used:

— it shall be present in each CMAF fragment;

— thelsampleEncryptionBox should be used to store sample auxiliary information.

See Clatise 8 for more information.

7.4.3 |Protection System Specific Header Box ('pssh')

The PpProtectionSystemSpecificHeaderBox is specified in the Common Encryption specificatior
(ISO/IEC 23001-7) for the storage of content protéction system information such as license acquisitior
information and DRM licenses. This box was. primarily designed to store license information ir
downlogd files. Either version 1 or version zero-may be used, as constrained in Clause 8.

CMAF dtreaming applications should signal license acquisition information in the manifest and shoulg
not dupflicate the information in this boxin CMAF headers.

CMAF firagments may contain DRM"information in this box intended for delivery to all players during
playbadk.

See Clatise 8 for more infofmation.

7.4.4 [Media profilespecific boxes

Audio and vided.track formats typically derive sample entries and define decoder configuration boxes
that can be reguired by one or more CMAF media profiles. For example, the avcconfigurationBox is
defined in"1SO/IEC 14496-15 and required by the NAL structured video CMAF track format specified
in Clauge 9’and referenced by the CMAF video media profiles specified in Annex A. Other CMAF mediz
profiles may specify boxes that are required by a conformant CMAF track that also conforms to the
CMAF media profile brand.

7.4.5 Event Message Box ('emsg')

The enhanced pasHEventMessageBox ('emsg') described in this clause is version 1 of the
DASHEventMessageBox, specified in ISO/IEC 23009-1.

Version 1 of this box adds the field presentation time, which makes event message timing independent
of box location in the CMAF track. Version 1 should be used for event messages in CMAF fragments and
addressable media objects.
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presentation time provides the presentation time of the event measured on the CMAF track’s
presentation timeline, in the timescale declared in its MovieHeaderBox.

message data is the body of the event message. The syntax and semantics of this field are defined by the
owner of the scheme identified in the scheme id uri field. Message schemes may be defined for specific
applications and users, or standardized for global use, such as SCTE-35 advertisement and program
segmentation markers.

NOTE1 DASHEventMessageBoxes can be included in CMAF fragments to indicate ad insertion points, etc. in
the media stream, then other DASHEventMessageBoxes added to CMAF segments or CMAF chunks at time of
Helivery, e.g., to trigger manifest updates.

A DASHEventMessageBox in @ CMAF track shall contain the value in its timescale field equal-to the value
bf the timescale field in the MediaHeaderBox of the CMAF track that contains it.

f version 0 is used, then DASH defines the timing of an Event Message related-fo)the earliesf media
sample presentation time of a DASH segment using the field presentation time(d#lta, which “provides
he media presentation time delta of the media presentation time of the-event and the farliest
presentation time in this segment.” For CMAF fragments, the presentafion time delta shall equal
'he media presentation time of the event minus the earliest presentatiofy time of the following CMAF
ragment.

NOTE 2  The earliest decode time in a CMAF track file is zero (defragmented or not), and if an edit list is|present,
he earliest presentation time is the earliest media sample composijtion time adjusted by the edit list offdet.

bee Annex E for more information on the use of event messages.
7.5 Constraints on ISO Base Media File Formtat boxes

7.5.1 Movie Header Box ('mvhd')

n the MovieHeaderBox, the value of the duration field should be set to zero to indicate that the MpvieBox
Contains no media samples and thereforehas no duration.
NOTE The duration field in tlie\MediaHeaderBox ('mdhd') applies to the TrackBox ('trak'], which
fontains no media samples in a CMAF track. The duration of a CMAF track can optionally be stored in the
Fragment duration field of the'MovieExtendsHeaderBox ('mehd'), which is equal to the sum of afl CMAF
ragment durations in the CMAFtrack. If the duration is unknown, this box is omitted.

[he fields rate, volume, and matrix shall be set to their default values.

7.5.2 Metadata-Boxes

Metadata, carried in either UserDataBox Or MetaBoxes, may be present. When present, they shall not
pccur at filedlevel, i.e., they can only be contained in another box, as permitted by ISO/IEC 14494-12.

/.53 ¢ Kind Box ('kind')

inh} L hY 1 1 4 4 41 1 £ ONI AL 4 1 my : 4 : h
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UserDataBox Of the TrackBox, as documented in the ISO Base media file format (ISO/IEC 14496-12).

Any track can be labelled with role information describing the intended purpose of the track. This
information can be captured at the time of encoding and later copied to a manifest describing the CMAF
tracks in a selection set so that a user or an automatic algorithm can make an appropriate selection.

The kindBox can contain one or more tags from a variety of places, including:

— the DASH specification ISO/IEC 23009-1, as identified by the schemeURT "urn:mpeg:dash:role:2011"
(without the quotation marks);

— the W3C HTMLS5 specification of track 'xind’, as identified by the schemeURT "about :html-kind".
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Where multiple schemes define the same concepts, the DASH role scheme should be used.

7.5.4 Track Header Box (' tkhd')

CMAF TrackHeaderBoxes shall conform to ISO/IEC 14496-12 with the following additional constraints.

7.5.5

The C
constr

The field duration shall be set to a value of zero ('0'), indicating no media samples are referenced
from the TrackBox (' trak').

indficate video orientation (i.e., portrait or landscape orientation relative to the captured scene),.Ség

sul

Thy
oth

Thy

Wh
cor

e following fields shall be set to default values as defined in ISO/IEC 14496-12, unless'specified
erwise in this document.

 value ef.the duration field should be set to a value of zero (‘0’) (see subclause 7.5.1).

ileld m ] a pe a a hei ae a defined in 0 AAOG- a ep

clause 9.2.3.

The layer field should equal 0 or greater for normally presented video tracks:
The layer field should equal -1 for subtitle tracks so they are normally preSented over the video
The width and height fields for a non-visual track (e.g., audio) shall be 0.

As defined in ISO/IEC 14496-12, the width and height fields for a EMAF video track shall specify
the track’s normalized presentation size as fixed-point 16.16 values expressed in square pixel{
after decoder cropping, and in the case of video encoded with a non-square video spatial samplg
shape, after horizontal scaling has been applied. See subclause 9.2.3 for normalized width and
height calculation.

Subtitle tracks may set width and height to an intended layout size, in which case the text layouf
engine or graphics engine can scale the widthsand height to match the video display aperturg
(player implementation dependent).

As defined in ISO/IEC 14496-30, subtitle tracks encoded as text may use relative positior]
coordinates and font sizes so that the text layout engine can adjust glyph and layout size td
match the final video display aperture without relying on image scaling. For such tracks, thg
value of zero width and height sheuld be used to indicate that the data can be rendered at any
size, and the layout size may be determined by matching the size of the video display aperture

For scalable text and subfitle tracks, the fl1ag track size is aspect ratio may also be used.

Media Header Box (‘mdhd')

AF MediaHeaderBoxes shall conform to ISO/IEC 14496-12 with the following additiona
ints.

ere{possible, the value of the timescale field should be chosen such that when the frame rate is
stant, the value of the media sample duration may also be constant.

All tracks that are language-specific should identify the language as precisely as possible (e.g., a text
track whose language can be written in different scripts should identify which scriptis used). When

the

language is not relevant or not known, the 'und' (undetermined) language tag should be used.

7.5.6 Video Media Header Box ('vmhd')

The videoMediaHeaderBox shall conform to ISO/IEC 14496-12 with the constraints specified in
subclause 9.2.2.

42
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7.5.7 Sound Media Header Box ('smhd')
The soundMediaHeaderBox shall conform to ISO/IEC 14496-12 and the following constraint.

The field balance shall equal 0 (centre).

7.5.8 Subtitle Media Header Box ('sthd')

The subtitleMediaHeaderBox shall conform to ISO/IEC 14496-12 with constraints specified in

SOAEG14496-30-

NOTE Subtitle media uses the 'subt' handler type inthe HandlerBox in the MediaHeaderBex,

7.5.9 Data Reference Box ('dref')

DataReferenceBoxes in a CMAF track shall conform to ISO/IEC 14496-12 with the)following ad
constraints.

— The pataReferenceBox shall contain a single entry with the entry flagsfield setto 0x000001

7.5.10 Sample Description Box ('stsd')

[he sampleDescriptionBox in @ CMAF track shall conform téversion 0 as defined in ISO/IEC 14
vith the following additional constraints.

— Sample entries for encrypted tracks (those .containing any encrypted media sampl
shall encapsulate the existing sample entry, with the appropriate four-character-cod
in ISO/IEC 14496-12 and include a pxdtectionSchemeInfoBox ('sinf') that confo
ISO/IEC 14496-12 and subclause 7.5.11.

— Constraints on visual sample entries ane specified in subclause 9.2.4.
— Constraints on audio sample entries are specified in subclause 10.2.5.
— Constraints on subtitle sample‘entries are specified in ISO/IEC 14496-30.

NOTE A CMAF sampleDeseriptionBox can contain multiple sample entries.

7.5.11 Protection Scheme Information Box ('sinf')

CMAF shall usg.common encryption (ISO/IEC 23001-7) for CMAF tracks containing
more encryptéd)"CMAF fragments and use Scheme Signalling as defined in ISO/IEC 2300
encrypted CMAF track shall include at least one ProtectionSchemeInfoBox ('sinf') conta
[rackEngryptionBox ('tenc') identifying a scheme specified in ISO/IEC 23001-7.

7.542 Track contained media sample information boxes

means that the media data is in the same file as the MovieBox contaitting this data reference).

ditional

(which

496-12

e data)
b listed
rms to

one or
1-7. An
ining a

Al boXes I the SampleTableBox MAVE a SaIMpie Coumnt of U because CMAF d0es ot Teferemnc
samples from the TrackBox. The mandatory boxes of ISO/IEC 14496-12 are mandatory, even
document no samples.

The following boxes therefore shall have an entry count of zero:
— TimeToSampleBox (' stts');

— SampleToChunkBox (' stsc');

— ChunkOffsetBox (' stco');

— SampleSizeBox O CompactSampleSizeBox (' stsz' Or '"stz2 ');
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— SyncSampleBox ('stss'), if present.

NOTE1 The presence of an empty syncsampleBox in a CMAF header indicates that not all media
samples in the CMAF track are sync samples.

NOTE 2 Media sample size, duration, and dependency information can be found in the
TrackRunBox (es) in each CMAF fragment or CMAF chunk.

7.5.13
If the E

— Th¢ £ditBox shall contain a single EditListBox.
— Th¢ value of entry count field in the EditListBox shall be set to 1.

— The¢value of themedia rate integer field shall be setto 1 and the value of the medid ‘Yate fractior
fid1d shall be set to 0.

— Th¢ value of the segment_duration field shall be set to 0.

Such copnditions define an offset edit or offset edit list.

NOTE
ISO/IEC
means t

each sarpple’s presentation time.

According to ISO BMFF, samples with a sum of movie presentation time and duration less than zero are
not megnt to be presented.

Using
an equi

CMAF gresentation timeline. Additional constraints specific to certain media types are in the following
subclauses:

— audio edit lists in subclause 10.2.6;

— vid

7.5.14

A Trac

ISO/IE( 14496-12.

7.5.15

A MovigFragméntHeaderBox in @ CMAF track shall conform to ISO/IEC 14496-12.

NOTE

Edit List Box ('elst')

it List Box ('e1st ') is present, the following conditions apply:

Since there is no media in the MovieBox, the duration in the edit is zero. However, as noted i1
14496-12, movie fragments implicitly extend any edit represented by an edit list in the MovieBox. This
hat any offset edit list in the CMAF header is applied to the composition times of all samples to determine

fset edits to set the presentation time of the'earliest presented sample of each CMAF track td
alent CMAF track presentation time enabl€s synchronization of all CMAF tracks to a commor

o edit lists in subclause 9.2.7%

Track Extends Box (~.trex')

tExtendsBox Shall\be present in a CMAF track since it is a fragmented file as defined in

Movie Eragment Header Box ('mfhd')

The equence number inhngpr value isnot rnn‘nirnd tobhe nniqnp within a CMAF track nortoincreasd

with decode time.

7.5.16

Track Fragment Header Box (' tfhd')

A TrackFragmentHeaderBox in a CMAF track shall conform to ISO/IEC 14496-12 with the following
additional constraints.

— The track_1D field shall contain the same value as the track_1Din the associated CMAF header.

— The base-data-offset-present flag (in the tf flags field) shall be set to zero.

— The default-base-is-moof flag (in the tf flags field) shall be set to one.
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— EVEI‘y TrackFragmentBox shall contain a TrackFragmentBaseMediaDecodeTimeBox, as defined in
ISO/IEC 14496-12, to provide the decode time of the first media sample in the track fragment.

NOTE The baseMediaDecodeTime of the first available CMAF fragment in a CMAF track can be non-zero.

7.5.17 Track Run Box ('trun')

A TrackRunBox in a CMAF track shall conform to ISO/IEC 14496-12 with the following additional

constraints.

— The version field shall be set to either '0' or '1,

—  When the version field is set to '1', the sample composition time offset of the first pr
media sample in a CMAF fragment shall be such that its composition time is equal té)the firg
sample decode time (baseMediaDecodeTime).

— The data-offset-present flag (in the tf flags field) shall be set to true in order to i
that the data offset field is present and contains the byte offset from the’start of this fra
MovieFragmentBox to the start of the first media sample in the followifigvediabataBox.

NOTE This is called movie fragment relative addressing in ISO/IE€14496-12.

— Within a CMAF track, any TrackrunBox that describes any non“sync media samples shall
sample dependency with the CMAF chunk and CMAF fragment using a combination of the
flags and first sample flags fields and default values.jn the TrackFragmentHeaderBox:

— sample is non sync sample shall be O for SARtype 1 or 2, and 1 otherwise;

— an empty syncsampleBox shall be present in the track.

samples are sync samples in the track,awhich allows a reader to know that all subseque
fragments will also consist of sync samples. [f a syncsampleBox is present, then dependency
each CMAF fragment indicate which-media samples are sync samples, since the header cont
media samples and the syncsamp¥eBox therefore lists no media samples.

7.5.18 Sample Group Description Box ('sgpd')

As required by ISO/IEC 14496-12, when sample group descriptions can change within a CMAF
bampleGroupDescriptionBox shall be stored in each CMAF fragment that references that sampl
lescription. If sample_group information is the same for all CMAF fragments in a CMAF switch
t may be stored ifna’sampleGroupDescriptionBox in the CMAF header sampleTableBox ('stbl']
Persion 1 or 2 may’be used (version 0 is deprecated by ISO BMFF).

EXAMPLE When common encryption is used and KID values can change per CMAF frag
bampleTOGroupBox stored in each TrackFragmentBox will reference a SampleGroupDescrip
rontaining the KID for that sample group, and both are stored in the TrackFragmentBox in order to
Fandom access.

bsented
t media

ndicate

bment’s

dentify

ample

NOTE ISO/IEC 14496-12 specifies that absence of the syncsampleBox indicates that E:IIt media

CMAF
flags in
ains no

track, a
e group
ing set,
. Either

Iment, a
ionBox
support

Pre-Tott sample groups cam be used forsome audio as describedimsubctause 16:3-3:1

7.5.19 Media Data Box ('mdat')

Each CMAF fragment shall contain one or more MediabDataBox (es) ('mdat') containing media samples.

The MediabataBox conforms to the definition in ISO/IEC 14496-12.

Each MediaDataBox in a CMAF chunk shall be immediately preceded by the MovieFragmentBox that

references the media samples it contains.
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7.5.20 Sub-sample Information Box ('subs')

Each CMAF fragment in a TTML image subtitle track of CMAF media profile 'im1i', as specified in
subclause 11.3.4, shall contain a subSampleInformationBox in the TrackFragmentBox that indexes any
images contained in the subtitle media sample. The field entry count shall equal 1.

When one or more images are present in the subtitle media sample, the value of subsample count shall
equal 1 for the first image sub-sample, and the subsample count of the TTML document shall equal 0.

When no images are present in the subtitle media sample, the value of subsample count shall equal 0.

Version| 0 of this box should be used, unless subsample size exceeds a 16-bit byte address siz€ (65
kibibytes), in which case version 1 should be used.

The fields subsample priority,discardable, and codec_specific parameters are undefined:

7.6 e Structural CMAF Brand 'cmfc’

A CMAF track conforming to the CMAF structural brand 'cmfc' shall conforin,to the CMAF track
constrdints defined in subclauses 7.1, 7.2, 7.3, 7.4, and 7.5.

7.7 The structural CMAF Brand 'cmf2’

7.7.1 |General

A CMAF track conforming to the CMAF structural brand 'ca£2" shall conform to constraints of the
CMAF gtructural brand 'cmfc' and all remaining constraintssin subclause 7.7.

7.7.2 |Edit List Box ('elst')
For vidgo CMAF Tracks, the EditBox and in particular the edit1istBox shall not be present.

For vid¢o CMAF Track files as well as any other“media types, the EditListBox may be present following
the conptraints in subclause 7.5.13.

7.7.3 [Track Run Box ('trun')

A TracHrunBox in a CMAF track-shall conform to the constraints in subclause 7.5.17 with the following
additiopal constraints:

— Forlvideo CMAF Tracksnot contained in Track Files, Version 1 shall be used.

— deflault samplé /£Yags, sample flags and first sample flags shall be set in thg
TrackFragmeatfieaderBox and/or TrackRunBox to provide sample dependency information within
eagh CMAFchunk and CMAF fragment.

— Deflaultwvalues or per sample values of sample duration and sample size shall be stored in each CMAJ
chunk’s TrackRunBox and/or TrackFragmentHeaderBox.

NOTE Default flags and sample parameters (duration, size, or sample description index) can be set and
ignored in the TrackExtendsBox, as long as those values are also set in all CMAF chunks and CMAF fragments so
each CMAF fragment is decodable without access to that track CMAF header.

8 Common encryption of CMAF tracks

8.1 Multiple DRM system support

Common encryption (ISO/IEC 23001-7) enables multiple DRM systems to provide a license for an
encrypted CMAF track. The default k1D identifies the key and license required, and a registered
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systemID identifies a common encryption capable DRM system. License acquisition information can be
provided to identify which DRM systems can provide licenses. License acquisition information usually
includes the URL of an authorization and license server, DRM SystemID, DRM client identification, type
of license requested, media key identifier, etc. and may be stored in a ProtectionSystemSpecificHeaderB
ox, a manifest, or an application in order to assist players in requesting a license to decrypt a CMAF track.

A single key and license may be sufficient to access all tracks in a presentation, or high value content may
use different keys for audio and video tracks, since the audio path may be less secure. A content provider
may also use different keys and possibly licenses for different qualities, such as SD, HD and UHD.

When streaming, it is recommended that any license acquisition information used to acquiz¢ CMAF
lecryption key(s) be signalled in a manifest or application, and not in the CMAF header.(This fenables
h CMAF player application to parse license acquisition information one time, rather than each time the
CMAF header is processed for adaptive switching purposes.

Manifest signalling makes it easier to:
— add or change license information without editing media files;

— offerdifferenttypes oflicenses for the same CMAF presentation, e.g.,Subscription, rental, ownership,
SD, HD, UHD, etc.;

— support different distribution channels and license servers with the same media;

— request a license before the live media becomes available to authorize or purchase playback rights
and download a license in advance.

B.2 Track encryption

B.2.1 General requirements

Encrypted media sample data in a CMAF track shall use an encryption scheme defjned in
SO/IEC 23001-7. CMAF presentationxprofiles can constrain the allowable schemes in that CMAF
presentation profile. See A.1.

Encrypted NAL structured video’ tracks shall use a media subsample encryption scheme specified
n ISO/IEC 23001-7, which defines partial encryption of NAL units in a video media sample to allow
hccess to unencrypted video NAL headers and slice headers in an encrypted NAL structured video
blementary stream.

Encrypted non-vidée tracks shall use the schemes specified in ISO/IEC 23001-7, which define a full
media sample encryption method for each scheme.

Conditional réquirements are defined in ISO/IEC 23001-7 and subclause 8.2.2.1 in this docufnent to
nclude a SampleAuxiliaryInformationOffsetsBox and a SampleAuxiliaryInformationSizesBok in the
[rackFeaghentBox. As specified in ISO/IEC 14496-12, both boxes have a default aux_info type off 'cenc'.

[he ‘sampleEncryptionBox ('senc') for storage of sample auxiliary information in encrypted CMAF

racks is documentedin-subclause 74.2 and-itsuse cpnr‘ifind insubclause 8.2.2 1

The TrackEncryptionBox version 1 or zero for signalling CMAF track encryption parameters and their
defaults is documented in subclause 7.4.1 and its use specified in subclause 8.2.2.2.

The following additional constraints apply to all encrypted CMAF tracks.

— All key identifier values shall uniquely identify one and only one key within their scope of use. To
ensure this level of uniqueness, it is strongly recommended that the key identifier values be UUIDs
generated according to X.667. A UUID shall be stored in the KID field as 16 bytes, sequenced as
specified in X.667:2014, 6.2.
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— A k1D value may be represented in text form as a hyphenated hexadecimal string, as specified in
ITU-T Recommendation X.667:2014, 6.4.

8.2.2 CMAF track constraints

8.2.2.1 Sample Encryption Box ('senc') and sample auxiliary information

Sample auxiliary information, such as per media sample initialization vectors and subsample byte
ranges, should be stored in a sampleEncryptionBox ('senc') as described in subclause 7.4.2. Sample
auxiliaffy information may be stored in any valid box within a CMAF chunk’s or CMAF fragment§
MovieFfagmentBox, Such asa 'uuid' box.

For encfypted CMAF fragments that contain sample auxiliary information, each TrackFragmen€Box shal
containfa sampleAuxiliaryInformationOffsetsBox With an aux info type value or default of"V cenc' as
defined in ISO/IEC 23001-7 to provide access to sample auxiliary information data.

The sanfpleruxiliaryInformationoffsetsBox shall conform to the following constraints.

a) The¢ entry count field of the sampleauxiliaryInformationoffsetsBox shallkequal 1. Therefore, dat3
in the sampleEncryptionBox or other sample auxiliary information storage‘box shall be contiguous
forjall of the media samples in the movie fragment.

b) CMJAF movie fragments use movie fragment relative addressingywhere no base data offset is
prdvided in the track fragment header. Therefore, the offset field is calculated as the differencg
between the first byte of the containing MovieFragmentpex and the first byte of the first
IniftializationvVector in the sample auxiliary information,

The saffpleruxiliaryInformationSizesBox may specify the size of the sample auxiliary data for each
media §ample with a type of 'cenc’, as defined in ISO/IEC*23001-7, with the following constraints.

1) If spbsample encryption is not used, the sample@uxiliaryInformationSizesBox may be omitted.

NOTE1  For full media sample encryptionwith an IV per media sample, the size of the sample auxiliary
infdrmation equals default Per Sample “IV Size inthe TrackEncryptionBox (see ISO/IEC 23001-7).

2) If spbsample encryption is used and all the media samples have the same number of subsamples
then the size of the sample auxiliary information will be the same for all of the media samples
In that case, the default sappde info size of the sampleAuxiliaryInformationSizesBox ('saiz"']
maj be used instead of storing’a size per media sample.

3) Ifppr sample IV sizeis-alsozero (because the scheme uses constant IVs and no subsamples), ther
thejre would be no sample auxiliary information, and the sampleEncryptionBox, SampleAuxiliaryTd
formationSizesBéx)dnd SampleAuxiliaryInformationOffsetsBox should be omitted.

NOTE 2  Sample auxiliary information is located by movie fragment byte offsets stored in the Sampleaux
ligryInformationOffsetsBox, and in some cases, by size information stored in the sampleAuxiliaryInd
ornfationSizesBox. Sample auxiliary information, such as per-sample initialization vectors and subsamplg
byt ranges, is not intended to be read directly from the SampleEncryptionBox or other storage box. The s4
mplleAukiliaryInformationOf fsetsBox should always be used to locate sample auxiliary information.

8.2.2.2 Track Encryption Box (' tenc')

A TrackEncryptionBox specified in subclause 7.4.1 shall be present in a CMAF header if any media
samples in the track are encrypted.

8.2.2.3 Protection System Specific Header Box ('pssh')

Common encryption specifies version zero and version one ProtectionSystemSpecificHeaderBox. Pro
tectionSystemSpecificHeaderBoxes can be used to store licenses in downloaded files, signal in CMAF
headers whether license downloads may be needed, and deliver licenses, keys, and usage information in
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CMAF fragments. protectionSystemSpecificHeaderBoxes contain a SystemlID that uniquely identifies
the protection system intended to use the information. Information contained in the data[] array is
considered opaque to players, file parsers, and other DRM systems and might be encrypted by the
protection system.

Common encryption (ISO/IEC 23001-7) also specifies XML elements to contain license acquisition
information for use in manifests. For CMAF presentations, manifest signalling is recommended.

NOTE A player can download all licenses that will be needed for playback as soon as it parses a manifest

nd before downloading any CMAF headers. It is particularly useful to acquire licenses in advance of a large live

['he following constraints apply to ProtectionSystemSpecificHeaderBox.

B.2.3 Encryption constraints

B.2.3.1x—General

streaming event that would result in a large number of synchronized license requests when triggerefl by the
timultaneous arrival of the first CMAF headers or CMAF fragments. Purchases, etc. can be completed|prior to
media availability.

ProtectionSystemSpecificHeaderBoxes should not be present in CMAF headers, except as allowed
below, and may be ignored if present.

A common ProtectionSystemSpecificHeaderBox andadditional ProtéctionSystemSpecificlieaderB
oxes in CMAF header may be used with presentation-specific playback’applications that can fead the
KID from the common 'pssh' and implement application-specificlicense management. A djommon
ProtectionSystemSpecificHeaderBox is defined by W3C Encrypted Media Extension specification
as a version one ProtectionSystemSpecificHeaderBox withya W3C designated SystemlID, and the
track’s default_KID listed in the version one protectionS¥stemSpecificHeaderBox KID arrgy, but it
contains no data in the data[] array.

Version one ProtectionSystemSpecificHeaderBoxes may be present in CMAF fragments for
delivering protection system information, such,as encrypted keys in licenses, for use by the DRM
system with a SystemID matching the ProtectionsystemSpecificHeaderBox SystemlD.

Multiple ProtectionSystemSpecificHea@érBoxes with different SystemIDs may be present t¢ enable
different protection systems on different devices.

For example, version one protedtionSystemSpecificHeaderBoxes in CMAF fragments can pe used
to deliver the same encryptedlicenses to all players by a streaming or broadcast service, ut only
users who have purchased.and downloaded an entitlement license bound to their particulaf player
can decrypt the licenses‘in the CMAF fragments and decrypt media samples with the keyfs in the
inband licenses. Sinc€ onhe license decrypts the other, they are said to be “chained”, and ¢hained
licenses in combination with key changes can periodically verify that each player has|a valid
entitlement licerise to decrypt the inband licenses and continue the presentation (this prpcess is
often called “keyrotation”).

For a given x1p, initialization vectors and counter values shall follow the guidelines outlined in

L TaVaWAdnlal

22004 7 - 1 h +} . P | | h P £ h| h | 1 1
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cipher block.

Initialization vectors for use with the 'cenc' scheme shall conform to ISO/IEC 23001-7 and shall be
limited to 8-bytes to avoid block counter value overlap.

Each KID and default_KID shall never reference more than one key value for all CMAF tracks in a
CMAF presentation.

NOTE It is possible for two different KIDs to reference the same key value.

All CMAF tracks in a CMAF switching set shall use the same default x1D and key value. Any
additional keys described by sample groups may be stored in version 1 ProtectionSystemSpeci
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ficHeaderBoxes in CMAF fragments, identifying the contained KID(s), protected by DRM specific
methods.

— It is recommended that any textual representation of KID and SystemlID (e.g., in manifests) uses
the hexadecimal string representation specified in ITU-T Recommendation X.667:2014, 6.4, derived
from the 16 byte binary representation specified in ITU-T Recommendation X.667:2014, 6.2 and
equivalent byte arrays specified in ISO/IEC 23001-7 boxes.

The following additional constraints shall be applied to the encryption of NAL structured video tracks.

— Slide headers, NAL type headers, NAL size headers, and all non-video NALs shall be unencrypted
usipg subsample encryption, as required by ISO/IEC 23001-7.

This copstraint is recommended in CENC, but required in CMAF.

— Video VCL data shall be protected by subsample encryption, with bytesofProtecteddata spanning
all pomplete 16-byte blocks in the VCL slice data.

— 'cenc' scheme bytesofprotectedbata shall be a multiple of 16 bytes.
This copstraint is recommended in CENC, but required in CMAF.

— 'cHcs' scheme bytesofProtectedData shall start on the first complete byfe of video data following the
slige header and end on the end of the last complete 16-byte block of$lice data in the video NAL unit.

These dre constraints that are recommended in CENC, but requiredyin CMAF.

8.2.3.2| Clear samples within an encrypted CMAF track

In an enpcrypted track, the isprotected flag in the TrackEncryptionBox shall be set to 1, indicating thaf
all medja samples are protected by default. Sample groups may indicate unprotected media samples, a
specifidd in ISO/IEC 23001-7.

Each CMAF fragment shall be constrained to.meédia samples that are all protected or all unprotected
not a mfx.

8.2.4 |CMAF presentation encryption

It is recpmmended that encryptign'keys not be shared between audio and video CMAF switching sets i1
a protefted CMAF presentation. Audio decoding and decryption systems may have lower key security
than vigleo decoding systems so should not use and expose a key also used for video.

Premium UHD/HDR corternt may require hardware security for keys, a secure video path, secure outpuf
interfades, etc. only,available on some devices and DRM systems. Lower resolution video content with
differenjt keys could-enable playback on devices that are less secure.

Standard definition, high definition, and/or ultra-high definition content in one CMAF presentation car
be sold separately or accessed on different devices with different DRM licenses, keys, and DRM playback
requirejments. Separate CMAF switching sets for SD, HD and UHD may be functionally combined and
possibly seamlessly switched using aligned CMAF switching sets, as specified in subclause 7.3.4.4.

9 Video CMAF tracks

9.1 Overview
CMAF video tracks are derived from the general CMAF track format specified in Clauses 7 and 8.

This clause specifies general constraints on all video CMAF tracks and video CMAF switching sets, then
derives more specific constraints for NAL structured video from that. Then, AVC CMAF track format is
derived from NAL structured video CMAF tracks.
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Video media profiles can be derived from the general video track format, NAL structured video track
format, or AVC video track format, as appropriate.

This clause specifies:
— general constraints on a video CMAF track, in addition to conforming to a structural CMAF brand;

— general constraints on multiple CMAF tracks conforming to a CMAF switching setintended to enable
seamless adaptive switching of video;

— NAL structured video constraints for CMAF switching sets;

— single initialization constraints for NAL structured video CMAF switching sets;

— constraints between aligned CMAF switching sets containing NAL structured video;
— AVCvideo CMAF track constraints, used to derive the AVC video CMAF media profiles definefl in A.2.

[he CMAF track format for NAL structured video is derived from ISO/IEC 14496-15 and requirgs boxes
lefined in that specification.

bome CMAF video media profiles using the AVC codec are specified imAnnex A. They define wid¢ly used
yideo formats, such as SD, HD, and UHD, by specifying codec parameters, such as the maximqu codec
profile and level that can be encoded, and video parameters sugh as maximum resolution, frame rate,
bit depth, transfer function, colour space, colour subsampling, etc.

Video CMAF tracks that carry a brand indicating parameger’limits that also conform to a highejr CMAF
media profile (i.e., a lower codec profile and level) are:¢onsidered to also conform to that highejr CMAF
media profile. For example, a CMAF track with an SD’(standard definition) AVC brand also cqnforms
[0 a CMAF HD (high definition) AVC media profileiIn general, a media profile is considered coptained
n another media profile if it can always be decoded and rendered by all decoders conforming to the
Containing media profile.

Dther CMAF media profiles for video codecs may be defined in other specifications, as long|as they
conform to CMAF track constraints.specified in Clauses 7 and 8 and recommendations in Clduse 12.
Video media profiles may optionallyspecify CMAF track constraints for CMAF switching sets tg enable
seamless adaptive switching ahd ‘may optionally specify single initialization CMAF switcHing set
Constraints.

An additional CMAF megdia-profile for scalable HEVC (SHVC) is defined in Annex H.

For additional information, see Clause 12 and Annex A.

D.2 General video CMAF track format

D.2.1 General video CMAF track structure and constraints

Vidéo\CMAF tracks shall conform to at least one structural CMAF brand as specified in Clauses|7 and 8
hird)general CMAF video track constraints specified in subclause 9.2.

9.2.2 Video Media Header ('vmhd')

VideoMediaHeaderBoxes in a video CMAF track shall conform to ISO/IEC 14496-12 with the following
additional constraints.

— The following fields shall be set to their default values as defined in ISO/IEC 14496-12:
— version=0;
— graphicsmode=0;

— opcolor={0, 0, O}.
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9.2.3 Track Header Box ('tkhd')

For video tracks, the fields of the TrackieaderBox shall be set to the values constrained below and
specified in ISO/IEC 14496-12.

— flags = 0x000007

— Thevaluesofwidthandheight (specified in ISO/IEC 14496-12 as the decoded and cropped image size
in video spatial samples measured on a uniformly sampled square grid) in a CMAF TrackHeaderBox
shall be normalized to width and height of the encoded video, as defined below:

— | The normalized presentation height shall be the number of vertical video spatial samples afte]
codec cropping parameters are applied.

NOTE1 The height field of the visual sample entry is the number of encoded vertical vid€o spatia
samples after cropping.

— | The normalized presentation width shall be the number of horizontal vidéadyspatial sampleg
after codec cropping parameters are applied, then multiplied by the videg-spatial sample aspec
ratio. The video spatial sample aspect ratio is defined by the pixelaspedrRatioBox, if presentin
the sample entry, or by a codec specific method.

NOTE 2  The width field in the visual sample entry is the number of'‘encoded horizontal video spatia
samples after cropping, not the value of the track header width field-

— | The cleanapertureBox should not be present (since thé ¢ropped aperture is defined to bg
“clean”).

— Th¢ value of the matrix field signals the video orientation: Non-identity matrices shall be rotations
in multiples of 90 degrees.

— | Whenvideoisnotrotated, matrix shall be {0x00010000, 0,0,0,0x00010000, 0, 0,0,0x40000000}

— | Whenvideo should berotated 90 degrees clockwise for display, matrix should be {0,0x00010000
0, 0xFFFF0000, 0, 0, height<<16, 0, 0x40000000}.

— | When video should be rotated @80 degrees for display, matrix should be {0xFFFF0000, 0, 0, 0
0xFFFF0000, 0, width<<16, height<<16, 0x40000000}.

— | When video should be rotated 90 degrees counter-clockwise for display, matrix should be {0
0xFFFF0000, 0, 0x00010000, 0, 0, 0, width<<16, 0x40000000}.

NOTE 3 A player-is expected to adapt the picture aspect ratio (track header width/height) of thg
decoded and croppged video image to the size and shape of the current display. The player can frame thg
video aperture.with letterbox bars, pillarbox bars, crop to fit, size to a window, etc. A player needs td
scale, and possibly rotate, all CMAF fragments from a CMAF switching set to the selected video aperture
to maintain‘seamless playback without size, shape, or location errors.

9.2.4 |Sample Description Box ('stsd')

The sampTeDescriptionBox IN a Video track shall contain at least one visual sampie entry which snat
include:

— width and height field values of the first sample entry equal to the largest cropped horizontal and
vertical video spatial sample counts of any image in the track;

— adecoder configuration record that:

— should signal the lowest profile, level, height and width values that are equal or greater than all
CMAF fragments in the CMAF track.
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NOTE Although it is valid to signal a higher profile and level than is necessary to decode the CMAF fragments
in the CMAF track, that could unnecessarily exclude decoders capable of decoding the CMAF fragments, but not
able to initialize the unnecessarily high profile and level signalled in the CMAF header.

9.2.5 Video CMAF fragment presentation time
CMAF video tracks shall either

a) contain version 1 TrackRunBoxes in CMAF video fragments with composition offsets (negative
composition offsets where nnr‘nccnry) to ndjllcf the earliest media cnmp]n presentation time
in each CMAF fragment to equal the earliest media sample decode time, which is equa| to the
baseMediaDecodeTime field of the TrackFragmentBaseMediaDecodeTimeBox, OF

pb) contain an offset edit list in the associated CMAF header to subtract the composition delay added
by positive composition offsets, if and only if the CMAF track is contained jin.a’'CMAF track file
containing version 0 TrackRunBoxes.

A video track shall not use both signed composition offsets and an EditListBdx:

D.2.6 Video media sample dependencies

— Within a video CMAF track, any TrackrunBox that describes\any non-sync pictures shall |dentify
picture dependencies using a combination of the sample ffags and first sample flags fields, or
default flags in the corresponding TrackFragmentHeaderBox:

— sample is non sync sample shall be O for SAP type 1 or 2, and 1 otherwise;
— sample depends_on should be 1 or 2 (the valte’2 identifies I pictures);

— sample is depended on should be 2 for"disposable pictures.

D.2.7 Video edit lists

When unsigned composition offsets\areé used in version zero TrackrRunBoxes in a CMAF track file, the
parliest video media sample will normally have a composition time that is greater than zero (whenever
Video media samples are reordered).

[he earliest video media,sample in a CMAF track file is defined to have presentation time fero, so
hn offset edit list, as specified in subclause 7.5.13, shall be used when the earliest media sample’s
Composition time is net zero. In this case, the value of the media time field shall be set to the comjposition
[ime of the earliestpresented video media sample in the CMAF track file.

D.2.8 Generalvideo CMAF fragment random access constraints

) The<first media sample shall be Stream Access Point (SAP) type 1 or 2, as defjned in
ISO/AEC 14496-12 and a video CMAF media profile that specifies these SAP types for a gpecific
video codec and track format.

AL

NOTE SAP-typetor 2 meamns that video redia samptes tma toded video sequernce tamr be detoded in
stored order from the start of the CMAF fragment and presented with the correct presentation timing and
ordering.

b) Each video CMAF fragment shall contain sufficient metadata to be decrypted and correctly
displayed, possibly in combination with its CMAF header and separately delivered decryption keys.

9.2.9 Additional random access pictures within CMAF video fragments

When coded video sequences have durations longer than 2 seconds, pictures of SAP type 3 should be
encoded every 2 seconds or less to provide additional random access video media samples.
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For longer coded video sequences and resulting CMAF fragment durations, additional type 3 SAPs
(“open GOP” independently decodable pictures) enable independent picture decoding for fast forward,
fast reverse, and resumption of normal playback, while improving visual uniformity and lowering
bit rate relative to groups of pictures with type 1 o 2 SAPs limited to the equivalent random access
duration.

9.2.10 Image framing and encoding constraints

a) CMAF video tracks shall only encode video spatial samples intended for presentation. Image
padding used to adjust the picture aspect ratio, such as letterbox and pillarbox bars, should not.be
endoded.

b) Th¢ video spatial samples intended for presentation should be upper left justified and only,oné row
and/or one column of partially filled coding blocks encoded if the image height or width’is not ¢
multiple of the coding block size.

c) Degoder cropping parameters shall be encoded in the video stream to remove videb Spatial samples
in g partially filled coding block that are not intended for presentation.

d) Eadh video CMAF fragment in a CMAF track or CMAF switching set may be eéncoded with differenf
verftical and horizontal video spatial sample counts (and different corresponding sample entrieg
or Inband parameters), so devices are expected to scale each CMAF\fragment to the same display
apgrture and maintain the correct picture aspect ratio, size, and position of each CMAF fragmen|
duting playback of CMAF switching sets.

NOTE Each player and display system is expected to frame the décoded and cropped video spatial samples
to a playler determined video display aperture using methods such as'scaling, stretching, cropping, padding with
letterbok or pillarbox bars, framing in a window, etc.

9.2.11 |General video CMAF switching set constraints

9.2.11.1 Video CMAF switching set constraints

a) CMAF tracks in a CMAF switching set-shall be encoded with the same display aspect ratio, although
sample aspect ratio and size may differ. All video CMAF fragments within a CMAF switching set are
intg¢nded to be displayed with the ‘'same height, width, and position.

b) Video tracks in a CMAF switching set shall conform to the general CMAF switching set constraints
in subclause 7.3.4 that require each CMAF switching set to be encoded from the same source
corftent and with the same visual characteristics such as transfer function, colour volume, colour
primaries, colour subsampling, dynamic range, brightness, bit depth, and presentation timing
whjch would typically be the result of encoding from a single video master.

c) Video tracks.ima CMAF switching set shall conform to initialization constraints specified by the
CMJAF media.profile they conform to, so a player and decoder can determine when CMAF headers
neqd to be-processed during adaptive switching.

d) Swijtching between CMAF tracks at the start of CMAF fragments in a video CMAF switching se
should result in continuous presentation and appearance when the CMAF fragments are scaled to
the same device determined display aperture.

9.2.11.2 Aligned video CMAF switching set constraints

Aligned CMAF switching sets can enable players to switch between CMAF tracks in different CMAF
switching sets. In aligned CMAF switching sets, CMAF fragments are time aligned so that track
switching can be seamless at CMAF fragment boundaries, depending on the capabilities of the player
and the differences between the aligned video CMAF switching sets.

Aligned video CMAF switching sets shall conform to subclause 7.3.4.4.
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Video media samples with the same presentation time in aligned video CMAF switching sets shall
contain perceptually equivalent images that only differ by their encoding or encryption, i.e., codec,
resolution, bit rate, frame rate, default key ID, etc.

A common example of aligned video CMAF switching sets is one CMAF switching set containing CMAF
f conforming to the CMAF HHD8 media profile, and another CMAF switching set containing CMAF
tracks conforming to the CMAF UHD8 media profile, both encoded from the same source, using the
same codec, with time aligned CMAF fragments. Because of different content protection requirements
for high definition and ultra-high definition content, in this example, the high definition and ultra-
rala—dafia i CANAAT & 1 FEPRA | sl JeC £1 A Jdiie 1 s alad £
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blayback rules.

An HHD8 capable player could select and play the HHD8 CMAF switching set normally. A" UHDS8 [capable
player could select and seamlessly switch both the UHD8 and HHD8 CMAF tracks.inw alignedl CMAF
Ewitching sets, applying the different keys and licenses as needed.

D.2.11.3 Multiple initialization switching of video tracks

A CMAF header from each track in the switching set need only be downloaded once (it is assumed they
o not change unless a new CMAF presentation is started, e.g., a DASH period).

CMAF switching sets conforming to general constraints or single initialization constraints|can be
hdaptively switched using multiple initialization, meaning that;the CMAF header of a CMAF frack is
processed before decoding the first CMAF fragment from thattrack on every track switch. The dynamic
reinitialization behaviour of parsers, decoders, and display.systems is rarely specified and may not be
teamless.

t is sometimes possible for players that have full centrol over both switching and decoding to gvaluate
thanges in CMAF header parameters when switching and leave most parameters unchampged to
minimize presentation disruption. In playbackienvironments, such as web browsers using an [HTML5
media source extension (MSE) buffer, appending a new CMAF header can cause playback interfruption
wvhen the media pipeline is fully reinitialized when each CMAF header is appended.

D.2.11.4 Single initialization switching of video tracks

CMAF switching sets containing video CMAF tracks that conform to single initialization congtraints
an be decoded and displayed by sequencing CMAF fragments from the same CMAF switching det after
nitializing once with a GMAF header.

Parameters that are\allowed to change within a CMAF track or between CMAF tracks in 3 CMAF
switching set can-be-contained in each CMAF fragment so that full reinitialization with a CMAH header
s avoided on track switches. Parameters allowed to change are typically vertical and horizontal video
bpatial sample-count and cropping, so changes in decoder configuration, display buffer sizes, ¢tc. that
might interyUupt presentation can be avoided.

n a single initialization switching set with hierarchically nested CMAF media profiles, a CMAF header
s,sufficient to decode any CMAF tracks with equal or lower CMAF media profiles and resolutiolns than
[heinitialized CMAF media profile and CMAF track

Single initialization constraints for NAL structured video are specified in subclause 9.3.7.
9.3 NAL structured video CMAF tracks

9.3.1 Overview

The NAL structured video CMAF track format shall conform to the general video CMAF track format
specified in subclause 9.2, the NAL structured video track format specified in ISO/IEC 14496-15, with
the constraints specified in subclause 9.3.
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9.3.2 CMAF track format constraints for NAL structured video

9.3.2.1 Track Header Box ('tkhd')

ISO/IEC 14496-12 specifies that the values of width and height are set to the decoded image size on a
uniformly sampled square grid.

For NAL structured video CMAF tracks, the values are additionally constrained as follows.

The val
as defin

9.3.2.2

The sanf
to ISO/
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Th¢ normalized presentation height shall be the number of vertical video spatial sampleSs|in the
sequence parameter set NAL VUI after cropping parameters are applied.

NOTE1 The height field of the visual sample entry is also the number of encoded vertical-video spatia
sanpples after cropping.

Thy

sequence parameter set NAL VUI cropping parameters are applied, then‘multiplied by the vided
spdtial sample aspect ratio. The sample aspect ratio is specified by aspect ratio idc (and if
applicable by the sar width/sar height ratio) in SPS VUI parameters andthe pixelaspectRatioBos
if present in the sample entry.

NOTE 2  The width field of the visual sample entry is the number, of encoded horizontal video spatia
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ed below.

e normalized presentation width shall be the number of horizontal videg spdtial samples aftej

ples after cropping.

b CleanApertureBox Should not be present, since the. gropped aperture is defined to be activg
ge (“clean”) in a video CMAF track.

Sample Description Box ('stsd')

pleDescriptionBox in a video track shall,contain one or more visual sample entries conforming
EC 14496-12 and ISO/IEC 14496-15.

tVisualSampleEntry in the samgTePescriptionBox:

Il include width and neight.field values that equal or exceed the largest cropped horizontal ang
tical video spatial sample(counts in any sequence parameter set referenced by a video slice in thg
. structured video track;

uld contain no mefe&than one NAL parameter set of each type, e.g., for AVC video, one SPS NAI
h VUI and one PPSNAL in the avcbecoderConfigurationRecord;

contain a d€coder configuration record that:

should-signal the lowest codec profile, level, height and width values that are equal to or greate}
thangthe values required for all the CMAF fragments in the CMAF track. See general constraints
in-subclause 9.2.4;

should set LengthsizeMinusone field to the value "3 (to indicate 4 bytes) to address large VCL
NALs and simplify conversion of elementary streams between MPEG-2 TS bytestreams with
startcodes and ISO/IEC 14496-15 with NAL length headers;

NOTE1 Thesize of the NAL header length field defined in video tracks conforming to ISO/IEC 14496-
15 is stored in the field LengthSizeMinusOne in the corresponding decoder configuration record, e.g.,
for AVC video in the AvCDecoderConfigurationRecord.

shall contain one or more colorInformationBoxes with sub-type 'ncix' and a
PixelAspectRatioBox 'pasp', as documented in ISO/IEC 14496-12, if the first sample entry
contains no SPS NAL with VUI in the decoder configuration record.
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NOTE2 A decoder configuration record without a parameter set is valid for a sample des

cription

such as 'avc3' or 'hevl' that can store the parameter set NALs necessary for decoding and display in

each CMAF fragment.

Any subsequent sample entries in the samplebescriptionBox:

— should contain one NAL video parameter set including VUI in each visual sample entry’s decoder

configuration box, e.g., for AVC, the 'avcc' box;

— may be unreferenced by media samples in this CMAF track or other CMAF tracks in a CMAF

switching set;

— may be constrained by dependency on other CMAF tracks and CMAF headers in a CMAFsw
set. See subclause 9.3.6.

NOTE3  CMAF headers can contain VisualSampleEntries intended for use by othér CMAF trg

CMAF switching set or for the purpose of initializing decoding and display, but net.referenced by
header in a media sample.

D.3.3 NAL structured video access units contained in media samplés

Juration, as defined in ISO/IEC 14496-15 and ISO/IEC 14496-12,

NOTE As specified in ISO/IEC 14496-15, timing information{rovided within a video elementary s
gnored. Instead, media sample timing in the TrackRunBox determines picture presentation time and du

Access units shall conform to a sample description specified in ISO/IEC 14496-15 and signalle
fample entry codingname field.

Fach access unit may start with an access unit delimiter NAL.

Fach access unit shall be stored as a media‘sample in a MediabataBox in a CMAF chunk and/o
‘ragment.

Access units conforming to samplecdescriptions with inband parameters, such as 'avc3' and
may retain filler data (NAL units or SEI messages) and SEI messages that might change hypo
reference decoder bitstream conformance if removed.

[he filler data and SEI messages may be retained if HRD conformance is desired.

D.3.4 NAL structured video coding sequences corresponding to CMAF fragments

Fach CMAF fragment shall contain one or more complete coded video sequences, as specified
Video codec<Coensequently, the first media sample in all NAL video CMAF fragments is SAP typ¢
hs specifieddn ISO/IEC 14496-12.

NAL structured video sample descriptions that allow inline parameter sets (e.g., 'ave3' and

ritching

cksin a
hiny slice

Fach media sample shall contain one NAL structured video access-unit for one presentation time and

tream is
ration.

d in the

r CMAF

"hevl',
thetical

by the
1 or 2,

'hevl ')
of that

,hall contaln all SPS and PPS NALs referenced by a coded v1de0 sequence in the first access unif

NALs if present followed by the VCL NAL(s) of the first access un1t

If sample entries also exist in the CMAF tracks’ CMAF header using the same sample entry and
parameter set indexes as an inband parameter set, then they shall contain the same SPS and PPS NALs

in their decoder configuration record as the inband parameter set.

© ISO/IEC 2020 - All rights reserved

57


https://standardsiso.com/api/?name=5945353f37e18471e9b0946e2c092632

ISO/IEC 23000-19:2020(E)

9.3.5 Elementary stream constraints

9.3.5.1 Video colour and dynamic range mastering

Video streams conforming to CMAF shall be conformant to a CMAF media profile and that profile
brand should be included in the CMAF header. CMAF media profiles can constrain video transfer
characteristics, colour parameters, and grading. See Clause A.2.

For all video media profiles, unless signalled otherwise by a mechanism defined in that video media
profile,[defa ATACteriStics and grading siia 3 et Defautt grading | i :
viewing environment that complies with BT.2035 for presentation on a display which uses the eleetro
optic transfer function specified in BT.1886 with a peak luminance of 100 cd/m?2.

C U £ U & DC U U. DC U 2, U D UC cU d

Video

not sp
grading
config

ay be graded for presentation on a display which uses an electro-optic transfer functior
cified in BT.1886 and/or with a peak luminance greater than 100 cd/m?, in wiii¢h case thg
profile should be signalled by VUI and/or SEI messages contained in the sample entry decodet
ration box, or other mechanism defined in the video media profile.

9.3.5.2 Caption data in SEI messages

CTA 6(8/708 caption data (CTA-608-E, CTA-708-E) may be stored in (zidéo SEI messages defined
by the pssociated video codec specification (see subclause 11.4). Video~embedded captions are no
considdred a CMAF subtitle track, and it is expected that many CMA¥) compatible players will ignorsg
these nessages in video CMAF tracks. The presence of CTA 608/708 \caption data in such SEI messages
is CMAF supplemental data and should be indicated by the addition of the 'ccea' brand in the CMAK
header,|as specified in Clause A.4.

For NAL structured video, CTA 608/708 caption data (CTA-608-E, CTA-708-E) may be stored in SE
messages in coded video sequences in CMAF fragments‘described as user data registered by Rec. ITU-T
Recominendation T.35, with SEl payloadType = 4 and'the registered identifier in the field user data|
registgred itu t t35. See ISO/IEC 23008—2:2015, D.2.6.

Captiorls intended for CMAF applications should be carried in subtitle CMAF tracks to make delivery
optiongl and selectable by each player,-t0,allow several alternative languages, roles, etc. withouf
duplicafing the same video tracks with(different SEI messages. Subtitle tracks also enable parsing ang
presentiation by player applications when a device does not contain a built-in subtitle decoder.

9.3.6 |General CMAF switchingset constraints for NAL structured video

Each (MAF track in a (GMAF switching set containing NAL structured video conforming td
ISO/IE( 14496-15 (NAlCstructured video track format) shall conform to general CMAF switching sef
constralints in subclause 7.3.4 and general video CMAF switching set requirements in subclause 9.2.11.

9.3.7 |Single initialization CMAF switching set constraints for NAL structured video tracks and
media profiles

NAL stfuetured video CMAF switching sets conforming to the general CMAF switching set constraints
for NAL structured video in subclause 9.3.6 may also conform to single initialization constraints
specified below.

Single initialization NAL structured video CMAF switching sets:
a) Shall conform to the general single initialization constraints in subclause 9.2.11.4.

b) Shall index and store video parameter sets (SPS and PPS NAL units) that are referenced by each
video coding layer slice NAL for decoding and display, using parameter sets stored in:

1) one or more sample entries in a CMAF header, in which case one CMAF header shall contain
sample entries sufficient to decode and display every CMAF track in the CMAF switching set,
or shall contain sample entries sufficient to decode and display every CMAF track with a CMAF
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header containing the same CMAF media profile brand in its FileTypeBox. ISO/IEC 14496-15
requires 'avcl' and 'hvcl' sample descriptions to use sample entry storage;

the first (IDR) access unit of every coded video sequence that references the parameter set from
a slice header, as specified in subclause 9.3.4. Parameter set indexes shall be valid within each
coded video sequence, but need not be valid within other CMAF fragments or CMAF tracks.
ISO/IEC 14496-15 allows 'avc3' and 'hevl' sample descriptions to use inband parameter set

NAL storage, as additionally constrained in this clause;

3) 2 combination of sample entry parameter storage (1) and inband parameter storage
be used for 'avc3' and 'hevi' sample description CMAF tracks. In that case, each
entry and slice NAL parameter set index shall index the same parameter set if stored
locations. In addition, any CMAF header shall provide all the sample entries referenced
CMAF fragment in the CMAF switching set.

[) The first visual sample entry in each CMAF header shall be sufficient toyinitialize d¢g
decryption, and display of all CMAF tracks in the CMAF switching set, on-enly CMAF trac
matching CMAF media profile brands, if all CMAF headers contain CMAF media profile
Initialization information can be:

1) the first sample entry in the CMAF header shall contaid a decoder configuration
containing a parameter set (e.g., SPS and PPS in 'avcc') conforming to c), or

2) may containasample entry without NALs that shall include one or more colorinformati
with sub-type 'nclx' and a PixelaspectRatioBoxgas'specified in ISO/IEC 14496-12.

1) Any CMAF header shall be sufficient to initialize the.CMAF switching set once and decode a
fragments in the CMAF switching set, if the CMAF-tracks in the CMAF switching set do not
CMAF media profile brands.

1
L

decode the other CMAF tracks with the~same CMAF media profile brand, or CMAF media
brands that conform to the brand initialized, if all CMAF tracks in the CMAF switching set
CMAF media profile brands.

NOTE A manifest can reference a~common CMAF header for every CMAF track in the CMAF switc}

CMAF header contains a CMAE media profile brand. In the second case, a player can initialize once an
bubset of the CMAF tracks tHat)conform to the initialized media profile. If it initializes the highest signallg
media profile, it can decode all CMAF fragments in the CMAF switching set.

D.4 AVC video-CMAF tracks
D.4.1 Storage of AVC elementary streams

D.4.1:1 Conformance

-

(2) may
sample
in both
by any

coding,
ks with
brands.

record

nBoxes

1 CMAF
contain

Any CMAF header with a specific CMAF média profile brand shall be sufficient to initialize opce and

profile
contain

hing set,

b1 it can reference a different CMAF header for each CMAF media profile in the CMAF switching set when each

d play a
d CMAF

AVO video tracks shall conform to the NAL structured video format specified in subclause 9.3,

the AVC

specification ISO/IEC 14496-10 and constraints specified below.

9.4.1.2 AVC Visual Sample Entry

The syntax and values for visual sample entry shall conform to aAvcsampleEntry ('avcl') or
avCsampleEntry ('ave3') as defined in ISO/IEC 14496-15 and the general video sample entry

requirements of subclause 9.3.2.2.
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9.4.2 Constraints on AVC elementary streams

9.4.2.1 Picture type

All pictures shall be encoded as frames and shall not be encoded as fields.

9.4.2.2 Sequence parameter sets (SPS)

94.2.24 SPS field constraints

T TIO CoOTIOtrarircy

Sequenfe parameter set NAL units that occur in an AVC video CMAF track shall conformi/ta
ISO/IE( 14496-10 with the following additional constraints.

— Thg¢ following fields have pre-determined values as follows:
— | frame mbs only flagshall be setto 1;
— | vui_parameters present flag shall be setto 1;
— | gaps_in frame num value allowed flag should be setto 0.
— Th¢ values of the following fields shall not change throughout a CMAE track.
— | chroma_ format idc
— | bit depth luma minus8
— | bit depth chroma minus8
— Th¢ maximum values of the following fields are specified by CMAF media profiles in A.2.
— | profile idc
— | level idc
— | pic_width in mbs minusl
— | pic_height in map units minusl

— Th¢ following fields may ,change per CMAF fragment within a CMAF track. Changes in theseg
parfameters shall require-a different sample entry, if the SPS NALs referenced are stored in sample
enffries.

— | pic_width i mks minusl
— | pic_heighP~in map units minusl

— | frame\crop_right offset

— | &rame crop bottom offset

— max num ref frameS

9.4.2.2.2 Visual usability information (VUI) parameters

VUI parameters that occur within a CMAF AVC video track shall conform to ISO/IEC 14496-10 with the
following additional constraints.

The following fields have pre-determined values as follows:

— wvideo signal type present flagshould besetto 1, and the value of video full range flagwhen
not present shall be assumed to be 0.
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NOTE1 Thisindicates normal black “setup”, i.e., black level is 16 for 8-bit video.

— aspect ratio info present flagshallbesettol.aspect ratio idcshallnotbesetto 0 (unknown).
NOTE 2 These parameters refer to the video spatial sample aspect ratio, not picture aspect ratio. Always
setting the value distinguishes between content that omitted the value because it intended the default or

just failed to set it properly.

— overscan_info present flag, if present, shall be set to 0.
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adaptive scaling during adaptive switching.

— Ifvideo signal type present flagissettol,colour description present flagshéuld befsetto 1.

NOTE 4 As defined in ISO/IEC 14496-10, if the colour description present.flag is set o 1, the
colour primaries, transfer characteristicsandmatrix coefficients fields\are present.

— Ifcolour_description_present_flag issetto 1, then colour_primaries, ftansfer_ characteristics
and matrix coefficients shall be set to the values used in the AVC video CMAF track.

— Ifcolour description present flagissetto 0, the following values shall be assumed in AYC video
CMAF tracks:

— colour primaries = 1;

— transfer characteristics=1;

— matrix coefficients =1.

— The presence and values of the following fieldséshall not change in a CMAF track.
— low delay hrd flag

— colour primaries

— transfer characteristics

— matrix coefficients

D.4.2.3 Picture cropping

Any picture cropping needed due to partially filled coding blocks shall be indicated by the SPS ctopping
barameters frame\crop bottom offset Or frame crop right offset. See Annex C for examples.

NOTE TheyNAL video CMAF track format fixes top and left cropping values to zero (default when gmitted),
which means.the image is upper left justified within the coded blocks, and there is at most one row and c¢lumn of
bartially filled and padded blocks below and/or to the right of the image if the image size is not evenly fivisible
by the coded block size.

D.5) AVC video Internet Media Type parameters

9.5.1 AVCsignalling of "codecs" parameters

The video codec profile and level of each AVC track and CMAF switching set should be signalled using
parameters conforming to IETF RFC 6381 and ISO/IEC 14496-15.
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10 Audio CMAF tracks

10.1 Overview

This cl

ause specifies CMAF audio tracks derived from the CMAF track format, with additional

constraints specific to CMAF audio tracks and audio CMAF media profiles.

Additio

nal CMAF media profiles are defined in

— Anj
— An

3

See sub
Clause

— Con

10.2 G

10.2.1

Audio (
specifig

The geperal CMAF audio traek format applies to all audio CMAF tracks, regardless of audio codec of

media

10.2.2

For audjio tracks;the fields of the TrackHeaderBox shall be set to the values specified below. Other fields

may be

— f14

ith one of three variants of AAC in stereo or mono;

mex T for muttichanme AAC;amd

hex | for MPEG-H 3D audio.

hex K for MPEG-D USAC.

clause 12.1 for guidelines on specification and registration of CMAF media profiles:
10 includes:

straints that apply to all audio CMAF tracks;

straints that apply to the audio track format and encoding of AACaudio using the system laye}
cified in ISO/IEC 14496-14;

“AAC Core” CMAF media profile that specifies constraints on AAC CMAF tracks to enablg

broperability and random access of CMAF switching sets cdntaining a single CMAF track encoded

‘AAC adaptive” CMAF media profile that specifies additional constraints on CMAF AAC tracks
bments, media samples, and metadata to allow,seéamless switching between alternative trackd
bit rates in an AAC adaptive CMAF switching.set.

eneral audio CMAF track format

Derivation

MATF tracks shall conform to.atleast one CMAF structural brand and to the CMAF track format
d in Clause 7 and Clause 8-and the general audio CMAF track constraints specified in Clause 10.

rofile.

Track Header Box (' tkhd')

set perdSO/IEC 14496-12.
g5 0x000007

— layer = 0

— wvol

— mat

ume = 0x0100
rix ={0x00010000, 0, 0, 0, 0x00010000, 0, 0, 0, 0x40000000} // unity matrix

— width =0

— hei

ght=0

— duration=0
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10.2.3 Sound Media Header Box (' smhd')

The syntax and values for the soundMediaieaderBox shall conform to ISO/IEC 14496-12 with constraints
specified in subclause 7.5.7.

10.2.4 Sample Description Box ('stsd')

As specified in ISO/IEC 14496-12, the sampleDescriptionBox contains the audioSampleEntry box or
AudioSampleEntryVl box.

10.2.5 AudioSampleEntry

For all audio media profiles in CMAF, the value of the samplesize parameter in the Apgi¢sampleEntry
box defined in ISO/IEC 14496-12 shall be set to 16.

Fach AudioSampleEntry Or AudioSampleEntryVv1 shall contain a " (codingnamespgeific)Box" containing
rodec-specific information.

10.2.6 Audio offset edit list

An offset edit list in a CMAF audio track shall conform to constraints specified on EditListHoxes in
subclause 7.5.13.

f audio media sample composition times differ from their{intended presentation times in § CMAF
presentation, then an offset edit list shall be included in thataudio CMAF track to adjust to the ifitended
CMAF track presentation time.

[10.3 AAC audio CMAF tracks

10.3.1 Overview

AAC audio CMAF tracks containing AA€ audio as defined in ISO/IEC 14496-3 shall conform to the
beneral audio CMAF track constraints in subclause 10.2 and the AAC constraints in subclaufpe 10.3.
[hese constraints are used to derive the AAC audio media profiles specified in subclause 10.4 and
subclause 10.5 and listed in Clause A.3.

Ifable 12 lists the AAC profiles allowed.

Table 12 — AAC profiles

AAC profile codingname SampleEntry Type
MPEG-4 AAC{AAC-LC) mp4a MP4AudioSampleEntry
MPEG-4 kiigh efficiency AAC (HE-AAC) mp4a MP4AudioSampleEntry
MPEG-4.high efficiency AAC v2 (HE-AACv2) mp4a MP4AudioSampleEntry

[he)sampleEntry formatin the sampleDescriptionBox is the same for each AAC audio profile.

10.3.2 "codecs" parameter signalling

The signalling of the MIME "codecs" parameter is per IETF RFC 6381, as shown in Table 13. The third
value of the codecs parameter is the audioobjectType, as if explicit hierarchical signalling were used.

Table 13 — AAC MIME “codecs” parameter according to IETF RFC 6381

AAC profiles MIME type codecs parameter
MPEG-4 AAC (AAC-LC) audio/mp4 mp4a.40.2
MPEG-4 high efficiency AAC (HE-AAC) audio/mp4 mp4a.40.5
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Table 13 (continued)

AAC profiles MIME type codecs parameter
MPEG-4 high efficiency AAC v2 (HE-AACv2) audio/mp4 mp4a.40.29

NOTE HE-AAC is a superset of AAC-LC and HE-AACv2 is a superset of HE-AAC. It is assumed that an HE-
AACv2 decoder is also capable of decoding HE-AAC or AAC-LC, and an AAC-LC decoder is capable of partially
decoding HE-AAC and HE-AACv2 conforming to CMAF constraints (without reproduction of high frequencies
coded with SBR).

10.3.3 |Considerations for AAC audio encoding

10.3.3.1 Overview of AAC presentation timing

The AAC codec uses audio frames of a fixed length and a transform which applies ovef two frames
To obtdin correct audio from a frame, both frames in the transform are needed, and hence the priof
encodedl frame and the current encoded frame need to be decoded to output thecfirst frame. This is
sometimes called “priming” and may be signalled using the 'ro11' sample groupy

Afullrgconstruction of the first encoded audio frame is sometimes not possible'since there is no previous
access Yinit. To still achieve a full reconstruction, a common practice is to-add silence to the beginning
of the apdio signal. A more detailed explanation of this approach can beifound in ISO/IEC TR 14496-24.

In practice, an encoder might prepend an arbitrary amount of (invdlid) audio waveform samples to the
signal. This portion of the audio signal is sometimes called “encoder’delay” and varies depending on the
implemjentation.

10.3.3.2 Presentation delay compensation using an edit list

The mgst common approach to compensate for inserted extra audio is to add an offset edit list to thg
CMAF Header.

In the dase where padding has been added. to the start of an audio stream, the media time in the edi
list is the length (in audio samples, as measured by the timescale of the track) of the inserted audiq
samples; 2112 is a common example for{AAC.

If an edlit list is used, a single EdittnistBox shall be recorded in the CMAF header, as specified if
subclause 10.2.6.

10.3.3.3 Delay compensation before encapsulation

If the cqntent has beert generated according to Clause G.5, no EditListBox is present.

10.3.3.4 Delay«€ompensation when using additional AAC coding tools

If the §BR«aud PS coding tools are present, they shall not be considered for the purpose of delay
comper|sation.

10.3.3.5 Loudness and dynamic range control

The audio stream should contain DRC and loudness metadata according to ISO/IEC 14496-3. The audio
encoder should set the program reference level to the loudness level of the audio stream.

The audio encoder should generate DRC metadata for light compression encoded in the dyn_rng ct1and
dyn_rng_sgn fields of dynamic range info () inthe FIL element and DRC metadata for heavy compression
in the compression value field of MPEG4 ancillary data() inthe data stream element (DSE).

NOTE It is expected that the audio decoder will use the program reference level, if available, to achieve a

desired targetloudness, if applicable. It is expected that the audio decoder will apply the DRC metadata, if present,
according to ISO/IEC 14496-3 including the DRC Presentation Mode value of the drc_presentation mode fields.
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10.3.4 AAC track constraints

10.3.4.1 Storage of AAC media samples

Storage of AAC elementary stream access units as media samples within a CMAF track shall conform to
the CMAF audio track format specified in subclause 10.2.

The following additional constraints also apply.

lac chall caoncict af an AC audio-accass unit
€55 eSS 0 e At atoeceSS Uit

P

— All AAC access units in a CMAF track shall be encoded with one of AAC-LC, HE-AAC or HE-AACv2.

— The values given in AudioSampleEntry, DecoderConfigDescriptor, and DecoderSpegtficInffo shall
match the corresponding values in the AAC audio bitstream.

10.3.4.2 AAC audio sample entry

10.3.4.2.1 Field values

[he syntax and values of the AudioSampleEntry shall conform te‘wparudiosSampleEntry ('mgda') as
efined in ISO/IEC 14496-14.

[he sample entry and fields specified in subclause 10.3.4.2 shall not change within a CMAF track.

10.3.4.2.2 ESDBox

As defined in ISO/IEC 14496-14, the MP4AudioSamg2eEntry in the sampleDescriptionBox shall contain
hn ESDBox, which contains an Es pescriptor.

10.3.4.2.3 ES_Descriptor

[he syntax and values for s Descriptér shall conform to ISO/IEC 14496-1, and the fields of|the £s
bescriptor shall be set to the folleawing values.

— ES 1D=0

— streamDependenceFlag = 0

— URL Flag=0

— OCRstreamElag = 0

— streamPriority =0

— deeCorifigDescr = DecoderConfigDescriptor

—~ 8lConfigDescr = SLConfigDescriptor, predefined type 2

Descriptors other than those specified in subclause 10.3.4.2.4 through subclause 10.3.4.2.6 shall not
be used.

10.3.4.2.4 DecoderConfigDescriptor

The syntax and values for becoderconfigbescriptor shall conform to ISO/IEC 14496-1, and the fields of
this descriptor shall be constrained to the following values.

— decoderSpecificInfo shall be used and ProfilelLevelIndicationIndexDescriptor shall NOT be used.

— objectTypeIndication = 0x40 (audio)
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— streamType = 0x05 (audio stream)

— upStream = 0

— decSpecificInfo =AudioSpecificConfig
10.3.4.2.5 AudioSpecificConfig

The syntax and values for audiospecificConfig shall conform to ISO/IEC 14496-3.

The following fields of Audiospecificconfig shall be set to AAC audio CMAF media profile specified
values, for example, see subclause 10.4.

— audioObjectType
— chgnnelConfiguration
— exfensionAudioObjectType

— GAYpecificConfig

10.3.4.2.6 GASpecificConfig

The syptax and values for GaspecificConfig shall conform to ISO/IEC 14496-3, and the fields of
GAspec]ficConfig shall be set to the following values.

— fremelLengthFlag =0 (1024- lines IMDCT)
— degdendsOnCoreCoder = 0

— extlensionFlag=0
10.3.5 |AAC elementary stream constraints

10.3.5.1 General encoding constraints

AAC elgmentary streams shall conform to ISO/IEC 14496-3 and the constraints of an audio CMAF medi3
profile Jt conforms to, for example,ssee Clause A.3.

— Thg¢ elementary stream shalllbe a raw data stream, i.e., ADTS and ADIF headers shall not be present

— CMAF fragments containing HE-AAC shall start with a type 1 SAP. Notably, the SBR configuratior
information shall be7in the first packet.

— Thg¢ transform-length of the IMDCT for AAC shall be 1024 audio PCM samples for long blocks ang
128 audio PCM samples for short blocks.

— Th¢ folowing parameters shall not change within the elementary stream:

J— Y
=3

— sampling frequency;

— channel configuration.
10.3.5.2 AAC elementary stream syntactic elements

10.3.5.2.1 Syntax and values of syntactic elements

The syntax and values for syntactic elements shall conform to ISO/IEC 14496-3.
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The following element shall not be present in an MPEG-4 HE-AAC or HE-AACv2 elementary stream:

— coupling_channel_element (CCE).

If the program_config_element (PCE) element is present, then it shall only list a set of channels
corresponding to one of the fixed channel configurations specific in ISO/IEC 14496-3, and the element

shall not change for the duration of the track.

10.3.5.2.2 Arrangement of syntactic elements

[he syntax and values for syntactic elements shall conform to ISO/IEC 14496-3.

byntactic elements shall be arranged in the following order for the channel configurations beloy
— <SCE>, <optional additional elements>, <TERM>... for HE-AACv2 and mono HE-AA€ or AACH
— <CPE>, <optional additional elements>, <TERM>... for stereo HE-AAC or AAC:LC.

NOTE Angled brackets (<>) are used above to indicate separate syntactic elements, not stream synt

10.3.5.2.3 individual_channel_stream

['he syntax and values for individual channel streamshall conform to ISO/IEC 14496-3. The fo
fields shall be set as defined:

— gain control data present = 0.

10.3.5.2.4 Maximum bit rate

[he maximum bit rate of AAC elementary stréams shall be calculated in accordance with 4
buffer requirements as defined in ISO/IEC 14496-3. Only the raw data stream shall be consid
letermining the maximum bit rate (system-layer descriptors are excluded).

10.4 AAC core audio CMAF media-profile

AAC core audio CMAF media prefile shall conform to the AAC CMAF track format specified i
vith the following constraints,

— Each AAC elementary stream shall be encoded using MPEG-4 AAC-LC, HE-AAC Level 2, or HE
Level 2. Use of theMPEG-4 HE-AACv2 is recommended for 32 kbps or lower.

— When usingHE-AAC and HE-AACv2 bitstreams, explicit backwards compatible signalling
used to indicate the use of the SBR and PS coding tools.

— AAC eore CMAF tracks shall not exceed two audio channels.
— AAC core elementary streams shall not exceed 48 kHz sampling rate.

—~")The AAC core FileTypeBox brand shall be 'caac' and should be used to indicate CMAF tra

LC.

llowing

he AAC
ered in

10.3.4,

-AACvV2

shall be

'ks that

conform to this media profile.

See Clause A.3 for the table of AAC audio CMAF media profiles and their brands.
10.5 AAC adaptive switching audio CMAF media profile

10.5.1 General constraints

Producing audio content capable of seamless adaptive switching with codecs available in the AAC
core audio CMAF media profile (AAC-LC, HE-AAC, HE-AACv2) requires constrained encoding at CMAF
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fragment boundaries. Subclause 10.5 specifies constraints on AAC adaptive CMAF tracks and Annex G
includes recommendations for their use in CMAF switching sets.

— The AAC adaptive audio CMAF media profile ri1eTypeBox brand shall be 'caaa' and should be used
to indicate CMAF tracks that conform to this CMAF media profile.

— CMAF tracks conforming to AAC adaptive CMAF media profile and brand shall conform to the AAC
core CMAF media profile specified in subclause 10.4 and the constraints specified in subclause 10.5.

See Clause A.3 for the table of AAC audio CMAF media profiles and their brands.

10.5.2 |CMAF fragment encoding constraints

To enalle seamless switching between AAC CMAF tracks in a CMAF switching set, the AAC° CMAHK
fragments comprising each CMAF track are encoded and packaged for random access and ‘seamless
splicing. The process of encoding the AUs (Access Units) requires periodic generation of stream access
points (SAP) that are time aligned between CMAF tracks, and encapsulation requires\EMAF fragmen{
alignme¢nt to those SAPs. Tracks that belong to the same CMAF switching set can be generated from
different encoder instances, but shall conform to the same CMAF switching set eonstraints.

All CMAF tracks in an AAC CMAF switching set shall have AAC SAPs at CMAF fragment boundaries (i.e.
the first AU in each CMAF fragment), and corresponding CMAF fragments’in alternative CMAF tracks
shall bd decode time aligned and presentation time aligned.

Video frames usually have well-defined SAP types, such as an IDRfsame that always equals SAP type 1
or 2. Fqr audio, frame SAP types are not usually specified. In MPEG-4 AAC, there is no special frame
type ddfined for random access. Nevertheless, audio SAPs of\type 1 can be generated by applying the
constrdints described in the following clauses and are referred to as an “SAP” frame, since there is only
one typle.

10.5.3 |General considerations and requirements

The following values shall not change within a86MAF switching set:
— audio object type (AOT);

— chgnnel configuration;

— sampling frequency.

The firgt point means that-all’the CMAF tracks within a CMAF switching set share the same AOT, i.e.
they either use AAC-LC, HE-AAC or HE-AACv2.

The sefond and thitdvconstraints enable the output PCM to remain constant and not require, foj
examplg, a re-configuration of the audio device or sound card. A constant sampling frequency assures
that AUs share.the same temporal framing and, therefore, the AAC CMAF fragments in alternative
CMAF tracksiare decode time aligned, so no overlap or gap in presentation time results when switching|

All CMAFZtracks in the same CMAF switching set shall use the same method of presentation delay
compensation, either an offset edit list specified in subclause 10.3.3.2 or decode time compensation
specified in subclause 10.3.3.3.

10.5.4 Constraints for AAC-LC

To guarantee seamless switching for AAC-LC encoded tracks, the window shape and window sequence
shall be constrained as follows.

— To avoid artefacts from not cancelled time alignment components, the window shape and window
sequence shall be synchronized across all tracks.
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— Ateach CMAF fragment boundary (i.e., “right window half” of the last frame in a fragment and “left
window half” of the first frame in a fragment), all tracks shall use the same window shape and a
defined window sequence.

Using a short overlap for the window sequence (i.e., a long start or short window sequence) is
recommended in the last frame of a CMAF fragment. This allows for the use of either a short or stop
Window Sequence in the SAP frame (i.e., first frame in the next CMAF fragment). This concept is
exemplified in Figure 15.

correct window sequence
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Figure 15 — Correct and incorrect windowing sequence at fragment boundaries for seamless
switehing of AAC-LC CMAF tracks

10.5.5 Constraints for HE-AAC

bince HE-AAC is based omAAC-LC, the restrictions described in subclause 10.5.4 apply also here. In
hddition, the following rfestrictions apply to the spectral band replication (SBR) tool.

10.5.5.1 Core bandwidth adjustment

[he framing/ofithe SBR decoder analysis is delayed by 6 QMF time slots (6 x 64 audio PCM samples)
rompared_te-'the framing of the AAC core decoder. Furthermore, the QMF analysis adds another
B20 audie PCM samples. This time shift between core and SBR framing might result in an enefgy gap
whenswitching, for example, from a track encoded with low bit-rate to a track encoded with Qigh bit-
raténThis concept is depicted in Figure 16.
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Figure 16 — Illustration of core bandwidth adjustment for HE-AAC switching points

To avoifl this gap in the frequency range, it is recommended.t6.-have the AAC core bandwidth of the
last frame of a fragment matching the highest AAC/SBR crossover frequency of the supported strean]
configufration. To properly encode the additional bandwidth, extra bits are necessary and the bif
reservdir control should be adapted accordingly.

10.5.5.2 SBR header and time differential coding

In contrast to the AAC configuration that is completely signalled inside the audio specific configuratior
(ASC), the SBR decoder needs additional egnfiguration parameters. These parameters are transmitted
in the SBR header, which may not be cortained in every access unit. The MPEG-4 standard recommend;
a transjmission interval of 500 ms,or. whenever an instantaneous change of header parameters is
required. To allow for seamless switching of HE-AAC encoded tracks, an SBR header shall be transmitted
in each|SAP frame. For frames containing the SBR header, the MPEG-4 audio conformance forbids the
use of tools that rely on preceéding frames. In other words, time differential coding of parameters
contained in the SBR headeris forbidden and, hence, this restriction guarantees that SAP frames can be
completely decoded and processed.

10.5.5.83 SBR frame class

If the SBR frame*class is “VARVAR” or “FIXVAR”, the SBR envelope for this particular frame could reach
over the franie borders. To make sure all necessary information is self-contained in the SAP frame, sd
that it ¢ambe fully decoded, the SAP shall always start with a “FIX” border (“FIXVAR” or “FIXFIX")
Consequently, the Jast frame in a fragment (the frame before the SAP] shall also end with a "FIX” border
(“FIXFIX” of “VARFIX").

10.5.6 Constraints for HE-AACv2

Since HE-AACv2 is based on HE-AAC, the restrictions described in subclause 10.5.5 are valid also in this
case. In addition, the following restriction applies to the parametric stereo (PS) tool.

Just like for SBR, the PS configuration parameters may not be transmitted with every access unit. To
allow for seamless switching of HE-AACv2 encoded tracks, PS header shall be transmitted with each
SAP frame. For frames containing a PS header, the MPEG-4 audio conformance again forbids the use
of tools that rely on past information, i.e., time differential coding of parameters. These restrictions
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assure that the SAP frame can be completely decoded and processed. Since HE-AACv2 conformance
requires a PS header delivered together with each SBR header, this requirement is implicitly inherited
from the HE-AAC requirements.

See Annex G for additional guidelines.

11 Subtitles and captions

1 Overview

CMAF defines the following formats for carrying subtitles and captions:
— WebVTT subtitle CMAF tracks;

— IMSC1 subtitle CMAF tracks;

— CTA-608/CTA-708 captions embedded in video CMAF tracks.

[he term “subtitles” in this document is used to mean a CMAF trackifor the visual presentation of
fext or graphics that is synchronized with video and audio for purposes including “closed cdptions”
for hearing impaired viewing. Subtitles are presented for various@urposes such as dialogue lgnguage
[ranslation, localized titles, commentary, lyrics, and descriptive‘captions for hearing impaired yiewers
br presentation situations where audio is unavailable or inapprepriate.

ANSI/CTA-708 (608) “closed captions” embedded in vidéo\élementary streams are also descrfibed, in
part, to distinguish them from CMAF subtitle tracks.\Closed captions are commonly used i North
America to broadcast descriptive text and dialogue;<primarily intended for hearing impaired yiewers.
bee subclause 9.3.5.2. Embedded closed captionsshave limited flexibility because they capnot be
ndependently created, selected, and delivered without duplicating every video track, and they [require
ow level processing of video elementary streams to decode. Closed captions may be present ih CMAF
yideo tracks and can be ignored by players\tiiat only process subtitle CMAF tracks.

A CMAF presentation can offer the.same subtitle content in more than one CMAF track and| format
[0 reach players with different de€oding capabilities. Because each CMAF track can have different
jqualities, it is recommended that manifests indicate the preferred CMAF tracks in the selection [set.

An additional CMAF media profile for IMSC 1.1 is defined in Annex L.

11.2 WebVTT

WebVTT is a subtitle format that is supported by several web browsers. It can also be fised to
render subtitlés)in other types of media presentation applications. In CMAF, a WebVTT docujment is
encapsulated{in a CMAF fragment contained in a CMAF track. WebVTT CMAF fragments may be
bequentially downloaded, synchronized, and presented the same as audio and video CMAF fragnents.

['he enicapsulation and format of WebVTT documents in ISO Base Media movie fragments and tracks
shall'conform to ISO/IEC 14496-30, to Clause 7, and to the 'cwvt' media profile listed in Clause A.4.

As specified in ISO/IEC 14496-30, each WebVTT document is contained in a single ISO BMFF movie
fragment. To conform to CMAF, WebVTT movie fragments shall also conform to the CMAF fragment
constraints specified in Clause 7.

One CMAF fragment and WebVTT document may span the entire duration of a prerecorded presentation,
or multiple CMAF fragments may sequentially span the duration of the presentation with CMAF
fragment durations similar to audio and video CMAF fragments, which is necessary to approximate
audio and video latency during live encoding and streaming.

WebVTT subtitle tracks are specified in ISO/IEC 14496-30 using a track handler type of 'text' witha
codingname of 'wvtt'. WebVTT subtitle tracks store a WebVTT document as a media sample containing
zero or more WebVTT cues with presentation times contained within the presentation timespan of the
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media sample and CMAF fragment that contains it. WebVTT subtitle CMAF fragments are synchronized
during playback based on each CMAF fragment’s presentation time and duration, and WebVTT cues are
decoded and presented within the CMAF fragments presentation time interval based on their WebVTT
timestamps.

By design in ISO/IEC 14496-30, no media sample can contain a WebVTT cue with a presentation time
that is outside or crosses the media sample and CMAF fragment presentation time interval (i.e., starts
before the CMAF fragment starts and/or ends after the CMAF fragment ends, that duration determined
by the duration of the media sample contained in the CMAF fragment). ISO/IEC 14496-30 specifies how

Al 1\ T

to split

NOTE
tracks, (
play the

11.3 IMSC text and image tracks

11.3.1

W3C IM
caption|
defines
that a v
docume

An IMS(1 text track is a CMAF track that conforms to the provisions of subclauses 11.3.2 and 11.3.3.
An IMS(1 image track is a CMAF track that conforms to the,provisions of subclauses 11.3.2 and 11.3.4.
An IMS(1.1 text track is a CMAF track that conforms ta the provisions of subclauses 11.3.2 and L.2.

An IMS(1.1 image track is a CMAF track that conferms to the provisions of subclauses 11.3.2 and L.3.

11.3.2

The CM|AF track shall conform to ISO/IE€14496-30.

The namespace field of the xvMrSybtitlesampleEntry box shall contain one instance of the string

“http:

NOTE
purposs

The xwmi]
type fie

—  Thg

—  Thg
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Forced titles are supported in TTML/IMSC1, but not WebVTT. A workaround is to create two WebV1']
ne with only the forced titles and the other with both forced and regular subtitles. A player wauldther
forced-only track by default, and switch to the forced + subtitles track when subtitles are seleeted.

General

SC1 and W3C IMSC1.1 are profiles of the timed text markup language, (TTML) for subtitle ang
delivery. W3C IMSC1 defines a text-only profile and an image-only, profile. W3C IMSC1.1 alsq
a text-only profile and an image-only profile. W3C IMSC1.1 is @ Superset of W3C IMSC1, sucH
alid W3C IMSC1 text or image profile document is a valid W3€ IMSC1.1 text or image profile
nt, respectively. All IMSC tracks shall conform to the provisions of W3C IMSC1 or W3C IMSC1.1

Common constraints

/www.w3.0org/ns/ttml”\

The schema locéeion field of the xMLSubtitleSampleEntry box is not expected to be set for thd
of profile signallihg."-The CMAF media profile brand can be used to determine the profile.

SubtitlesampreEntry shall contain a MIMEBox as specified in ISO/IEC 14496-12 and its content |
ld shall be\constrained as follows.

e typéshall be "application”.

b Ssubtype shall be "ttml+xm1".

— The codecs parameter shall be present and set according to subclauses 11.3.3 and 11.3.4.

The media type of the CMAF track, as specified in IETF RFC 6381, shall conform to the following.

— The type shall be "application”.

— The subtype shall be "mp4".

— The codecs parameter shall be present.
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11.3.3 IMSC1 text track constraints
All subtitle media samples of the CMAF track shall conform to the text profile specified in W3C IMSC1.

The codecs parameter of the content type field of the MIME box within the xMLsubtitleSampleEntry
box (see subclause 11.3.2) shall contain the value "im1t", which signals that an IMSC1 text processor is
required, as specified in the W3C, TTML media type definition and profile registry.

NOTE1 A document that conforms to EBU-TT-D, as specified in EBU TECH 3380, also generally conforms to
IMSC1 text profile.

EXAMPLE 1 "application/ttml+xml;codecs=imlt]|etdl" signals that the documents containgd in an
MSC1 text track also conform to EBU TECH 3380.

['he codecs parameter of the media type of the CMAF track shall contain the value *stpp.ttml.imlt".
Dther TTML profiles the track conforms to may be additionally listed in the codecparameter.

EXAMPLE 2 "application/mp4;codecs=stpp.ttml.imlt" is the media typerof-an IMSC1 text|subtitle
CMAF track.

EXAMPLE 3 @mimeType="application/mp4" and @codecs="stpp.ttml .falt" signal an IMSC1 tex{ subtitle
CMAF track in a DASH manifest.

NOTE 2 Clause A.4 specifies a file brand that signals that a track is anIMSC1 text subtitle CMAF track

11.3.4 IMSC1 image track constraints
All subtitle media samples of the CMAF track shall conform to the image profile specified in W3({ IMSC1.

[he codecs parameter of the content type field ofthe MIME box within the xMisubtitlesamp]eEntry
hox (see subclause 11.3.2) shall contain the valuex'in11i", which signals that an IMSC1 image prjpcessor
srequired, as specified in the W3C, TTML media type definition and profile registry.

EXAMPLE 1 "application/ttml+xml;codecs=imli" is a possible value for the content type figld of an
MSC1 image track.

EXAMPLE 2 "application/mp4;sddecs=stpp.ttml.imli" is the media type of an IMSC1 image trafck.
['he codecs parameter of theqnedia type of the CMAF track shall contain the value "stpp.ttml.{m1i".

EXAMPLE 3 @mimeType=tapplication/mp4" and @codecs="stpp.ttml.imli" signal an IMSC1 im4ge track
n a DASH manifest.

Hach smpte:backgrdindIimage attribute shall be a URN as specified in ISO/IEC 14496-30 thHat may
conform to the following bg-image-urn syntax expressed using IETF RFC 5234.

bg-image~urn = "urn:mpeg:14496-30:subs:" 1*DIGIT

NOTE Ix—Since W3C IMSC1 requires images to conform to W3C PNG, the auxiliary mime types fie|ld of the
KMIL,guptitleSampleEntry box includes one instance of the media type "image/png" if any image is usdd.

IOQOTE 2 Annex A 4 cpﬂr‘ifiac afile brand that cignn]c thatatrackisan IMSC1H imagn subtitle CMAE tradk.

11.4 CTA-608 and CTA-708

ANSI/CTA-608 and ANSI/CTA-708 are formats developed for delivering closed captions for accessibility
purposes for broadcast television in North America. Closed captions can be embedded in the video
elementary stream’s SEI messages.

NOTE Clause A.4 specifies a CMAF supplemental data brand that signals that a video track contains ANSI/
CTA 608/708 captions in SEI messages and can be included in addition to the video CMAF media profile brand.
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11.5 Metadata for subtitles
Text tracks should be labelled with their role. See subclause 7.5.3.

Text tracks should be tagged with their language. See subclause 7.5.5.

12 CMAF media profiles and CMAF presentation profiles

12.1 CMAFmedia pruf;}ca

12.1.1 |General guidelines for specifying CMAF media profiles

12.1.1.1 CMAF media profile CMAF track format

All CMAF media profiles should specify a CMAF track format, either derived direetly from a CMAR
structufral brand and format specified in Clause 7 or from a video or audio CMAF track format specified
in Clauge 9 or Clause 10. The media profile’s CMAF track format should specify any requirements and
constraints on CMAF headers and CMAF fragments.

12.1.1.2 Codecs, profiles and levels

All CMAF media profiles should specify codec specific features and-operating points, such as profiles
and levgls, that are necessary to determine encoder/decoder interoperability. The maximum featureg
and limits allowed in content should be specified. When related media profiles are specified, subset
supersgt relationships between those media profiles should'be specified based on the ability of 2
decodef conforming to superset media profile being able>to reliably decode content conforming to 3
subset media profile.

12.1.1.8 Media access unit mapping to media samples

All CMAF media profiles should specify one or~more media access unit formats that are addressed as
media §amples in a CMAF track. In addition; all CMAF media profiles should specify the sample entry
code pdint for the media samples in a CMAF track.

12.1.1.4 Media access unit sequence mapping to CMAF fragments

All CMAF media profiles should.specify any limitation on storing sequences of media samples in a CMAR
fragment in order to conforntto the general random access and timing constraints of CMAF fragments
If all media samples aressync samples, there are no additional constraints. If sequential media samplg
dependpncies are caused by codec prediction, media sample reordering transforms that overlap medi3
sample$, sample group and layer dependencies, etc., then media sample sequences should be specified
that allpw CMAE fragments to be randomly accessed and optionally, adaptively switched (if the medi3
profile flefineStadaptive switching functionality and CMAF switching set constraints).

12.1.1.5 CMAF track constraints for CMAF switching sets

CMAF media profiles that support adaptive switching of multiple CMAF tracks in a CMAF switching set
should specify the constraints between CMAF tracks in a CMAF switching set. CMAF media profiles
should specify subset/superset relationships with compatible CMAF media profiles, e.g., a higher level
of the same codec. A CMAF media profile should specify initialization constraints on CMAF switching
sets and constraints related to the adaptive switching process enabled.

12.1.1.6 CMAF media profile internet media type

All CMAF media profiles should specify an internet media type and associated parameters, file
extensions, etc. for this media profile in a CMAF track or more generally in an [SO BMFF file.
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12.1.1.7 CMAF media profile brand

All CMAF media profiles should specify a brand and register that brand in accordance with the process
specified in ISO/IEC 14496-12. The brand registry should reference a CMAF media profile specification
conforming to subclause 12.1.1.

12.1.2 Guidelines for audio CMAF media profiles

12.1.2.1 General

Audio codecs often define features and other details that present options for implementets, IIn order
[0 increase interoperability, CMAF media profiles usually limit some encoding options and sp¢cify an
dentifier for conforming CMAF tracks. While every codec offers its own set of choicés; this subclause
presents guidelines for what should be specified by audio CMAF media profiles in_the'form of testable
hssertions.

12.1.2.2 Audio track format

Audio CMAF media profiles should be derived from the general CMAF\dudio track format spegified in
subclause 10.2 or the AAC audio CMAF track format specified in subé¢lause 10.2.

12.1.2.3 Loudness and dynamic range control

Audio CMAF media profiles should specify loudness and dynamic range control information.

12.1.2.4 Audio parameters

Audio CMAF media profiles should specify whichparameters (such as loudness, dynamic range|control
nformation, channel configuration, etc.) are-allowed and if they can change within a CMAF track or
petween CMAF tracks in a CMAF switching'set.

12.1.2.5 Audio presentation time adjustment

Audio CMAF media profiles should specify any presentation time adjustment relative to decofe time
hecessary on decoding, preferably without using media sample composition offsets in the TracqrunBox.

12.1.3 Guidelines for video CMAF media profiles

12.1.3.1 General

Video codecs)often define features and performance limits, such as profiles, levels, videq image
Characteristies, that present options for implementers. In order to increase interoperability, CMAF
media proefiles usually limit some encoding options and specify an identifier for conforming CMAF
rracks;-While every codec offers its own set of choices, this subclause presents guidelines for what
thould be specified by video CMAF media profiles in the form of testable assertions.

12.1.3.2 Video CMAF track format

Video CMAF media profiles should be derived from the general CMAF video track format specified in
subclause 9.2 or NAL structured video CMAF track format specified in subclause 9.3.

12.1.3.3 Video image coding characteristics

Video CMAF media profiles should specify allowed options and constraints for image coding, such
as colour primaries, transfer functions, colour and luminance matrix, colour spatial subsampling, bit
depth, maximum height and width, frame rate limitations, etc.
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12.1.3.4 Video rendering information

Video CMAF media profiles should specify any metadata in the video stream and CMAF track format
that is necessary for accurate video rendering.

12.1.3.5 Video presentation time adjustment

Video CMAF media profiles should specify media sample composition offsets and any other means to
align the presentation time of each coded video sequence to the earliest media sample decode time
in that pequetce,; preferably USIE TrackRunBox COMPOUSItioN of fSetsto Teorder media sampies witiou
creating a presentation time delay.

12.1.3.p Seamless adaptive video CMAF switching set constraints

Video (MAF media profiles should specify additional constraints on video CMAF traeks in a CMAJ
switchipg set that are necessary to enable seamless adaptive switching of CMAF fragnients in decoders
that copform to the video CMAF media profile. Only CMAF media profiles that) support multiplg
CMAF tracks in a CMAF switching set should specify these CMAF switching set(onstraints. Seamless
switchipng constraints should result in perceptually equivalent images when adaptive switching occurs

12.1.3.7 Video decoder and display initialization

Video (M AF media profiles should specify CMAF track constraints and'associated initialization process
necessdry to render a video CMAF track. If a video media profilé)also supports adaptive switching
it should specify CMAF switching set constraints and associatéd initialization process necessary tq
adaptively switch and seamlessly render a video CMAF switching set.

12.2 CMAF presentation profiles

12.2.1 |General

Each CNIAF presentation profile defines conditionally required media profiles for CMAF tracks that arg
required to be available in a CMAF presentation that conforms to the presentation profile.

Requirgd media profiles are a minimum constraint. CMAF presentations containing the required CMAR
media profiles may also include -additional CMAF media profiles and remain conformant. A CMAJ
presenffation may conform to more than one presentation profile if it contains CMAF tracks in all thg
conditipnally required media-profiles.

CMAF presentation profiles’'may be specified in specifications other than CMAF by entities other thar
MPEG. Externally specified CMAF presentation profiles should be identified by a URI in the namespacs
of the specifying entity. If a URL is defined, it should resolve to the specification document that defines
the confitionallycequired media profiles of the presentation profile.

See Clapise Asl-for CMAF presentation profiles defined in the CMAF specification.

12 2 2 CMAE nyrafila canfasanannn
ks CIvITr - promcComoTrnantcc

CMAF defines several conformance points including CMAF fragments, CMAF tracks, CMAF addressable
media objects, CMAF media profiles, CMAF switching sets, CMAF selection sets,and CMAF presentations.

CMAF objects and conformance points are hierarchical.

a) CMAF tracks are the conformance point for ISO BMFF box, track, and file format constraints
associated with a CMAF structural ISO BMFF brand. CMAF headers, CMAF fragments, and CMAF
chunks are objects within the CMAF track structure. CMAF track conformance provides basic
compatibility between file packagers, players, parsers, and decryptors, independent of media
encoders and decoders.
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b) General CMAF media track formats for audio, video, and subtitles are conformance points that
can be referenced by CMAF media profiles. The general CMAF track formats for audio, video, and
subtitles and specific CMAF track formats for NAL structured video and AAC audio are specified in
clauses 7 through 11, which are derived from ISO/IEC 14496-2, ISO/IEC 14496-3, ISO/IEC 14496-14,
ISO/IEC 14496-15 and ISO/IEC 14496-30. Conformance to one of these media track formats can
be specified by a CMAF media profile and that conformance indicated by the media profile brand.
CMAF media track formats support CMAF adaptive multimedia presentations.

) CMAF med1a proflles are conformance pomts for encoded med1a data stored in a spec1f1ed CMAF

AtF—re d d d witching
conformance of medla data, as well as a CMAF track format CMAF medla proflle confo mance
enables encoding and decoding of media samples in CMAF fragments and CMAF tracksf{independent
of delivery.

1) CMAF addressable media objects are conformance points for CMAF media objects (headers, fhunks,
segments, and files) and their brands, which are derived from CMAF tracks,fragments, chunks, and
headers, and optimized for external reference, storage, and delivery. They‘inherit the structjure and
media constraints of the CMAF track and media profile they contain,and constrain the stfucture
of the CMAF addressable media object independent of the CMAF média. CMAF addressabl¢ media
objects are a conformance point for streaming protocols and systems that is independenit of the
manifest format and delivery method used.

s
L

CMAF switching sets are a conformance point for a group of CMAF tracks that share |content
and encoding constraints defined by the CMAF track format and a CMAF media prpfile to
enable seamless adaptive switching. Single initialization CMAF switching set constraints|and an
associated identifier are defined to indicate CMAF.switching set functional conformance tp single
initialization constraints, the syntax of which is:specified by a CMAF media profile. Confofrmance
for content pertains to a set of CMAF tracks, and conformance for decoders pertains to decoding
and seamlessly rendering sequences of consecutive CMAF fragments selected from any of the
CMAF tracks.

') CMATF selection sets are conformance points for a group of synchronized CMAF switching sets that
share related content, timing and media type. For instance, alternative audio CMAF switchfng sets
in a CMAF selection set can cover the same presentation timespan with synchronized altgrnative
content or encoding. Since CMAF tracks contain a single media type (audio, video, or subtitles),
multiple CMAF selection setsare necessary to compose a multimedia presentation using the CMAF
hypothetical application-tmodel and late binding. Conformance indicates that all CMAF trgcks are
correctly grouped, synchronized, and have approximately the same duration to form 3 CMAF
presentation.

b) CMAF presentation profiles are conformance points for a group of conditionally required CMAF
tracks thateonform to required media profiles and form a synchronized multimedia preseptation.
What cantent and timing are appropriate for a multimedia presentation is not specified by

] A player
that clalms compatlblllty W1th a CMAF presentatlon proflle is expected to decode all the required
CMAF media profiles and implement the CMAF hypothetical application model to late bind CMAF
tracks, synchronize them, decrypt them, render them, and perform seamless adaptive switching,
if appropriate. If optional CMAF media profiles are included in a CMAF presentation, a player can
select those instead, if that player supports the optional CMAF media profile.
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A CMAF media profile that falls within the maximum encoding constraints of a higher CMAF media
profile conforms to the higher CMAF media profile and does not need to indicate compatibility with a
second CMAF media profile brand, since it is an intrinsic property of those media profiles.

EXAMPLE Standard definition video conforming to the CMAF SD media profile also conforms to the CMAF
HD media profile because it will decode on an HD compatible system. It could be included in a CMAF switching
set that conforms to the HD media profile. CMAF tracks and media profiles with different source formats, such
as different colour spaces or transfer functions, do not conform to a single CMAF switching set or media profile
because they are not considered the same source content and would not provide seamless adaptive switching in
the same CMAF switching set and CMAF media profile.

A CMAF presentation shall conform to one or more CMAF presentation profiles by containing one" et
more CMAF tracks for each conditionally required media profile in the CMAF presentation profile
A CMAF presentation can conform to multiple CMAF presentation profiles by containing all the
conditipnally required CMAF tracks and CMAF media profiles. Additional CMAF media profiles
in a CMAF presentation are optional by default when they are not conditionally required in a CMAR
presentfation profile that the CMAF presentation conforms to.

A presdntation profile may specify a single encryption scheme to be used on eyery encrypted CMAR
switchipg set that is conditionally required in the presentation.
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Annex A
(normative)

CMAF presentation profiles, media profiles and supplemental data

A.1 CMAF presentation profiles

A.1.1 Overview

[his clause defines some CMAF presentation profiles and their associated CMAE presentation| profile
dentifiers. The CMAF presentation profiles below differ only by the common eghcryption schenjes they
require (ISO/IEC 23001-7).

NOTE In the current market, two encryption schemes, 'cenc' and 'cbcs¥.are widely deployed on|popular
blatforms. Therefore, this document currently defines one presentation profile for each of these en¢ryption
tchemes and another for unencrypted CMAF presentations. By defining multiple presentation prpfiles, a
mechanism is provided to select a given encryption scheme by presentation profile within a given deployment.
[his identifies the potential incompatibilities between content andy'deployments conforming to sinjilar but
Hifferent CMAF presentation profiles.

A.1.2 CMFHD presentation profile

['he CMFHD presentation profile is intended to pyeyvide basic interoperability of unprotected [content
bn the widest range of Internet video devices in'use today. Other CMAF media profiles that|are not
required in this presentation profile are considered optional.

Requirements of CMAF presentation profite CMFHD
— Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhd:2017”

— If containing video, it shall include at least one CMAF switching set constrained to the 'cfhd| media
profile in Clause A.2.

— If containing audio, it shall include at least one audio CMAF switching set constrained to the 'caac’
media profile defined'in Clause A.3.

— If containing-subtitle tracks, it shall include at least one CMAF switching set for each langupge and
role in the/™inl t ' media profile defined in Clause A.4.

— CMAF tracks containing optional CMAF media profiles in CMAF switching sets should be ihcluded
in selection sets with CMAF switching sets containing required media profiles.

— ~All CMAF tracks shall not contain encrypted media samples or a TrackEncryptionBox.

A.1.3 The CMFHDc presentation profile

The CMFHDc presentation profile is intended to provide interoperability with a large portion of video
devices in use today that support content protection using the 'cenc' scheme of common encryption
(see subclause 8.2.3). Other CMAF media profiles that are not required in this presentation profile are
considered optional.

Requirements of CMAF presentation profile CMFHDc

— Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhdc:2017”
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— If containing video, it shall include at least one CMAF switching set constrained to the 'cfhd' media
profile in Clause A.2.

— If containing audio, it shall include at least one audio CMAF switching set constrained to the 'caac’
media profile defined in Clause A.3.

— If containing subtitle tracks, it shall include at least one CMAF switching set for each language and
role in the 'im1t' media profile defined in Clause A.4.

— CMAF tracks containing optional CMAF media profiles in CMAF switching sets should be included
in tlection sets with CMAF switching sets containing required media profiles.

— Atleast one CMAF switching set shall be encrypted. Any CMAF switching set that is encrypted-shal
be available in 'cenc' common encryption scheme specified in Clause 8.

A.1.4 |The CMFHDs presentation profile

The CMFHDs presentation profile is intended to provide interoperability with a large-portion of videq
devices|in use today that support content protection using the 'cbcs' scheme af common encryptior
(see subclause 8.2.3). Other CMAF media profiles that are not required in thispresentation profile are
considgred optional.

Requirg¢ments of CMAF presentation profile CMFHDs
— Prdsentation profile ID= “urn:mpeg:cmaf:presentation_profilé:cmfhds:2017”

— If cpntaining video, it shall include at least one CMAF switching set constrained to the 'cfhd' medi3
prdfile in Clause A.2.

— If cpntaining audio, it shall include at least one audio(GMAF switching set constrained to the 'caac
mefia profile defined in Clause A.3.

— If cpntaining subtitle tracks, it shall include at\least one CMAF switching set for each language ang
rol¢ in the 'im1t' media profile defined in<€lause A.4.

— CMIAF tracks containing optional CMAAF’media profiles in CMAF switching sets should be included
in delection sets with CMAF switching sets containing required media profiles.

— Atleast one CMAF switching set:shall be encrypted. Any CMAF switching set that is encrypted shal
be available in 'cbes' common encryption scheme specified in Clause 8.

A.1.5 |Protected CMAFpresentations

Manifegts that include equivalent CMAF presentations in CMFHDc and CMFHDs presentation profiles
can dedlare both présentation profile IDs to indicate that all CMAF switching sets are available with
both encryptionSchemes.

Presentlationsconforming to the CMFHD presentation profile are not protected by common encryptior
of med a sample data, but do not preclude encryptlon durlng dellvery by methods such as HTTP{

£l £ +1
Or enV lUlJC Cll\.l_yl.l\,lull Lllcll, al'tT 1:1uuvcu Ull culecu, lJl lUl LU ulcuua Pl ULCDDIIIS Ul LUIIT ullCLl\,lleLC\/

presentatlon

A.2 AVCvideo CMAF media profiles and brands

A set of AVC video CMAF media profiles is defined together with an ISO BMFF brand and constraints in
Table A.1.

For a CMAF track to comply with one of the media profiles in Table A.1, it

— shall conform to subclause 9.4,
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shall not exceed the profile or level listed in the table,

shall conform to the colour primaries, transfer characteristics and matrix coefficients
values from the options listed in the table,

shall not exceed the width, height or frame rate listed in the table, even if the AVC level would permit
higher values, and

should include the CMAF file brand in its CMAF header.

media profiles. For example, a video CMAF track could conform to both the SD and HD CMAF media prefjles if its
limensions are within the constraints for the SD profile (the HD profile has higher dimension gonstrafints and
fodec level) and the colour primaries, transfer characteristics and matrix coeffigients arge values
Wwhich are common to both profiles.

NOTE CMAF tracks conform to more than one media profile if they meet the requirements for multlpte CMAF
f]

bee Annex C for detailed encoding examples.

Table A.1 — AVC video CMAF media profiles

Media | Codec | Profile | Level colour_ transfer_ matrix_ Max Max Max CMAF
profile primaries characteristics coefficients frame | frame | frame File
field in VUI field in VUI field il VUT height | width rate Brand
SD AVC High 3.1 1 (BT.709) 1 (BT.709 OETF) |1 (BT.709) 576 864 60 cfsd’
5 (BT.601-7 PAL/ |6 (BT.601-7 5(BT.601-7 PAL/
SECAM) OETF) SECAM)
(see NOTE)
6 (BT.601-7 NTSC) 6 (BT.601-7 NTSC)
HD AVC High 4.0 1 (BT.709) 1 (BT.709 QETF) |1 (BT.709) 1080 1920 60 cfhad'
HDHF  |AVC High 4.2 1 (BT.709) 1 (BT.709°0ETF) |1 (BT.709) 1080  [1920 |60 chdf"
NOTE Values 1and 6 for trans fer_characteristics are fwictionally equivalent, but the value which refers to the same specification as the
colour primaries isnormally used.

bee Clause 9 and Annex C for general requirements and constraints on CMAF video tracks.

A.3 Audio CMAF media profiles and brands

[he AAC audio CMAF media‘profiles in Table A.2 are specified in subclauses 10.4 and 10.5. Tdble A.2
summarizes key parametens and specifies the four-character code that can be used as an IS) BMFF
brand to identify the CMAF media profile in CMAF tracks and CMAF media objects.

[he AAC adaptive. switching audio CMAF media profile (' caaa') is a constrained subset of the A[AC core

hudio CMAF media profile (' caac'), so 'caaa' CMAF tracks always conform to the 'caac' CMAF media
brofile.
Table A.2 — AAC audio CMAF media profiles

Med_la Codec Profiles Levels Number of Fil¢ brand

profile channels
AAC core AAC |AAC-LC, HE-AAC or HE-AACv2 Mono or stereo 'caac'
AAC adaptive | AAC |AAC-LC, HE-AAC or HE-AACv2 Mono or stereo 'caaa’'

(see NOTE)

NOTE AAC adaptive CMAF media profile is AAC core constrained for adaptive switching.

See Clause 10 for general constraints on audio CMAF tracks and subclause 12.1.2 for the specification of
additional audio CMAF media profiles.
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A.4 Subtitle CMAF media profiles and brands

CMAF specifies three subtitle CMAF track formats as shown in Table A.3 — WebVTT, IMSC1 text, and
IMSC1 image — to provide interoperability between CMAF presentations and players. Subtitle media
profiles shall conform to the CMAF subtitle track format specified in Clause 11.

Table A.3 — Subtitle and caption CMAF media profiles

Media profile Format Notes File brand
WebVT[ Specified in 11.2 ISO/IEC 14496-30 'cwvt!
TTML IMSC1 text Specified in 11.3.3 IMSC1 text profile "imltf
TTML IMSC1 image Specified in 11.3.4 IMSC1 image profile "imlilk
TTML IMSC1.1 text Specified in L.2 IMSC1.1 text profile "hoizt!
TTML IMSC1.1 image |Specified in L.3 IMSC1.1 image profile "im2i!
See Clayse 11 for more details on subtitle CMAF track formats.
A.5 (MAF supplemental data
CMAF supplemental data is shown in Table A.4.

Table A.4 — CMAF supplementaldata
Supplemental Format Notes Target CMAF File brand
data tracks

CTA captions CTA-608 and CTA-708 |Caption data jsembedded in Video media 'ccea'

Specified in subclause
11.4

SEI messages in video track;
multiple ¢losed caption streams
may be present.

profiles, including
AVC and HEVC.

NOTE The 'ccea' brand can be included in addition\to a video CMAF media profile brand to indicate the presence off
captiony embedded in the video elementary stream:
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Annex B
(normative)

HEVC video CMAF track format and CMAF media profiles

B.1 HEVC video CMAF tracks

HEVC tracks shall conform to subclause 9.3, as additionally constrained in this annex.

B.2 HEVC video track constraints

B.2.1 HEVC video CMAF switching set constraints

HEVC video CMAF switching set shall conform to constraints for NALstructured video CMAF s
bets specified in subclause 9.3.6 or subclause 9.3.7.

B.2.2 Sample Description Box ('stsd')

[he sample Description Box ('stsd') shall conform to subelause 9.2.4 and contain one or more
pntries.

B.2.3 Visual sample entry

[he syntax and values of a visual sampletentry shall conform to HEVCSampleEntry ('hv

['he HEVCSampleEntry:

— shallcontainansEvcconfigurakionBox (' hveC')boxcontaininganHeEvcDecoderConfiguration
as specified in ISO/IEC 14496-15;

— shall set sample entryfields consistent with the sequence parameter set and picture param|
values in the video frack as specified in ISO/IEC 14496-15 and constrained by B.3;

— should contain~SEI messages containing colour and dynamic range mastering and re
informationGfdefault values are not encoded, as required in subclause 9.3.5.1;

— shall contain a colourInformationBox ('colr') with colour type 'nclx' and PixelAspectR
('pagpy) when required per subclause 9.3.5.1.

NOTE The ColourInformationBox Wwith colour type 'nclx' and PixelAspectRatioBox
bquivalent information to SPS VUI and are required when SPS VUI is not present in an 'hev1' sample en

ritching

sample

£1') or

HEVCSampleEntry ("hevl') sample entries as\defined in ISO/IEC 14496-15 and constrained as follows.

Record,

eter set

ndering

htioBox

provide
Lry.

B.2.4 HEVCDecoderConfigurationRecord cOlour and dynamic range information

— As specified in subclause 9.3.5.1, video captured or colour graded with characteristics other than
ITU-RRecommendation BT.709 defaults shouldinclude one or more SEINALswith additional transfer

characteristics or colour volume information stored in the #HEVCDecoderConfigurationRe

cord to

enable colour and dynamic range calibration during decoder and display initialization. This may

include the following SEI messages specified in ISO/IEC 23008-2:2015, Annex D:
— SEl payloadType 137, mastering_display_colour_volume;
— SEl payloadType 144, content_light_level_info;
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— SEl payloadType 147, alternative_transfer_characteristics.

— CMAF player display processors can use SEI colour grading, colour volume, and dynamic range
messages in SEI NALs stored in the HEVCDecoderConfigurationRecord to calibrate rendering for
display characteristics and viewing conditions.

— Alternative transfer characteristics in an SEI message can be used to optimize rendering of hybrid
log gamma transfer function video on high dynamic range displays while using SPS signalled gamma
rendering on standard range displays.

— A (MAF player can pass MaxFALL, MaxCLL, and other SEI message data to a display over a digita
vidgo interface, as specified in ANSI/CTA 861-G, to enable colour and transfer function optimization
witlhin a compatible UHD/HDR display.

— CMAF switching sets shall be constrained to include identical SEI NALs and SPS VUI coloutr
magtering and dynamic range information in the first sample entry of every CMAF-header in the
CMJAF switching set to provide consistent initialization and calibration.

B.2.5 |Track Header Box (' tkhd')
The redquirements of subclause 9.2.3 apply.

NOTE Normalized width and height can be derived from the track’s visualsample entry for 'hvcl' vided
media shmples (see subclause 9.3.2.2) or from a sequence parameter set NALin each coded video sequence foy
'hevl' video media samples. See subclauses 9.3.3 and 9.3.4 for the sterage and semantics of video sequencg
paramefer sets.

B.3 Media sample and CMAF fragment constraints

B.3.1 |Storage of HEVC elementary streams
HEVC vjdeo tracks shall comply with ISO/IEC 14496-15 and subclause 9.3.

B.3.2 |Access units
Access hinits and media samples shall conform to subclause 9.3.

Access Jinits shall conform to thé requirements of a media sample of the indicated description (' hvci
or 'hev| ') as specified in ISO/IEC 14496-15.

CMAF firagments containin@ access units identified by the 'hevi' sample description shall contain al
SPS and PPS NALs referéenced from a coded video sequence in the first access unit of that sequence
immedfiately following:its first access unit delimiter NAL, if an access unit delimiter NAL is present.

Access Junits identified by the 'hevi' sample description may retain filler data (in NAL units or SE
messages) and'SEI messages that would change hypothetical reference decoder bitstream conformancg
if remoyed:

[ [ d reference a video para
header associated with the containing CMAF track.

B.3.3 Constraints on HEVC elementary streams

B.3.3.1 Overview

The following general constraints apply to all CMAF HEVC elementary streams, and their values
are additionally constrained in Clause B.5 with constraints on tier, profile, level, resolution, video
characteristics, and frame rates specified by HEVC video CMAF media profile in Table B.1.
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B.3.3.2 Picture type

All pictures shall be encoded as coded frames and shall not be encoded as coded fields.

B.3.3.3 Video parameter sets (VPS)

Each HEVC video media sample in the CMAF track shall reference the VPS in the CMAF header

sample

entry. VPS shall not change within CMAF tracks or between CMAF tracks in a CMAF switching set. A

CMAF HEVC track shall conform to ISO/IEC 23008-2 with the following additional constraints.

— The following fields shall have pre-determined values as follows.
— general progressive source flag shall be set to 1.
— general frame only constraint flag shall be setto 1.

— general interlaced source flag shall besetto 0.

— general profile space
— general profile idc
— general tier flag

— general level idc
B.3.3.4 Sequence parameter sets (SPS)

B.3.3.4.1 SPS fields

SO/IEC 23008-2 with the following additional constraints.
— The following fields shall have\pre-determined values as follows.

— vui parameters prebert flag shall besetto 1.

B.3.3.4.2 Visual usability information (VUI) parameters

VUI parameters thab occur within a CMAF HEVC track shall conform to ISO/IEC 23008-2 W
following additional constraints.

— The follewing fields shall have pre-determined values as follows.
—s-aspect ratio info present flagshall be setto 1.

= video full range flag shall besetto 0.

— The condition of the following fields shall not change throughout an HEVC elementary stregm:

bequence parameter set NAL units that occur within a CMAF HEVC track shall confprm to

rith the

— The following fields have the following values.

— colour description present flag should be setto 1.

NOTE As defined in ISO/IEC 23008-2, if the colour_description_present_flag is set to 1, the colour_

primaries, transfer_characteristics and matrix_coefficients fields are present in the VUI.

— If colour description present flag is set to 1, then colour primaries, transfer
characteristics and matrix coefficients shall be set to one of the values permitted for the

media profile (see Table B.1).
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—  Thg

— The

B.3.3.5

The fralflne timing, including frame rate, is determined by the media sample presentation times ang

duratio|

B4 V

B.4.1

Present
switchi

B.4.2
When 1

win bof

display,

If colour description present flag is set to 0, this shall indicate the following values are to
be assumed:

— colour primaries = 1;
— transfer characteristics=1;
— matrix coefficients = 1.

overscan info present flag shall be set to 0, therefore overscan_appropriate shall not be

present.
e values of the following fields shall not change throughout a CMAF track and CMAF switchihg Set
low delay hrd flag
colour description present flag
colour primaries, when present
transfer characteristics, when present
matrix coeffs, when present
e values of the following fields should not change throughout a EMAF track.
vul time scale

vui num units in tick

Frame rate in the elementary stream
s provided in the TrackrunBox (es) in each CMAF fragment.

ideo codec parameters

HEVC signalling of "codecst parameters

ation applications should signal video codec profile and levels of each HEVC track and CMAR
hg set using parametens conforming to IETF RFC 6381 and ISO/IEC 14496-15.

Image croppitig parameters

ecessary, picture cropping shall be indicated by setting SPS VUI cropping parameters conf |
tom _offset and/or conf win right offset to remove video spatial samples not intended foj
and eonf win top offset and conf win left offset Setto zero.

B.5

A set of

EVCvideo CMAF media proiiles and brands

HEVC CMAF video media profiles are defined, together with an ISO BMFF brand and constraints

in Table B.1.

For a CMAF track to comply with one of the CMAF media profiles in Table B.1, it:

— shall conform to subclause 9.3 NAL structured video CMAF tracks,

— shall not exceed the tier, profile or level listed in the table

— shall conform to the colour primaries, transfer characteristics and matrix coefficients
values from the options listed in Table B.1 with the values defined in ISO/IEC 23008-2.

86
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NOTE ISO/IEC 23091-2[12] may be consulted for additional details on the exact details of the values of

these parameters.

— shall not exceed the width, height or frame rate listed in Table B.1, even if the HEVC leve
permit higher values.

— shall not exceed the bit depth of the HEVC profile listed.
— should include the CMAF File Brand listed in its CMAF header

1 would

OTE CMAF tracks CONfOTTI tO MOTE tTan one CMAF medta profile if they meet the TequiTements for
CMAF media profiles. For example, a CMAF track would conform to both the HHD8 and UHD8 media
limensions were within the constraints for the HHD8 profile (the UHD8 profile has higher dimen‘gé;@ o1l

ind codec level) and the colour primaries, transfer characteristics and matrix coefificie

Falues which are common to both profiles. HHD8 also conforms to UHD10 because an HEVC l)k 10 decq
Hecode the HEVC Main 8-bit content with Rec 709 video characteristics. Q/
bee Annex C for detailed encoding examples. (]:bg

Table B.1 — HEVC video CMAF media pro

ultiple
iles if its
straints
nts are
der will

Main b 1 (BT.709) 1 (BT.709 OETF) lgT. 09)
MainTier [Note 4] [Note 4] 4@ e 4]
8-bit
HEVC |Main10 |41 |1(BT.709) |1 (BT.709 OETFb\\ 1 (BT.709) 1080 | 1920 | 60 || chn1’
MainTier [Note 4] [Note 4] \ [Note 4]
10-bit @
HEVC |Main 50 |1(BT.709) |1 (BT.709.9ETF) 1 (BT.709) 2160 | 3840 | 60 || cuds’
MainTier [Note 4] [Not@ [Note 4]
8-bit ‘\6
Y
HEVC |Main10 |51  |1(BT.709) _|T{BT.709 OETF) 1 (BT.709) 2160 | 3840 | 60 || cud1’
MainTier [Note4] & )[Note 4] [Note 4]
10-bit 14 (BT.2020 OETF)
9 (BT. [Note 1, 5] 9 (BT.2020
[N Table 6
& YCyCh
c. [Note 7]
HEVC |Main10 |[5.1-5.39 (BT.2100) |16 (BT.2100 9 (BT.2100 2160 | 3840 | 60 || chd1’
MainTier b [Note 5] Table 4 PQ EOTF) Table 6
10-bit [ [Note 3, 6] Y'C'yC'y)
B [Note 7]
Ma ) 5.1 9 (BT-2100) |18 (BT.2100 9 (BT.2100 2160 3840 60 'clgl'
N% ier [Note 5] Table 5 Table 6
<3- it HLG OETF) Y'C'5C'R)
N [Note 8] [Note 7]
14 (BT.2020 OETF)
[Note2]

hlue which

content.

NOTE 3 HDR10 can optionally include dynamic range metadata such as ST-2086 [11], MaxFALL and MaxCLL.

NOTE 4 This value is equivalent to the definitions in ITU-R BT.709. For details refer to ISO/IEC 23008-2.

NOTE 5 This value is also equivalent to the definitions in ITU-R BT.2020 [9]. For details refer to ISO/IEC 23008-2.

NOTE 6 This value is also commonly also known as ITU-R BT.2100 [10] PQ EOTF. For details refer to ISO/IEC 23008-2.

NOTE 7 This value is commonly also known as ITU-R BT.2020 [9] non-constant luminance. For details refer to ISO/IEC 23008-2.
NOTE 8 This value is equivalent to the definition in ITU-R BT.2100 [10] HLG OETF. For details refer to ISO/IEC 23008-2.

to 14 (BT.2020) and the alternative transfer characteristics SEI message ISO/IEC 23008-2 included with the preferred
transfe r_Characteristics syntax element of that SEI message set to 18 (HLG) to enable both legacy and HDR-capable clients to display the

can be set
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Annex C
(informative)

Subsampling of NAL structured video tracks in CMAF switching sets

C.1 Spatial and temporal subsampling and scaling of video

Spatial [and temporal subsampling are encoding methods commonly used to reduce bit rate during
adaptive streaming while optimizing video quality.

— Spdtial subsampling encodes a fraction of the number of spatial samples in theseurce video sd
thalt the source video is an exact integer multiple. For example, a subsample fraction of 50 % of thg
soyrce’s cropped vertical and horizontal spatial sample count, where the numberof source samples
is an even number, or a multiple of four when line pair cropping is required/See Clause C.2.

— Terpporal subsampling encodes a fraction of the frames in the source-video, e.g., 50 % of 24 Hz td
resplt in a 12 Hz track with half the media samples, each of twice thé.duration, but the same CMAJ
fragment durations and start times. A CMAF switching set can include CMAF tracks at different
frame rates, e.g., 15 Hz and 30 Hz (and perhaps 60 Hz and 120z for UHD), but only if they are al
exdct multiples of the lowest frame rate.

In ordef for CMAF switching sets to be presented to viewers'\with minimal visible disturbance during
adaptivie bit rate switching, encoding and playback of all, the alternative tracks, CMAF specifies thg
following constraints, which are summarized, but not defined here.

— Trdcks in a CMAF switching set are alternativegenicodings of the same source content (same activg
vidpo area, colour encoding, source spatial sampling, etc.).

— Thg¢ number of video spatial subsamples-encoded is an exact sub-multiple of the number of vided
spdtial samples in the active area of the-Source video.

— Th¢ player determines the videe display aperture, i.e., the number of vertical and horizontal pixels
renldered. A player can selecta‘display aperture based on the picture aspect ratio of the CMAJ
tragks in a CMAF switchingset ('tkhd' width/height), the available display shape and size o}
ouflput signal formats (sueh as HDMI EDIDs), as well as application and user preferences in framing
the| source aspect ratieywithin the application determined display area (full screen, windowed
letferboxed, portrait-or landscape device orientation, etc.). Precise subsampling and rescaling are
spdcified in this.annex to avoid visible changes in image size, position, or shape between alternative
CMJAF tracks and fragments in a CMAF switching set. Also, different CMAF switching sets within 2
sel¢ction set nieed to maintain the same aspect ratio to prevent visible distortion when selecting, fo1
exgmple, different camera angles.

— Playérs are expected to scale the decoded and cropped samples in all tracks in a CMAF switching sef
to the same disptay aperture.

— Players are expected to display all tracks in a CMAF switching set at the same refresh rate. The
player determines a display refresh rate for the CMAF switching set and maintains that by refreshing
each decoded image multiple times if necessary. Frame rate changes are impractical for many video
interfaces to smoothly handle, and they may lack operating points for low frame rates.

C.2 Spatial subsampling

Spatial subsampling can be a helpful tool for improving coding efficiency of a video elementary stream.
It is achieved by reducing the resolution of the coded picture relative to the source picture, while
adjusting the video spatial sample aspect ratio if necessary to compensate for any difference in the
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ratio of horizontal and vertical subsampling. For example, by reducing the horizontal resolution of the
coded picture by 50 % while increasing the sample aspect ratio from 1:1 to 2:1, the number of encoded
video spatial samples is reduced by half. While this does not necessarily correspond to a 50 % decrease
in the amount of encoded picture data, the decrease can nonetheless be significant.

The width and height in active image video spatial samples in a coded video sequence are specified
by the combination of the following sequence parameter set fields in the video elementary stream or
sample entry.

— AVC ISQ/IEC 14496-10:

— pic _width in mbs minusl, which defines the number of horizontal video spatial samples;
— pic height in map units minusl, which defines the number of vertical videasspdtial samples;
— aspect_ratio_idc, which defines the aspect ratio of each video spatial sathple;
— frame crop left offset, Cropping parameter in SPS;

— frame crop right offset, cropping parameter in SPS;

— frame crop_ top offset, cropping parameter in SPS;

— frame crop bottom offset, cropping parameter in SPS!

— HEVC, ISO/IEC 23008-2:

— pic_width in luma_samples, which defines the.number of horizontal video spatial samples;
— pic_height in luma samples, which defines the number of vertical video spatial samples;
— aspect_ratio_ idc, which defines the aspect ratio of each video spatial sample;
— conf win left offset, cropping parameter in SPS;

— conf win right offset, cropping parameter in SPS;

— conf win top offset, cfopping parameter in SPS;

— conf win bottom offset cropping parameter in SPS.

[he presentation size in_the video TrackHeaderBox is defined in terms of square pixels (i.e., 1{1 video
bpatial sample aspedt ratio) in the width and height fields of the TrackHeaderBox of the videp CMAF
‘rack. These values-are used to determine the appropriate picture aspect ratio when displayingfa track.
[he width and-hedght in the sample entry by the cropped sample count, which can be convdrted to
bquare pixels’by’multiplying the ratio indexed by aspect ratio idc.

All tracks in a CMAF switching set have the same picture aspect ratio, equal to that of the active image
hrea of\the source. A player may ignore the presentation size indicated in each track and dcale all
‘ragments to the player-determined presentation aperture for that CMAF switching set.

C.3 Subsample factor and sample aspect ratio

The original picture aspect ratio is conveyed in NAL-structured video by the video spatial sample
aspect ratio of the source video as well as the cropped horizontal and vertical sample counts (SAR is the
enumerated video spatial sample width to height ratio indexed by the SPS VUI parameter, aspect ratio
idc). The picture aspect ratio is the cropped width divided by the cropped height times the SAR ratio.

Subsampling may change the encoded video spatial sample aspect ratio when it changes the encoded
video spatial sample counts and has to be accurately encoded in the VUI information in sequence
parameter sets in each fragment of every track. MPEG decoder models include an undefined display
processor that uses SPS NAL and VUI information to convert decoded 4:2:0 numerical values to a scaled
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image with the SAR, transfer function and colour space indicated in VUI. This annex further defines
how multiple tracks in a CMAF switching set are scaled to a common display aperture with a fixed
picture aspect ratio. The SAR and cropped video spatial sample counts are defined to equal the same
picture aspect ratio as the source video.

The extent of subsampling applied to a track can be characterized by a subsample factor in each of the
horizontal and vertical dimensions, defined as follows.

— The horizontal subsample factor is defined as the ratio of the number of columns of the luma video
sp tial cqmp]p array in the source frame after video cpnfin] qup]p r‘rnpping has been npp]ipd
diviided by the number of columns of the luma video spatial sample array after video spatial sample
cropping has been applied in subsampled CMAF track. For example, a 1920 wide source imagsg
sullsampled to 960 horizontal video spatial samples in a subsampled track would have a horizonta
suljsample factor of 0.5.

— The vertical subsample factor is defined as the ratio of the number of rows of the lumasvideo spatia
sample array in the source frame after video spatial sample cropping has been applied, divided by
thelnumber of rows of the luma video spatial sample array after video spatial sample cropping hag
bedn applied in a subsampled CMAF track. For example, 1088 vertical video spatial samples cropped
to 1080 in the source, subsampled to 544 video spatial samples cropped\te’540 in a subsampled
tragk would have a vertical subsample factor of 0.5.

C.4 Examples of single dimension subsampling

If a 1940 x 1080 square pixel (SAR 1:1) source picture is horizontally subsampled and encoded at 3
resolution of 1440 x 1080 (SAR 4:3), which corresponds to a 1920 x 1080 square pixel (SAR 1:1) picture
then the horizontal subsample factor is 1440 + 1920 = 0.75,While the vertical subsample factor is 1.(
since tHere is no change in the vertical dimension.

Similarly, if a 1280 x 720 (SAR 1:1) source picture, is;vertically subsampled and encoded at a resolutior]
of 128( x 540 (SAR 3:4), which corresponds to a 1280 x 720 (SAR 1:1) picture size, then the horizonta
subsample factor is 1.0 since there is no change(n the horizontal dimension, and the vertical subsample
factor i$ 540 + 720 = 0.75.

C.5 Example of mixed subsampling

If a 1280 x 1080 (SAR 3:2) souree picture is vertically subsampled and encoded at a resolution of
1280 x|540 (SAR 3:4), corresponding to a 1920 x 1080 square pixel (SAR 1:1) picture size, then the
horizorftal subsample factoris 1280 + 1920 = 2/3, and the vertical subsample factor is 540 + 1080 = 0.5
To undg¢rstand how thisZissan example of mixed subsampling, it is helpful to remember that the initia
source picture resolution of 1280 x 1080 (SAR 3:2) can itself be thought of as having been horizontally
subsanipled from a higher resolution picture.

C.6

CMAF players typica control adaptation of the source image to whatever display environment ig
currently in use. Source content like movies, old TV, and videos from cellphones, etc. have a variety of
picture aspect ratios, as do video devices that include phones, tablets, computers, TVs, projectors, and
wall displays. In some cases, display aspect ratios will change dynamically when a device like a tablet
is rotated from vertical to horizontal orientation, or a video is directed to a different display, and the
video aperture may be switched from full screen to a window at any time. A player conforming to the
CMAF application model is expected to adapt the source video size and shape to its display environment
by methods such as scaling, padding, cropping and stretching, and apply the same adaptation to every
CMAF fragment in a CMAF switching set, adjusted for subsampling. Image padding added during
production to adapt images to a particular TV aspect ratio like 4:3 or 16:9 (i.e., letterbox bars or
pillarbox bars) needs to be removed before encoding in order to allow devices to accurately frame the
active picture area.

ropping to active picture area
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Since the subsampled picture area might not always fall exactly on the video spatial sample coding

unit boundary employed by the video elementary stream, additional cropping parameters are

used to

further define the dimensions of the coded picture. It is a normative requirement of AVC and HEVC that

decoders perform cropping as signalled in sequence parameter sets (SPS NALSs).

— avc (ISO/IEC 14496-10):

— “Macroblocks” define the video spatial sample coding unit boundary (and are 16 x 16 blocks).

— nevc (ISO/IEC 23008-2):

“Coding Tree Units” define the video spatial sample coding unit boundary (and are 64 64
32 x 32 blocks, or 16 x 16 blocks). See Clause C.2.

C.7 Relationship of cropping and subsampling

When spatial subsampling is applied, additional cropping parameters are often needed to com
for the mismatch between the coded picture size and the macroblock (ISO/IEC 14496-10)/cod
init (ISO/IEC 23008-2) boundaries. The specific relationship between theses mechanisms is de
follows.

— Each picture is decoded using the coding parameters, including horizontal and vertical
counts and cropping fields, defined in the sequence parameter set corresponding to that p
coded video sequence.

— The display aperture is determined by the CMAF ‘player, and each fragment scaled to
aperture using the same method to maintain registration, e.g., common sides, common
bottom, exact match, etc. For example, to output the video to an HDTV, the decoded imag
need to be scaled to the display aperture width, then additional letterbox matting applied t
a valid HDMI television input format. A newer TV or projector might accept this picture aspe
directly without padding.

(.8 Example encoding and decoding process

['he following example shows a typical movie picture aspect ratio that was padded and encod
etterbox bars to fita 16:9 TV\display. The active image is extracted, subsampled, encoded, and p

Jetailed in Figure C.1.

blocks,

bensate
ng tree
Fined as

sample
icture’s

fill that
fop and
e might
b match
ctratio

ed with
artially

filled macroblocks indicated by cropping parameters. AVC and HEVC parameters for the exanpple are

N
Horizontal Encoded in Cropped to
Source Video ‘ Subsample ‘ nearest block ‘ visible spatial
75% array samples
Source frame 1920x1080 Frame 1440x1080 Encoded 1440x832 Cropped 1440x818
Active image 1920x818 Active image 1440x818 Active image 1440x818 Active image 1440x818
Sample aspect ratio 1.0 Sample aspect ratio 4/3 Sample aspect ratio 4/3 Sample aspect ratio 4/3
Figure C.1 — Example encode and decode process for letterboxed source content
Table C.1 shows the parameter values used.
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Table C.1 — Subsample and cropping values for the example in Figure C.1

picture

Object Field Value
Source picture format |width 1920
height 1080
Subsample factor horizontal 0.75
vertical 1.0
TrackHeaderBox width 1920
height 818
ISO/IEC 14496-10 chroma_format_idc 1 (4:2:0)
parameter values aspect_ratio_idc 14 (4:3)
pic_width_in_mbs_minus1 89
pic_height_in_map_units_minus1 51
frame_cropping_flag 1
frame_crop_left_offset 0
frame_crop_right_offset 0
frame_crop_top_offset 0
frame_crop_bottom_offset 7
ISO/IEC 23008-2 chroma_format_idc 1 (4:2:0)
parameter values MinCbSizeY 16
log2_min_luma_coding_block_size_minus3 1
aspect_ratio_idc 14 (4:3)
pic_width_in_luma_samples 1440
pic_height_in_lumaisamples 832
conformance_window_flag 1
conf win_left) offset 0
conf_wintright_offset 0
conf win_top_offset 0
conf_win_bottom_offset 7

NOTE 1 As chroma_ foymat idc is 1, SubWidthC and SubHeightC are set to 2 per
ISO/IEC 14496-10 andTSO/IEC 23008-2. This results in a doubling of frame crop parameters
(so frame crop pqttom offset and conf win bottom offset both equate to 14
pixels in the aboye example).

NOTE 2 AsdSO/IEC 23008-2 MinCbSizeY is 16 and 1og2 min luma coding block
size min@sBis 1, the Coding Tree Unit size is 16 x 16 (matching the ISO/IEC 14496-10
macroblégk-size of 16 x 16).

oding and/display process for this content is illustrated in Figure C.2.

xatmple, the decoded picture dimensions are 1440 x 818, one line larger than the original activg
atea. This is due to a limitation in the cropping parameters to crop only even pairs of lines

Cropping the source picture to 816 lines and 51 macroblocks might be more practical, but makes a less
informative example.
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for 2.35 4K displ

Output full screen

ay

Decoded and Scaled x 4/3 horizontally

cropped image l for 1:1 samples and 2.35 -

picture aspect ratio, at

11

Output Letterboxed

2.35 source PAR . : i
( ) player selected size for 16:9 2K display
[N
Decoded frame 1440x818 Scaled frame 1920x818
Active image 1440x818 Active image 1440x818 mmmmm) | Outputepemediand
Sample aspect ratio 4:3 Sample aspect ratio 1:1 cropped for 16:9 2K

full'screen disglay

Figure C.2 — Example display process with and without letterbox bars added

encoding pillarboxed content.

Figure C.3 illustrates both subsampling and cropping applied td the horizontal dimension while

Source Image Cropped

4:3 aspect ‘ Subs7a5|;pled Q ‘ Encoded ‘ to visible
ratio horizonotally N Blocks spatial
Pillarboxed samples

Source frame 1920x1080 Source)frame 1920x1080 Source frame 1088x1088 Coded image 1080x1080
Active image 1440x1080 Active image 1080x1080 Active image 1080x1080 Sample aspect ratio 4:3
Sample aspect ratio 1:1 Sample aspect ratio 4:3 Sample aspect ratio 4:3

Figure C.3 ——Example encode and decode process for pillarboxed source content

[he original seuree picture content is first subsampled horizontally from a 1:1 sample aspect

hctive picture area of the subsampled image is encoded. However, the actual coded video
samplesthave a size of 1088 x 1088 samples due to the coding unit boundaries do not falling
multiples of 16 video spatial samples in this example. Therefore, cropping parameters are proy
both*horizontal and vertical dimensions. The parameters are shown in Table C.2.

ratio at

1920 x 1080{tea video spatial sample aspect ratio of 4:3 at 1440 x 1080, then the 1080 x 1080 pixel

spatial
bn even
rided in
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Table C.2 — Subsample and cropping values for example in Figure C.3

Object Field Value
Source picture format |width 1920
height 1080
Subsample factor horizontal 0.75
vertical 1.0
TrackHeaderBox width 1440
height 1080
ISO/IEC 14496-10 chroma_format_idc 1 (4:2:0)
parameter values aspect_ratio_idc 14 (4:3)
pic_width_in_mbs_minus1 67
pic_height_in_map_units_minus1 67
frame_cropping_flag 1
frame_crop_left_offset 0
frame_crop_right_offset 4
frame_crop_top_offset 0
frame_crop_bottom_offset 4
ISO/IEC 23008-2 chroma_format_idc 1 (4:2:0)
parameter values MinCbSizeY 16
log2_min_luma_coding_block_size_minus3 1
aspect_ratio_idc 14 (4:3)
pic_width_in_luma_samples 1088
pic_height_in_lumaisamples 1088
conformance_window_flag 1
conf win_left) offset 0
conf_wintright_offset 4
conf win_top_offset 0
conf_win_bottom_offset 4

NOTE 1 As chroma_ foymat idc is 1, SubWidthC and SubHeightC are set to 2 per
ISO/IEC 14496-10 andTSO/IEC 23008-2. This results in a doubling of frame crop parameters
(so frame crop pqttom offset and conf win bottom offset both equate to 14
pixels in the aboye example).

NOTE 2 AsdSO/IEC 23008-2 MinCbSizeY is 16 and 1og2 min luma coding block
size min@sBis 1, the Coding Tree Unit size is 16 x 16 (matching the ISO/IEC 14496-10
macroblégk-size of 16 x 16).
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Sample aspect ratio 4:3 .
full screen displ
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cropped image : picture aspect ratio, at o Pillarboxed
player selected size fo;.16:|9 2K
isplay
Decoded frame Scaled frame 1440x1080
1080x1080 Sample aspect ratio 1:1 ‘ Sritg:;ﬁgﬂ?gags

ay

Figure C.4 — Example display process with and without pilarbox bars

['he process for reconstructing the video for display is shown in Figure C:4.

As in the previous example, the decoded picture has to be scaled baekup to the original 1:1 vided
bample aspect ratio.

f this content is to be displayed on a 4:3 display, no fugther addition of pillarboxes is neces
lisplay the video image full screen. A user might elect tozoom the image to full width on a 16:9
While cropping the top and bottom. Full frame 1.85 aspect ratio film often “protects” the 1.7§
ratio area (16:9) so that the top and bottom can be’cropped when displayed full width on
vithout loss of significant content.

.9 CMAF switching set video encoding considerations

.9.1 General

bome of the variables that sheuld be considered when designing a CMAF switching set
hpplication are:

h) valid CMAF framing, subsampling, and media profile encoding of multiple tracks from tH
source video to aveid visible framing, position, and scaling errors on track switches;

p) the minimum and maximum bandwidth available for delivery;
C) the resoluition of the source video;
1) thefesolution and viewing conditions of target devices;

) Athe compression efficiency of the codec and encoder;

spatial

sary to
display
aspect
HDTVs

for an

€ same

—threcompressiondifficutty of eachcontent source;

g) the number of CMAF tracks per CMAF switching set;

h) the bit rate difference (“gradient”) between adjacent bit rate CMAF tracks;
i) the frequency of adaptive switching;

j) longer CVSs for better compression efficiency;

k) shorter CVSs and CMAF fragments for lower latency;

1) the size of the installed base for different codecs and media profiles;
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m) structuring CMAF switching sets and aligned CMAF switching sets for content protection
requirements.

Some general design choices and two different use cases can illustrate some of the tradeoffs based on
prioritizing these parameters.

C.9.2 General configuration

The maximum bit rate that is optimal for a CMAF switching set will depend on the intended display

resolutien—and—rdeo—aguabitv—as—welas—encoder—and—codec—efficienpev—and—difficultv—oefthe—-soureq
oh—aht—viaco—qta o O —50H1€4

TICy, oS vy CIr oo Chtott oo CoaTt T Tttt ¥ OO IrcaTcy

materidl.

Networlk and device characteristics may determine the lowest bit rate and resolution of interest. Bif
rates fqr small screens on variable cellular connections could be much lower than what weuld look
acceptdble on a connected UHD TV. Some codecs and CMAF media profiles would limit-the installed
base of|capable decoders, unless the CMAF presentation also includes “fallback” CMAE\media profileg
such as|HD AVC and AAC stereo, which are almost universally supported. Content protection and DRM
tend to|limit the number of compatible devices at UHD and HDR media profiles because they typically
have higher device security requirements. Alternative CMAF switching sets eneoded with differen
CMAF 1phedia profiles provide more reach at the cost of more encoding, storage; content management
caching, player intelligence, etc.

C.9.3 |Use case 1 — High volume “video on demand” of long form content, e.g., movies

Prioritigation of efficient CDN caching favours fewer tracks pes"GMAF switching set for better CDN
utilizat]on of finite edge cache storage and higher cache hit ratiowith fewer alternative choices. Fewej
tracks per CMAF switching set means a larger bit rate gradierit between tracks for a given maximun
and minimum bit rate. Somewhere around 40 % to 50 % gradient is a typical tradeoff (“gradient” is thg
percentage reduction in bit rate from each track to the next lower track). Video subsampling should
reduce encoded resolution in rough proportion to th&bit rate reduction to optimize video quality. The
bit rate| gradient should be consistent to have approximately the same quality difference on all tracK
switchgs.

This lafge a gradient will probably resultdm noticeable quality differences between tracks, so a long
duratiop player buffer (e.g., 2+ min) anddow bit rate startup sequence to fill that buffer can be used with
aslow ;I(liaptive switching algorithm to avoid frequent switching without risking buffer underrun (a long
buffer ¢an average out network throughput variations without underflowing the buffer.). Infrequenf
track syvitching makes it less critical to avoid processing a CMAF header on each track switch, which
might result in frame drops, etc:-0n some systems.

An add|tional option is to package CMAF track files and store them near edge caches, then use byte
range dddressing to request portions of each track file for delivery (large CMAF segments). The bytg
ranges ghould not be-cached because the responses typically duplicate content with slightly differen
start arjd end pointS'so do not provide reuse and do not need to be cached because each byte range car
be copied from'ene local track file without waiting for new segments from an origin server.

C.9.4 |Use'case 2 — Low latency live streaming

Prioritization of low latency live delivery can limit the duration of coded video sequences and CMAF
fragments at the cost of coding efficiency or maintain efficient long duration coded video sequences, but
reduce encoder removal and packaging delay by delivering short CMAF chunks whenever, for example,
a half-second sequence of video media samples has been encoded and packaged in a half-second CMAF
chunk. A half-second CMAF chunk can be delivered in less than a half second and can immediately start
decoding (assuming the first CMAF chunk contains the first media samples of a CMAF fragment).

A player needs to start up with a time delay relative to the live edge and buffer size that is sufficient to
avoid buffer underflow for the entire presentation (possibly with ad insertion, etc.), so a few seconds of
buffer and delay from live may still be required.
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To maximize bit rate for a given network, the rate adaptation algorithm needs to respond quickly
to shrinking buffer fullness to avoid underflow and rebuffering, or make inefficient use of available
bandwidth if it does not switch up when it can. Maintaining a short buffer results in frequent track
switching, possibly as frequent as once per CMAF fragment duration, e.g., every 2 seconds to 4 seconds.
If bit rate changes and video quality differences can be kept below a “least noticeable difference”, then
frequent switching can be done with consistent perceived video quality. A bit rate gradient of around
30 % can approximate a least noticeable difference for a typical AVC or HEVC encoder operating in a
reasonable bit rate range relative to image size that avoids extreme artefacts due to insufficient bit rate
for the encoded resolution.

A smaller bit rate gradient for a given minimum and maximum bit rate requires more CMAY tracks
per CMAF switching set. Reliability for low latency delivery may require redundant origif seérvers and
pdge servers, possibly with multiple encoders and source streams to avoid latency andjittér on jp single
hetwork node or path that would not be noticed under typical high latency delivery, é:g:;/ several tens of
seconds, but would cause streaming interruption when operating at low latency, Early requests either
hre to be avoided, or queued and handled, to avoid HTTP 400 errors such as “notfound” or “not{ready”,
rhat would flood the origin server.

Live encoding work flow often involves the splicing of independently €neoded signal feeds, 4ds, and
bther recorded content and M2TS signal feeds that can change encoding parameters in any r¢sulting
CMAF fragment. CMAF switching sets with inband parameters and/single initialization con$traints
Can process CMAF fragments without needing to download andprocess a new CMAF header wjith new
lecoding parameters.

Encoding strategy, network distribution strategy, and player optimization need to be combined for
bptimum results.
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D.1 Qverview

Player implementers should note that CMAF provides the following affordances.

D.2 Adaptive streaming playback examples

Annex D
(informative)

Hypothetical player model

A (MAF segment is well-suited to network transfer because it is a compact, self-contdined set of
mefia samples that covers a short duration that can be downloaded relatively quickly

Eagdh CMAF segment contains a media timestamp in the form of baseMediabDecodeTime in a Tracks
ragmentBaseMediaDecodeTimeBox, Which allows individual CMAF segments and CMAF tracks tha
staft with arbitrary timestamps to be synchronized to a presentation timé€line using a manifes!
presentation time offset.

The¢ CMAF header, associated with a CMAF track, and the MovieFragmentBox and the media sample
datja referenced from it contain everything necessary to rendef the media samples at the correc
plafe on the presentation timeline.

CMJAF tracks can be separately selected and delivered by aplayer, then synchronized at presentatior
tinde (“late bound”), thus allowing each player to customize different CMAF track combinations foj
eadh device, network, and user.

The¢ independently decodable picture at the start of each video CMAF fragment can be obtained
witlh reduced download size for fast forward.gr fast reverse streaming, using a byte range request
forfa partial CMAF segment, or some other protocol.

CMJAF selection sets allow alternativé._content to be offered for playback without requiring the
player to transfer content that it doesinot intend to play.

CMJAF switching sets allows alternative bit rate and resolution encodings of the same content to beg
seamlessly presented througha single video decoder.

The¢ use of Common Encryption supports access to the same encrypted content by multiple
dedryption key deliyéry’systems.

The¢ pasHEventMéssageBox allows CMAF addressable media objects to signal application-defined
trark events with low latency on CMAF addressable media objects already being downloaded during
livg presentations without requiring frequent manifest downloads.

To play an adaptive streaming presentation, a player typically:

98

parses the manifest and selects selection sets of media types it can present on that device (e.g.,
audio only, or audio/video/subtitles/picture in picture, etc.);

compares CMAF switching setinformation, such as the CMAF media profile, to player, decoder, display,
DRM, etc. capabilities to determine the compatible CMAF switching sets in those selection sets;

selects the most preferred compatible CMAF switching set in each selection set, sometimes based
on stored user preferences (language, accessibility, rating, stereo or multichannel audio, etc.);
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— selects an initial CMAF track from each selected CMAF switching set, usually based on estimated
network bandwidth, rapid start heuristics, display size, etc.;

— sequentially downloads the CMAF addressable media objects that CMAF track is packaged in;

— initializes, decodes, synchronizes, and presents the selected CMAF tracks and automatically
switches the next requested CMAF track and bit rate if needed to maintain continuous playback
within the limitations of network throughput.

D.3 Live streaming

Live CMAF presentation streaming is typically optimized for low latency by a player that enly|buffers
h few seconds of each selected CMAF track to minimize presentation delay relative tothe time [content
hrrives at the encoder. A player can select a different bit rate for each CMAF segment if necedsary to
prevent buffer underflow in the player while maximizing media quality. In addition, some serviers and
players can use short CMAF chunks as CMAF addressable media objects to receive media samples from
the encoder in a fraction of the time necessary for the encoder to complete & ¢oded video sequepce and
make it available in a CMAF segment. Bit rate switching is still limited to CMAF fragment boundaries,
.e., the first CMAF chunk of a CMAF fragment. A player can reduce average bit rate in order to|allow a
bhort, low latency buffer while avoiding underflow during network and content variations, or increase
'he buffer duration and presentation latency to operate with more’buffer underflow safety margin or
higher bit rate.

Dnce a player selects the live presentation delay and buffer duration, the delay cannot be dhanged
ithout halting playback and rebuffering, or decoding at\a speed faster or slower than normal, Wwhich is
1sually not possible or acceptable. Measurements of network latency, jitter, throughput rate, throughput
Variation, CMAF segment duration variation, and server/client clock synchronization can help & player
belect an optimal presentation delay and next CMAF segment bit rate to request. Each measurement of
network throughput made by a player is influenced by variable factors, such as local network congestion,
.o, other devices periodically downloadingidata or media segments at the same time, CMAF sggments
being cached on a local CDN node or not,~variations in wireless network reception, etc. Some [players
can take advantage of network awareservers that can provide each player data to help those|players
bptimize bit rate and buffer durationfor reliable low latency playback.

Another factor in low latency streaming is the sequencing of multiple CMAF presentations in a mjanifest.
Players are often required,_to, insert short video advertisements in longer video presentatigns, like
relevision shows. If a playeruses a single buffer and decoder for all CMAF selection sets of on¢ media
'ype, then the presentation delay and buffer duration necessary for ads could be much larger than that
heeded for the live teleyision show and harder to determine in advance. That is particularly trye when
hds are delivered from a different server and are selected during playback based on the viewer) device,
ocation, etc. In-this case, the player needs to select presentation delay and buffer duration syfficient
for the worst=case ad delivery delay, and the CMAF fragments in the television show need to pe time
hligned to_the duration of each advertisement in order to resume the live show on the start of A CMAF
‘ragment\without changing presentation delay. An alternative is to use separate buffers and dgcoders
for the-show and ads, in which case the presentation delays are decoupled. Prerecorded ads| can be
pbrefetched well in advance, and the return to the live show can happen on any frame by switching the
iew, since the show can be continuously buffering and decoding during ad playback

To minimize visible changes between CMAF segments encoded at different bit rates, live CMAF
switching sets may include more tracks with smaller bit rate differences, for instance, a decrease of
30 % to the next lower bit rate track. If changes in video quality between adjacent CMAF tracks in a
CMAF switching set are kept below a “just noticeable difference”, then a player can use frequent bit rate
switching and it will not be apparent to viewers.

In practice, a player processing a CMAF header on each bit rate switch is often not seamless because of
the different behaviour and response times in Web browsers, decoders, etc. when processing a CMAF
header and reinitializing some or all decoding and display parameters. CMAF switching sets with single
initialization constraints provide more reliable seamless switching, so are particularly useful for low
latency live streaming applications where frequent bit rate switching is used.
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