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

take

part in the work.
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document was prepared by Joint Techmical Committee ISO/IEC JTC 1, Information
ommittee SC 29, Coding of audio, picturxe,"multimedia and hypermedia information.

second edition cancels and replaces the first edition (ISO/IEC 23000-19:2018), whi
hically revised. It also incorpépates the Amendments ISO/IEC 23000-19:2018/Amd
[EC 23000-19:2018/Amd.2:2019.

main changes compared to the previous edition are as follows:

hddition of supplemental data brands;

modification to'the structural brand cmfc for compatibility with DASH segments;
Jefinition‘ef-a stricter brand 'cmf2' for legacy devices;

refineménts and updates to HEVC media profiles for SDR and HDR;

trade name used in this document is information given for\the convenience of users and does not

terms and
ence to the

Www.iso.org/

technology,
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1:2018 and

Hefinition of the scalable HEVC media profile;

— 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 body. A
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 into their own specifications for their specific

application.

While these specifications are similar, their differences result in unnecessary duplication

of engineer
increased sf

CMAF prov
adaptive sty
encoded my
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orage and delivery costs.
des a common media specification that application specifications, such as MPEG dynpmic

eaming over HTTP (DASH), can reference and a common media format that-allows a single
Itimedia presentation to be used by many applications.

viii
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Information technology — Multimedia application format

(MPEG-A) —

Part 19:
Common media application format (CMAF) for

Senm oantod maoadia
AAACIILT U

IIICUIA

cope

This| document specifies the CMAF multimedia format, which contains segmented ms
optimized for streaming delivery and decoding on end user device€syin adaptive
presgntations.

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

CMAFF specifies sets of tracks that share encoding and packaging constraints that enable t
of multiple tracks to form a multimedia presentation and“allow seamless switching of]
encodings of the same content at different bit rates, frame rates, resolution, etc.

CMAFF specifies a hypothetical application model that determines how tracks in a CMAF g
are iptended to be combined and synchronized to.form a multimedia presentation. The mod
deliviery to allow any delivery method. The hypothetical application model assumes a n
player, but CMAF does not specify a manifest, player, or delivery protocol, with the intent t
support the hypothetical application model can be used.

CMAF specifies media profiles and brands that constrain media encoding and packagii
tracks to enable seamless adaptivesswitching of tracks and allow devices to identify compat]
by itp brand.

CMAFF specifies presentation’profiles that conditionally require sets of CMAF tracks col
specified media profilestarnd allow content creators and devices to identify compatible
presgntations.

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

ormiative references

dia objects
multimedia

hddressable

he selection
alternative

resentation
el abstracts
anifest and
hat any that

g of CMAF
ible content

1forming to
multimedia

files can be

The following documents are referred to in the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited

eir content
applies. 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
environments — Part 2: High efficiency video coding

ISO/IEC 23009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) —Pqrt 1:
Media preseptation description and segment formats

ISO/IEC 23008-3:2019,Information technology — High efficiency coding and medi@ydelivery in
heterogenedus environments — Part 3: 3D audio

ISO/IEC 23(91-3, Information technology — Coding-independent code points — Part3;Audio
ISO/IEC 23(003-4:2015, MPEG audio technologies — Part 4: Dynamic range congrol

ISO/IEC 23(03-3:2012, Information technology — MPEG audio technologies =< Part 3: Unified speech and
audio coding

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

IETF RFC 6B81:2011, The ‘Codecs’ and ‘Profiles’ Parameters fory“Bucket” Media Types, https://tools.ietf
.org/html/1ffc6381

ITU-R Recommendation BT.709, Parameter values for the' HDTV standards for production and internatjonal
programmelexchange

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

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

ITU-T Recdmmendation X.667:2014, Information technology — Open Systems Interconnection —
Procedures for the operation of-OSI Registration Authorities: Generation and registration of Univensally
Unique Identifiers (UUIDs) and_their use as ASN.1 object identifier components, https://www.itu.int/rec/T
-REC-X.667

ANSI/CTA-08-E R-2014; Line 21 Data Services, http://www.techstreet.com/standards/cta-608-e-rR014
?product_id=1815447

ANSI/CTA-708-E, Digital Television (DTV) Closed Captioning, http://www.techstreet.com/standards$/cta
-708-e?produet—id=1860354

W3C IMSC1, TTML Profiles for Internet Media Subtitles and Captions 1.0, http://www.w3.org/TR/
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
CMAF fragment
encoded ISO BMFF media segment conforming to CMAF constraints

3.1.

CMAF header
sequence of CMAF constrained ISO BMFF boxes that do not reference any media samples (3.3.15), but
are gssociated with a CMAF track (3.2.1) and necessary for the decoding of its CMAF fragmepts (3.1.1)

3.1.3
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)[containing a
partial sequence of the media samples (3.3.15) of a CMAF fragment:

3.14
CMAF chunk
CMAFF media object that contains a consecutive subset of the media samples (3.3.15) of a CMAF fragment
(3.1.11), where only the first CMAF chunk of a CMAF-fragment is constrained to be an adaptiye switching
(3.3.p) point

3.1.%
CMAF segment
CMAF addressable media object (3.1.3)\consisting of one or more consecutive CMAF fragments (3.1.1)
fron] the same CMAF track (3.2.1)

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

3.1.6
CMAF track file
one {MAF track (3.2:1)5stored consecutively in a single ISO BMFF file with the earliest CMAF fragment
(3.1.11) constrained to'start at decode time zero

3.2 | Logicalstructure

3.21
CMAF track
sequence of CMAF fragments (3.1.1) that are consecutive in presentation time, contain one media
stream, conform to at least one structural CMAF brand, together with an associated CMAF header
(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
multimedia user experience, potentially including synchronized audio, video, and subtitles

3.2.6
CMAF medja profile
encoding cgnstraint on a CMAF track (3.2.1) and its contained media samples (3.3.15) assocjated wlith a
CMAF strudtural brand

3.2.7
CMAF presentation profile
requiremenjt on the CMAF media profiles (3.2.6) contained in a CMAF presentation (3:2.5)

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

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

Note 1 to entlry: Manifest formats are not specified in this docunient.

3.2.10
audio progfamme
complete cdllection of all audio programme components and, if present, a set of accompanying presets

3.2.11
audio programme component
smallest ad@iressable unit of an audio;programme

3.2.12
CMAF supplemental data
data that cajn be present ina' ¢MAF track (3.2.1) and its contained media samples (3.3.15) conformajnt to
a set of reqyirements identified by a brand

3.2.13
CMAF stru¢tural.brand
four-characfer. code used in brand-signaling boxes to indicate compliance to box-level constrainfs as
opposed to media-level constraints

3.3 Application model

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 (3.3.2)
resulting in a synchronized multimedia presentation

3.34

CMAF presentation timeline

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

3.3.5
presentatiom time offset
earliest 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 dan also refer
to thpt value stored in a manifest (3.2.9).

3.3.6
CMAF fragment duration
sum| of the media sample (3.3.15) durations documented in the |[frackFragmentRupBox of all
MovikFragmentHeaderBoxes in the CMAF fragment (3.1.1)

3.3.7
CMAF presentation duration
sum|of the CMAF fragment durations (3.3.6) of the longest-CMAF track (3.2.1) in a CMAF presentation
(3.2.5), starting from its earliest presentation time on the CMAF presentation timeline (3.3.4))

3.3.8
selegtion
choi¢e of a CMAF track (3.2.1) from alternatives~in a selection set (e.g., selecting an audio track by
langliage), possibly by user action or stored usér preference

3.39
switiching
charlging to a different CMAF track (3.2.1) during presentation, including adaptively switching between
CMAF fragments (3.1.1) in a CMAF.switching set (3.2.2)

3.3.10

searnless switching
swit¢hing (3.3.9) between CMAF tracks (3.2.1) without interrupting presentation of the media content,
i.e., flecoding medig samples (3.3.15), at the same time and quality as though their contajning CMAF
track was decoded without switching

3.3.11

CMAF switching set constraints
CMAJF media profile (3.2.6) constraints that enable seamless switching (3.3.9) between (MAF tracks
(3.20\n'a CMAF switching set (3.2.2) conforming to that media profile

3.3.12

single initialization CMAF switching set constraints

additional CMAF switching set constraints (3.3.11) so CMAF fragments (3.1.1) do not depend on a different
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 manifest (3.2.9).
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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

Note 1 to entry: The term sample is often used in the context of v1deo to refer to the spatlal samples

of an

»n o«

entry”, “sample size”, etc., and those terms are used without modification in this document.

3.3.16

video spatial sample
quantized vplues representing the colour and brightness of an area of@iimage corresponding to a
dimensional 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,
number beihg an integer submultiple that can be scaled<to the source video size based on video st1
parameters(without position shift or picture aspect ratio distortion

4 Abbreviated terms

vals,

two-

that
eam

AAC advanced audio coding

ABNF augmented backus-hair form
ADIF audio data intetchange format
ADTS audio data transport stream
AOT audie-object type

ASC dudio specific configuration
AU accessunit

AVC advanced video coding

CCE coupling channel element

CDN content delivery network
CMAF common media application format
CPE channel pair element
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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

EBU 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

HEV[ high efficiency video coding

HLG hybrid log-gamma

HRD hypothetical reference decoder

IDR instantaneous decoding refresh

IMDLT inverse modified diserete cosine transform

IPF immediate playoutframes

ISO BMFF [SO base media file format, defined in ISO/IEC 14496-12

KID key idéntifier, defined in ISO/IEC 23001-7

LFE low~frequency enhancement

LKF$ loudness, K-weighted, relative to nominal full scale

MAH 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
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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 universally unique identifier

VOD videO-pon-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.
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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
new profiles without changing the core document. Additional informative annexes have been added 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 each

se 6 describes the segmented media encoding and playback model using the media objects defined

e CMAF.

e 7 describes the use of ISO base media file format for the common media application format brand.

se 8 describes how digital rights management information and encryption is applied to
a application format.

ke 9 describes the general video track format, constraints for NAL structured video tra
video track format.

e 10 describes the general audio track format and specifies two AAC audio CMAF med

e 11 describes the subtitle track format, CMAFumedia profiles for WebVTT and I
tles, and signalling of CTA 608/708 captions embedded in video streams.

e 12 describes the general requirements for CMAF media profiles and CMAF presentat

ex A describes several CMAF media\ profiles, their brands, and a CMAF present

that

conditionally requires some of thdse media profiles. A CMAF presentation shall co

provlisions of Annex A.

Ann
vide
Ann

Ann
to pr

Ann
CMA

Ann

b codec. Systems claimjng\conformance to CMAF using HEVC shall conform to the p

ovide seamless playback with adaptive bit rate and scaling.

bx D describes examples of player track selection, synchronization, and adaptive sw
F presentation.

bx F'describes the use of event messages attached to media objects to deliver metadata

he common

cks, and the

a profiles.

ISC1 TTML

ion profiles.

ion profile
orm to the

bx B describes packaging and codec constraints for some CMAF media profiles using the HEVC

rovisions of

px C describes framing and encoding CMAF switching sets using subsampling and scaling of video

itching of a

Ann

X T describes aittaiming presentation tnming and detivery i the evernt of TisSing

and resources.

dia samples

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.
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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 Overview of the hypothetical application model and media object model

CMAF defirfes a hypothetical application model so that encoding to that model results in consi$tent
CMAF track encoding, representation in manifests, track selection, late binding, synchr tion,
decoding, and rendering of CMAF presentations. (]/

Decoding r¢quirements can be inferred from encoding constraints and the hypotheths% application
model but dre not directly specified by CMAF. CMAF does not specify manifest formats or assoclated
resource idgntification and transport. However, CMAF does specify CMAF addr le media objects
derived from encoded CMAF fragments, which can be referenced as resourcesdy manifest. Ext¢rnal
specificatiohs can define how a manifest describes a CMAF presentation, ilelj,l ing identifying CMAF
addressabld media objects as resources and representing their logical relationships determined by the
CMAF tracks, CMAF switching sets, CMAF selection sets, and CMAF pres ions they are derived from.

Figure 1 illpstrates the media objects that are specified by CMA ,\%rting with the encoded CMAF
fragments that form CMAF tracks, then logical CMAF track sets determined by CMAF track encqding
constraints| then derived CMAF addressable media objects tlééan package encoded CMAF fragnjents

or their medlia samples for storage and delivery. Q
Q
/ L\\\ \
I CMAF CMAF CMAF
Header Fragment Fragment Fragment Fragment
a-sequence of Encoded CMAF Media Objects)

CMAF Logical
Media Objects

CMAF Tracks
Q\ivi.tching Set Switching Set
¥ CMAF Aligned Switching Sets

CMAF Selection Set J

Switching Set

Specified by CMAF —

CMAF Addr i 1 CMAF CMAF
l Media Opjé ; ' Segment Track File
-
%

Not
specified
by
CMAF

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.
Multiple CMAF addressable media object types are specified for different delivery use cases. Use
cases include prerecorded content that is downloaded or streamed as files, and live and on demand
adagtive streaming over the Internet. The size of the CMAF addressable media objects can.ble optimized
for dfficient download and CDN caching, or fast bit rate switching and low latency, % ding on the

applfcation. (1/

Figure 2 illustrates the relationship between CMAF and streaming specificam'co))r{s that| can define

a mapping between their manifest and resource formats, and CMAF pre%ﬁations and the CMAF

addressable media objects they include. (bQ
Fa )

CMAF Specified Not C Flﬁpeciﬁed
Manife.«:Je
CMAF Presentation Manifest A Mapping Spec A
CMAF Selection Set Manifest
Mapping SpedB
CMAF Video Ad;'\"AFbI . Content
o ressable . L
Switching Sets Video Objects ReferenceQ Manifest A descrlptlon.
CMAF \Pe FESaITEES * Media Profiles
ot Adﬁ%ﬁ e Encoding
CMAF Selection Set Me: jects Parameters
CMAF NN * Encryption
: R
SC'.VIA: Au;ho Addressable i N Manifest B Parameters
PR A S Audio Objects * License
Information
CMAF Selection Set * Media Object
Information —
: Manifest B
CMAF Subtitle . * Resource
Addressable Ref to CMAF Resources e
itchi Identification
Switching Sets Subtitle Objects AMddr.essab.Ie
edia Objects
N

o
Higure 2 — C ﬁf hypothetical application model using externally defined manifests that
Q‘ ° describe the CMAF presentations and media objects

6.2 %content processing model

The EMATFcontent Pt U\,Cbbills modeHsshownin Fig ure 3 FEachEMATF Pt esentationiscomposed of one
or more 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
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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, CMAF Subtitle
S Fragments) Chunks) Switching Sets

v

%O

Figure 3 — CMAF presentation conten \neration

CMAF Presentation

CMAF Selection Set

CMAF Video

Switching Sets

CMAF Selection Set

CMAF Audio

Audio Editing St
Switching Sets

Subtitle Docurnent
Editing

K
As illustratpd in Figure 3, video media components are @Ql preprocessed (e.g., subsampled)| and
encoded in[multiple media streams, typically differentiin bit rate and encoded resolution. Media
streams caf be encrypted and encapsulated into CMAF fragments, which can then be packagdd as
CMAF addrgssable media objects appropriate for%@’or more delivery methods. CMAF addressable
media objeqts can be made available as resource and identified as defined by other media application
specificatiops. ‘\Q)

CMAF addre¢ssable media objects are der'x@iAfrom CMAF fragments and CMAF chunks as specifi¢d in

Clause 7, and inherit CMAF fragment censtraints such as alignment of media sample sequences wjthin
a CMAF frdgment, CMAF fragment{}@ae alignment within a CMAF switching set, CMAF track| and
CMAF medip profile constraints, eﬁ) his makes CMAF fragment encoding and decoding independent
of the CMAF addressable medi;dbjects used to store and transport the CMAF fragments. But CMAF

addressabld media objects n ot be constructed by packaging complete CMAF fragments as long as
the resulting CMAF addressable media objects conform to CMAF fragment and CMAF track constrdints.

For live streaming, a@i? fragment in each CMAF track can be encoded simultaneously from [each
media cont¢nt sou omponent, and each CMAF fragment packaged and made available as sodn as
possible as & C dressable media object, such as a CMAF segment or a CMAF chunk.

<

The feature of synchronizing separately stored CMAF tracks during playback is referred to as late
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.

6.3 Late

syn chronization

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,
the presentation time of the earliest presented media sample can be a non-zero value, but is limited to
an equivalent presentation time across all CMAF tracks. All CMAF tracks in a CMAF presentation are
requlired to share a common timeline origin, but they may use different timescales, such-a$ 90 kHz for
videp and 48 kHz for audio, so an equivalent decode or presentation time can have a diffefent integer
valug stored in baseMediabDecodeTime.

A sh
play
frag
time
frag
thel
then

hred CMAF presentation timeline permits synchronization of different CMAF tracks 4t the CMAF
er by, for example, starting presentation with the earliest media sample of.the earliest yideo CMAF
ment and simultaneously presenting selected audio and subtitle CMAF&racks at their gresentation
equivalent to the presentation time of the earliest video media sampleIf an audio or suptitle CMAF
ment contains media samples with earlier presentation times than the earliest video m¢dia sample,
pading media samples are not expected to be presented. If a CMAF presentation contaips no video,

the starting CMAF presentation time can be the earliest audig\media sample.

A CMAF track’s presentation time at the start of the CMAF preSentation can be specified i a manifest
presentation time offset so long as the equivalent offset is specified for all CMAF trackq in a CMAF
presentation. For instance, each period in a DASH manifest is considered a CMAF presemtation. The
requirement that CMAF presentations share a cominon presentation timeline origin mepns that all

presentation time offsets in a DASH Period will berequivalent values.

6.4 | Adaptive switching of CMAF tracksin CMAF switching sets

CMA

cont
med
cons

CMA

F tracks are contained in CMAF switching sets. Only CMAF tracks encoded from the
ent component can belong to the\same switching set, but CMAF tracks encoded fro
a source may also be grouped’into different switching sets that each have differe
traints necessary for seamless adaptive switching.

F tracks in a CMAF switching set have the following characteristics.

['he CMAF tracks-are alternative encodings of a single media content component and
.g., the same audie’or video source.

'he CMAEAracks are perceptually equivalent, e.g., the same aspect ratio, colour spac
btc., typically resulting from encoding the same media source, i.e., master file or input s

skame media
m the same
ht encoding

media type,

e, duration,
tream.

[he CMAF tracks conform to a common CMAF media profile.

Fho CMALR +xac0l-c loccelvz cexaribchabla hacnd A +hn ghraweal ~co ottt c A CATA

ITICTGIVIITT CraCiss ar C-oCaIIC oSSty Svv rcCTraoTC oo s CTO O trC— gt Tar COTISTI articsS UTE GIvIzZ Xt

encoding constraints defined by each CMAF media profile in the CMAF switching set.

QXA caana

“ tracks and

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 specifies encoded media objects in a CMAF track format that applies to all media types and
determines the objects that are encoded and decoded.

CMAF dpecifies logical sets of encoded media objects and their general encoding constraints.

CMAF gpecifies profiles that determine the specific encoding constraints on media objects|that
conforrh to identified interoperability points called profiles.

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

CMAF addrgssable media objects inherit the properties of encoded media objects, their profiles| and
logical medfia object and set constraints, and make the process of encoding/and decoding of CMAF
fragments ihdependent of the delivery method and packaging. Different delivery specifications canfmap
the same CNIAF addressable media objects to their different manifests-to enable interoperability. CMAF
addressabld media objects, such as CMAF chunks and CMAF segments,dre logically derived from CMAF
fragments, but it is up to implementations whether to physically derive them from CMAF fragments by

post procesping or encode and package them directly.

6.5.2 Endoded media objects

6.5.3 Logical media object sets

CMAF gpecifies CMAF headers and CMAF fragments that form CMAF tracks that conform to
CMAF media profiles. These are the encoded ‘@bjects from which all other objects are derived.

CMAF specifies CMAF switching. sets that logically group CMAF tracks that are alternative
encodings of the same content cehstrained to enable seamless switching. A CMAF switching set
is consfrained to simplify seamless switching between tracks by requiring time-aligned CMAF
fragments, constrained enceding parameters, and shared encryption keys.

CMAF dpecifies aligned \CMAF switching sets that logically group multiple CMAF switching| sets
thatargalternative encodings of the same content with time-aligned CMAF fragments. Some plgyers
can sedmlessly switch between time-aligned CMAF fragments in different CMAF switching|sets
that arq encoded with different characteristics, such as different codecs or encryption keys.

CMAF dpecifies CMAF selection sets that logically group alternative CMAF switching sets bpsed
on their content and encoding constraints, e.g., alternative languages or codecs. At most, one CMAF
track at atime 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.

— CMAF specifies CMAF media profiles, CMAF supplemental data, and ISO BMFF brands for 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 intefoperability
and optional functionality including random access and seamless adaptive switching specified as
CMAF switching set constraints. CMAF also specifies guidelines for the specification' of (MAF media
brofiles and matching brands to enable other specifications to define CMAFE)media profiles that
fonform to general CMAF requirements. See Table A.1, Table B.1, Table A.2, and Table A[3.

inclusion of
ming to the
ack devices.

CMAF specifies CMAF presentation profiles and identifiers that conditionally require
CMAF tracks conforming to specific CMAF media profiles. CMAF presentations confor
CMAF presentation profiles in A.1 are intended to be compatible with most media playb

6.5.3.2 CMAF presentation profile identifiers

CMAF presentation profile identifiers identify CMAF presentations containing CMAF tracks
to CMAF media profiles that are conditionally required,by the presentation profile. Play
on the availability of required CMAF tracks based on the presentation profile identifier.
switfhing sets and media profiles can also be includéd in the CMAF presentation to enabl
featyres that might not be supported by all players conforming to the CMAF presentatia
CMAF presentation may conform to and signal,multiple presentation profiles if all the req
tracks for each presentation profile are av@ilable. Presentation profile conformance in
alignment and synchronization of all CMAE tracks.

conforming
brs can rely
Dther CMAF
e additional
n profile. A
hired CMAF
fludes start

6.5.3.3 CMAF media profiles andISO BMFF brands

CMAF file and media profile.brands identify a CMAF track’s file and media conformange to CMAF
track and media profile conStraints. Each media profile defines codec-specific properties| in addition
to those required by all CMAF tracks, such as the CMAF header sample entry, media sample format,

CMAF fragment constraints, media sample presentation synchronization, scaling, mixir
random access and,encoding constraints such as codec profiles and levels. CMAF media
speciify constraints between multiple CMAF tracks in a CMAF switching set, and thereby i

g, layering,
profiles can

mply player

requlirements pecessary to seamlessly switch between CMAF fragments in those CMAF swiltching sets.

6.5.3.4 Signalling of supplemental data in CMAF tracks

CMAF\defines brands, called "supplemental data brands" to identify the presence of additional
information in a CMAF track that is not required by the CMAF media profile of that track. For example,
NAL units, SEI messages, ISO BMFF Boxes can be added to an otherwise conformant CMAF 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 specified in
Clause 12.

This documfent contains the following CMAF profiles.
— CMAF gresentation profiles are specified in A.1.

— CMAF rhedia profiles and CMAF supplemental data are specified in A.2, A.3, A@;and B.5.

Additional |[CMAF media profiles can be specified if they conform to thel’general CMAF track
requiremer:lts, specify and register ISO BMFF brands, and define codec-speeific CMAF track formats,
codec constlraints, and optional CMAF switching set constraints for seamless switching following the
guidelines ih 12.1.

Additional [CMAF presentation profiles can be specified if they conform to the general CMAF
requiremenjts and specify a URL that identifies the conditionally required media profiles, as descijibed
in12.2.

6.6 CMAF media object model

6.6.1 CMAF fragments

In the CMAF hypothetical application model;.CMAF fragments are the media objects that are encpded
and decodegl.

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 fragmerfts to
be decodable independently ofteach other; for example, NAL structured video CMAF fragments comtain
one or morg complete coded-video sequences to make them randomly accessible and independéntly
decodable. JAudio CMAFfragments contain a sequence of audio access units, and subtitle CMAF
fragments ¢ontain a,single subtitle document in a media sample, constrained so that each CMAF
fragment i randomly accessible and decodable. Common Encryption can also signal the necedsary
decryption parameters in each CMAF fragment to make it independently decryptable, in combingtion
with an asspciated CMAF header and keys.

A CMAF fragment typically consists of one MovieFragmentBox and MediabDataBox pair, but can contain
more than one of these pairs. When a fragment contains multiple pairs like this, each pair is called
a CMAF chunk, and each CMAF chunk contains a consecutive subset of the CMAF fragment’s media
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’)

mdicatac frct camnla dacadn HinA
et ESHTStSdrprE-aeCoat—+mhc

Q
Figure 4 — Example CMAF fragment data structure containing a single Ql@zl( chunk
q .
N
6.6.2 CMAF tracks QQ

A CMAF track is a continuous sequence of one or more CMAF fragﬁmlnts in presentption order
confprming to a CMAF media profile and an associated CMAF hea@ he CMAF headef contains a
MovikBox sufficient to process and present all CMAF fragments i (@e CMAF track. A CMAF track can
be produced by an encoder and ISO BMFF file packager, but it iﬁ%de accessible in the form of CMAF
addressable media objects that can be referenced as resource@ ned by an external medid application

specjification. OS\
Thislis illustrated in Figure 5. QQ
CMAF Fragment N \Q CMAF Fragment N+1
) R )

Movie \'edia Data Movie Media Data

Box (‘mdat’) Frigrrsg:'Fox Box (‘immdat’)

Fragment Box
(‘moof’)

Header

Q)
C') }re 5 — CMAF track data structure

N
See (lauses 7 through 11 forS%iditional details on the construction of CMAF fragments and (MAF tracks
of different media typ

6.6.3 CMAF tr les

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

— |tstarts with a CMAF header.

— The CMAF header is followed by a continuous sequence of one or more CMAF fragments stored 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
|
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Q

A sequence|of one or more CMAF fragments can be requested from a CMAF track file r€&1rce, for
example, uding a resource identifier based on HTTP 1.1 consisting of the file URL an @byte rgnge.
CMAF resoyrce identifiers can be listed in a manifest or determined by some oth ivery format
defined mefthod, such as downloading a segmentindexBox to determine the %e%nges of CMAF

fragments. [The manifest and request method are out of scope of CMAF. A CMA ck file can algo be
downloaded or progressively downloaded.

6.6.4 CMAF segments

O
¥

A CMAF segment is a CMAF addressable media object containi g\oohe or more consecutive CMAF
fragments from a CMAF track. External application specifications%ﬁn define how to reference a CMAF
segment with a resource identifier that can be used by server{en manifests to reference and deliver

each CMAF segment in a CMAF presentation. Q
This is illusfrated in Figure 7. Q\\
CMAF Fragment N (%) CMAF Fragment N+1
X
\ Q \
l =\ \
L — \4
I . .
1 Movie Media Data Miovie Media Data
I Fragment Box » y Fragment Box ’ y
. ) Boy, (‘mdat’) > ) Box (‘mdat’)
I (‘moof’) (‘moof’)

AC egment contains a consecutive sequence of
or more CMAF Fragments from a CMAF Track

F@ — Example CMAF segment, addressable media object

CMAF videc gvhent durations are typically 2 seconds to 6 seconds for coding efficiency, and CMAF
segment duf égfns are typically not greater than 10 seconds to 12 seconds to limit delivery latenty in
live streaming 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
fragment. The switching and splicing constraints are determined by the CMAF fragment. Boxes that
lead the MovieFragmentBox in a CMAF fragment can also lead the MovieFragmentBox of the first CMAF
churk, although they are not shown in this example.

Example: CMAF Fragment containing a Coded Video Sequence of 20 samples Q(ll
|

HEER ENER HERN
‘mdat’ in CMAF Video Fragment
\Q/ Encoder

Same media samples packaged in CMAF Chunks for low cy encode and transfer

EEEN EEER EEEE < EEEE EElEE

e e e e

N>’ |
EEEEO EHEEE

gutput time

encoder encoder g\\} encoder encoder encoder
output time output time output time output time output time
¥
Figure 8 — CM hunk, addressable media objects
4\

6.6.6 CMAF switching sets als\g_}daptlve switching

\\
6.6.6.1 Overview C)

As illustrated in Fi %CMAF switching sets contain time-aligned CMAF fragments that start with
streqm access poir@g%SAP type 1 or 2) and timestamps to simplify switching betweep tracks by
sequencing CMA@agments from different CMAF tracks during playback.

D
&S
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Figure 9 — A CMAF switching set

5t description of CMAF switching sets and the CMAF tracks thiey contain is out of sco
pecification, but manifests are expected to contain enough \CMAF track and addres;
t information to enable automatic CMAF track selection afid adaptive switching by play

pcoding adaptively switched CMAF tracks

media profile can optionally specify one or_more CMAF switching set constraints
brs to seamlessly switch between alternatives\CMAF fragments in a CMAF switching
hing set constraints enable player functions‘including decoder and decryptor initializa

5 perceptually seamless as possible.

brofiles in the CMAF specification\reference or define CMAF switching set constraints
eam of CMAF headers and CMAF fragments to decode on decoders without downlog
CMAF fragments or requiring the use of multiple decoders.

bly delivered CMAF switching set results in a timed sequence of CMAF headers
player selects frommultiple CMAF tracks contained in a CMAF switching set. The encqg

ded and decoded: " They are independent from CMAF addressable media object packd
ng storage oritransport.

rack forfmat specifies two types of CMAF switching set processing, determined by sp4
on NAE structured video track formats referenced by some CMAF media profiles

bd

be of
able
rers.

that

set.
tion,
btive

that
ding

and
ding

of the CMAF switching set and CMAF media profile determine how the CMAF switchinig set

ging

cific
If a
ssed

hing-set conforms to general constraints, a CMAF track’s header is assumed be proce

before every switch to that CMAF track. Additional constraints are specified for a CMAF switching set

conforming to single initialization constraints that do not depend on processing a new CMAF header to
switch to other CMAF tracks within a CMAF switching set.

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
Header

Multiple Initialization Switching Process

Track 1 Track 2 Track 3 W Track 4
\®
FHeader Header Header ({;5 Header

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

6.6.6.3 Displaying adaptively switched video CMAF tracks

The jnormative behaviour of a video decoder processing a‘single track is well-specified in
codec specification, such as AVC, but display processing is considered out of scope of
spediifications. For instance, AVC does not specify the’conversion by a display processor of

ronstraints

each video
those codec
YCbCr 4:2:0

videp spatial samples and colour subsamples outpuitby a decoder to 32-bit or 48-bit RGB pixels in a size,
coloWir space, resolution, and refresh rate appropriate for a specific display.

Ada
syst
frag
swit
sam
incly
conf
proc

tive switching, enabled by CMAF media'profile constraints, allows a player’s decoder
bm to deterministically scale different video spatial sampling used to encode diffé
ments to the same display size, position, and refresh rate. The encoding of CMAF track
Ching set is constrained so that'a sequence of CMAF fragments can be accurately res
e presentation height and width'with precise registration and visual continuity of the vifleo content,
ding its size, shape, locatien, colour, brightness, etc. The variations allowed between QMAF tracks
brming to CMAF switchihg set constraints determine the scaling behaviour needed in display
essors, but display processing and other player requirements are not directly specified by CMAF.

and display
erent CMAF
s in a CMAF
raled to the

6.6.6.4 Video parameter set storage and processing

The CMAF header of a CMAF video track needs to be processed on each CMAF track switch
parameters.and parameter indexes are not identical between CMAF tracks, and paramet
change are'not signalled in each CMAF fragment. This is often the case when each video
stor¢sthe video parameter set(s) for that CMAF track in its CMAF header sample table, e.g
3 srmattnthatease s 3 i y e idesxtheeorrect encoded
video 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.

if decoding
brs that can
CMAF track
, the "avcl’

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 a

ToO T Ca I O ST I T O TSI PTG

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

In this|case, each CMAF header contains initialization information in the video ©onfiguration
record pnd/or additional boxes as specified in Clause 9 and/or a manifest, but the'SPS, PPS] and
VUI infprmation used for decoding is stored and indexed within each coded video sequence and
CMAF firagment. The initialization information is sufficient for the CMAF media profile identfified
by brand in each CMAF header, and re-initialization is only necessary if switching to a higher CMAF
mediallrofile. For example, when a CMAF switching set contains some CMAF tracks that conform
to both|SD and HD profile, but others that only conform to HD profile,a’decoder initialized tp HD
could switch all CMAF tracks without reinitializing, but a decoder(initialized to SD would ne¢d to
limit playback to SD media profile CMAF tracks, or reinitialize to.HD, if possible.

For NAL strjuctured video, single initialization encoding can be accemplished by encoding the Sequence
Parameter pet and Picture Parameter Set NALs in the IDR access unit that begins that coded yideo
sequence (g.g., using the 'avc3' sample description and track format). Then the decoder and digplay
processor cqn reference the parameter set necessary to,décode and scale each CMAF fragment fror the
parameter get stored in the first media sample of each CMAF fragment.

Continuity between a sequence of CMAF presentations is not specified by CMAF (typically a marfifest
defines sequences of CMAF presentations);However, seamless playback of sequenced CMAF
presentatiops is possible with CMAF presentations that conform to the same single initialization
constraintsfand signal in-band parameters@n each CMAF fragment.

6.6.7 CMAF selection sets and late.binding

A CMAF selection set is a set_of. CMAF switching sets, where each CMAF switching set encodds an
alternative faspect of the same“presentation over the same presentation time, for example, diffgrent
audio langupges, video camera angles, video formats, or codecs.

CMAF playefrs are expécted to select one CMAF switching set from each CMAF selection set at the st3rt of
playback balsed on player compatibility and user preferences. Users or playback applications may sWitch
between CNIAF switching sets in a CMAF selection set during playback, but seamless presentatipn is
not expecte(d,<either because the content differ mera view) or bedause
CMAFfI‘ag ime alionment and decoding are a 0R-S 2 a ge-SEe4

Aligned CMAF switching sets are encodings of the same source content with time-aligned CMAF
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.

English AAC stereo CMAF Switching Set (single Track)

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

AUd'O_ French AAC stereo CMAF Switching Set (single Track)
Selection —
Set

I English WebVTT description CMAF Switching Set (single Track)
Subtitle English TTML description CMAF Switching Set (single Track

Selection —
Fummalk VAIALAITT doilh ARAAT Cuiiidaliica~ Cas [niaola Tua Al
Set FTITIHILIT VVTUV I T UUN CIVIATL OVWILLLTTITE OTL \JIgIc 11avng ]
. French TTML dub CMAF Switching Set (single Track)
- A \V |
SD Media Profile CMAF Switching Set (multiple Tracks)
Video
Selgction — HD Media Profile CMAF Switching Set (multiple Tracks)
Set|

UHD10 Media Profile CMAF Switching Set (multiple Tracks)

O
Figure 11 — Example of CMAg\s?ection sets

The Hdescription of selection sets in a manifest is no@ned by the CMAF specification; hgwever, each

manjfest format is expected to provide sufficient i mation to enable players to select optimal CMAF
switfhing sets from CMAF selection sets. g\\}
Whepn there are multiple tracks in a selec Qset that differ by language, the language of each track

needs to be identified to at least the precision needed to differentiate the tracks, using the language
field|and optionally the ExtendedLang&%Box as defined in ISO/IEC 14496-12.

Whein there is more than one tra@ that is visually presented (e.g., video and subtitles), the visual
layering of the tracks is indicated by the track header's layer field. CMAF recommends that subtitle
CMAF tracks be positioned ayer -1 (ISO BMFF tracks with lower layer numbers ov¢rlay higher
layef numbered tracks) and'video CMAF tracks may be packaged with layer zero, or valuep relative to
subtjtles per the conte@réator’s intended effect.

O

6.6.8 CMAF p$gdtation timing model
i

Thetle are nﬁ'p e timelines involved in synchronizing a CMAF presentation. Each tinjeline has a
timegscale j its per second, increases at a continuous rate over time, and has an origifn where the
meagurelequals zero.

N
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Global realtime timelines with different origins

VvV V'V

Track Presentation time

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

offset g Origin = zero CMAF Presentation Timeline

< 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

Common d

All CMAF t
in the Trac
sample’s pr
when neces
(coincident)

The timelin

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

. - Ld— audio presentation time offset edit list, if needed t6 subtract decoder dela
pcode time origin

Figure 12 — CMAF timelines and synchronization model

bsentation time relative to its decode time using‘composition offsets and offset edit

timeline origin. The timelines and their relationships are illustrated in Figure 12.

£S are:

facks in a CMAF presentation are specified in Clausec7*to measure baseMediaDecodeTime
kFragmentBaseMediaDecodeTimeBox from the sameftimeline origin and adjust each njedia

lists,

sary. The resulting presentation timelines and*decode timelines all reference the game

a) Track decode time — Is determined by tlie storage sequence and duration of each media saple,

and fory
baseMe

b) Track ¢
relativd

iaDecodeTime Of the first CMAFfragment.

to its decode time and is-ised to reorder video media samples to their presentation or

c¢) Track

each media sample’s composition time, as shown for a CMAF audio track in Figure 12.

d) CMAF presentationtimeline — [s defined in CMAF to start with a CMAF presentation time g
to zero) at the_€arliest video media sample presentation time, or the earliest audio media sa
presentation-time if there are no video CMAF tracks. The CMAF track presentation time at C
presentation-time zero is its “presentation time offset”, which can also be represented in
manifegtformats, such as DASH.

resentation time = [s determined by applying any offset edit list in the CMAF head

any media sample, equals the~sum of all prior media sample durations added tq the

omposition time — [s determined by each sample’s composition offset in the TrackrynBox

der.

er to

qual
mple
MAF
ome

e) Wall clock time — This timeline is important for live presentations, e.g., UTC time at the time of
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 t

24

o the ISO BMFF movie timeline.
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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
samples in CMAF tracks are stored in movie fragments, and the first CMAF fragment can have a
Nnon-zero baseMediaDecodeTime in the TrackFragmentBaseMediaDecodeTimeBox. The decode time of
eachl media sample equals the sum of prior media sample durations in the CMAF track.added to the
baseMediaDecodeTime of the first CMAF fragment in the CMAF track. The decode time€)of|each media
sample also equals the sum of prior media sample durations in the CMAF fragment-that contains it
adddd to the CMAF fragment’s baseMediaDecodeTime.

Manijfests can specify a presentation time offset for each CMAF switching set.to determinfe the CMAF
track presentation time at the start of each CMAF presentation. The staftyof CMAF presentations is
assumed to be the earliest video media sample when video is included in a CMAF presentation,
othefwise the earliest audio media sample. To maintain audio, vid€o, and subtitle syndhronization
encoded in the CMAF tracks, the presentation time offset of every CMAF switching set in a njanifest will
be efuivalent, which means equal presentation time offsets, but"possibly different integerf values and
timescales per CMAF switching set. Matching presentation tifne offsets plus CMAF presenptation time
in eqch CMAF track being presented maintains the encoded‘synchronization between audid, video, and
text pontent on playback.

A manifest can select different start and end times with presentation time offsets and dqurations to
present different timespans of the CMAF presentation timeline to play a portion of a CMAF presentation.

Coded Video Sequence Coded-Video Sequence Coded Video Sequence CVY
| | | |

CMAF
" e o 0
Header \0
Matching the @anliest Presentation time
" of each GMAF Track results in A/V sync

Audio Samples Audio Samples Audio Samples
| | |

[ (N O NN N NN

Aydio sample | A]
Not presented

CMAF
Header
Eachfragment contains complete video or audio media sample sequences or sync samples
Start alignment, Fragment alignment, Fragment duration, and Sample duration often differ between Selection Sgts

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

switching set presentation time offsets accordingly.

However, i
CMAF fra
the next avi
timeline. Ex
in the case
maintain A

6.6.9 Mal

Although C}
is a docume
Description

synchronizg

A manifest
the CMAF t
download t]
decoding, a
network m4
presentatio

In cases wh
in a sequen|
media profi
tracks and ¢

6.6.10 CM.

CMAF head
addressable
referenced

g];ents in a continuous CMAF presentation, players can use the baseMediaDecodeTiy

hilable CMAF fragment to resume presentation synchronized to the current present:

of on demand or buffered media, but all CMAF tracks have to skip the same’ durati
V synchronization.

nifest information

IAF does not define the form or the content of the manifest, it do€s define its role. A marn
nt that describes one or more CMAF presentations, e.g., an MBEG DASH Media Present

bd multimedia presentation.

provides the player with information to seleCt, “initialize, start align, and synchrd
rack(s) to be played and identify CMAF media‘objects as resources to access and pos
nem. CMAF tracks and CMAF fragments contain sufficient information to enable decryp
hd presentation scheduling. A manifest.eati also provide information on delivery prot
nagement, authorization, license acquisition, etc., in addition to resource identification]
h description. The manifest can also;signal that tracks conform to a CMAF media profil

bre there are multiple CMAF tracks in a CMAF switching set or multiple CMAF presenta
ce, a manifest can indicate.to a player that the CMAF switching set conforms to a C
e and CMAF switching set\constraints, so a player can select and initialize compatible C
an switch seamlessly betiveen those CMAF tracks, reinitializing only when necessary.

\F addressable media objects, resources, and resource identifiers

ers, CMAF _chunks, and CMAF fragments can be packaged and referenced as C
media objects for storage and delivery. Each CMAF addressable media object ca
s a resource as specified by an external specification, e.g.,, MPEG DASH (ISO/IEC 2300¢

pged
e of
ition

ror concealment could include repeating video frames and skipping over missing content

n to

ifest
ition

(MPD). A manifest is responsible for describing the combination and synchronizati¢n of
independenfly packaged CMAF tracks grouped in CMAF switchirg sets and selection sets to fo

rm a

nize
sibly
tion,
ocol,
and

D

ions
MAF
MAF

MAF
nh be
-1).

External sp

ecifieations 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 for decoding and presentation. A common example is a CMAF addressable media object packaged
as the body of an HTTP response and identified as a resource by a unique segment URL. A CMAF track
file can be segmented during delivery by adding 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

9:2020(E)

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

'cmf

Seve

7.2

2' brand further restricts the 'cmfc' brand.

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

CMAL
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A CN
with
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such
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spec

CMA
and
med

Anl
shou
(whd
wha
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ke 7 defines the requirements and constraints that apply to all CMAF tracks.

[AF track should include all structural CMAF brands that it conforms to, indicating c

Clause 7 and Clause 8 (specifying file format and optional encryption, but not medij
file brands also declare that boxes specified in common encryption (ISO/TEC 23001-7
IEC 23009-1) may be present.

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

a profiles and their brands may specify additional box requirements and CMAF track
as the CMAF media profiles that reference the NAL structured video CMAF track for
ause 9, incorporating boxes specified in ISO/IEC 14496*15, and AAC audio CMAF t
ified in Clause 10, incorporating boxes specified in ISOHEC 14496-3.

F also specifies addressable media objects in sibelause 7.3.3 that are derived from C
have segment type brands that may be included in a segmentTypeBox prepended to an
a object to identify its type (see Table 1).

Table’l — CMAF brands

bnformance
L encoding).
) and DASH

constraints,
mat defined
rack format

MAF tracks
hddressable

Brand Location

Conformance requirements

cmfc

N
(o)}

FileTypeBoxandSegmentTypeBox

cmf2

N
N

FileTypeBox and SegmentTypeBox

cmfs SegmentTypeBox

~N
o~

3.1

cmfl SegmentTypeBox

N
o

3.

N

cmff SegmentTypeBox

~N
o8]

2.3

50 brand, suclras 'is09', that indicates the ISO BMFF boxes actually present in each
Id be listéd in compatible brands to improve interoperability with file readers. The '
re “X” represents a number or letter) specified in each new edition of ISO/IEC 14496-12
[ boX ,versions are allowed in CMAF tracks, unless specifically constrained by t
traints of CMAF structural brands as specified in this clause.

CMAF track
| sox' brand
determines
e common

If any of the structural CMAF brands is the major brand, the minor version shall be set to 0, and file
names should use the file extensions in Table 2. Otherwise, file names should use the file extension and
Internet Media Type specified to match the major brand, e.g., * .mp4, *.3gp, *.uvv and * . uva.

NOTE

vers

ion number.
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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 associated with it, although the CMAF header and CMAF fragments
might not be stored as an ISO BMFF file, and might not be stored at all, i.e., only existing temporarily as

streams.

7.3 CMA]

7.3.1 CM

CMAF track
specified in
in the “Sped

Some boxes
in the “Con
2015 editio

in a CMAF
FileTypeBo

CMAF addr
CMAF fragn

Additional |

F media objects

AF boxes

s shall include the following ISO BMFF boxes with nesting, optionality;”and cardin
Table 3 through Table 5, with box definitions incorporated by referenee.to the clauses 1
ification” column that reference ISO/IEC 14496-12, ISO/IEC 23001-7 or' ISO/IEC 23009-

are additionally constrained by CMAF, as specified by clausesin this document refere
straints” column of Table 3 through Table 5. The normativeveferences are dated, e.g
h of ISO/IEC 14496-12, so the box versions and featurestdefined in that edition are

track unless additionally constrained by CMAF or by*“the 'isox' brand promised iy

K.

bssable media objects are derived from the CMAFtrack, CMAF header, CMAF chunk
nent recorded media objects and specify additional box constraints in subclause 7.3.3.

pboxes and constraints are specified by CMAF track formats and CMAF media profile

specific audlio, video, and subtitle formats (see subclause 7.4.4).

ality
sted
1.

nced
, the
ralid
| the

and

s for

Legend for Table 3, Table 4, and Table 5

The “Format

“w,n

+ me
“0/1” in

“1” indi

profile

o meIs “zero or more” may be present;

s “one or more” shall be present;
dicates only one boxuray be present, and it is optional;

Cates one box shallbe present;

“CR” indlicates thata@box is conditionally required as specified in the CMAF track format or a specific n

ind shall\be present under those conditions (see “Constraints” column).

Req.” column indicates the numbériof boxes that are required to be present in a CMAF track, where:

edia

Table 3 — CMAF header boxes

NLO | NL1|NL2 |NL3 |NLA4]| NLG5 F‘;{:q‘at 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 CMAF75.1 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
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Table 3 (continued)

NL O | NL 1 |NL 2 |NL 3 | NL 4 NL 5 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
eln 0/1 ISO/IEC 14496-12 Extended
g language tag
ISO/IEC 14496-12 %dia
minf 1 q brmation
(\Q /container
ISO/IEC 14496-12 CMAF X ,V Video media
vmhd CR Z‘?\% hegder
nhd crR |ISO/IEC14496-12  [C 757 Sofind media
ON header
cthg cR |1SO/IEC 1449612 ~ [CMAF 75.8 Subtitle media
~ (]/ hegder
Ging L 1S0/IEC 144@-2’ Dafa
\\ infprmation box
lSO/I%L&I,“%-lZ CMAF 7.5.9 Dafa reference
bok, declares
dref 1 ‘\\ soyrce of media
, O data in track
Q ISO/IEC 14496-12 CMAF 7.5.12 Sample table box,
stbl Q container for the
\ tinje/space map
\Q\' ISO/IEC 14496-12 | CMAF 7.5.10 Safple
degcriptions (see
stsdQ 1 Table 4 for addi-
\\. tiopal details)
@QS;ts . ISO/IEC 14496-12 | CMAF 7.5.12 Defoding, time
\\ to fample
\O stsc 1 ISO/IEC 14496-12 CMAF 7.5.12 Sample-to-chunk
F\b stsz/ 1 ISO/IEC 14496-12 CMAF 7.5.12 Sample size box
f\\;-) stz2
. \.) stco 1 ISO/IEC 14496-12 CMAF 7.5.12 Chpink offset
: ISO/IEC 14496-12 CMAF 7.5.18 Sample group
\& sgpd CR degcription box
@) stss CR  [ISO/IEC14496-12 |CMAFZ75.12  |Syfcsample box
@ ‘ta 0/1 ISO/IEC 14496-12 User data box
') ™ cprt * ISO/IEC 14496-12 Copyright box
N\ kind * ISO/IEC 14496-12  |CMAF 7.5.3 Trdck kind box
Q ) L 1SO/IEC 14496-12 Mdvie extends
\ - box
ISO/IEC 14496-12 CMAF 7.5.1 Movie extends
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

© ISO/IEC 2020 - All rights reserved
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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
schm 1 ISO/IEC 14496-12 Scheme type box
schi 1 ISO/IEC 14496-12 Scheme information box
tenc 1 ISO/IEC 23001-7 CMAF 74.1 Track encryption box
NOTE Table §t is a continuation of Table 3 showing nesting levels 5 to 8 separately to reduce table width.
Table 5 — CMAF chunk, CMAF fragment, CMAF segment, and CMAF track file.boxes
NL O Nl 1 NL 2 NL 3 NL 4 NL 5 F‘;{:gat Specification Constraints Descriptign
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 messagq
moof + ISO/IEC 14496-12 Movie fragmernt
nthd 1 ISO/IEC 14496-12 Movie fragment
header
tyaf 1 ISO/IEC14496-12 Track fragmenjt
tfhd 1 ISO/IEC 14496-12 CMAF75.16 Erack fragmenft
eader
ISO/IEC 14496-12 Track fragmenit
tfdt 1, base media
decode time
trun 1 ISO/IEC 14496-12 CMAF 7.5.17 gg?(ck fragmenft run
senc 0/1 ISO/IEC 23001-7 CMAF 8.2.2.1 lS)a(l)gmle encrygtion
ISO/IEC 14496-12  |CMAF8.2.2.1  |Sample auxiliary
saio CR information
offsets box
ISO/IEC 14496-12  |CMAF8.2.2.1  |Sample auxiliary
saiz CR information siges
box
sbgp * ISO/IEC 14496-12 Sample to group box
add % ISO/IEC 14496-12 CMAF 7.5.17 Sample group
gp description bok
subs CR ISO/IEC 14496-12 CMAF 7.5.19 _Sub—sample
information bqx
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.

3) The MovieBox shall start with a MovieHeaderBox, as constrained in subclause 7.5.1.

7.3.2.2.
NOTE Timed metadata tracks can be provided as separate CMAF tracks in a'separate

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

5) The MovieExtendsBox may contain a MovieExtendsHeaderBox,.as defined in ISO/IE

box shall be omitted.

d) |f the CMAF header requires sample entries with a decoder configuration record, as

he maximum values contained in all CMAF fragients in the track to enable a single i

7.3.2.2 CMAF track

Table-6°— CMAF track structure

i) The MovieBox shall contain exactly one track containing media data as specified. in subclause

selection set.

ndicate that

C 14496-12,

and if so, shall provide the overall duration of the CMAF track.If the duration is unknown, this

bpecified by

h CMAF media profile, with decoding and rendering patameter limits, such as codec profile, level,
mage height, width, etc., then the first sample entryéhall contain parameters equal or greater than

nitialization

bf media decoding and rendering systems to render all CMAF fragments in the CMAF tifack.

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
Fragment

A CMAF track as‘defined in subclause 3.2.1 has the structure shown in Table 6 and confprms to the

following constraints.

a) A CMAF:track shall conform to at least one structural CMAF brand and contain the set of boxes in

[able 3, Table 4, and Table 5, with the conditions and optionality listed.

b) The concatenation of a CMAF header and all CMAF fragments In the CMAF track in

consecutive

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 TrackFragmentr
MovieFragmentHeaderBox.

unBox in the

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.

© ISO/IEC 2020 - All rights reserved
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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 chunks as defined in subclause 3.1.4 are the smallest CMAF media object that can be encoded,
and they can be referenced as addressable media objects.

Each CMAF|chunk conforms to the following constraints:

a)
b)

h)

32

Table 7 — CMAF chunk structure

NL 0 Format Specification CMAI.? Description
Regq. constraints

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

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

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

moof 1 ISO/IEC 14496-12 |CMAF Table5 |[Mqvie fragmentbox and
the boxes it contains

ISO/IEC 14496-12 |CMAF 7.5.19 Media data container for

mdat 1 .

media samples

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

The MotieFragmentBox shall conform to the'constraints of the structural CMAF brand constraints
specifigd in Table 5, such as containing only one TrackFragmentBox that contains only| one
TrackRynBox.

NOTE 1| Since there is only one TrackRunBox per MovieFragmentBox, all media samples of a CMAF chunk
are locafed in a single track run in\ohe MediaDataBox.

The MefiiaDataBox shall .Contain all media samples referenced by the TrackrunBox and should
immedjately follow the-Ts4ckrRunBox in byte order.

All media samples-in'a CMAF chunk shall be addressed by byte offsets in the TrackrunBox thaf are
relative to the first byte of the MovieFragmentBox. See ISO/IEC 14496-12.

A CMAF chunkshall contain a consecutive subset of the media samples of a CMAF fragment.

A CMAE chunk shall conta
of the 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

© ISO/IEC 2020 - All rights reserved


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

j)

7.3.2.4 CMAF fragment

ISO/IEC 23000-19:2020(E)

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
CMAF segment. The SegmentTypeBox is specified by ISO/IEC 14496-12 to be the first box of an ISO BMFF

egment and can be ignored in other locations.

NOTE4 A segmentTypeBox prepended to CMAF chunks or fragments at the time offéncoding can be
hseful as a media object delimiter and identifier. It allows indexing and packaging operatiops to rapidly
ocate and identify CMAF chunks and fragments within a CMAF track without deep inspection df elementary
streams or other clues to identify CMAF fragment boundaries and preceding boxes.intended [to be part of
bach media object.

A CMAF fragment as defined in subclause 3.1.1 contains one or mote CMAF chunks, thergfore CMAF
churtks may be present in CMAF addressable media objects, includinig CMAF segments and CMAF track

files

and a CMAF chunk may be referenced as a CMAF addressable media object (see subclause 7.3.3.2).

Table 8 — CMAF fragment'structure

Format PR CMAF o
NL 0 Reg. Specification constraints Description
styp 0/1  |ISO/IEC 14496-12 CMAF 7.2 Segment type
Signalling compatibility to CMAK fragment
prft 0/1 ISO/IEC 14496-12 Producer reference time
emsg * ISO/IEC 23009-1 CMAF 7.4.5 Event message
CMAFEF Chunk 1+ CMAF 7.3.2.3 CMAF chunk

Each CMAF fragment conforms:to the following constraints:

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

b) Each CMAF fragment, in combination with its associated CMAF header and optional| decryption
key(s), shall.centain sufficient metadata to enable the CMAF fragment to be decoded| decrypted,
hnd displayed when it is independently accessed.
NOTE.1= For example, if sample groups and sample group descriptions are used to signal enlcryption key
hanges, then a sampleGroupDescriptionBox and SampleToGroupBox probably need to be present in the
[ *aekFragmentBox to make the CMAF fragment randomly accessible and decryptable.

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

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).

d) 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.

e) A CMAF fragment can be referenced as a CMAF segment and may have a segmentTypeBox prepended

© ISO/IEC 2020 - All rights reserved
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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.

Each CMAF fragment in a CMAF track should have a duration of at least one second, with the
possible exception of the first and last CMAF fragments of the CMAF track.

NOTE 4| Additional constraints specific to video, audio, and subtitle media types are specified in Q&‘es 9,
10, Ann¢x A and Annex B. (1/

Figure 14 illustrates the box sequence (left to right) and containment (top to botto@ of a CMAF

fragment. QQ/
S A yeT T T T
: 1 :
:Segment :: preeliey :: Event :
1 1 .
! Type fleference 11 pegsage 1 Movie Fragment ('moof') Meldla D:‘:\ta
Cestyp) t | ML Cemsg) ('mdat)
1 1 : ('prft’) L :
: : 1 1 1
[ DI L 7

Movie Protection '
Fragment Specific
Header Header

Box Box
('mfhd")

Track Fragment (‘traf’)

Sample

Group

Descrip
tions

Sample Sample
Sample Aux Aux
Encryption Info Info
Header Box Sizes Offsets
(‘tfhd’) (‘'senc’) Box

Box
(‘saiz') (‘saio’)
O

Sample
o
Group
B

N . Box
() (sgpd’)

N
NOTE5 Lewer boxes indicate containment in the box above. The sequence of boxes contained i the
TrackFragmg¢ntBox ('traf') is only recommended. Light shaded boxes are always optional. Light boxes ip the
bottom row pre required or co onally required when encryption is used. This example contains one (MAF

chunk ("moof', 'mdat')int AF fragment.

7.3.

7.3.

34

Q-

@rre 14 — CMAF fragment box sequence and containment

D

3 CMA(@S{iressable media objects

3.1 CMAF 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

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

a) A CMAF segment shall include the boxes in Table 9, with the conditions and optionality

b) A CMAF segment shall contain one or more complete and consecutive CMAF" fr
lecode order.

c) A CMAF segment may include a ProducerReferenceTimeBox and/or. HASHEventMeg
breceding the first MovieFragmentBox.

d) A CMAF segment may include a segnentTypeBox preceding all otherboxes in the CMAF s
begment TypeBox should include the CMAF segment brand ' cnfs/,and may include any ¢
brands listed in the FileTypeBox of the CMAF track’s CMAF headér.

NOTE Preceding boxes can be prepended to CMAF-/chunks or CMAF fragme
bf encoding or prepended to CMAF segments at timecof delivery. It is expected that

brocess the boxes prepended to a CMAF addressablé/media object, but they will ignore
when located within a CMAF addressable media.ebject, i.e., not prepended to the first (
n a CMAF segment. The segmentTypeBox is specified by ISO/IEC 14496-12 to be the fix
SO BMFF segment and can be ignored in otherrlocations.

7.3.3.2 CMAF chunk

A CMAF chunk is specified as a data strueture within a CMAF fragment in subclause 7.3.2.3,

churtk may also be referenced as a GMAF addressable media object, e.g., for low latency live

Thetle is no direct restriction.an*the SAP type of the first media sample in a CMAF chun

inhefitance of CMAF fragmént-media sample constraints specified by a CMAF media prof]

videp CMAF media profiles typically constrain the initial media sample type to be SAP 1 o

CMAFF chunk in a CMAF«fragment inherits that media sample constraint.

Adaptive switching.in players is normally limited to the earliest CMAF chunk in a CMA
Prepending a segmentTypeBox to each CMAF chunk with appropriate brands can indicate t
CMAF chunkthatis also the start of a CMAF fragment.

A se bmentTypeBox, ProducerReferenceTimeBox, and/or DASHEventMessageBox (es) may be p

listed.

agments in

sageBox(es)

boment. The
ompatible

nts at time
players will
these boxes
MAF chunk
st box of an

but a CMAF
streaming.

K, except by
ile. Because
r 2, the first

F fragment.
he start of a

repended to
, only when

A¥rchunk at time of encoding or time of delivery. In a CMAF addressable media object

v, C D 0 D10 OV a1

7.3.3.3 CMAF track file

ayer.

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 sin

gle file that

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

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

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

Additiopal boxes, such as segmentIndexBox (es), may be present between the CMAF headef and the
first CMAF fragment.

If segmqnt IndexBoxes exist, each subsegment referenced in the segmentIndexBox shall be a slngle
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 vided CMAF track may use vl TrackRunBoxes using negative composition offsets to adjust the
compodition time of the earliest presented video media sample in'edach CMAF fragment tp its
baseMediaDecodeTime and the earliest video media sample in the-CMAF track file to zero, without
using ah offset edit list.

These genefal CMAF switching set constraints, plus“specific constraints defined by a CMAF njedia
profile thatthe CMAF switching set conforms to, aresintended to enable seamless adaptive switching by

typical playgrs.

Each CMAF|switching set as defined in subclause 3.2.2 conforms to the following constraints.

a)

b)

c)

d)

f)

g)

h)

36

A CMAF switching set shall contdin one or more CMAF tracks, each of which is a synchrorized
encoding of the same source content.

A CMAF switching set shall'contain CMAF tracks of only one media type, i.e., audio or vidgo or
subtitlés.

All CMAF tracks ina\CMAF switching set shall have the same duration (computed from the media
sample[durations;optionally stored in a MovieExtendsHeaderBox).

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

For anylCMAF fragmentin one CMAF trackin a CMAF switching set, there shall be a CMAF fragment
with the 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.

NOTE2 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 Tahle 3 and Table 4 that are not listed in Table 11 may

tontain 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 [se€1)-in 7.3.4.1]
hwhd Shall be identical except for creation time and mddification time

khd Shall be identical except for width, height, creation time, andhodification time.See NOTE 1.

Frex Identical
¢lst Shall be identical except for video CMAF track files with a different composition qffset
ndhd Shall be identical except for creationitime and modification time
hehd Identical
peta May contain{different boxes and data
dta May contain different boxes and data
bprt Identical
cind Identical
¢1lng Identical
hdlr Identical
ymhd Identical
mhd Identical
thd Identical
ref Identical

Sample-entries shall have the same codingname (four-character code) and conform to ¢ther CMAF

tsd track format and media profile specified constraints. See NOTE 2.
gpd May differ
bssh Identical
infi Identical
(s Identical
schm Identical
frma 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)

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 con

tinue decoding CMAF fragments from any CMAF track in the CMAF switching set.

The two types of CMAF switching set constraints and processing are illustrated in Figure 10.

7.3.4.2 CMAF switching set single initialization constraints

Encoding o
initializatio
profile or t
constraints

In general, s

— a “common CMAF header” in all CMAF tracks containing all decoding;,decryption, and rendg

parame

“inband
only us
This is
formats

that the
the nec

NOTE E
different end
when a live V
advance whd

a combination of both CMAF header and CMAF fragment stored parameters, but with the const
combination of any CMAF header in the CMAF switching setand CMAF fragment will coptain

[ CMAF tracks in a CMAF switching set can be further constrained to allow\one-
h of the CMAF switching set using a single CMAF header (see Figure 10). Each-CMAF
he CMAF track format it references can specify single initialization CMAF\switchin

ingle initialization constraints can be specified by:

ters required by any CMAF fragment in the CMAF switching set;

parameter sets” stored and referenced in each CMAF fragment, where CMAF header
bd to initialize decoding and display with the appropriate.codec, profile, level, resolution
fypically the case for audio and can be specified forinband video parameter media sa
such as 'avc3' sample entry;

pssary decoding parameters.

habling changes in inband parameters-over time is useful for live streaming, where content
odings can be sequenced in a CMAE presentation, such as programs and ads in a live “channg
ideo contribution feed is received(containing inband parameters that change and are not knoy
n a CMAF header is packaged and delivered to a player.

7.3.4.3 CIEAF switching set single’initialization constraints identifier
i

The identif

I "urn:mpeg:cmafysiss" may be used to signal CMAF switching set conformance to s

time
edia
b set

ring

5 are
, etc.
mple

raint

from
1”, or
vn in

ngle

initializatiop constraints.

7.3.4.4 Aligned CMAF switching set constraints

Aligned CMIAF switching sets are defined in subclause 3.2.3 to be a “set of CMAF switching setd, the
CMAF track ame nt in time-aligned

CMAF fragn

”

s<f which all contain alternative encodings of the s

source conte

Aligned CMAF switching sets conform to the following constraints:

a) Analigned CMAF switching set shall contain two or more CMAF switching sets.

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

c) Aligned CMAF switching sets shall contain CMAF switching sets of equal duration.

d) Aligned CMAF switching sets shall contain the same number of CMAF fragments in every CMAF track.

e) 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

CMA

F 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.

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

A

d)

f)

7.3.6 CMAF presentations

ACM

a)
b)

d)

e)

All switching sets within a CMAF selection set shall be of the same duration, within(a
he longest CMAF fragment duration of any CMAF track in the selection set.

Different CMAF switching sets that encode the same content with different codécs or vi
may be contained within a CMAF selection set to enable a player to select the most
rodec or video format and the CMAF switching set that contains it.

A CMAF selection set may contain multiple aligned CMAF switching sets, which enco
content in different CMAF switching sets that have time-alijgned CMAF fragment]
lifferent keys, codecs, etc.

Dne CMAF track should be presented from each selection@etin a presentation, e.g., on
video, and one subtitle selection set.

[AF presentation as defined in subclause 3.2.5'¢conforms to the following constraints.

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

baseMediaDecodeTime integer values-will be different even if the corresponding ISO BM
vould have the same presentation time.

All CMAF tracks in a CMAF presentation containing a video switching set shall be s
vith CMAF presentation time zero equal to the earliest video media sample presentatio
n the earliest CMAF, fragment (see subclause 6.6.8).

All CMAF tracks.in a' CMAF presentation that does not contain video shall be start aligr
CMAF presentation time zero equal to the earliest audio media sample presentation s
he earliest EMAF fragment.

Media samples in audio and subtitle CMAF tracks with earlier presentation times
bres€ntation time zero should not be presented.

tolerance of

deo formats

compatible

le the same
s, but with

e audio, one

Different CMAF switching sets maytuse different CMAF track timescale values. In that case,

[FF samples

rart aligned
n start time

ed with the
tart time in

than CMAF

yideo media

f)

Media camplpc inaudio and subtitle CMAF tracks whaose durations nvpr]:xp the earliest

sample presentation time should be partially presented, starting at the earliest video media sample
presentation time.

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 TrackeEhcryptionBox ('tenc') specified in ISO/IEC 23001-7 indicates that media samplé$ i the
track might|be encrypted using a specific scheme of Common Encryption, identified by a four-eharacter
code, such s 'cenc' or 'cbes'. The TrackEncryptionBox contains parameters and defaudlt values|that
apply to an pntire track. See Clause 8 for additional information.

7.4.2 Sample Encryption Box ('senc')

When Comthon Encryption sample auxiliary information is used:

— it shall pe present in each CMAF fragment;

— the sampleEncryptionBox should be used to store sample auxiliary information.

See Clause § for more information.

7.4.3 Protection System Specific Header Box ('pssh')

The proted¢tionSystemSpecificHeaderBox is specified in the Common Encryption specification
(ISO/IEC 23001-7) for the storage of content protection system information such as license acquisfition
informatior] and DRM licenses. This box was;primarily designed to store license informatidn in
download files. Either version 1 or version zero-may be used, as constrained in Clause 8.

CMAF strea[nIming applications should signal license acquisition information in the manifest and should
not duplicafe the information in this béxin CMAF headers.

CMAF fragrments may contain DRM information in this box intended for delivery to all players dyring
playback.

See Clause 8 for more information.

7.4.4 Media profile'specific boxes

Audio and viided_track formats typically derive sample entries and define decoder configuration Hoxes
that can be|required by one or more CMAF media profiles. For example, the avcconfigurationBpx is
defined in ISO/TEC 14496-15 and required by the NAL structured video CMAF track format specified
in Clause 9 and referenced by the CMAF video media profiles specified in Annex A. Other CMAF media
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
delivery, e.g., to trigger manifest updates.

A DApHEventMessageBox in @ CMAF track shall contain the value in its timescale field equalto the value
of thle timescale field in the MediaHeaderBox of the CMAF track that contains it.

If vefsion 0 is used, then DASH defines the timing of an Event Message related €0, the eafliest media
sample presentation time of a DASH segment using the field presentation time_délta, whi¢h “provides
the media presentation time delta of the media presentation time of the~event and the earliest
presentation time in this segment.” For CMAF fragments, the presentation time delta|shall equal
the media presentation time of the event minus the earliest presentatioh time of the following CMAF
fragment.

NOTE 2  The earliestdecode time in a CMAF track file is zero (defragmented or not), and if an edit l{st is present,
the eprliest presentation time is the earliest media sample compositien time adjusted by the edit lisf offset.

See Annex E for more information on the use of event messages.
7.5 | Constraints on ISO Base Media File Format'boxes

7.5.1 Movie Header Box ('mvhd')

In thie MovieHeaderBox, the value of the duration field should be set to zero to indicate that the MovieBox
contpins no media samples and thereforehas no duration.
NOTE The duration field in the.MediaHeaderBox ('mdhd') applies to the TrackBox ('ttak'), which
contdins no media samples in a CMAF track. The duration of a CMAF track can optionally be 4tored in the
fragment duration field of the\MovieExtendsHeaderBox ('mehd'), which is equal to the sum|of all CMAF
fraghent durations in the CMAEtrack. If the duration is unknown, this box is omitted.

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

7.5.2 Metadata Boxes

Metgdata, cdrpied in either userbataBox Or MetaBoxes, may be present. When present, they shall not
occulr at filelevel, i.e., they can only be contained in another box, as permitted by ISO/IEC 14496-12.

4 . Y
7.5.3—Kind Box{‘kina)

The kKindBox ('kind') may be used to store the role of a CMAF track. The xindBox is stored in the
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.

7.54 Tra

ck Header Box (' tkhd')

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

— The field duration shall be set to a value of zero ('0'), indicating no media samples are referenced

from th

€ TrackBox ('trak').

— The field matrix shall be set to their default values as defined in ISO/IEC 14496-12, except to
indicate video orientation (i.e., portrait or landscape orientation relative to the captured scene). See

subcla

— The foll
otherw

—  Thg
—  Thg
— Thg

— As
the
aftq

shape, after horizontal scaling has been applied. See subclause 9.2.3 for normalized widtH

heil

— Sul
eng
(pl

— As
cod
ma
val
SiZ¢

— For

7.5.5 Meglia Header Box(:mdhd')

The CMAF
constraints

— The val

S€ J.4.5.

owing fields shall be set to default values as defined in ISO/IEC 14496-12, unless sped
se in this document.

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

lefined in ISO/IEC 14496-12, the width and height fields for #CMAF video track shall sp
br decoder cropping, and in the case of video encoded with'anon-square video spatial sa

onht calculation.

title tracks may set width and height to an inténded layout size, in which case the text 13
ine or graphics engine can scale the width‘nd height to match the video display ape
iyer implementation dependent).

defined in ISO/IEC 14496-30, subtitle tracks encoded as text may use relative pos|
rdinates and font sizes so that theext layout engine can adjust glyph and layout si
Lch the final video display aperture without relying on image scaling. For such tracks
le of zero width and height.should be used to indicate that the data can be rendered a
e, and the layout size may.h€ determined by matching the size of the video display aper

scalable text and subtitle tracks, the flag track size is aspect ratio may also be u

MediaHeadsexBoxes shall conform to ISO/IEC 14496-12 with the following addit

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

ccibla tha valin of el £iald chold bha

ified

ideo.

pCify

track’s normalized presentation size as fixed-point 16.16&dlues expressed in square pjixels

mple
and

yout
ture

ition
re to
, the
L any
fure.

sed.

onal

— Where

constant, the value of the media sample duration may also be constant.
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— Alltracks 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.
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7.5.7 Sound Media Header Box ('smhd')

The
The

SoundMediaHeaderBox Shall conform to ISO/IEC 14496-12 and the following constraint.

field balance shall equal O (centre).

7.5.8 Subtitle Media Header Box ('sthd')

9:2020(E)

The subtitleMediaHeaderBox shall conform to ISO/IEC 14496-12 with constraints specified in
ISO/IEC 14496-30.

NOT : Subt;tlc 1ucd;a Uuosto thc L u‘LJt L 1lalldlCL7t_leC ;ll thc HalldlCJ_BU ;ll thc IICdJ‘.GHCCAdCJ_BK X.

7.5.9 Data Reference Box ('dref')

DataReferenceBoxes in a CMAF track shall conform to ISO/IEC 14496-12 with tHe following additional

consftraints.

— T he patareferenceBox shall contain a single entry with the entry f1ag¥field setto 0x00jo001 (which
means that the media data is in the same file as the MovieBox containing this data refergnce).

7.5.10 Sample Description Box ('stsd')

The pampleDescriptionBox in @ CMAF track shall conform to version 0 as defined in ISO/IHC 14496-12

with|the following additional constraints.

— Ppample entries for encrypted tracks (those ,containing any encrypted media sgmple data)
shall encapsulate the existing sample entry, with the appropriate four-character{code listed
n ISO/IEC 14496-12 and include a P#otectionschemeInfoBox ('sinf') that cenforms to
SO/IEC 14496-12 and subclause 7.5.11.

— (onstraints on visual sample entries ake specified in subclause 9.2.4.

— (onstraints on audio sample entries are specified in subclause 10.2.5.

— C(Constraints on subtitle sample entries are specified in ISO/IEC 14496-30.

NOTE A CMAF sampleDescyiptionBox can contain multiple sample entries.

7.5.11 Protection Scheme Information Box ('sinf')

CMAF shall usetzcommon encryption (ISO/IEC 23001-7) for CMAF tracks containjng one or

mor¢ encryptéd-CMAF fragments and use Scheme Signalling as defined in ISO/IEC 23001-7. An

encrlypted CMAF track shall include at least one ProtectionSchemeInfoBox ('sinf') cpntaining a

TrackEngryptionBox ('tenc') identifying a scheme specified in I[SO/IEC 23001-7.

7-5- _2 Tl a\,}\ LUllta;llCd lucdia oaluplc ;ufun luatiuu bUACD

All boxes in the sampleTableBox have a sample count of 0 because CMAF does not reference media
samples from the TrackBox. The mandatory boxes of ISO/IEC 14496-12 are mandatory, even if they
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 ');

© ISO/IEC 2020 - All rights reserved
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NOTE 1

NOTE 2

SyncSampleBox ('stss'), if present.

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

Media sample size, duration, and dependency information can be found in

TrackRunBox (es) in each CMAF fragment or CMAF chunk.

7.5.13 Edit List Box ('elst')

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

the

The £d4]
The val

The val
fieldsS

— The val
Such condit

NOTE
ISO/IEC 144

S

each sample’

According t
not meant t

Using offset
an equivale
CMAF prese
subclauses:

audio e

video e

7.5.14 Track Extends Box (trex')

A TrackExt]
ISO/IEC 144

7.5.15 Mo

6
means that a{‘y offset edit list in the CMAF header is applied to the comppsition times of all samples to deter]

tBox shall contain a single EditListBox.
lie of entry count field in the EditListBox shall be set to 1.

1e of the media rate integer field shall be setto 1 and the value of the media,rate frac
nall be set to 0.

lie of the segment duration field shall be set to 0.
ons define an offset edit or offset edit list.

ce there is no media in the MovieBox, the duration in the-edit is zero. However, as not
-12, movie fragments implicitly extend any edit represented\by an edit list in the MovieBox

5 presentation time.

b ISO BMFF, samples with a sum of movie presentation time and duration less than zer
b be presented.

edits to set the presentation time of the.€arliest presented sample of each CMAF tra
ht CMAF track presentation time enahles synchronization of all CMAF tracks to a com
ntation timeline. Additional constraints specific to certain media types are in the follo

it lists in subclause 10.2.6;

Hit lists in subclause 9.2(7.

endsBox shall be present in a CMAF track since it is a fragmented file as define
96-12.

ie Fragment Header Box ('mfhd')

tion

bd in
This
mine

D are

Ck to
mon
ving

d in

A MovieFra

mértHeaderBox in a CMAF track shall conform to ISO/IEC 14496-12

NOTE

with decode time.

7.5.16 Tra

ck Fragment Header Box (' tfhd')

The sequence number integer value is not required to be unique within a CMAF track nor to increase

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

additional c

44

onstraints.

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

The default-base-is-moof flag (in the t £ f1ags field) shall be set to one.

© ISO/IEC 2020 - All rights res

The track_1D field shall contain the same value as the track 1D in the associated CMAF header.

erved


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

ISO/IEC 23000-1

9:2020(E)

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

7.5.17 Track Run Box ('trun')

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

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

cons

traints.

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

7.5.1

As 1¢
Samp
desc
it m4
vers
EXA]I

Samp
contd

When the version field is set to '1', the sample composition time offset of the firs
media sample in a CMAF fragment shall be such that its composition time is equal g the
sample decode time (baseMediabDecodeTime).

[he data-offset-present flag (in the tf flags field) shall be set to true in order
hat the data offset field is present and contains the byte offset from-the start of this
ovieFragmentBox to the start of the first media sample in the followifig¥ediabataBox.

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

Within a CMAF track, any TrackrRunBox that describes any fion-sync media samples sl
tample dependency with the CMAF chunk and CMAF fragment using a combination of
Flags and first sample flags fields and default values<in‘the TrackFragmentHeaderBos3

sample is non sync sample shall be 0 for SAPtyppe 1 or 2, and 1 otherwise;
— an empty SyncsampleBox shall be presentin the track.

NOTE ISO/IEC 14496-12 specifies that,absence of the syncsampleBox indicates th
bamples are sync samples in the trackxwhich allows a reader to know that all subsec
'ragments will also consist of sync samiples. If a syncsampleBox is present, then depende
bach CMAF fragment indicate whichimedia samples are sync samples, since the header
media samples and the syncsampleBox therefore lists no media samples.

|8 Sample Group Description Box ('sgpd')

bquired by ISO/IEC 14496-12, when sample group descriptions can change within a C)\
1 eGroupDescriptiouBox shall be stored in each CMAF fragment that references that s3
ription. If sample group information is the same for all CMAF fragments in a CMAF sy
ly be stored in @ SampleGroupbDescriptionBox in the CMAF header sampleTableBox (' st
on 1 or 2 may be used (version 0 is deprecated by ISO BMFF).

VIPLE When common encryption is used and KID values can change per CMAF
leTdGroupBox stored in each TrackFragmentBox will reference a SampleGroupDesq
inifig the KID for that sample group, and both are stored in the TrackFragmentBox in orde

t presented
first media

to indicate
fragment’s

hall identify
the sample
:

ht all media
juent CMAF
ncy flags in
contains no

1AF track, a
mple group
itching set,
b1'). Either

fragment, a
riptionBox
r to support

rand

UTIT dACTTSS,

Pre-roll sample groups can be used for some audio as described in subclause 10.3.3.1.

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.

© ISO/IEC 2020 - All rights reserved
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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 OEMMWMBWWMMML&MM (65
kibibytes), in which case version 1 should be used.

The fields s bsample priority,discardable, and codec_specific parameters are undefined.

7.6 The $tructural CMAF Brand 'cmfc’

A CMAF track conforming to the CMAF structural brand 'cmfc' shall conformto the CMAF {rack
constraints|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 trgck conforming to the CMAF structural brand 'cm£2' shall conform to constraints of the
CMAF strudtural brand 'cmfc' and all remaining constraints’in subclause 7.7.

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

For video CMAF Track files as well as any othérrmedia types, the EditListBox may be present followving
the constrajnts in subclause 7.5.13.

7.7.3 Track Run Box (' trun')

A TrackrRungox in a CMAF trackshall conform to the constraints in subclause 7.5.17 with the follofving
additional donstraints:

— For vid¢o CMAF Tracks not contained in Track Files, Version 1 shall be used.

— defaulf sampl€ flags, sample flags and first sample flags shall be set in| the
TrackFfagmeritiHeaderBox and/or TrackrRunBox to provide sample dependency information wjthin
each CMIAF ‘ehunk and CMAF fragment.

— Defaultvalues or per sample values of sample duration and sample size shall be stored in each CMAF
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 acquire CMAF
decryptiomkey(s) besigmatted ima mmanifest orapptication, amd ot i thre € MAF header—This enables
a CMAF player application to parse license acquisition information one time, rather than‘eqch time the
CMAFF header is processed for adaptive switching purposes.

Manjfest signalling makes it easier to:

hdd or change license information without editing media files;

pffer different types of licenses for the same CMAF presentation, e.g., Subscription, rental{ ownership,

5D, HD, UHD, etc.;
support different distribution channels and license servers with the same media;

Fequest a license before the live media becomes available to authorize or purchase play
hnd download a license in advance.

rback rights

8.2 | Track encryption

8.2.1 General requirements

defined in
that CMAF

ypted media sample data in a CMAF track shall use an encryption scheme
[EC 23001-7. CMAF presentation.profiles can constrain the allowable schemes in
entation profile. See A.1.

Ency
ISO/
pres

Encr
in IS
acce
elem

ypted NAL structured video-tracks shall use a media subsample encryption scheme specified
0/IEC 23001-7, which defines partial encryption of NAL units in a video media sample to allow
5s to unencrypted video”NAL headers and slice headers in an encrypted NAL strucfured video
entary stream.

Encr lefine a full

med

ypted non-vidéo)tracks shall use the schemes specified in ISO/IEC 23001-7, which ¢
a sample encryption method for each scheme.

Cong
inclu
Trac|

itional tequirements are defined in ISO/IEC 23001-7 and subclause 8.2.2.1 in this d
de a SampleAuxiliaryInformationOffsetsBox and a SampleAuxiliaryInformationSizg
k RragmentBox. As specified in ISO/IEC 14496-12, both boxes have a default aux_info ty

ocument to
sBox in the
be Of 'cenc'.

The sampleEncryptionBox ('senc') for storage of sample auxiliary information in encrypted CMAF
tracks is documented in subclause 7.4.2 and its use specified in subclause 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
auxiliary information may be stored in any valid box within a CMAF chunk’s or CMAF fragment’s

1 21 hasy
oo Trc  OUXT

MovieFragmertBos; stehasa

For encryptied CMAF fragments that contain sample auxiliary information, each TrackFragmentBex shall
contain a sgmpleAuxiliaryInformationOffsetsBox With an aux_info_ type value or default.of "cent' as
defined in I$O/IEC 23001-7 to provide access to sample auxiliary information data.

The samplejuxiliaryInformationoffsetsBox shall conform to the following constraints.

a) Theentry count field of the sampleauxiliaryInformationoffsetsBox shall@qual 1. Therefore,|[data
in the shmpleEncryptionBox or other sample auxiliary information storage box shall be contigpous
for all of the media samples in the movie fragment.

b) CMAF movie fragments use movie fragment relative addressifig-where no base data offset is
providgd in the track fragment header. Therefore, the offsetfield is calculated as the differfence
between the first byte of the containing MovieFragmentBek and the first byte of the |first
InitializationVector in the sample auxiliary information

The samplepuxiliaryInformationSizesBox may specify the'size of the sample auxiliary data for feach
media sample with a type of 'cenc’, as defined in ISO/IE€23001-7, with the following constraints.

1) If subsample encryption is not used, the samp1&AuxiliaryInformationSizesBox may be omitted.

NOTE 1| For full media sample encryption:with an IV per media sample, the size of the sample aux]liary
informafion equals default Per Sample IV Size inthe TrackEncryptionBox (see ISO/IEC 23001-7)).

2) If subsgmple encryption is used and-all the media samples have the same number of subsamiples,
then the size of the sample auxiliary information will be the same for all of the media sa:]ples.
In that fase, the default sample’info size of the sampleauxiliaryInformationSizesBox ('sdiz')
may befused instead of storing‘a size per media sample.

3) Ifper dample 1V size(is;also zero (because the scheme uses constant Vs and no subsamples), then
there wjould be no sample auxiliary information, and the sampleEncryptionBox, SampleAuxiligryIn
formatjonSizesBéx and SampleAuxiliaryInformationOffsetsBox should be omitted.

NOTE 2| Sample auxiliary information is located by movie fragment byte offsets stored in the Sampleauxi
liaryIfformationOffsetsBox, and in some cases, by size information stored in the sampleAuxiliaryInf
ormatigri§iZesBox. Sample auxiliary information, such as per-sample initialization vectors and subsample
byte ranges, is notintended to be read directly from the SampleEncryptionBox or other storage box. The sa
mpleAuxiliaryInformationOffsetsBox 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
and before downloading any CMAF headers. It is particularly useful to acquire licenses in advance of a large live
streaming event that would result in a large number of synchronized license requests when triggered by the
simultaneous-arrival of the first CMAF headers or CMAE Fr:\gmnnfc Dnrrhncnc’ etc.can be rnmp] ted prior to

medil availability.

The following constraints apply to ProtectionSystemSpecificHeaderBox.

ProtectionSystemSpecificHeaderBoxes Should not be present in CMAF headers, except as allowed

below, and may be ignored if present.

ficHeaderB
ran read the
. A common

A common ProtectionSystemSpecificHeaderBox and additional ProtectionsSystemSpec
bxes in CMAF header may be used with presentation-specific playback’applications that
KID from the common 'pssh' and implement application-specificlicense management

brotectionSystemSpecificHeaderBox is defined by W3C Enerypted Media Extension s

rack’s default_KID listed in the version one protectiorsystemSpecificHeaderBox KID
Contains no data in the data[] array.

Version one ProtectionSystemSpecificHeaderBoxes may be present in CMAF fra
Helivering protection system information, such. as encrypted keys in licenses, for use
bystem with a SystemID matching the protéetionsystemspeci ficHeaderBox SystemlD.

Multiple ProtectionSystemSpecificHeaterBoxes with different SystemIDs may be prese
lifferent protection systems on different devices.

For example, version one ProtectionSystemSpecificHeaderBoxes in CMAF fragments
o deliver the same encryptedlicenses to all players by a streaming or broadcast serv
1sers who have purchased aind downloaded an entitlement license bound to their parti
Can decrypt the licenses’in'the CMAF fragments and decrypt media samples with the
nband licenses. Since:one license decrypts the other, they are said to be “chained”,

pecification

hS a version one ProtectionSystemSpecificHeaderBox With-a W3C designated SystempID, and the

array, but it

gments for
by the DRM

nt to enable

can be used
ce, but only
cular player
keys in the
ind chained

has a valid
S process is

icenses in combimation with key changes can periodically verify that each player
entitlement license/to decrypt the inband licenses and continue the presentation (thi
bften called “keyrotation”).

8.2.3 Encryption constraints

8.2.3.X/ . General

For a given x1p, initialization vectors and counter values shall follow the guidelines outlined in
ISO/IEC 23001-7, including the requirement that the combination of values only be used on one
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.

using s

theamnlo ohl‘v“rr\f‘lr\n aS Y'oqlnrnr] hy IQ”/IEF ?an1 7

Slice headers, NAL type headers, NAL size headers, and all non-video NALs shall be unencrypted

This constr

Video V]
all com

'cenc'
This constr

'cbcs!
slice he

These are ¢

8.2.3.2 (Clear samples within an encrypted CMAF track

In an encry

all media samples are protected by default. Sample groups may indicate unprotected media sample

specified in

Each CMAF
not a mix.

8.24 CM

It is recomnjended that encryption keys not be shared between audio and video CMAF switching sg

a protected

than video ¢lecoding systems.so should not use and expose a key also used for video.

Premium U
interfaces, ¢
different ke|

Standard de

ST Te T IreT

hint is recommended in CENC, but required in CMAF.

CL data shall be protected by subsample encryption, with bytesofProtectedbata span
blete 16-byte blocks in the VCL slice data.

kcheme bytesofProtectedbata shall be a multiple of 16 bytes.
hint is recommended in CENC, but required in CMAF.

cheme bytesofProtectedData shall starton the first complete byte of video data followin
hder and end on the end of the last complete 16-byte block of'slice data in the video NAL

bnstraints that are recommended in CENC, but required.in CMAF.

bted track, the isprotected flag in the TrackEntryptionBox shall be set to 1, indicating

ISO/IEC 23001-7.

fragment shall be constrained to:media samples that are all protected or all unprote

AF presentation encryption

CMAF presentation.Audio decoding and decryption systems may have lower key sec

1D/HDR content may require hardware security for keys, a secure video path, secure ot
tc. only,available on some devices and DRM systems. Lower resolution video content
s could enable playback on devices that are less secure.

ning

g the

Init.

that
s, as

rted,

tsin
irity

tput
with

f1n1t10n hlgh def1n1t10n and/or ultra hlgh def1n1t10n content in one CMAF presentatlo

be sold sepdra

requirements. Separate CMAF sw1tch1ng sets for SD HD and UHD may be functlonally combmed 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.

50
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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:

seamless adaptive switching of video;

NAL structured video constraints for CMAF switching sets;

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

The

defined in that specification.

Som
vide
prof
bit d

Vide
med
med
to a

in afother media profile if it can always be decoded and rendered by all decoders confor

cont

Othd
conf
Vide

seamless adaptive switching and may optionally specify single initialization CMAF sy

cons
Ana

For 4

9.2

9.2.1

bingle initialization constraints for NAL structured video CMAF switching sets;
constraints between aligned CMAF switching sets containing NAL structured video;
AVC video CMAF track constraints, used to derive the AVC video CMAF media prefiles de
CMAF track format for NAL structured video is derived from ISO/IEC 14496-15 and rec

b CMAF video media profiles using the AVC codec are specified in ‘Annex A. They define
b formats, such as SD, HD, and UHD, by specifying codec paranieters, such as the max
le and level that can be encoded, and video parameters such)as maximum resolution,
epth, transfer function, colour space, colour subsampling;.etc.

p CMAF tracks that carry a brand indicating parameter’limits that also conform to a
a profile (i.e., a lower codec profile and level) are{considered to also conform to that
a profile. For example, a CMAF track with an SD (standard definition) AVC brand als
CMAF HD (high definition) AVC media profile;In general, a media profile is considere

hining media profile.

i

fined in A.2.

uires boxes

widely used
mum codec
frame rate,

gher CMAF
gher CMAF
o conforms
d contained
ming to the

r CMAF media profiles for video.codecs may be defined in other specifications, as |
brm to CMAF track constraints specified in Clauses 7 and 8 and recommendations i
p media profiles may optionally.specify CMAF track constraints for CMAF switching se

traints.
dditional CMAF media profile for scalable HEVC (SHVC) is defined in Annex H.

dditional information, see Clause 12 and Annex A.

Generalvideo CMAF track format

General video CMAF track structure and constraints

ng as they
Clause 12.
ts to enable
vitching set
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and general CMAF video track constraints specified in subclause 9.2.

9.2.2 Video Media Header ('vmhd')

] | L SN I Fal|
orandtasSpecrea i CiatSes 7 and 8

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, 0}.
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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:

— Thenormalized presentation height shall be the number of vertical video spatial samples after
codec cropping parameters are applied.

NOTE1 The height field of the visual sample entry is the number of encoded vertical ¥ideo spatial
sanjples after cropping.

— Th¢ normalized presentation width shall be the number of horizontal video)spatial sanples
aft¢r codec cropping parameters are applied, then multiplied by the video spatial sample agpect
ratjo. The video spatial sample aspect ratio is defined by the pixelaspectRatioBox, if presgntin
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 spatial
sanjples after cropping, not the value of the track header width field.

— The cleanapertureBox should not be present (since the~cropped aperture is defined to be
“clgdan”).

— The valpe of the matrix field signals the video orientation. Non-identity matrices shall be rotations
in multjples of 90 degrees.

— Whenvideoisnotrotated, matrix shall be {0x00010000, 0,0,0,0x00010000, 0, 0,0,0x40000(000}.

— Whenvideoshouldberotated 90 degreesclockwise for display, matrix should be {0,0x00010000,
0, xFFFF0000, 0, 0, height<<16, 0, 0x40000000}.

— When video should be rotated.180 degrees for display, matrix should be {0xFFFF0000, 0,0, O,
O0xHFFF0000, 0, width<<16, height<<16, 0x40000000}.

— When video should be rotated 90 degrees counter-clockwise for display, matrix should Qe {0,
0xHFFF0000, 0, 0x00040000, 0, 0, 0, width<<16, 0x40000000}.

NOTE3 A player‘is’expected to adapt the picture aspect ratio (track header width/height) qf the
decpded and cropped video image to the size and shape of the current display. The player can frame the
vid¢o aperturedwith letterbox bars, pillarbox bars, crop to fit, size to a window, etc. A player neelds to
scale, and possibly rotate, all CMAF fragments from a CMAF switching set to the selected video apefture
to maintain seamless playback without size, shape, or location errors.

9.2.4 SamptePescriptionBox{=stsad}

The sampleDescriptionBox in a video track shall contain at least one visual sample entry which shall
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 necessary) to adjust the earliest media sample presentation time
in each CMAF fragment to equal the earliest media sample decode time, which is equal to the

FaseMediaDecodeTime [ietd Of te TrackFragmentBaseMediaDecodeTimeBox, O

b) ¢ontain an offset edit list in the associated CMAF header to subtract the compositioh fdelay added
by positive composition offsets, if and only if the CMAF track is contained in a»CMAF track file
Containing version 0 TrackRunBoxes.

A video track shall not use both signed composition offsets and an EditListBox.

9.2.¢ Video media sample dependencies

— Within a video CMAF track, any TrackrunBox that describes 'any non-sync pictures shall identify
bicture dependencies using a combination of the sample flags and first sample flalgs fields, or
lefault 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 value 2 identifies I pictures);

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

9.2.7 Video edit lists

When unsigned composition offsets are used in version zero TrackrRunBoxes in a CMAF trjack file, the
earliest video media sample will nefmally have a composition time that is greater than zer¢ (whenever
videp media samples are reordered).

The |earliest video media sample in a CMAF track file is defined to have presentation time zero, so
an offset edit list, as specified in subclause 7.5.13, shall be used when the earliest media sample’s
composition time is ngtzero. In this case, the value of the media time field shall be set to the gomposition
time| of the earliest presented video media sample in the CMAF track file.

9.2.8 Generalvideo CMAF fragment random access constraints

a) The(first media sample shall be Stream Access Point (SAP) type 1 or 2, as|defined in
SO/IEC 14496-12 and a video CMAF media profile that specifies these SAP types fqr a specific

A | | g 4 1 £, 4
IUCTU CLUUCTLU dllu L1 dULiN 11Ul 111dt.

NOTE SAP type 1 or 2 means that video media samples in a coded video sequence can be decoded 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
encoded.

b) The VidLO spatial samples intended for presentation should be upper left justified and only ong row
and/or [one column of partially filled coding blocks encoded if the image height or width'is not a
multiplg of the coding block size.

c) Decodef cropping parameters shall be encoded in the video stream to remove video spatial saniples
in a parntially filled coding block that are not intended for presentation.

d) Each vifleo CMAF fragment in a CMAF track or CMAF switching set may/be €ncoded with diff¢rent
vertical and horizontal video spatial sample counts (and different cotresponding sample entries
or inband parameters), so devices are expected to scale each CMAE-fragment to the same digplay
aperture and maintain the correct picture aspect ratio, size, and_position of each CMAF fragment
during playback of CMAF switching sets.

NOTE Efch player and display system is expected to frame the-décoded and cropped video spatial samples
to a player d¢termined video display aperture using methods suchjyas/scaling, stretching, cropping, padding|with
letterbox 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, althpugh
samplefaspect ratio and size may differ. All video CMAF fragments within a CMAF switching seft are
intendeld to be displayed with the:same height, width, and position.

b) Video tfacks in a CMAF switching set shall conform to the general CMAF switching set constraints
in subdlause 7.3.4 that require each CMAF switching set to be encoded from the same sdurce
contenf] and with the same visual characteristics such as transfer function, colour volume, c¢lour
primaries, colour subsampling, dynamic range, brightness, bit depth, and presentation tirping,
which would typically be the result of encoding from a single video master.

c) Video tfacksdnsa CMAF switching set shall conform to initialization constraints specified by the
CMAF rpediaprofile they conform to, so a player and decoder can determine when CMAF hegders
need to[beprocessed during adaptive switching.

d) Switching between CMAF tracks at the start of CMAF fragments in a video CMAF switching set
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-
high definition CMAF tracks are encrypted with different keys and digital rights management system

playback rules.
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play:
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9.2.]
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don
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HD8 capable player could select and play the HHD8 CMAF switching set normally. AU
Ching sets, applying the different keys and licenses as needed.

1.3 Multiple initialization switching of video tracks

[AF header from each track in the switching set need only be downloaded once (it is as
bt change unless a new CMAF presentation is started, e.g., a DASH period).

tively switched using multiple initialization, meaning that-the CMAF header of a CM
essed before decoding the first CMAF fragment from that track on every track switch. T

r;lcialization behaviour of parsers, decoders, and display.systems is rarely specified and
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ges in CMAF header parameters when switching and leave most parameters un

minimize presentation disruption. In playback’environments, such as web browsers using
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a source extension (MSE) buffer, appending a new CMAF header can cause playback i
 the media pipeline is fully reinitialized when each CMAF header is appended.

1.4 Single initialization switching of video tracks

F switching sets containing video CMAF tracks that conform to single initialization
pe decoded and displayed/by sequencing CMAF fragments from the same CMAF switch
lizing once with a CMAF header.

Parameters that are ;allowed to change within a CMAF track or between CMAF tracks
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Ching set cantbeContained in each CMAF fragment so that full reinitialization with a C
pided on track switches. Parameters allowed to change are typically vertical and hori:
al samplejcount and cropping, so changes in decoder configuration, display buffer siz
t interrupt presentation can be avoided.
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is su

fficient to decode any CMAF tracks with equal or lower CMAF media profiles and reso

the initialized 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

utions than

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 values of width and height shall be normalized to the width and height of the NAL structured video,
as defined below.

9.3.2.2 Sample Description Box ('stsd')

The nofmalized presentation height shall be the number of vertical video spatial samples illl the

sequenge parameter set NAL VUI after cropping parameters are applied.

NOTE 1| The height field of the visual sample entry is also the number of encoded verticalvideo spatial

samples|after cropping.

The nofmalized presentation width shall be the number of horizontal videospatial samples hfter
sequen¢e parameter set NAL VUI cropping parameters are applied, then multiplied by the vjideo
spatial [sample aspect ratio. The sample aspect ratio is specified by (aspect ratio idc (apd if
applicabple by the sar width/sar height ratio) in SPS VUI parameters.aiid the pixelaspectRatiloBox

if presept in the sample entry.

NOTE 2| The width field of the visual sample entry is the number of encoded horizontal video spatial

samples|after cropping.

The c14anapertureBox should not be present, since thé€) cropped aperture is defined to be aftive

image ([‘clean”) in a video CMAF track.

The sampleescriptionBox in a video track shall:eontain one or more visual sample entries conforming

to ISO/IEC 14496-12 and ISO/IEC 14496-15.

The first vifualSampleEntry in the sampleDescriptionBox:

56

shall influde width and height field values that equal or exceed the largest cropped horizontal and
vertical video spatial sample counts in any sequence parameter set referenced by a video slice ip the

NAL stijuctured video track;

should fontain no more-than one NAL parameter set of each type, e.g., for AVC video, one SPS|NAL

with VUI and one PRS'NAL in the avcbecoderConfigurationRecord;

and corftain a decoder configuration record that:

shquldssignal the lowest codec profile, level, height and width values that are equal to or gre¢ater

thaln the values required for all the CMAF fragmentsin the CMAF track See general canstraints

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 sampl

e description

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

each CMAF fragment.

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;

tet. See subclause 9.3.6.

header in a media sample.

9.3.3 NAL structured video access units contained in media samples

Each media sample shall contain one NAL structured video access<unit for one presentati
duration, as defined in ISO/IEC 14496-15 and ISO/IEC 14496-12,

NOT

ignoy

Acce

sample entry codingname field.

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

Each

frag

nent.

Access units conforming to samplecdescriptions with inband parameters, such as 'avc3®

may

refetence decoder bitstream eenformance if removed.

The

Filler data and SEI messages may be retained if HRD conformance is desired.

9.3.4 NAL structured video coding sequences corresponding to CMAF fragments

Each

vide

b codec.(Consequently, the first media sample in all NAL video CMAF fragments is SAP

as specifiedin ISO/IEC 14496-12.

NAL
shal

Stiuctured video sample descriptions that allow inline parameter sets (e.g., 'avc3'

may be constrained by dependency on other CMAF tracks and CMAF headers in a CMAF switching

NOTE 3  CMAF headers can contain vVisualSampleEntries intended for use by other CMA[F tracks in a
CMAF switching set or for the purpose of initializing decoding and display, but not'\ceferenced by any slice

bn time and

- As specified in ISO/IEC 14496-15, timing information provided within a video elementgry stream is
ed. Instead, media sample timing in the TrackRunBox detexmines picture presentation time arnd duration.

ss units shall conform to a sample description spedified in ISO/IEC 14496-15 and sigrnalled in the

access unit shall be stored as a media‘'sample in a MediabDataBox in a CMAF chunk apd/or CMAF

and 'hevl',

retain filler data (NAL units or SEI messages) and SEI messages that might change hypothetical

CMAF fragment shall contain one or more complete coded video sequences, as spedified by the

type 1 or 2,

hind 'hevl ')

contain all SPS and PPS NALs referenced by a coded video sequence in the first access unit of that

coded video sequence, immediately following the access unit delimiter NAL, if present; followed by SEI

NAL

s, if present; followed by the VCL NAL(s) of the first access unit.

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.
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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, default transfer characteristics and grading shall be assumed. Default grading is defined as a
viewing environment that complies with BT.2035 for presentation on a display which uses the electro-

optic transf

Video may
not specifie
grading pr
configurat

er function specified in BT.1886 with a peak luminance of 100 cd/m?2.

be graded for presentation on a display which uses an electro-optic transfer_fun
d in BT.1886 and/or with a peak luminance greater than 100 cd/m2, in which casé
ile should be signalled by VUI and/or SEI messages contained in the sample‘entry deg

;In box, or other mechanism defined in the video media profile.

9.3.5.2 Caption data in SEI messages

CTA 608/7
by the assg
considered
these messa
is CMAF su
header, as s

For NAL sti
messages in

Recommendlation T.35, with SEI payloadType

registered

Captions in

8 caption data (CTA-608-E, CTA-708-E) may be stored in.wideo SEI messages def
ciated video codec specification (see subclause 11.4). Video‘embedded captions arg
a CMAF subtitle track, and it is expected that many CMAF compatible players will ig
ges in video CMAF tracks. The presence of CTA 608/708 caption data in such SEI mes{
bplemental data and should be indicated by the addition of the 'ccea' brand in the C
pecified in Clause A.4.

coded video sequences in CMAF fragments'described as user data registered by Rec. |
4 and’the registered identifier in the field user d
[itu t t35.See ISO/IEC 23008-2:2015, D.2.6.

fended for CMAF applications should be carried in subtitle CMAF tracks to make deli

optional anld selectable by each player, .t0) allow several alternative languages, roles, etc. wit

duplicating
presentatio

9.3.6 Ger

Each CMAF

ISO/IEC 144
constraints

9.3.7 Sin;

the same video tracks with\different SEI messages. Subtitle tracks also enable parsing
h by player applications wheh a device does not contain a built-in subtitle decoder.

eral CMAF switching set constraints for NAL structured video

track in a CMAF switching set containing NAL structured video conformin|
}96-15 (NAL.structured video track format) shall conform to general CMAF switchin
in subclause-7.3.4 and general video CMAF switching set requirements in subclause 9.7

ple initialization CMAF switching set constraints for NAL structured video tracks a

rtion
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NAL structured 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;

2)
a slice header, as specified in subclause 9.3.4. Parameter set indexes shall be valid

the first (IDR) access unit of every coded video sequence that references the parameter set from

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) a combination of sample entry parameter storage (1) and inband parameter stor

age (2) may

be used for 'avc3' and 'hevi' sample description CMAF tracks. In that case, each sample

locations. In addition, any CMAF header shall provide all the sample entries refere
CMAF fragment in the CMAF switching set.

[he first visual sample entry in each CMAF header shall be sufficient tQ“initializ
Hecryption, and display of all CMAF tracks in the CMAF switching set, ot"gnly CMAF

nitialization information can be:

)

containing a parameter set (e.g., SPS and PPS in 'avcc') conforming to c), or

)

Any CMAF header shall be sufficient to initialize theyEMAF switching set once and deco
'ragments in the CMAF switching set, if the CMAF tracks in the CMAF switching set do
CMAF media profile brands.

Any CMAF header with a specific CMAF média profile brand shall be sufficient to initial

CMAF media profile brands.

A manifest can referencg a common CMAF header for every CMAF track in the CMAF s
can reference a different CMAF header for each CMAF media profile in the CMAF switching s
F header contains a CMAF niedia profile brand. In the second case, a player can initialize on

et of the CMAF tracks that conform to the initialized media profile. If it initializes the highest sig
h profile, it can decode\all CMAF fragments in the CMAF switching set.

AVC video'CMAF tracks
Storage of AVC elementary streams

|.1</ Conformance

EImtry amnd stice NAL parameter set imdex strattimdex the same parameter setif Stu

matching CMAF media profile brands, if all CMAF headers contain GMAF media pro

may contain a sample entry without NALs that shall inclide one or more colorInfory
with sub-type 'nc1x' and a PixelAspectRatioBox,as.specified in ISO/IEC 14496-11.

red in both
hced by any

e decoding,
tracks with
file brands.

the first sample entry in the CMAF header shall contain‘a’decoder configuration record

ationBoxes

de all CMAF
not contain

ze once and

lecode the other CMAF tracks with the-same CMAF media profile brand, or CMAF mledia profile
brands that conform to the brand initialized, if all CMAF tracks in the CMAF switching

set contain

witching set,
bt when each
re and play a
nalled CMAF

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

spec

ification 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

requ

irements 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)

9.4.2.2.1 SPS field constraints

Sequence pars set—NAE—umits—that—occur—im—amAv
ISO/IEC 14496-10 with the following additional constraints.

The following fields have pre-determined values as follows:

— frame mbs only flag shall be setto 1;

— wvui| parameters present flag shall be setto 1;

— gags_in frame num value allowed flag should be set to 0.

The val

lies of the following fields shall not change throughout a CMAF track.

— chrjoma format idc

— bit depth luma minus8

— bif depth chroma minus8

The ma

ikimum values of the following fields are specified by CMAF media profiles in A.2.

— prdfile idc

— level idc

— pidq width in mbs minusl

— pid height in map units mintsl

The fol

lowing fields may ehange per CMAF fragment within a CMAF track. Changes in t

paramgdters shall require-a‘different sample entry, if the SPS NALs referenced are stored in sa

entries

— pidq width ipJmbs minusl

— pid heighfiin map units minusl

— framedgrop_right offset

hese
mple

— frame 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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9.4.2.3 Picture cropping

Any
par

NOT

ISO/IEC 23000-19:2020(E)

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.

NOTE 3  Exactscan encoding of the active image is used for reliable image framing by devices and precise
adaptive scaling during adaptive switching.

fvideo signal type present flagissettol,colour description present flagshould besetto 1.

NOTE4  As defined in ISO/IEC 14496-10, if the colour description present_flag is et to 1, the
tolour primaries, transfer characteristicsandmatrix coefficients fields-dre presdnt.

fcolour_description_present_flag issetto 1, then colour primaries, t{rarnsfer charqcteristics
hind matrix coefficients shall be set to the values used in the AVC video CMAF track.

fcolour description present flagissetto 0, the following valdes shall be assumed in AVC video
CMAF tracks:

— colour primaries = 1;

— transfer characteristics=1;

— matrix coefficients = 1.

['he presence and values of the following fields'shall not change in a CMAF track.
— low delay hrd flag

— colour primaries

— transfer characteristics

— matrix coefficients

picture cropping'needed due to partially filled coding blocks shall be indicated by the SPS cropping
eters framey, crop bottom offset Or frame crop right offset. See Annex C for exam ples.

The-NAL video CMAF track format fixes top and left cropping values to zero (default when omitted),

which means.the image is upper left justified within the coded blocks, and there is at most one row and column of
partifally filled and padded blocks below and/or to the right of the image if the image size is not ev¢nly divisible

by t

9.5

éodéd block size.

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

constraints

specific to CMAF audio tracks and audio CMAF media profiles.

Additional CMAF media profiles are defined in

— Annex]|I

for multichannel AAC, and

— Annex

— Annex K for MPEG-D USAC.

See subclaufe 12.1 for guidelines on specification and registration of CMAF media profiles.

Clause 10 irfcludes:

— constr]ints that apply to all audio CMAF tracks;

— constralints that apply to the audio track format and encoding of AAC . audio using the system
specifidd in ISO/IEC 14496-14;

— an “AAL Core” CMAF media profile that specifies constraintsson AAC CMAF tracks to ey
interopgrability and random access of CMAF switching sets containing a single CMAF track enc
with one of three variants of AAC in stereo or mono;

— an “AA( adaptive” CMAF media profile that specifiessadditional constraints on CMAF AAC tr
fragments, media samples, and metadata to allow seamless switching between alternative ty
and bit frates in an AAC adaptive CMAF switchinget.

10.2 General audio CMAF track format

10.2.1 Derivation

Audio CMAI

ror MFPFEG-H 5D audlo.

F tracks shall conform te-‘atleast one CMAF structural brand and to the CMAF track fo

specified in

The genera
media profi

10.2.2 Track HeaderBox (' tkhd')

For audio tn

Clause 7 and Clause 8.and the general audio CMAF track constraints specified in Claus

CMAF audio track\format applies to all audio CMAF tracks, regardless of audio cod
e.

cks;the fields of the TrackHeaderBox shall be set to the values specified below. Other f

may be set ]I)er ISO/IEC 14496-12.

ayer

able
bded

hcks,
acks

Fmat
e 10.

EC Oor

ields

— flags =

— layer =

0x000007
0

— volume = 0x0100

— matrix ={0x00010000, 0, 0, 0,0x00010000, 0, 0, 0, 0x40000000} // unity matrix

— width =

0

— height =0

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

9:2020(E)

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

Audi

oSampleEntryVlbOX.

10.2,5 AudioSampleEntry

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

Each audioSampleEntry Or AudioSampleEntryVil shall contain a " (codingnamespecific)Box!
coddc-specific information.

10.2.6 Audio offset edit list

An dffset edit list in a CMAF audio track shall conform to constraints specified on EditL
subdlause 7.5.13.

ampleEntry

containing

i stBoxes In

If aydio media sample composition times differ from their intended presentation times|in a CMAF
presentation, then an offset edit list shall be included in thataudio CMAF track to adjust to the intended
CMAFF track presentation time.
10.3 AAC audio CMAF tracks
10.3.11 Overview
AAC|audio CMAF tracks containing AA€ audio as defined in ISO/IEC 14496-3 shall conform to the
genegral audio CMAF track constraints in subclause 10.2 and the AAC constraints in subjclause 10.3.
Thede constraints are used to derive the AAC audio media profiles specified in subclause 10.4 and
subdlause 10.5 and listed in Clatise A.3.
Table 12 lists the AAC profiles allowed.
Table 12 — AAC profiles

AAC profile codingname SampleEntry|Type
MPHG-4 AAC((AAC-LC) mp4a MP4AudioSampleEntry
MPHG-4 high efficiency AAC (HE-AAC) mp4a MP4AudioSampleEntry
MPHG<4 high efficiency AAC v2 (HE-AACv2) mp4a MP4AudioSampleEnyry

The sampleEntry formatin the samplebescriptionBox 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 S

BR).

10.3.3 Considerations for AAC audio encoding

10.3.3.1 O

The AAC co
To obtain c
encoded frg
sometimes

Afullrecon
access unit.
of the audio

In practice,
signal. This

implementdtion.

10.3.3.2 Py

The most ¢
CMAF head

In the case
list is the l¢
samples; 21

If an edit 1
subclause 1

10.3.3.3 D

If the content has beertgenerated according to Clause G.5, no EditListBox is present.

verview of AAC presentation timing

brrect audio from a frame, both frames in the transform are needed, and hence the |
me and the current encoded frame need to be decoded to output the first frame. T}
falled “priming” and may be signalled using the 'ro11' sample groups

truction of the first encoded audio frame is sometimes not possiblé since there is no prey
To still achieve a full reconstruction, a common practice is to.add silence to the begin
signal. A more detailed explanation of this approach can be/found in ISO/IEC TR 14496

an encoder might prepend an arbitrary amount of (invalid) audio waveform samples t
portion of the audio signal is sometimes called “encodér'delay” and varies depending o

‘esentation delay compensation using an edit list

mmon approach to compensate for inserféd extra audio is to add an offset edit list t
.

1%

where padding has been added to the start of an audio stream, the media time in the
ngth (in audio samples, as measured by the timescale of the track) of the inserted 4
12 is a common example for AAC.

st is used, a single edftristBox shall be recorded in the CMAF header, as specifig
).2.6.

play compensdtion before encapsulation

dec uses audio frames of a fixed length and a transform which applies ovettwo frames.

brior
1is is

ious

ning
-24.

b the
h the

b the

edit
udio

d in

10.3.3.4 Delaycompensation when using additional AAC coding tools
If the SBR hnd" PS coding toaols are present they shall not he considered for the purpose of delay
compensation.

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.

— All audio media samples shall consist of one AAC audio access unit.

1 AAC oo It o 3o 1 dad cazirls oo FAANCTC LTI AANC oo E_AAC 2
TIY7IG aCCTSSUTITCS T o T OO C O Wit OTIC OT 71X 1YC LOG, T 137XG OT 1 Vi.

|
- T

— The values given In AudioSampleEntry, DecoderConfigDescriptor, and DecoderSpedificInfo shall
match the corresponding values in the AAC audio bitstream.

10.3.4.2 AAC audio sample entry

10.314.2.1 Field values

The [syntax and values of the AudiosampleEntry shall conform té/44PanrudiosampleEntry |('mp4a') as
defimed in ISO/IEC 14496-14.

The pample entry and fields specified in subclause 10.3.4.2 shall'not change within a CMAF ftrack.

10.3.4.2.2 ESDBox

As defined in ISO/IEC 14496-14, the MP4AudioSampleEntry in the SampleDescriptionBox shall contain
an E$DBox, which contains an Es pescriptor.

10.3(4.2.3 ES_Descriptor

The pyntax and values for Es_Descriptor shall conform to ISO/IEC 14496-1, and the fields of the Es_
Desclriptor shall be set to the following values.

— Es 10=0

— ptreamDependenceFlag &= 0
— VJRL Flag=0

— OPCRstreamElag'= 0

—  ktreamRriority =0

— ecCorifighescr = DecoderConfigDescriptor

— slConfigDescr = 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 aAudiospecificconfig shall be set to AAC audio CMAF media profile specified

seapanla can cpbhelaycn 10 4

values, for g
— audioO
channel

extens]

GASpec]

10.3.4.2.6

The syntax
GASpecific

framelqd

depends

extens]

10.3.5 AA(

10.3.5.1 G

AAC elementary streams shall confornito ISO/IEC 14496-3 and the constraints of an audio CMAF nj

profile it co
The ele

CMAF f
informd

AT P Steoaotratst—IuT~

jectType
Configuration
onAudioObjectType

ficConfig

GASpecificConfig

and values for caspecificConfig shall conform to ISQHEC 14496-3, and the fielc
config shall be set to the following values.

ngthFlag = 0 (1024 lines IMDCT)
OnCoreCoder =0

onFlag = 0
[ elementary stream constraints

bneral encoding constraints

hforms to, for example, see Clause A.3.
mentary stream shall be a raw data stream, i.e., ADTS and ADIF headers shall not be pre

ragments containing HE-AAC shall start with a type 1 SAP. Notably, the SBR configur:
ition shall bein the first packet.

ansformlength of the IMDCT for AAC shall be 1024 audio PCM samples for long blocks
io RCM samples for short blocks.

s of

edia

sent.

ition

and

— audio object type;

— 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

The syntax and values for syntactic elements shall conform to ISO/IEC 14496-3.

Synt]

NOT

10.3

The
field

10.3

The
buffs
dete

10.4

AAC
with

hctic elements shall be arranged in the following order for the channel configuratioxs'}
<SCE>, <optional additional elements>, <TERM>... for HE-AACv2 and mono HE-AAC or /
<CPE>, <optional additional elements>, <TERM>... for stereo HE-AAC or AAC-IC.

) Angled brackets (<>) are used above to indicate separate syntactic elerhents, not stream

.5.2.3 individual_channel_stream

byntax and values for individual channel streamshall confoym to ISO/IEC 14496-3. Tl
5 shall be set as defined:

ain control data present = 0.

.5.2.4 Maximum bit rate

maximum bit rate of AAC elementary streams shall be calculated in accordance w
br requirements as defined in ISO/IEC 14496-3. Only the raw data stream shall be ca
Fmining the maximum bit rate (system-layer descriptors are excluded).

AAC core audio CMAF media profile

core audio CMAF media profile shall conform to the AAC CMAF track format specifig
the following constraints:

Level 2. Use of thée MPEG-4 HE-AACv2 is recommended for 32 kbps or lower.

When using HE-AAC and HE-AACv2 bitstreams, explicit backwards compatible signall
1sed to indicate the use of the SBR and PS coding tools.

\AC core CMAF tracks shall not exceed two audio channels.

elow.

AAC-LC.

syntax.

he following

th the AAC
nsidered in

ed in 10.3.4,

Fach AAC elementarirstream shall be encoded using MPEG-4 AAC-LC, HE-AAC Level 2, of HE-AACv2

ing shall be

AACcore elementary streams shall not exceed 48 kHz sampling rate.

— The AAC core FileTypeBox brand shall be 'caac' and should be used to indicate CMAF tracks 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 indic

ate 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 CM;

To enable §
fragments ¢
splicing. Th
points (SAP
alignment t
different en

All CMAF tr
the first AU
shall be dec

Video frame
or 2. For au
type define
constraints
one type.

10.5.3 Ger
The followi

audio o

channe

sampliy

The first pd
they either

The second
example, a 1
that AUs sh

AF fragmrent encoding constraints

eamless switching between AAC CMAF tracks in a CMAF switching set, the AA¢ C
omprising each CMAF track are encoded and packaged for random access and’searn
e process of encoding the AUs (Access Units) requires periodic generation of\stream ac
) that are time aligned between CMAF tracks, and encapsulation requireés\CMAF frag]
o those SAPs. Tracks that belong to the same CMAF switching set canbe generated
coder instances, but shall conform to the same CMAF switching set eonistraints.

acks in an AAC CMAF switching set shall have AAC SAPs at CMAE fragment boundaries
in each CMAF fragment), and corresponding CMAF fragments.ih alternative CMAF tr
pde time aligned and presentation time aligned.

s usually have well-defined SAP types, such as an IDR frame that always equals SAP ty
dio, frame SAP types are not usually specified. In®MPEG-4 AAC, there is no special fi
d for random access. Nevertheless, audio SAPs of\type 1 can be generated by applyin
described in the following clauses and are referred to as an “SAP” frame, since there is

eral considerations and requirements
ng values shall not change within &6MAF switching set:
bject type (AOT);
configuration;
g frequency.

int means that/all-the CMAF tracks within a CMAF switching set share the same AOT
1se AAC-LC, HE-AAC or HE-AACv2.

and third: constraints enable the output PCM to remain constant and not requirg
e-configlration of the audio device or sound card. A constant sampling frequency as§
are'the same temporal framing and, therefore, the AAC CMAF fragments in altern

CMATF track

MAF
hless
cess
ment
from

(i.e.,
acks

pel
ame
y the
only

, i.e.,

, for
ures
htive

s'aré decode time aligned, so no overlap or gap in presentation time results when switc

hing.

All CMAF tracks 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 con

strained 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

Fig

10.5

Sinc
addi

10.5

The
com
320

whe

v 1
°
=
=
o
S
0 ¥
time
incorrect window sequence
LTI G
°
=
=
a
=
time
ure 15 — Correct and incorrect windowing sequence at fragment boundaries for]seamless
switching of AAC-LC CMAF tracks
.5 Constraints for HE-AAC
e HE-AAC is based on- AAC-LC, the restrictions described in subclause 10.5.4 apply dlso here. In
Fion, the following xestrictions apply to the spectral band replication (SBR) tool.
.5.1 Core bandwidth adjustment
framingrofithe SBR decoder analysis is delayed by 6 QMF time slots (6 x 64 audio P(M samples)
pbared«tethe framing of the AAC core decoder. Furthermore, the QMF analysis adds another
hudio PCM samples. This time shift between core and SBR framing might result in an|energy gap
h'switching, for example, from a track encoded with low bit-rate to a track encoded wijith high bit-

rate.

This concept s depicted in Figure 16.
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frequency gap | SAP
F 3 N H
Switch without £ || SBR
bandwidth adjustment 0
in AU i-1 fyr e
Switch with
increaded core bandwidth
in AU i{1
i-2 i-1 . i i+X

Aceess Unit

Low Bit Rate Stream, Cross-Over Frequency-f,,

High Bit Rate Stream, Cross-Over Frequéncy fyy

Figure 16 — Illustration of core bandwidth adjustment for‘'HE-AAC switching points

To avoid this gap in the frequency range, it is recommended-tg have the AAC core bandwidth of the
last frame qf a fragment matching the highest AAC/SBR crgssever frequency of the supported stfeam
configuratign. To properly encode the additional bandwidth, extra bits are necessary and thg bit
reservoir cqntrol should be adapted accordingly.

10.5.5.2 SBR header and time differential coding

In contrast fo the AAC configuration that is completely signalled inside the audio specific configuration
(ASC), the SBR decoder needs additional canfiguration parameters. These parameters are transmjtted
in the SBR Header, which may not be contained in every access unit. The MPEG-4 standard recommnds
a transmisgion interval of 500 ms. or-whenever an instantaneous change of header parametefs is
required. Tq allow for seamless switching of HE-AAC encoded tracks, an SBR header shall be transmftted
in each SAH frame. For frames ¢ontaining the SBR header, the MPEG-4 audio conformance forbidf the
use of tool§ that rely on preceding frames. In other words, time differential coding of parame¢ters
contained i the SBR head€r is forbidden and, hence, this restriction guarantees that SAP frames c4n be
completely flecoded and.processed.

BR frame-class

If the SBR frame class is “VARVAR” or “FIXVAR”, the SBR envelope for this particular frame could reach

ameboerders—Femakesturealneeessaryinformationisse ortatnedinthe SAPfrare, so
that it can be fully decoded, the SAP shall always start with a “FIX” border (“FIXVAR” or “FIXFIX").
Consequently, the last 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

11.1 Overview

CMAF defines the Tollowing formats for carrying subtitles and captions:

— WebVTT subtitle CMAF tracks;
MSC1 subtitle CMAF tracks;

TA-608/CTA-708 captions embedded in video CMAF tracks.

The
text
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11.2
Web

term “subtitles” in this document is used to mean a CMAF track‘for the visual pre
or graphics that is synchronized with video and audio for purposes including “closg
earing impaired viewing. Subtitles are presented for various;ptrposes such as dialog
Slation, localized titles, commentary, lyrics, and descriptive(captions for hearing impai
esentation situations where audio is unavailable or inappropriate.

/CTA-708 (608) “closed captions” embedded in video-elementary streams are also d

to distinguish them from CMAF subtitle tracks."Closed captions are commonly us
rica to broadcast descriptive text and dialoguejprimarily intended for hearing impair
subclause 9.3.5.2. Embedded closed captions:have limited flexibility because they
bendently created, selected, and delivered without duplicating every video track, and t
evel processing of video elementary streams to decode. Closed captions may be presg
b tracks and can be ignored by players\that only process subtitle CMAF tracks.

IAF presentation can offer the same subtitle content in more than one CMAF track
ach players with different decoding capabilities. Because each CMAF track can ha
ties, it is recommended thatimanifests indicate the preferred CMAF tracks in the selec

dditional CMAF media profile for IMSC 1.1 is defined in Annex L.

WebVTT

VTT is a subtitle format that is supported by several web browsers. It can also

tentation of
d captions”
e language
red viewers

escribed, in
bd in North
ed viewers.

cannot be
hey require
nt in CMAF

and format
ve different
fion set.

be used to

rend

er subtitlés-in other types of media presentation applications. In CMAF, a WebVTT ¢

locument is

encapsulated_in a CMAF fragment contained in a CMAF track. WebVTT CMAF fragments may be
sequentially downloaded, synchronized, and presented the same as audio and video CMAF fragments.

¢ and tracks

shall conformto ISO/IEC 14496 30, to Clause 7, and to the cwvt' medla proflle llsted 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
to split cues into multiple WebVTT documents and media samples to avoid this case.

NOTE F
tracks, one W
play the forc

11.3 IMSC

11.3.1 Gern

W3C IMSC1
caption deli
defines a te
that a valid
document, 1

An IMSC1 tg
An IMSC1 iy
An IMSC1.1
An IMSC1.1

11.3.2 Con
The CMAF t

The names
“http://ww

NOTE T
purpose of p

The xMLSubt
type field sk

TTed tittesare supportedim TTMEAMSE L but ot Web VT A workaround istocreate two We
rith only the forced titles and the other with both forced and regular subtitles. A player wenld,
bd-only track by default, and switch to the forced + subtitles track when subtitles are selécted.

text and image tracks

eral

and W3C IMSC1.1 are profiles of the timed text markup language)(TTML) for subtitlg
very. W3C IMSC1 defines a text-only profile and an image-only.profile. W3C IMSC1.1
xt-only profile and an image-only profile. W3C IMSC1.1 is @ superset of W3C IMSC1,
W3C IMSC1 text or image profile document is a valid W-3€ IMSC1.1 text or image pr
espectively. All IMSC tracks shall conform to the provisions of W3C IMSC1 or W3C IMS

xt track is a CMAF track that conforms to the provisions of subclauses 11.3.2 and 11.3.

pVTT
then

and
also
such
ofile
C1.1.

3.

3.4.

hage track is a CMAF track that conforms to the.provisions of subclauses 11.3.2 and 11

text track is a CMAF track that conforms t@,the provisions of subclauses 11.3.2 and L.2|

hmon constraints
rack shall conform to ISO/IEC 14496-30.

bace field of the xMLsubtitleSampleEntry box shall contain one instance of the s
. w3.0rg/ns/ttml%

he schema location field of the XMLSubtitleSampleEntry box is not expected to be set fo
Fofile signalling»The CMAF media profile brand can be used to determine the profile.

itlesapleEntry shall contain a MIMEBox as specified in ISO/IEC 14496-12 and its cont]
all be'constrained as follows.

image track is a CMAF track that conforms to the provisions of subclauses 11.3.2 and 1}.3

ring

r the

ent

— The typ

e'shall be "application”.

— The subtype 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.

72

The type shall be "application”.
The subtype shall be "mp4".

The codecs parameter shall be present.

© ISO/IEC 2020 - All rights res

erved


http://www.w3.org/ns/ttml
https://iecnorm.com/api/?name=5945353f37e18471e9b0946e2c092632

11.3

ISO/IEC 23000-1

.3 IMSC1 text track constraints

9:2020(E)

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.

EXAMPLE1 "application/ttml+xml;codecs=imlt|etdl" signals that the documents contained in an
IMSA1 text track also conform to EBU TECH 3380.

The fodecs parameter of the media type of the CMAF track shall contain the value #stpp.fctml.im1t".
Othgr TTML profiles the track conforms to may be additionally listed in the codecgparameter.
EXAMPLE2  "application/mp4;codecs=stpp.ttml.imlt" is the media type ©f“an IMSC1 [text subtitle
CMAF track.

EXAMPLE3 @mimeType="application/mp4" and @codecs="stpp.ttml.imLE" signal an IMSC] text subtitle
CMAF track in a DASH manifest.

NOTE 2  Clause A.4 specifies a file brand that signals that a track is amIMSC1 text subtitle CMAF track.

11.3l4 IMSC1 image track constraints

Alls

The
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EXA]
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EXA]I
The

EXA]
inall

Each
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NOT

ibtitle media samples of the CMAF track shall confoxm to the image profile specified in

codecs parameter of the content type field ofithe MIME box within the xMLsubtitles
see subclause 11.3.2) shall contain the value*in11i", which signals that an IMSC1 imag
uired, as specified in the W3C, TTML media type definition and profile registry.

MPLE1 "application/ttml+xml;colecs=imli" is a possible value for the content tyy
1 image track.

MPLE 2  "application/mp4;cegecs=stpp.ttml.imli" is the media type of an IMSC1 imag]

bodecs parameter of thexmedia type of the CMAF track shall contain the value "stpp. tt

VPLE 3 @mimeTypes"application/mp4" and @codecs="stpp.ttml.imli" signal an IMSC]
ASH manifest.

smpte:backgrowndIimage attribute shall be a URN as specified in ISO/IEC 14496-3
brm to the following bg-image-urn syntax expressed using IETF RFC 5234.

bg-image=urn "urn:mpeg:14496-30:subs:" 1*DIGIT

E X/ "Since W3C IMSC1 requires images to conform to W3C PNG, the auxiliary mime type

W3C IMSCL.

ampleEntry
e processor

e field of an

e track.
ml.iml1i"™.

image track

0 that may

s field of the

XMLS

nritleSamplebntry hoxincludes oneinstance of the media type "image /png ifany image i

5 used.

NOTE 2

11.4 CTA-608 and CTA-708

Annex A.4 specifies a file brand that signals that a track is an IMSC1 image subtitle CMAF track.

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 co

ntains 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 CMAF media profiles

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 directly from a CMAF
structural Hrand and format specified in Clause 7 or from a video or audio CMAF track format spedified
in Clause 9 pr Clause 10. The media profile’s CMAF track format should specify @ny requirementd and
constraintsfon CMAF headers and CMAF fragments.

12.1.1.2 Codecs, profiles and levels

All CMAF njedia profiles should specify codec specific features and ‘eperating points, such as prqfiles
and levels, that are necessary to determine encoder/decoder interoperability. The maximum featfures
and limits dllowed in content should be specified. When related media profiles are specified, sulpset/
superset relationships between those media profiles shodld“be specified based on the ability|of a
decoder conforming to superset media profile being able\to reliably decode content conforming|to a
subset med]a profile.

12.1.1.3 Media access unit mapping to media samples

All CMAF njedia profiles should specify one-0rmore media access unit formats that are address¢d as
media samples in a CMAF track. In addition) all CMAF media profiles should specify the sample gntry
code point fpor the media samples in a CMAF track.

12.1.1.4 Media access unit sequence mapping to CMAF fragments

All CMAF mEdia profiles shodld specify any limitation on storing sequences of media samples in a CMAF
fragment inforder to confotm to the general random access and timing constraints of CMAF fragmpnts.
If all media[samples are-sync samples, there are no additional constraints. If sequential media sample
dependencigs are caused by codec prediction, media sample reordering transforms that overlap media
samples, sample group and layer dependencies, etc., then media sample sequences should be spedified
that allow JMAF fragments to be randomly accessed and optionally, adaptively switched (if the mjedia
profile defirlles adaptive 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 aptions for implpmpnfprs_ In order
to increase interoperability, CMAF media profiles usually limit some encoding options angl specify an
identifier for conforming CMAF tracks. While every codec offers its own set of choices,thls subclause
presents guidelines for what should be specified by audio CMAF media profiles in the form of testable
asseftions.

12.1.2.2 Audio track format

Audio CMAF media profiles should be derived from the general CMAF atidio track format|specified in
subdlause 10.2 or the AAC audio CMAF track format specified in suh¢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 rgnge control
infogmation, channel configuration, etc.) are-allowed and if they can change within a CMIAF track or
between 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 ¢lecode time
necessary on decoding, preferably without using media sample composition offsets in the TfrackrRunBox.

12.1.3 Guidelines for«wideo CMAF media profiles

12.1.3.1 General

Videp codecs~often define features and performance limits, such as profiles, levels, video image
charpcteristics, that present options for implementers. In order to increase interoperabhility, CMAF
medja profiles usually limit some encoding options and specify an identifier for conforming CMAF
track$.‘While every codec offers its own set of choices, this subclause presents guidelinfes for what
should 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 sequence, preferably using TrackrunBox composition offsets to reorder media samples without

creatingap

resentation time delay.
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presentation profile defines conditionally required media profiles for CMAF tracks th
be available in a CMAF presentation that conforms to the presentation profile.

y required mediaprofiles.

ntation profilesmay be specified in specifications other than CMAF by entities other
Fnally specified CMAF presentation profiles should be identified by a URI in the names
F'ying entity. If a URL is defined, it should resolve to the specification document that de
nally-required media profiles of the presentation profile.

See Clause 4

are

edia profiles are a minimutn’constraint. CMAF presentations containing the required CMAF
les may also include additional CMAF media profiles and remain conformant. A CMAF
h may conform to more than one presentation profile if it contains CMAF tracks in alll the

than
pace
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L1 for CMAF presentation profiles defined in the CMAF specification.

12.2.2 CMAF profile conformance

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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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 media profiles are conformance points for encoded media data stored in a specified CMAF
track format. A CMAF media profile brand indicates encode/decode and adaptive switching
conformance of media data, as well as a CMAF track format. CMAF media profile conformance
Enables encoding and decoding of media samples in CMAF fragments and CMAF tracks, independent

pf delivery.

CMAF addressable media objects are conformance points for CMAF media objeets'(head|
segments, and files) and their brands, which are derived from CMAF tracks, fragments,
neaders, and optimized for external reference, storage, and delivery. Theyinherit the st
media constraints of the CMAF track and media profile they contain, @nd constrain t}
pf the CMAF addressable media object independent of the CMAF media. CMAF addres

manifest format and delivery method used.

CMAF switching sets are a conformance point for a group’of CMAF tracks that sh
hind encoding constraints defined by the CMAF track“format and a CMAF medi:
bnable seamless adaptive switching. Single initialization CMAF switching set constra
hssociated identifier are defined to indicate CMAF-sWwitching set functional conformar
nitialization constraints, the syntax of which is specified by a CMAF media profile. C
for content pertains to a set of CMAF tracks,:and conformance for decoders pertains
hind seamlessly rendering sequences of consecutive CMAF fragments selected from
CMAF tracks.

CMAF selection sets are conformance'points for a group of synchronized CMAF switch
bhare related content, timing and_imedia type. For instance, alternative audio CMAF sw
n a CMAF selection set can cover the same presentation timespan with synchronized

multiple CMAF selection sets are necessary to compose a multimedia presentation usin
hypothetical application_model and late binding. Conformance indicates that all CMA
correctly grouped, synchronized, and have approximately the same duration to fo
bresentation.

CMAF presentation profiles are conformance points for a group of conditionally req
'racks thatcanform to required media profiles and form a synchronized multimedia p
What conitent and timing are appropriate for a multimedia presentation is not s
CMAF<and can only be tested based on a presentation author’s intended result. How
bresentations can be tested against the CMAF hypothetical application model, which

ers, chunks,
chunks, and
ructure and
e structure
sable media

bbjects are a conformance point for streaming protocols and syStems that is independent of the

are content
W profile to
ints and an
ce to single
bnformance
to decoding
any of the

ng sets that
itching sets
alternative

content or encoding. Since GMAF tracks contain a single media type (audio, video, dr subtitles),

g the CMAF
F tracks are
'm a CMAF

hired CMAF
resentation.
pecified by
ever, CMAF
provides a

common understanding between content creators and players as to the intended ar

1d expected

result. A CMAF presentation profile constrains the media profiles, CMAF switching sets, track
formats, etc. that it contains and is intended to identify basic content/device compatibility. A player
that claims compatibility with a CMAF presentation profile 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 or
more CMAN tracks for each conditionally required media profile in the CMAF presentation prpfile.
A CMAF presentation can conform to multiple CMAF presentation profiles by containing|al] the
conditionally required CMAF tracks and CMAF media profiles. Additional CMAF medja” prqfiles
in a CMAF presentation are optional by default when they are not conditionally required‘in a CMAF
presentatioh profile that the CMAF presentation conforms to.

A presentatfion profile may specify a single encryption scheme to be used on every encrypted CMAF
switching 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

This|clause defines some CMAF presentation profiles and their associated CMAF-presentdtion profile
identifiers. The CMAF presentation profiles below differ only by the common gneryption s¢hemes they
requlire (ISO/IEC 23001-7).

NOTE In the current market, two encryption schemes, 'cenc' and 'cbcs'f are widely deployedl on popular
platfprms. Therefore, this document currently defines one presentation profile for each of thesp encryption
schemes and another for unencrypted CMAF presentations. By defirfing multiple presentatiop profiles, a
mecHanism is provided to select a given encryption scheme by presentation profile within a given|deployment.
This |[identifies the potential incompatibilities between content and-deployments conforming tq similar but
different CMAF presentation profiles.

A.1.2 CMFHD presentation profile

The CMFHD presentation profile is intended to ptevide basic interoperability of unprotedted content
on the widest range of Internet video devices in-use today. Other CMAF media profiles that are not
reqllired in this presentation profile are considered optional.

Requirements of CMAF presentation profite CMFHD
— Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhd:2017”

— |fcontaining video, it shall in¢lude at least one CMAF switching set constrained to the ' ¢fhd' media
profile in Clause A.2.

— |f containing audio, it.shall include at least one audio CMAF switching set constrained t¢ the 'caac’
media profile defined in Clause A.3.

— |f containing subtitle tracks, it shall include at least one CMAF switching set for each lgqnguage and
role in the/Dimit' media profile defined in Clause A.4.

— [MAFstracks containing optional CMAF media profiles in CMAF switching sets should|be included
n selection sets with CMAF switching sets containing required media profiles.

— AlrCMAFtracks shali motcontaim encrypted media Sampies OF d TrackEncrypt1onBox.

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 selection sets with CMAF switching sets containing required media profiles.

— Atleastfone CMAF switching set shall be encrypted. Any CMAF switching set that is encrypted shall
be available in 'cenc' common encryption scheme specified in Clause 8.

A.1.4 The¢ CMFHDs presentation profile

The CMFH[s presentation profile is intended to provide interoperability with a large-portion of ideo
devices in yse today that support content protection using the 'cbcs' scheme of-eommon encryption
(see subclayse 8.2.3). Other CMAF media profiles that are not required in this presentation profilg¢ are
considered pptional.

Requirements of CMAF presentation profile CMFHDs
— Presentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhds:2017”

— If contalining video, it shall include at least one CMAF switehing set constrained to the 'cfhd' media
profile In Clause A.2.

— If contalining audio, it shall include at least one audie"CMAF switching set constrained to the 'daac’
media grofile defined in Clause A.3.

— If contalining subtitle tracks, it shall include atleast one CMAF switching set for each languagd and
role in the 'im1t' media profile defined in.€lause A.4.

— CMAF gracks containing optional CMAF media profiles in CMAF switching sets should be inclided
in selection sets with CMAF switching sets containing required media profiles.

— Atleastfone CMAF switching setshall be encrypted. Any CMAF switching set that is encrypted ghall
be available in 'cbes' comnion encryption scheme specified in Clause 8.

A.1.5 Pragtected CMAF presentations

Manifests that include/equivalent CMAF presentations in CMFHDc and CMFHDs presentation prqfiles
can declarelboth presentation profile IDs to indicate that all CMAF switching sets are available with
both encryptionrschemes.

Presentation e
of media sample data, but do not preclude encryptlon durlng dellvery by methods such as HTTPS
or envelope encryption that are removed on arrival, prior to media processing of the unencrypted
presentation.

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.

NOTE CMAF tracks conform to more than one media profile if they meet the requirements for multiple CMAF
media profiles. For example, a video CMAF track could conform to both the SD and HD CMAF media profiles if its
dimejnsions are within the constraints for the SD profile (the HD profile has higher dimension gaistraints and
codef level) and the colour primaries, transfer characteristics and matrix coefficfenys are values
which are common to both profiles.

See pAnnex C for detailed encoding examples.

Table A.1 — AVC video CMAF media profiles

Media | Codec | Profile | Level colour_ transfer_ matrix_ Max Max Mgx CMAF
profiile primaries characteristics coefficients frame | frame | frame File
field in VUI field in VUI field inVUI height | width rage 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 @ETF) |1 (BT.709) 1080 1920 60 'cfhd'
HDHJ AVC High 4.2 1 (BT.709) 1 (BT.709°0ETF) |1 (BT.709) 1080 1920 60 'chdf'
NOTE| Values 1 and 6 for trans fer_characteristics are functionally equivalent, but the value which refers to the same spfcification as the
colgur primaries isnormally used.

See (lause 9 and Annex C for general requirements and constraints on CMAF video tracks.

A.3| Audio CMAF media profiles and brands

The [AAC audio CMAF media profiles in Table A.2 are specified in subclauses 10.4 and 10.5. Table A.2
sumpmarizes key parameters and specifies the four-character code that can be used as ah ISO BMFF
bran(d to identify the CMAF media profile in CMAF tracks and CMAF media objects.

The AAC adaptive switching audio CMAF media profile (' caaa') is a constrained subset of the AAC core
audip CMAF media‘profile (' caac'), so 'caaa' CMAF tracks always conform to the 'caac' (MAF media
profile.

Table A.2 — AAC audio CMAF media profiles

Mea_la Codec Profiles Levels ALBeEt OF File brand
profile channels
AAC core AAC |AAC-LC, HE-AAC or HE-AACv2 2 Mono or stereo 'caac'
AAC adaptive | AAC |AAC-LC, HE-AAC or HE-AACv2 2 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
WebVTT Specified in 11.2 ISO/IEC 14496-30 'cwvt!
TTML IMSCttext Specifredim 1353 MS€ttextprofite et
TTML IMSC1 image Specified in 11.3.4 IMSC1 image profile " gl
TTML IMSC].1 text Specified in L.2 IMSC1.1 text profile Tim2t!
TTML IMSC].1 image |Specified in L.3 IMSC1.1 image profile "im2i!
See Clause 11 for more details on subtitle CMAF track formats.
A.5 CMAF supplemental data
CMAF supplemental data is shown in Table A.4.

Table A.4 — CMAF supplemental-data
Supplemgpntal Format Notes Target CMAF File brand
datg tracks

CTA captionp CTA-608 and CTA-708 |Caption data is.embedded in Video media 'ccea!

Specified in subclause

11.4

SEI messages in video track;
multiple,closed caption streams|AVC and HEVC.

may be présent.

profiles, including

NOTE The fccea' brand can be included in addition'to a video CMAF media profile brand to indicate the presenice of
captions embedded in the video elementary stream.
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B.1
HEV

B.2

B.2.

HEV
sets

B.2.

The
entr

B.2.

The

HEVCSampleEntry ("hevl') sample entries as defined in ISO/IEC 14496-15 and constrained 3

The

NOTE

ISO/IEC 23000-1

Annex B
(normative)

9:2020(E)

HEVC video CMAF track format and CMAF media profiles

HEVC video CMAF tracks

C tracks shall conform to subclause 9.3, as additionally constrained in this annex.

HEVC video track constraints

. HEVC video CMAF switching set constraints

C video CMAF switching set shall conform to constraints for NAL structured video CMA
specified in subclause 9.3.6 or subclause 9.3.7.

P Sample Description Box ('stsd')

bample Description Box ('stsd') shall conform to subelause 9.2.4 and contain one or n
es.

B Visual sample entry

syntax and values of a visual sampleentry shall conform to HEVCSampleEntry

HEVCSampleEntry:

bhallcontainansEvcConfigurationBox (' hveC')boxcontaininganHEVCDecoderConfigura)
hs specified in ISO/IEC 14496-15;

bhall set sample entry fields consistent with the sequence parameter set and picture p3
Ualues in the video<rack as specified in ISO/IEC 14496-15 and constrained by B.3;

nformationsifidefault values are not encoded, as required in subclause 9.3.5.1;

bhall contain a colourInformationBox ('colr') with colour type 'nclx' and pPixelAsps
[' pagp ) when required per subclause 9.3.5.1.

F switching

hore sample

(‘hvcl') or
s follows.

ltionRecord,

rameter set

should contain\ SEI messages containing colour and dynamic range mastering angl rendering

ctRatioBox

Box provide

[ The ColourInformationBox with colour_tvpe 'nclx' and PixelAspectRatio

equivalent information to SPS VUI and are required when SPS VUI is not present in an 'hevl' sample entry.

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 #HEVCDecoderConfigurationRecord 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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SEI

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 #EvCDecoderConfigurationRecord 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.

video in
within

CMAF
master
CMAF s

B.2.5 Track Header Box (' tkhd')

The requirg
NOTE N
media sampl

'hevl' vide
parameter se

B.3 Med

B.3.1 Sto
HEVC video|

B.3.2 Acc
Access unit

Access unit
or 'hevl')

CMAF fragr
SPS and PP
immediatel

Access unit
messages) 3

gds specified in ISO/EC 14496-15.

h compatlble UHD/HDR dlsplay

bwitching sets shall be constrained to include identical SEI NALs and SPSfVUI cc

witching set to provide consistent initialization and calibration.

ments of subclause 9.2.3 apply.

brmalized width and height can be derived from the track’s vistial'sample entry for 'hvcl'
es (see subclause 9.3.2.2) or from a sequence parameter set NAD in each coded video sequen
b media samples. See subclauses 9.3.3 and 9.3.4 for the storage and semantics of video sequ
ts.

a sample and CMAF fragment constraints
rage of HEVC elementary streams
tracks shall comply with ISO/IEC 14496-15 and subclause 9.3.

ess units

5 and media samples shall.donform to subclause 9.3.
b shall conform to the requirements of a media sample of the indicated description ('
hents containing/access units identified by the 'hevi' sample description shall contali

5 NALs referenced from a coded video sequence in the first access unit of that sequ
i followinglits first access unit delimiter NAL, if an access unit delimiter NAL is present

ndSEI messages that would change hypothetical reference decoder bitstream conform|

5 identified by the 'hevi' sample description may retain filler data (in NAL units of

A CMAF player can pass MaxFALL MaxCLL and other SEI message data toa dlsplay over a dlgltal

lour

ng and dynamic range information in the first sample entry of every CMAF‘header in the

yideo

e for
ence

fvel!

n all
bnce,

SEI
ance

if removed.

Access units of type 'hvc1' shall reference a video parameter set in the sample entry of the CMAF

header asso

ciated 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.

— TThe condition of the following fields shall not change throughout an HEVC elementary gtream:
— 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

Seqyence parameter set NAL units that occur within a CMAF HEVC track shall fonform to
ISO/JEC 23008-2 with the following additional constraints.

— The following fields shall have pre-determined values as follows.

— vui parameters presgnt flag shall be setto 1.

B.3.3.4.2 Visual usability information (VUI) parameters

VUI [parameters that'occur within 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.

—(saspect ratio info present flagshall besetto 1.

— video full range flag shall besetto 0.
— 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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be assumed:

pre

colour primaries = 1;
transfer characteristics =1;

matrix coefficients = 1.

sent.

If colour description present flag is set to 0, this shall indicate the following values are to

overscan info present flag shall be set to 0, therefore overscan_appropriate shall not be

The val
— low
col]
colj
trg

maf

The val

vui

vui

B.3.3.5 Fr

The frame
durations p

B.4 Vide

B.4.1 HE

Presentatio
switching s

B.4.2 Img

When nece
win bottom

1es of the following fields shall not change throughout a CMAF track and CMAF switchin
| delay hrd flag

our description present flag

our primaries, when present

nsfer characteristics, when present

rix coeffs, when present

lies of the following fields should not change throughout acGMAF track.

| time scale

| num_units in tick

ame rate in the elementary stream

[iming, including frame rate, is determined by the media sample presentation times

rovided in the TrackRunBox (es) in each CMAF fragment.

p codec parameters

/C signalling of "codeCs/* parameters

h applications should signal video codec profile and levels of each HEVC track and C
bt using parameters conforming to IETF RFC 6381 and ISO/IEC 14496-15.

|ge cropping parameters

bsary,<picture cropping shall be indicated by setting SPS VUI cropping parameters o
| offisgt and/or conf win right offset to remove video spatial samples not intende

p set.

and

MAF

onf

H for

display, and

a8wf win top offset and conf win left offset Setto zero.

B.5 HEVC video CMAF media profiles and brands

A set of HEVC CMAF video media profiles are defined, together with an ISO BMFF brand and constraints
in Table B.1.

For a CMAF

shall co

track to comply with one of the CMAF media profiles in Table B.1, it:

nform to subclause 9.3 NAL structured video CMAF tracks,

shall not exceed the tier, profile or level listed in the table

values from the options listed in Table B.1 with the values defined in ISO/IEC 23008-2.
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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 level would
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
NOTE CMAF tracks conform to more than one CMAF media profile if they meet the requirements for multiple

CMAF media profiles. For example, a CMAF track would conform to both the HHD8 and UHD8 media profiles if its
dimejnsions were within the constraints for the HHD8 profile (the UHD8 profile has higher dlmengl constraints

icients are

and fodec level) and the colour primaries, transfer characteristics and matrix c
valugs which are common to both profiles. HHD8 also conforms to UHD10 because an HEVCA@O decoder will
decofle the HEVC Main 8-bit content with Rec 709 video characteristics. q X
N
See Annex C for detailed encoding examples. QQ'

Table B.1 — HEVC video CMAF media proﬁi-@i

Main . 1(BT.709) |1 (BT.709 OETF) 09)
MainTier [Note 4] [Note 4] te 4]
8-bit
HEVC [Mainl0 4.1 1 (BT.709) 1 (BT.709 OET N 1 (BT.709) 1080 1920 6p 'chhl'
MainTier [Note 4] [Note 4] [Note 4]
10-bit N
HEVC |Main 50 |1(BT.709) |1 (BT.7090ETF) 1 (BT.709) 2160 | 3840 | 6p |'cuds’
MainTier [Note 4] [Note @] [Note 4]
8-bit \‘{\
HEVC |Main10 [51  [1(BT.709) {T(BT.709 OETF) 1 (BT.709) 2160 | 3840 6p | 'cudl’
MainTier [Note 4] ‘\Qv[Note 4] [Note 4]
10-bit 14 (BT.2020 OETF)
9 (BT.2020) | [Note 1, 5] 9 (BT.2020
[Not Table 6
T
’x’\C) [Note 7]
HEVC |Main10 [5.1 ‘J9 (BT.2100) |16 (BT.2100 9 (BT.2100 2160 | 3840 6p |'chdl'
MainTier + [[Note 5] Table 4 PQ EOTF) Table 6
10-bit a\& [Note 3, 6] Y'C'pC'R)
) [Note 7]
HEVC (M 'nk]) 5.1 9 (BT-2100) |18 (BT.2100 9 (BT.2100 2160 3840 6p 'clgl'
er [Note 5] Table 5 Table 6
{20%bit HLG OETF) Y'C'yC'R)
O [Note 8] [Note 7]
% 14 (BT.2020 OETF)
C) [Note2]
NOTE|1 ues 1 and 14 for the transfer characteristics field are functionally equivalent. However, it is normal to us¢ the value which

refers to the same specification as the colour_primaries being used.

NOTE 2 When the HLG OETF function specified by BT.2100 is used, the transfer characteristics syntax element in the VUI can be set
to 14 (BT.2020) and the alternative transfer characteristics SEI message ISO/IEC 23008-2 included with the preferred

transfe r_Characteri stics syntax element of that SEI message set to 18 (HLG) to enable both legacy and HDR-capable clients to display the
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.
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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
adaptive sty

— Spatial
that the
source’
is an ev]

— Tempor
resulti
fragme
frame 1
exact m

In order for
adaptive bi
following cc

— Tracks
video a

— The nu
spatial

temporal subsampling are encoding methods commonly used to reduce bit rate) di
eaming while optimizing video quality.

subsampling encodes a fraction of the number of spatial samples in the soutce vidg
source video is an exact integer multiple. For example, a subsample fraetion of 50 % o

en number, or a multiple of four when line pair cropping is requiredcSee Clause C.2.

al subsampling encodes a fraction of the frames in the sourceideo, e.g., 50 % of 24 }
h a 12 Hz track with half the media samples, each of twice the duration, but the same C
ht durations and start times. A CMAF switching set candnclude CMAF tracks at diffe
ates, e.g., 15 Hz and 30 Hz (and perhaps 60 Hz and 120¢Hz for UHD), but only if they a1
ultiples of the lowest frame rate.

CMAF switching sets to be presented to viewers'with minimal visible disturbance du
rate switching, encoding and playback of all the alternative tracks, CMAF specifie
nstraints, which are summarized, but not defined here.

n a CMAF switching set are alternative encodings of the same source content (same a
rea, colour encoding, source spatial sampling, etc.).

mber of video spatial subsamples-encoded is an exact sub-multiple of the number of v
samples in the active area of the-source video.

ring

0 SO
f the

cropped vertical and horizontal spatial sample count, where the number-of source sanpples

{z to
MAF
rent
e all

ring
5 the

Crtive

ideo

— The player determines the video display aperture, i.e., the number of vertical and horizontal pjixels

renderd
tracks
output

d. A player can select a-display aperture based on the picture aspect ratio of the C
n a CMAF switching, set ('tkhd' width/height), the available display shape and siz
bignal formats (suchras HDMI EDIDs), as well as application and user preferences in frai

the source aspect ratio within the application determined display area (full screen, windo
letterbgxed, portraitiot landscape device orientation, etc.). Precise subsampling and rescalin
specifigd in thisdnrex to avoid visible changes in image size, position, or shape between altern
CMAF tracks and/fragments in a CMAF switching set. Also, different CMAF switching sets wit
selectign set need to maintain the same aspect ratio to prevent visible distortion when selectin
examplp;different camera angles.

MAF
e or
ning
wed,
; are
htive
nin a
5, for

— Players are expected to scale the decoded and cropped samples in all tracks in a CMAF switching set
to the same display 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, ISO/IEC 14496-10:

1 which defines the number of horizontalvid
W e e e St e O e O O 5O td v e

P
o)
[i¢]

— T E S e patialsamples;

— pic height in map units minusl, which defines the number of vertical videp-spatfial samples;
— aspect_ratio_idc, which defines the aspect ratio of each video spatial sample;
— 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 theshumber of horizontal video spatial jsamples;
— pic height in luma samples, which definesthe 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, Cropping parameter in SPS;

— conf win bottom offset cropping parameter in SPS.

The presentation size in-the video TrackHeaderBox is defined in terms of square pixels (i.g., 1:1 video
spatjal sample aspeet.ratio) in the width and height fields of the TrackHeaderBox of the yideo CMAF
track. These values are used to determine the appropriate picture aspect ratio when displaying a track.
The vidth and-eight in the sample entry by the cropped sample count, which can be cpnverted to
square pixels by multiplying the ratio indexed by aspect ratio idc.

All tfacks in a CMAF switching set have the same picture aspect ratio, equal to that of the dctive image
area| ef(the source. A player may ignore the presentation size indicated in each track and scale all
fragiments 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
spatial sample array in the source frame after video spatial sample cropping has been applied,
divided by the number of columns of the luma video spatial sample array after video spatial sample

subsampled track would have a heriz

ple factor of 0.5.

atial
d by
r has
bped
pled

The vertical subsample factor is defined as the ratio of the number of rows of the lumg+video sp
samplelarray in the source frame after video spatial sample cropping has been applied, dividg
the number of rows of the luma video spatial sample array after video spatial sample cropping
been ag‘plied in a subsampled CMAF track. For example, 1088 vertical video spatial samples cro
to 108( in the source, subsampled to 544 video spatial samples cropped t6"540 in a subsanj
track would have a vertical subsample factor of 0.5.

C.4 Exan
If a 1920 x

ples of single dimension subsampling

1080 square pixel (SAR 1:1) source picture is horizontally subsampled and encoded| at a

resolution o
then the ho
since there

Similarly, if
of 1280 x 51
subsample f

f 1440 x 1080 (SAR 4:3), which corresponds to a 1920 x 1080 square pixel (SAR 1:1) pic
Fizontal subsample factor is 1440 + 1920 = 0,755 while the vertical subsample factor i
s no change in the vertical dimension.

a 1280 x 720 (SAR 1:1) source picture is(tvertically subsampled and encoded at a resol
L0 (SAR 3:4), which corresponds to a 1280 x 720 (SAR 1:1) picture size, then the horiz
actor is 1.0 since there is no change(n the horizontal dimension, and the vertical subsa

!

ture,
s 1.0

tion
ntal
mple

factoris 540 + 720 = 0.75.

C.5 Example of mixed subsampling

If a 1280 x
1280 x 540
horizontal s

1080 (SAR 3:2) source picture is vertically subsampled and encoded at a resoluti¢n of
(SAR 3:4), corresponding to a 1920 x 1080 square pixel (SAR 1:1) picture size, then the
ubsample factdr 11280 + 1920 = 2/3, and the vertical subsample factor is 540 + 1080 3 0.5.
To understdnd how this.is.an example of mixed subsampling, it is helpful to remember that the inpitial
source pictiyre resolution of 1280 x 1080 (SAR 3:2) can itself be thought of as having been horizoially
subsampled from ahigher resolution picture.

C.6 Cropping to active picture area

CMAF players typically control adaptation of the source image to whatever display environment is
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.
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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).

— meve (ISO/IEC 23008-2):

C.7

Whe
for t
unit
follo

C.8

The

lette
fille
deta

“Coding Tree Units” define the video spatial sample codingunitboundary (and are 64

x 64 blocks,

32 x 32 blocks, or 16 x 16 blocks). See Clause C.2.

Relationship of cropping and subsampling

n spatial subsampling is applied, additional cropping parameters are often'needed to
he mismatch between the coded picture size and the macroblock (ISO/IEC 14496-10)
(ISO/IEC 23008-2) boundaries. The specific relationship between theses mechanisms i
VS,

Fach picture is decoded using the coding parameters, including horizontal and vert

roded video sequence.

[he display aperture is determined by the CMAEplayer, and each fragment scaled
hperture using the same method to maintain registration, e.g., common sides, com

heed to be scaled to the display aperture width, then additional letterbox matting appli

h valid HDMI television input format. A newer TV or projector might accept this picture
lirectly without padding.

Example encoding and decoding process

following example shows.atypical movie picture aspect ratio that was padded and ey

| macroblocks indicated by cropping parameters. AVC and HEVC parameters for the ¢
led in Figure C.1.

0
bottom, exact match, etc. For example, to output the video to an HDTYV, the decodedri:Fn

compensate
coding tree
s defined as

ical sample

counts and cropping fields, defined in the sequence parameteér set corresponding to that picture’s

to fill that
n top and
age might
ed to match
aspectratio

iIcoded with

rbox bars to fita 16:9 TV display. The active image is extracted, subsampled, encoded, and partially

bxample are

;\’

Horizontal
Subsample
75%

Encoded in
nearest block

Cropped
visible spa

— —

Source Video

tial

array sample|

Source frame 1920x1080
Active image 1920x818
Sample aspect ratio 1.0

Frame 1440x1080
Active image 1440x818
Sample aspect ratio 4/3

Encoded 1440x832
Active image 1440x818 Active image 1
Sample aspect ratio 4/3 Sample aspect

Cropped 1440x818

440x818
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

Object Field Value
Source picture format |width 1920
height 1080
Subsample factor horizontal 0.75
vertical 1.0
TrackHeaderBox width 1920
height 818
ISO/TEC14496-10 chroma_format_tdac T47270)
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_blogk,size_minus3 1
aspect_ratio_idc 14 (4:3)
pic_width_in_luma_samples 1440
pic_height_in_lumaZsamples 832
conformance_window_flag 1
conf win_left; offset 0
conf_win_right_offset 0
conf win_top_offset 0
¢enf_win_bottom_offset 7

NOTE 1 As chroma_fermat idc is 1, SubWidthC and SubHeightC are set to 2 per
ISO/IEC 14496-10 and ISO/IEC 23008-2. This results in a doubling of frame crop parameters
(so frame crop bottom offset and conf win bottom offset both equate to 14
pixels in the above example).

NOTE 2 As<lSO/IEC 23008-2 MinCbSizeY is 16 and 1log2 min luma coding block
size minGs3' is 1, the Coding Tree Unit size is 16 x 16 (matching the ISO/IEC 14496-10
macrobléck size of 16 x 16).

The decodifg and’display process for this content is illustrated in Figure C.2.

In this example, the decoded picture dimensions are 1440 x 318, one line larger than the original active
picture area. 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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Output full
for 2.35 4K

screen
display

Scaled x 4/3 horizontally
for 1:1 samples and 2.35
picture aspect ratio, at
player selected size

Decoded and

cropped image  —p

(2.35 source PAR)

11

Output Letterboxed
for 16:9 2K display

€coded frame 1440x318 Scaled frame 1920x818
A\ctive image 1440x818 Active image 1440x818 - Output zog
Sample aspect ratio 4:3 Sample aspect ratio 1:1 croppedfo
full screer

med and
r 16:9 2K
display

Figu
encol

Figure C.2 — Example display process with and without lettérbox bars adde

re C.3 illustrates both subsampling and cropping applied to,'the horizontal dime
ding pillarboxed content.

d

nsion while

Source Image Cropped

4:3 aspect ‘ Subs7a5|;pled X' ‘ Encoded ‘ to visiblé
ratio horizonotaHy /) Blocks spatial
Pillarboxed samples

Source frame 1088x1088
Active image 1080x1080
Sample aspect ratio 4:3

Source frame 1920x1080
Active image 1080x1080
Sample aspect ratio 4:3

Source frame 1920x1080
Active image 1440x1080
Sample aspect ratio 1:1

Sample aspect

Coded image 1|

D80x1080
ratio 4:3

The

192(
actiy
sam]

Figure C.3 —<Example encode and decode process for pillarboxed source contlent

bect ratio at

priginal seurce picture content is first subsampled horizontally from a 1:1 sample asj
x 1080 e a video spatial sample aspect ratio of 4:3 at 1440 x 1080, then the 1080 >
e picture area of the subsampled image is encoded. However, the actual coded v

1080 pixel

deo spatial

bles, hdve a size of 1088 x 1088 samples due to the coding unit boundaries do not fal

ing on even
provided in

|

mul

tiples of 16 video spatial samples in this example. Therefore, cropping parameters are

both horizontal and vertical dimensions. The parameters are shown in Table C.2.
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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/TEC14496-10 chroma_format_tdac T47270)
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_blogk,size_minus3 1
aspect_ratio_idc 14 (4:3)
pic_width_in_luma_samples 1088
pic_height_in_lumaZsamples 1088
conformance_window_flag 1
conf win_left; offset 0
conf_win_right_offset 4
conf win_top_offset 0
¢enf_win_bottom_offset 4

NOTE 1 As chroma_fermat idc is 1, SubWidthC and SubHeightC are set to 2 per
ISO/IEC 14496-10 and ISO/IEC 23008-2. This results in a doubling of frame crop parameters
(so frame crop bottom offset and conf win bottom offset both equate to 14
pixels in the above example).

NOTE 2 As<lSO/IEC 23008-2 MinCbSizeY is 16 and 1log2 min luma coding block
size minGs3' is 1, the Coding Tree Unit size is 16 x 16 (matching the ISO/IEC 14496-10
macrobléck size of 16 x 16).
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player selected size f0;.165|9 2K
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Figure C.4 — Example display process with and without pillarbox bars

process for reconstructing the video for display is shown in Figure C4.

the previous example, the decoded picture has to be scaled back-p to the original 1:1 v
ple aspect ratio.

s content is to be displayed on a 4:3 display, no furthier addition of pillarboxes is n
ay the video image full screen. A user might elect ta’zoom the image to full width on a
P cropping the top and bottom. Full frame 1.85 dspeéct ratio film often “protects” the
area (16:9) so that the top and bottom can_be cropped when displayed full width

CMAF switching set video encoding considerations

I General

b of the variables that should be considered when designing a CMAF switching
cation are:

alid CMAF framingjsubsampling, and media profile encoding of multiple tracks fro
bource video to ayoid visible framing, position, and scaling errors on track switches;

he minimumtand maximum bandwidth available for delivery;
he resolttion of the source video;

The resolution and viewing conditions of target devices;

ideo spatial

ecessary to
16:9 display
1.78 aspect
1 on HDTVs

set for an

m the same

e)
f)
g)
h)
i)
j)
k)
1)

L 3 ££: o3 £1]. pa | pa | pa |
LIITC LUllllJl Coo1UIlL Clll\—lcllby Ul 11T culcTl aliu TIituutlr,

the compression difficulty of each content source;

the number of CMAF tracks per CMAF switching set;

the bit rate difference (“gradient”) between adjacent bit rate CMAF tracks;
the frequency of adaptive switching;

longer CVSs for better compression efficiency;

shorter CVSs and CMAF fragments for lower latency;

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
resolution and video quality, as well as encoder and codec efficiency, and difficulty of the source
material.

[, Bit
look
hlled
files
DRM
cally
rent
nent,

Network arld device characteristics may determine the lowest bit rate and resolution of interes
rates for small screens on variable cellular connections could be much lower than what would
acceptable pn a connected UHD TV. Some codecs and CMAF media profiles would limit-the’ inst
base of capable decoders, unless the CMAF presentation also includes “fallback” CMAFmedia pra
such as HD AVC and AAC stereo, which are almost universally supported. Content protéction and
tend to limit the number of compatible devices at UHD and HDR media profiles becatuse they typi
have highey device security requirements. Alternative CMAF switching sets encoded with diffe
CMAF medip profiles provide more reach at the cost of more encoding, storage, content managen
caching, player intelligence, etc.

2]

C.9.3 Usd case 1 — High volume “video on demand” of longferm content, e.g., movie

Prioritizati
utilization ¢
tracks per
and minimy
percentage
reduce encd
bit rate gra
switches.

This large 4§
duration pls
aslow adap
buffer can :
track switc
might resul

An addition
range addre
ranges shoy
start and er
be copied fq

n of efficient CDN caching favours fewer tracks per (CMAF switching set for better
f finite edge cache storage and higher cache hit ratié with fewer alternative choices. F
[MAF switching set means a larger bit rate gradient between tracks for a given maxil
m bit rate. Somewhere around 40 % to 50 % gradient is a typical tradeoff (“gradient” i
reduction in bit rate from each track to the'next lower track). Video subsampling sh
ded resolution in rough proportion to thébit rate reduction to optimize video quality]
Hient should be consistent to have approximately the same quality difference on all t

gradient will probably resultdn noticeable quality differences between tracks, so a
yer buffer (e.g., 2+ min) and.low bit rate startup sequence to fill that buffer can be used
ive switching algorithm toavoid frequent switching without risking buffer underrun (a
iverage out network throughput variations without underflowing the buffer.). Infreq
ning makes it less critieal to avoid processing a CMAF header on each track switch, w
[ in frame drops, gt¢.'on some systems.

al option is to package CMAF track files and store them near edge caches, then use
ssing to request portions of each track file for delivery (large CMAF segments). The
ld not bie'cached because the responses typically duplicate content with slightly diffe
d points so do not provide reuse and do not need to be cached because each byte rangg
om one local track file without waiting for new segments from an origin server.

C.9.4 Use case 2 — Low latency live streaming

CDN

bwer
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The
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b can

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 resp
to shrinking buffer fullness to avoid underflow and rebuffering, or make inefficient use

ond quickly
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 t

0 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 CMAF tracks

per CMAF switching set. Reliability for low latency delivery may require redundant origin
edge servers, possibly with multiple encoders and source streams to avoid latency and jitte

servers and
I on a single

network node or path that would not be noticed under typical high latency delivery,e.g., seyeral tens of
secopds, but would cause streaming interruption when operating at low latency. Early requests either

are tlo be avoided, or queued and handled, to avoid HTTP 400 errors such as “not found” or
thatwould flood the origin server.

Live|lencoding work flow often involves the splicing of independently encoded signal fee
othef recorded content and M2TS signal feeds that can change encoding parameters in a
CMAF fragment. CMAF switching sets with inband parameters and single initialization
can process CMAF fragments without needing to download and/process a new CMAF head
decading parameters.

‘not ready”,

s, ads, and
hy resulting
constraints
br with new

Encdding strategy, network distribution strategy, and player optimization need to be cgmbined for

um results.
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Annex D
(informative)

Hypothetical player model

D.1 Overview
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tmenters should note that CMAF provides the following affordances.

" segment is well-suited to network transfer because it is a compact, self-contaihed s
amples that covers a short duration that can be downloaded relatively quickly.

IAF segment contains a media timestamp in the form of baseMediaDecegeTime in a Ty
BaseMediaDecodeTimeBox, Which allows individual CMAF segments\and CMAF tracks
ith arbitrary timestamps to be synchronized to a presentation timéline using a man
ation time offset.

IAF header, associated with a CMAF track, and the MovieFpagmentBox and the media sa
ferenced from it contain everything necessary to renderthe media samples at the co

Facks can be separately selected and delivered by.dplayer, then synchronized at present:
ate bound”), thus allowing each player to customize different CMAF track combination
vice, network, and user.

ependently decodable picture at the start of each video CMAF fragment can be obtd
Huced download size for fast forward or fast reverse streaming, using a byte range reg

election sets allow alternativé_content to be offered for playback without requiring

witching sets allows alternative bit rate and resolution encodings of the same content
sly presented through a single video decoder.

ion key deliverysystems.

HEventMessageBox allows CMAF addressable media objects to signal application-def
ents with low latency on CMAF addressable media objects already being downloaded dy
sentations without requiring frequent manifest downloads.

et of
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mple
‘rect
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b of Common Eneryption supports access to the same encrypted content by multiple

ined
ring

D.2 Adaptive streaming playback examples

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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network bandwidth, rapid start heuristics, display size, etc.;

switches the next requested CMAF track and bit rate if needed to maintain continuo
within the limitations of network throughput.

D.3 Live streaming

9:2020(E)

selects an initial CMAF track from each selected CMAF switching set, usually based on estimated

sequentially downloads the CMAF addressable media objects that CMAF track is packaged in;

initializes, decodes, synchronizes, and presents the selected CMAF tracks and automatically

us playback

Live|CMAF presentation streaming is typically optimized for low latency by a player that

seconds of each selected CMAF track to minimize presentation delay relative to-the t
arriyes at the encoder. A player can select a different bit rate for each CMAF segmlent if n
prevent buffer underflow in the player while maximizing media quality. In addition, some
players can use short CMAF chunks as CMAF addressable media objects to receive media sa
the gncoder in a fraction of the time necessary for the encoder to complete a'coded video sg
make it available in a CMAF segment. Bit rate switching is still limited t6’€MAF fragment
i.e., fhe first CMAF chunk of a CMAF fragment. A player can reduce ayerage bit rate in orde
short, low latency buffer while avoiding underflow during network.and content variations,
the uffer duration and presentation latency to operate with more\buffer underflow safet
higher bit rate.

Onc¢ a player selects the live presentation delay and buffer duration, the delay cannot

bnly buffers
ime content
ecessary to
servers and
mples from
quence and
boundaries,
r to allow a
or increase
y margin or

be changed

withjout halting playback and rebuffering, or decoding at.a speed faster or slower than normal, which is

usudlly not possible or acceptable. Measurements of nétwork latency, jitter, throughput rate,
varigtion, CMAF segment duration variation, and server/client clock synchronization can h
seledt an optimal presentation delay and next CMAF segment bit rate to request. Each mea
network throughput made by a player is influeneed by variable factors, such aslocal network
e.g., pther devices periodically downloadingidata or media segments at the same time, CMA
being cached on a local CDN node or not;variations in wireless network reception, etc. S
can fake advantage of network aware sétvers that can provide each player data to help th
optimize bit rate and buffer duration.for reliable low latency playback.

Another factor in low latency stréaming is the sequencing of multiple CMAF presentations iy

throughput
elp a player
surement of
congestion,
F segments
bme players
ose players

a manifest.

Players are often required toninsert short video advertisements in longer video presen
televiision shows. If a player Uses a single buffer and decoder for all CMAF selection sets o
type} then the presentation delay and buffer duration necessary for ads could be much lar

Fations, like
one media
r than that

needed for the live television show and harder to determine in advance. That is particularly true when
ads are delivered frem a different server and are selected during playback based on the vigwer, device,
location, etc. In this case, the player needs to select presentation delay and buffer duratign sufficient
for the worst=case ad delivery delay, and the CMAF fragments in the television show need to be time
aligried to<the“duration of each advertisement in order to resume the live show on the stant of a CMAF
fragment without changing presentation delay. An alternative is to use separate buffers apd decoders
for the‘show and ads, in which case the presentation delays are decoupled. Prerecorded| ads can be
prefetched well in advance, and the return to the live show can happen on any frame by switching the
view, 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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