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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical

commit

tees 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
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ed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for thg
t types of ISO documents should be noted. This document was drafted in accordance with the
1 rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

n is drawn to the possibility that some of the elements of this document may be the subject of
rights. ISO shall not be held responsible for identifying any or all such patént rights. Details of
ent rights identified during the development of the document will be inthe Introduction and/o}
SO list of patent declarations received (see www.iso.org/patents).

de name used in this document is information given for the convenience of users and does nof
te an endorsement.

explanation on the voluntary nature of standards, the meaning of ISO specific terms and
ions related to conformity assessment, as well as infermation about ISO's adherence to thg
‘rade Organization (WTO) principles in the TechnicalBarriers to Trade (TBT) see the following
ww.iso.org/iso/foreword.html.

This dg
Coding

A list of

cument was prepared by Technical Committee ISO/IEC JTC 1, Information technology, SC 29
bf audio, picture, multimedia and hypermedia-information.

all parts in the ISO/IEC 23000 series,can be found on the ISO website.
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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
a variety 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 IP networks (cellular, cable, broadcast, etc.). Various organizations have taken MPEG’s core coding,
file format and system standards and comhined them into their own specifications for their specific
hpplication. While these specifications are similar, their differences result in unnecessary dupllication
bf engineering effort and duplication of identical content in slightly different formats, which*rgsults in
ncreased storage and delivery costs.

CMAF provides a common media specification that application specifications, such.as MPEG Diynamic
Adaptive Streaming over HTTP (DASH), can reference and a common media forniatthat allows p single
bncoded multimedia presentation to be used by many applications.
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Information technology — Multimedia application format

(MPEG-A) —
Part 19:

segmented media

Scope

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

CMAF specifies a track format derived from the ISO Base Media Filé Format, then derives addr
media objects from CMAF tracks that can be used for storage and delivery.

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

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

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

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

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

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

P Normative references

objects
timedia

essable

blection
rnative

ntation

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

st and
ny that

f CMAF
content

ming to
timedia

can be

content

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

ies. For

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

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

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

Video Coding

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

environ

ISO/IEQ
Media p

IETF R}
[ETF R}

ITU-RR
prograr

ITU-RK
HDTV s

ITU-R
product

ITU-R 1
materid

ITU-R K
useinp

ITU-T |
Procedy
Unique

ANSI/C
ANSII/(
w3c),
Ww3c8),

3 Te

For the

ments — Part 2: High efficiency video coding

23009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) —Part 1
resentation description and segment formats

FC 52341, Augmented BNF for Syntax Specifications: ABNF
FC 6381, The 'Codecs’ and 'Profiles’ Parameters for "Bucket” Media Types

ecommendation BT.709, Parameter values for the HDTV standards for produetion and internationa
hme exchange

ecommendation BT.1886, Reference electro-optical transfer functienfor flat panel displays used in
fudio production

Recommendation BT.20202), Parameter values for ultra-tiigh definition television systems for
ion and international programme exchange

Recommendation BT.2035, A reference viewing environment for evaluation of HDTV program
[ or completed programmes

ecommendation BT.2100-0:20163), Image parameter values for high dynamic range television for
roduction and international programme exchange

Recommendation X.667:20144%), Information technology — Open Systems Interconnection —
res for the operation of OSI Registration Authorities: Generation and registration of Universall)
[dentifiers (UUIDs) and their use ds ASN.1 object identifier components

TA-608-E R-2014°), Line 21 Rata Services

TA-708-E®), Digital Television (DTV) Closed Captioning

TTML Profiles for linternet Media Subtitles and Captions 1.0 (W3C IMSC1)

'TML Media Type Definition and Profile Registry, W3C Working Group Note (W3C TTML Registry)

'ms and-definitions

purposes of this document, the following terms and definitions apply.

1) Available at https://tools.ietf.org/html/rfc5234
2) Available at http://www.itu.int/rec/R-REC-BT.2020/en

3) Available at https:

4) Available at https://www.itu.int/rec/T-REC-X.667
5) Available at http://www.techstreet.com/standards/cta-608-e-r2014?product_id=1815447

6) Available at http://www.techstreet.com/standards/cta-708-e?product id=1860354

7) Available at http://www.w3.org/TR/ttml-imsc1

8) Available at https://www.w3.org/TR/ttml-profile-registr
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[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1 Media objects
3.1.1

CMAE fracment

bncoded ISOBMFF media segment conforming to CMAF constraints

8.1.2

CMAF header

sequence of CMAF constrained ISOBMFF boxes that do not reference any media samples (3.3.15),
hssociated with a CMAF track (3.2.1) and necessary for the decoding of its CMAF fraggments (3.1.]

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

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

8.1.4

CMAF chunk
CMAF media object that contains a consecutive subsétof the media samples (3.3.15) of a CMAF fj
[3.1.1), where only the first CMAF chunk of a CMAFEAragment is constrained to be an adaptive sy
3.3.9) point

8.1.5

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

Note 1 to entry: A “CMAF segment” iS conformant to an “ISOBMFF segment” and a “DASH segment”.

8.1.6

CMAF track file
bne CMAF track (3.2())stored consecutively in a single ISOBMFF file with the earliest CMAF fi
3.1.1) constrained to start at decode time zero

B.2 Logical/structure

3.2.1
CMAF:track

but are

)

agments
aining a

agment
yitching

F (3.1.1)

agment

media

bequence of CMAF fragments (3.1.1) that are consecutive in presentation time, contain ong
. ; . . :

i)layback

3.2.2
CMAF switching set

imitialize

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 con
a single CMAF switching set

© ISO/IEC 2018 - All rights reserved
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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
a time, e.g. an alternative language or codec

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

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

3.2.6
CMAF media profile

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

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

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

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

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

3.3 plication model

3.31

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

3.3.2

player
componjent of the CMAF hypothetical application model (3.3.1) responsible for interpreting a manifesg
(3.2.9), requesting resourges, and rendering a CMAF presentation (3.2.5)

3.3.3
late binding
selectiop (3.3:8)and synchronization of separately stored CMAF tracks (3.2.1) by a player (3.3.2]
resulting im aSynchronized 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
presentation 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 can also refer
to that value stored in a manifest (3.2.9).

4 © ISO/IEC 2018 - All rights reserved
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3.3.6

CMAF fragment duration

sum of the media sample (3.3.15) durations documented in the TrackFragmentRunBox of all
MovieFragmentHeaderBoxes 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)

8.3.8

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

8.3.9

switching
thanging 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)

8.3.10

seamless switching
bwitching (3.3.9) between CMAF tracks (3.2.1) without interrupting presentation of the media ¢ontent,
.e. decoding media samples (3.3.15), at the same time and¢quality as though their containing CMAF
‘rack was decoded without switching

3.3.11

CMAF switching set constraints
CMAF media profile (3.2.6) constraints that enable seamless switching (3.3.9) between CMAF tracks
3.2.1) in a CMAF switching set (3.2.2) conforming to that media profile

8.3.12

single initialization CMAF switching set constraints
hdditional CMAF switching set constraints (3.3.11) so CMAF fragments (3.1.1) do not depend on a djifferent
CMAF header (3.1.2) when switching.(3.3.9)

8.3.13
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 manifesy (3.2.9).

8.3.14
stream access-point
media sample’(3.3.15) random access property, numbered as in [SO/IEC 14496-12:2015, Annex |

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 video to refer to the spatial samples of an
image and in the context of audio to refer to PCM waveform samples. In this document, each type of sample
is identified by a defined term. A media sample defined by ISOBMFF is always identified by the term “media
sample”. The word “sample” is frequently used in ISOBMFF to refer to objects and parameters such as a “sample
entry”, “sample size”, etc., and those terms are used without modification in this document.

3.3.16

audio PCM sample

digital sample quantizing the amplitude of an audio waveform at regular and frequent intervals,
e.g. 48 kHz
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3.3.17

video spatial sample

quantized values representing the colour and brightness of an area of an image corresponding to a two-
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, that
number being an integer submultiple that can be scaled to the source video size based on video stream

L sel oo y: loife v NPT F Y]
paramgrers-witimott posttion St or pretareaspectratio atstortiott

4 Abbreviated terms

The following abbreviated terms are used in this document.

AU Access Unit

CDN Content Delivery Network

CMAF Common Media Application Format

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

ISOBMKF ISO Base Media File Format, defined in ISO/TEC 14496-12

KID Key Identifier as defined in ISO/IEC 23001-7

NAL Network Adaptation Layer

PCM Pulse Code Modulation

PPS Picture Parameter Set

SAP Stream Access Poinf as defined in ISO/IEC 14496-12
SEI Supplemental Enhancement Information

SPS SequenceParameter Set

VCL VideoCoding Layer

VPS Video Parameter Set

VUI Video Usability Information

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.

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
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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.

The following is a list of the main clauses of this document, with a brief description of each.

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

Llause 7 describes the use of ISO Base Media File Format for the Common Media ApplicationFermalt brand.

Clause 8 describes how digital rights management information and encryption is“applied| to the
Common Media Application Format.

Clause 9 describes the general video track format, constraints for NAL structured video tracks, jand the
AVC video track format.

{lause 10 describes the general audio track format and specifies two AAG/audio CMAF media priofiles.

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

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

Annex A describes several CMAF media profiles, theirsxcompatibility brands, and a CMAF presgntation
brofile that conditionally requires some of those media profiles.

pnnex B describes packaging and codec constraints for some CMAF media profiles using the HEVC
yideo codec.

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

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

Annex E describes the use of'event messages attached to media objects to deliver metadata.

Annex F describes maintaining presentation timing and delivery in the event of missing media §amples
hind resources.

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

b CMAF hypothetical application model, media object model, and profiles

.1 Overview of the hypothetical application model and media object model

CMAF defines a hypothetical application model so that encoding to that model results in consistent
CMAF track encoding, representation in manifests, track selection, late binding, synchronization,
decoding, and rendering of CMAF presentations.

Decoding requirements can be inferred from encoding constraints and the hypothetical application
model, but are not directly specified by CMAF. CMAF does not specify manifest formats or associated
resource identification and transport. However, CMAF does specify CMAF addressable media objects
derived from encoded CMAF fragments, which can be referenced as resources by a manifest. External
specifications can define how a manifest describes a CMAF presentation, including identifying CMAF
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addressable media objects as resources and representing their logical relationships determined by the
CMAF tracks, CMAF switching sets, CMAF selection sets, and CMAF presentations they are derived from.

Figure 1 illustrates the media objects that are specified by CMAF, starting with the encoded CMAF
fragments that form CMAF tracks, then logical CMAF track sets determined by CMAF track encoding
constraints, then derived CMAF addressable media objects that can package encoded CMAF fragments
or their media samples for storage and delivery.

T CMAF CMAF CMAF CMAT CMAT
Header Fragment Fragment Fragment Fragment ’:b
CMAF Track (a sequence of Encoded CMAF Media Objects) (\Q
‘ ~ v
. &
< |CMAF Logical
5 Media Objects
>
ﬁ CMAF Tracks CMAF Tracks
9“5’ Switching Set Switching Set
é CMAF Aligned Switching Sets \
2 K CMAF Selection Set (‘\\ J
Nt
| S
A
CMAF Addressable [~ CMAF CMAF CMAF
l Media Objects "~~~ ——————————~ 1 Header egment Track File
T =
B E X<
z g 2= _ Q

’\)

Figure|1 — Media objects specified in CMAF a @resented by externally specified applications
such as a §tlve streaming

Figure | illustrates the mapping betwee@@lAF specified CMAF presentations, and externally specified
manifegts and resources. Multiple manifests may reference the same CMAF presentation and CMAH
addresgable media objects. Specifi@o’n of manifests and resource delivery is outside the scope of this
documgnt. O

To accyrately represent a g)F presentation, a manifest will describe CMAF track relationshipg
determfned by each trac ’ﬁrce content and CMAF track encoding constraints, e.g. that CMAF tracks
belong ko the same CM witching set, which belongs to a CMAF selection set. CMAF groups CMAJ
tracks Based on thei oding constraints in logical media objects called CMAF selection sets and CMAR
switchipg sets th so determine intended use in late binding, track selection, seamless switching
and symchro n. Additional CMAF track metadata such as CMAF media profile brands, “codecs’
parameters %uage fields, etc. can be included in manifests to enable adaptive track selection and
playbac mized for each user and device.

Manife ts can reference CMAF addressable media objects by Tesource tdentifiers used by mmamnifest
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
adaptive streaming over the Internet. The size of the CMAF addressable media objects can be optimized
for efficient download and CDN caching, or fast bit rate switching and low latency, depending on the
application.

Figure 2 illustrates the relationship between CMAF and streaming specifications that can define
a mapping between their manifest and resource formats, and CMAF presentations and the CMAF
addressable media objects they include.
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CMAF Specified Not CMAF Specified
Manifest
CMAF Presentation Manifest A Mapping Spec A
CMAF Selection Set Manifest
Mapping SpecB
CMAF Video . ;MAFbl . Content
Switching Sets Addressable .
. Video Objects Reference to Manifest A . ;\ldesg.rlp; 101fl.1
CMAF Resources edia Profiles
Addressable * Encoding
CMAF Selection Set Media Objects Parameter 9\%
, CMAF * Encrypti
SCI\./[tAII:.AugI(; Addressable Manifest B Parametef's
witching Sets Audio Objects * Liceng
@brmation
CMAF Selection Set Q@Iedia Object
e _ 15~ Information —
CMAF Subtitle P retto cvar LI Resource
Switching Sets SRESSERIE Addressable Resources C) Identification
Subtitle Objects Media Objects \Q/
a\

%\J
Figure 2 — CMAF hypothetical application model using }arnally defined manifests {
describe the CMAF presentations Qn edia objects

&
: N
b.2 CMAF content processing model ;\\)

'he CMAF content processing model is shown i@%ure 3. Each CMAF presentation is compose

Hifferent languages, video components with @ifferent views of the same subject, subtitles with
anguages or functions, etc. A typical presentation includes audio, video, and subtitles. Preser
hire also possible that only include audia-components, or include multiple audio components, or
multiple video sources, e.g. side-b<\ video, picture in picture, sign language overlay, etc.

bynchronized CMAF tracks can.bg%reated and encoded at different times and synchronized on p
f they share a common pr tation timeline. Content packaged with the appropriate CMAF fn

hpplication model. EacE,CMAF track can be encoded, encrypted, and packaged by an inde

hat

1 of one

br more media content components from different source material, for example, audio compocTents in
i

fferent
itations
include

layback
agment

endent

lecode and presentation es can form a multimedia presentation conforming to the hypolthetical

encoder if each enc @’constrains timing, encoding and encryption parameters to the constrpints of
the intended CM esentation, CMAF selection set, and CMAF switching set. CMAF tracks in p CMAF
switching set e independently encoded by multiple encoders with the necessary CMAF fragment
fime align y deriving CMAF fragment timing, spatial and temporal subsampling, etc. ffom the
3aramet% the shared media source they encode from.
Q
s
S
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CMAF Presentation

CMAF Selection Set

CMAF Video

Switching Sets

Video Subsample Encapsulation Packaging (CMAF
Sulenaitia Video Encoding Encr tri)on (Header & Files, Segments,
ping yP Fragments) Chunks)

Eucapsulativi Fatkagiug (CMAT
(Header & Files, Segments,
Fragments) Chunks)

. Encapsulation Packaging (CMAF
Image Encodin, Sample .
(gptional) & Encrygtion (Header & Files, Segments,
Fragments) Chunks)

Figure 3 — CMAF presentation content gener{@-

LY

As illugtrated in Figure 3, video media components are often {gprocessed (e.g. subsampled) and
encodedl in multiple media streams, typically different ina‘?@ e and encoded resolution. Medi3

CMATF Selection Set

Sample
Encryption

CMAF Audio

Audio Editing Audio Encoding
Switching Sets

CMAF Sele

Subtitle Document

Ecliting CMAF Subtitle

Switching Sets

stream$ can be encrypted and encapsulated into CMAF fr nts, which can then be packaged as
CMAF addressable media objects appropriate for one or 1@ delivery methods. CMAF addressable
media ¢bjects can be made available as resources and identified as defined by other media applicatior
specifidations. Q)

CMAF dddressable media objects are derived fro @ﬁAF fragments and CMAF chunks as specified ir
Clause }, and inherit CMAF fragment constrain ch as alignment of media sample sequences withir
a CMAF fragment, CMAF fragment time alj ent within a CMAF switching set, CMAF track ang
CMAF 1pedia profile constraints, etc. This es CMAF fragment encoding and decoding independen{
of the (MAF addressable media objec ed to store and transport the CMAF fragments. But CMAF
addresgable media objects need not be constructed by packaging complete CMAF fragments as long as
the resglting CMAF addressable 16 objects conform to CMAF fragment and CMAF track constraints

For lived streaming, a CMAF fr@)ment in each CMAF track can be encoded simultaneously from each
media ¢ontent source co ent, and each CMAF fragment packaged and made available as soon as
possible as a CMAF add le media object, such as a CMAF segment or a CMAF chunk.

6.3 Lpate bindi@lAF track synchronization

The fegture chronizing separately stored CMAF tracks during playback is referred to as late
binding Tbed e binding timing model and accurate recording of CMAF fragment presentation timej
during 31@ ing are necessary to synchronize late bound CMAF tracks during delivery and presentation

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

As defined in ISOBMFF, the presentation time of a media sample in a file is obtained from the decode
time (derived from the baseMediaDecodeTime in the TrackFragmentBaseMediaDecodeTime
Box and the 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.
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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 ISOBMFF 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
Cl.iuil Cd tU bhcu C d CUILIIIIUIL tilllC}illC Ul isill, but thc_y lllcly ustc diffcl Cllt tiuxco\,alco, ou\,h ad f)G kHZ fOI'
Video and 48 kHz for audio, so an equivalent decode or presentation time can have a diffesent|integer
Value stored in baseMediaDecodeTime.

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

A CMAF track’s presentation time at the start of the CMAF presentation can be specified in a mpanifest
presentation time offset so long as the equivalent offset is spegified for all CMAF tracks in § CMAF
presentation. For instance, each period in a DASH manifest/is considered a CMAF presentatipn. The
requirement that CMAF presentations share a common~presentation timeline origin means [that all
bresentation time offsets in a DASH Period will be equivalent values.

b.4 Adaptive switching of CMAF tracks in CMAF switching sets

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

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

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

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

— The CMAK tracks conform to a common CMAF media profile.

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

[vack switching refers to the presentation of decoded media samples of one CMAF track pp to a
dendes des = pa | decndes £ d o pa 1 £ 41 CANAL & 1. £ 3
JITSTIILALIUIT LIIIT {, dlIIU PITOTIILALIUIT U UTLUUTU ITIITUI4A SAIITPITS Ul dAITULIITTH GIVIAT I dUK TTUII tlme t
onwards. For instance, this could be accomplished using two decoders, downloading overlapping
portions of any two streams, decoding both streams, and switching on any decoded media sample.

Track switching could be user initiated or programmatic.

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

6.5.1 Object derivation and interoperability code points

Common Media Application Format specifies track formats and media formats for encoding multimedia
and metadata derived from the fragmented ISO Base Media File Format and various audio, video, and
subtitle media formats.

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

6.5.2 |Encoded media objects

6.5.3 |Logical media object sets

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

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

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

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

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

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

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

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

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

6.5.4 Addressable media objects

12

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 EMAF media profites anmd 1SOBMFF bramds forwidety usedaudio; video, amd pubtitle
formats. Each CMAF media profile specifies constraints on codecs, media samples, CMAEfragments,
and CMAF tracks to identify encoder/decoder interoperability and optional functionality including
random access and seamless adaptive switching specified as CMAF switching set constraints. CMAF
also specifies guidelines for the specification of CMAF media profiles and matchingbrands t¢ enable
other specifications to define CMAF media profiles that conform to generallCMAF requirgments.
See Table A.1, Table B.1, Table A.2, and Table A.3.

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

h.5.5.2 CMAF presentation profile identifiers

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

6.5.5.3 CMAF media profiles and ISOBMFF brands

CMAF file and media profile compatibility brands identify a CMAF track’s file and media confojrmance
[0 CMAF track and media profile constraints. Each media profile defines codec-specific propdrties in
hddition 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, [mixing,
ayering, random acCess, and encoding constraints such as codec profiles and levels. CMAK media
brofiles can specify-éonstraints between multiple CMAF tracks in a CMAF switching set, and thereby
mply player reqUirements necessary to seamlessly switch between CMAF fragments in thos¢ CMAF
switching sets.

6.5.5.4.\ Single initialization CMAF switching set constraints identifier

bingle initialization constraints specify that a CMAF switching set conforms to general CMAF switching
Lot constraints and to additional CMAF media prnfi]p defined constraints that enable séamless
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 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.

6.5.5.5 ISOBMFF segment brands for CMAF media objects

Segment type compatibility 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.
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6.5.5.6 Specification of CMAF presentation and media profiles

The general requirements for CMAF media profiles and CMAF presentation profiles are specified in
Clause 12.

This document contains the following CMAF profiles.
— CMAF presentation profiles are specified in A.1.2.

— CMAF media profiles are specified in A.2, A.3, A.4, and B.5.

Additional CMAF media profiles can be specified if they conform to the general CMAF trackh
requirements, specify and register ISOBMFF brands, and define codec-specific CMAF track fofmats
codec cpnstraints, and optional CMAF switching set constraints for seamless switching follewing the
guidelimes in 12.1.

Additional CMAF presentation profiles can be specified if they conform to the~general CMAJ
requirements and specify a URL that identifies the conditionally required media prefiles, as described
in12.2.

6.6 CMAF media object model

6.6.1 [CMAF fragments

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

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

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

A CMAF fragment typically consists of one MovieFragmentBox and MediaDataBox pair, but car
containf more than one of these pairs. When a fragment contains multiple pairs like this, each pair is
called 3 CMAF chunk, and-each CMAF chunk contains a consecutive subset of the CMAF fragment’s
media §amples.

This is {llustrated in€igure 4.

Media Samples
A

NMAaxrin
VIUVILC

Fragment Box

(‘moof”)

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

Figure 4 — Example CMAF fragment data structure containing a single CMAF chunk
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6.6.2 CMAF tracks

A CMAF track is a continuous sequence of one or more CMAF fragments in presentation order
conforming to a CMAF media profile and an associated CMAF header. The CMAF header contains a
MovieBox sufficient to process and present all CMAF fragments in the CMAF track. A CMAF track can
be produced by an encoder and ISOBMFF file packager, but it is made accessible in the form of CMAF
addressable media objects that can be referenced as resources defined by an external media application
specification.

This is ill LinEi =
CMAF Fragment N CMAF Fragment N+1 r\(b
A A 2D

et Media Data HEH Media Data
Fragment Box

Fragment Box : :
(‘moof”) (‘moof’ Box (‘mdat’)
l/

Box (‘mdat’)

Figure 5 — CMAF track data structun?g/

bee Clauses 7 through 11 for additional details on the constructleQ\g?CMAF fragments and CMAF tracks
bf different media types.

b.6.3 CMAF track files
N\
A CMAF track file is a CMAF addressable media ob‘ﬁegt consisting of a CMAF track stored in f single
SOBMFF file. A CMAF track file is a stored CMAch with the following constraints.

— It starts with a CMAF header. ®$
W
— The CMAF header is followed by a (@T}muous sequence of one or more CMAF fragments stored in
presentation order. \j“

— The first CMAF fragment ha@aseMediaDecodeTime of zero.

A\dditional boxes, such as @m’entlndexBoxes, can be present between the CMAF header pnd the
first CMAF fragment. ()

[his is illustrated in ﬁ;;ure 6.
%\ Pre-encoded: Size and duration of CMAF Track Files do not change

/\0 /\
gc.

CMAF
Header
\/

CMAF
Fragment 4

CMAF Fragment N

‘tfdt’ decode time=0

Figure 6 — CMAF track file, addressable media object

A sequence of one or more CMAF fragments can be requested from a CMAF track file resource, for
example, using a resource identifier based on HTTP 1.1 consisting of the file URL and a byte range.
CMAF resource identifiers can be listed in a manifest or determined by some other delivery format
defined method, such as downloading a SegmentIndexBox to determine the byte ranges of CMAF
fragments. The manifest and request method are out of scope of CMAF. A CMAF track file can also be
downloaded or progressively downloaded.
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6.6.4

CMAF segments

A CMAF segment is a CMAF addressable media object containing one or more consecutive CMAF
fragments from a CMAF track. External application specifications can define how to reference a CMAF
segment with a resource identifier that can be used by servers and manifests to reference and deliver
each CMAF segment in a CMAF presentation.

This is illustrated in Figure 7.
CMAF Fragment N CMAF Fragment N+1
A , |

Movie Movie

Fragment Box Fragment Box
(‘moof”) (‘moof”)

CMAF ¥

segment durations are typically not greater than 10 seconds-to 12 seconds to limit delivery latency ir

live str¢

Subtitle
increas

have a dluration up to the duration of the CMAF track’that contains it.

6.6.5

CMATF ¢
sample
as soon
sample
the dur
encodir
each C)
protocd
include
chunk v

Figure
are der

A CMAF Segment contains a consecutive sequence of
one or more CMAF Fragments from a CMAF Track

Figure 7 — Example CMAF segment, addressable media object

ideo fragment durations are typically 2 seconds to 6 seconds for coding efficiency, and CMAH

paming and limit bitrate rate adaptation response timel

segment durations are usually close to video s€gment durations in live presentations to avoid
ng presentation delay. In a prerecorded CMAFEpresentation, a single subtitle CMAF segment car

CMAF chunks

hunks are CMAF addressable media objects that contain a consecutive subset of the medi3
5 in a CMAF fragment. CMAF chunks can be used by a delivery protocol to deliver media sampled
as possible during live encoding and streaming, i.e. typically less than a second. The same mediz
5 delivered in a CMAF segment containing one or more CMAF fragments would be delayed foy
ation of the CMAF segment, i.e. typically several seconds. CMAF chunks enable the progressivé
g, delivery, and deceding of each CMAF fragment. A MovieFragmentBox at the start of
1AF chunk provides access to the contained media samples. Broadcast, unicast, and multicast
Is can deliver@nd identify CMAF chunks through various methods, including resource IDs that
both a CMAKSegment number corresponding to a CMAF fragment and the number of the CMAK
vithin theé fragment to allow both fragment and chunk identification.

B illustrates that CMAF chunks inherit the media sample constraints of the CMAF fragment they
ived from. In this example of a video CMAF fragment containing a coded video sequence, thd

£+ CMAL ol 1 CAD &+ 1 o] INR H AVIC CNA AT
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uld DallllJlC Ul LUIIT 11150 UIVIATLT CIIUITIN 15 oNnil L_ypc 1 VUl 4, C.s. dall TJIN PILLUIC IIT Adlil AAvu UIVIAl

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 chunk, although they are not shown in this example.

16
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Example: CMAF Fragment containing a Coded Video Sequence of 20 samples

\

| \
HEER EEER HEEN HEEE HEEE

‘mdat’ in CMAF Video Fragment

ame media A 2 DACKAOE i /1 A 1 a2 A alten 21

‘moof’ ‘mdat’ ‘moof’ ‘mdat’ ‘moof’ ‘mdat’ ‘moof’ ‘mdat’

’
encoder encoder encoder encoder QQ encogler
output time output time output time output ti outputftime

b.6.6 CMAF switching sets and adaptive switching «

b.6.6.1 Overview QQ

As illustrated in Figure 9, CMAF switching sets contain.time-aligned CMAF fragments that stgrt with
stream access points (SAP type 1 or 2) and timestdmps to simplify switching between tracks by

bequencing CMAF fragments from different CMAE\@acks during playback.

Hcel:fgi_ CMAF Video Fragment N CMAF V:ueo Fragment CMAF Video Fragment "
e —
CMAF : O .
Header CMAF Video Fragment N CMAF Video Fragment CMAF Video Fragment ..
N e
CMAF_ CMAF Video Fragment CMAF Video Fragment =
Header
CMAF Video Fragment CMAF Video Fragment "
CMAF CMAF Video Fragment CMAF Video Fragment "
Header
CMAF Video Fragment CMAF Video Fragment ..
=T ‘tfdt’=T+duration(N) ‘tfdt'=T+duration(N) = CMAF Fragments are time jaligned
+ duration(N+1) and have continuous duration

S

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

6.6.6.2 Decoding adaptively switched CMAF tracks

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

The media profiles in the CMAF specification reference or define CMAF switching set constraints that
enable a stream of CMAF headers and CMAF fragments to decode on decoders without downloading
overlapping CMAF fragments or requiring the use of multiple decoders.

An adaptively delivered CMAF switching set results in a timed sequence of CMAF headers and
fragments a player selects from multlple CMAF tracks contalned ina CMAF sw1tch1ng set. The encodlng

can be ncoded and decoded They are 1ndependent from CMAF addressable medla ob]ect packaglng‘
applied|during storage or transport.

The CMAF track format specifies two types of CMAF switching set processing, determined by)specifiq
constraints on NAL structured video track formats referenced by some CMAF mediaprofiles. If 2
CMAF dwitching set conforms to general constraints, a CMAF track’s header is assumed‘be processed
before ¢very switch to that CMAF track. Additional constraints are specified for a CMAF switching se
conforrhing to single initialization constraints that do not depend on processing a new CMAF header td
switch fo other CMAF tracks within a CMAF switching set.

Figure |0 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
describd as “single initialization track switching” and “multiple initialization track switching”.

One mdthod of single initialization track switching relies on a “comrmon” CMAF header containing al
referenfed 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 parametel
sets anf indexes referenced by portions of a CMAF track encoded after the CMAF header has beer
downlopded would not be available to a player. Anotheranéthod relies on parameter sets delivered in
band when those parameter sets are not included in:the initially downloaded CMAF header or diffej
betweep CMAF tracks.

Audio (MAF switching sets typically only require single initialization because parameters that are
allowed to change are contained in the audiefmedia samples and CMAF fragments.

Subtitld CMAF tracks are typically not ddaptively switched, and therefore have a single CMAF track pet
CMAF gwitching set.

See 7.3 J4 for details on CMAF switching sets.
Single Initialization Switching Process

Track g
Header _/)_0

[UEN

Multiple Initialization Switching Process

Header Header Header Header

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

6.6.6.3 Displaying adaptively switched video CMAF tracks

The normative behaviour of a video decoder processing a single track is well-specified in each video
codec specification, such as AVC, but display processing is considered out of scope of those codec
specifications. For instance, AVC does not specify the conversion by a display processor of YCbCr 4:2:0
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video spatial samples and colour subsamples output by a decoder to 32-bit or 48-bit RGB pixels in a size,
colour space, resolution, and refresh rate appropriate for a specific display.

Adaptive switching, enabled by CMAF media profile constraints, allows a player’s decoder and display
system to deterministically scale different video spatial sampling used to encode different CMAF
fragments to the same display size, position, and refresh rate. The encoding of CMAF tracks in a CMAF
switching set is constrained so that a sequence of CMAF fragments can be accurately rescaled to the
same presentation height and width with precise registration and visual continuity of the video content,
including its size, shape, location, colour, brightness, etc. The variations allowed between CMAF tracks
" £ 3 £ f‘l\vll/\l" s alo s . 4 S d s 3 £l 1 ool 3 dd 3 dis la
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brocessors, but display processing and other player requirements are not directly specified by (MAF.

b.6.6.4 Video parameter set storage and processing

[he CMAF header of a CMAF video track needs to be processed on each CMAF tragkjswitch if decoding
parameters and parameter indexes are not identical between CMAF tracks,"ahd parametgrs that
fan change are not signalled in each CMAF fragment. This is often the case when each vide¢p CMAF
[rack stores the video parameter set(s) for that CMAF track in its CMAFcheader sample table, |e.g. the
'avcl' sample and track format. In that case, a decoder and display’ processor need to index the
correct encoded video spatial sample counts and cropping parameters\from a sample entry containing
the correct SPS, PPS, and VUI information matching the parametér)index encoded in each video NAL
slice header. If CMAF tracks in a CMAF switching set use differént'spatial subsampling, they wjill have
lifferent parameter sets and sample entries, and different CMAF tracks might use the same pafameter
set index value for a different parameter set. That makes it necessary to process the CMAF|header
hind sample table of each CMAF track when switching toithat CMAF track so that the correct decoding
barameters in a sample entry are in effect.

Multiple initialization switching can be used to_process all CMAF switching sets, but may nat result
n 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
inless it conforms to single initializatiofi)constraints specified by its CMAF media profile.

A CMAF header of a CMAF videaq-frack only needs to be processed once for a CMAF switching set
ronforming to single initialization constraints. There could be several ways to achieve this functjonality
that can be specified by eachiCMAF media profile.

['wo methods of specifying.single initialization constraints are the following.
h) A common CMAEheader and sample entries for a CMAF switching set

In this casge,.€ach CMAF header and its sample table contain all parameter sets and sample|entries
used to encede CMAF fragments in the CMAF switching set. All the parameter indexes arelunique
and cotrespond to the index values encoded in the video NAL slice headers. There woyld be a
different sample entry for each different subsampling used in the CMAF switching set.

h) ~Géneric CMAF headers and parameter sets stored in each CMAF fragment

I this case, each CMAF header contains initialization information in the video configuration
record and/or additional boxes as specified in Clause 9 and/or a manifest, but the SPS, PPS, and
VUI information used for decoding is stored and indexed within each coded video sequence and
CMAF fragment. The initialization information is sufficient for the CMAF media profile identified
by brand in each CMAF header, and re-initialization is only necessary if switching to a higher CMAF
media profile. 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 to HD
could switch all CMAF tracks without reinitializing, but a decoder initialized to SD would need to
limit playback to SD media profile CMAF tracks, or reinitialize to HD, if possible.

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

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

6.6.7 [CMAF selection sets and Iate binding >
A CMAF selection set is a set of CMAF switching sets, where each CMAF switching set enc '\ar
alternative aspect of the same presentation over the same presentation time, for examplecgi erenf
audio ldnguages, video camera angles, video formats, or codecs.

CMAF glayers are expected to select one CMAF switching set from each CMAF selection tthe startof
playbadk based on player compatibility and user preferences. Users or playback appli ns may switch
betweepn CMAF switching sets in a CMAF selection set during playback, but se s presentation i
not explected, either because the content differs (e.g. a different language or a view) or becaussg
CMAF fragment time alignment and decoding are not constrained to decode‘é&} lessly.

Aligned CMAF switching sets are encodings of the same source co t& with time-aligned CMAR
fragments to enable compatible players to seamlessly switch betweenytracks in different but aligneg
CMAF dwitching sets that contain CMAF tracks that do not conf to all the constraints of a singlg
CMAF gwitching set. Q

For example, in Figure 11, the SD, HD, and UHD10 CMAF @ profile CMAF switching sets could bg
aligned|CMAF switching sets, and some players could sea %sly switch between them. In one case, only
the encfyption key might be different between the SD;HD and UHD CMAF switching sets. In anothe
case, cddecs could differ. Each CMAF switching set individually conforms to normal constraints for its
media profile, and each player can determine if i\%n process the differences between aligned CMAR
switchipg sets seamlessly. o

Late bipding allows CMAF tracks to be e‘n@ded once and used in different combinations. See 6.3 fol
more infformation. C)\\

English AAC stereo E‘MAF Switching Set (single Track)
é;iic(;i n — French AAC stereo CMAF Switching Set (single Track)
Set English muli:hannel CMAF Switching Set (single Track)
- French mnttichannel CMAF Switching Set (single Track)
_ Engliih WebVTT description CMAF Switching Set (single Track)
glelllz: té:: no E‘Iigiish TTML description CMAF Switching Set (single Track)

Set I i‘rench WebVTT dub CMAF Switching Set (single Track)
French TTML dub CMAF Switching Set (single Track)

@«7

UHD10 Media Profile CMAF Switching Set (multiple Tracks)

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

Figure 11 — Example of CMAF selection sets
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The description of selection sets in a manifest is not defined by the CMAF specification; however, each
manifest format is expected to provide sufficient information to enable players to select optimal CMAF
switching sets from CMAF selection sets.

When there are multiple tracks in a selection set 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 ExtendedLanguageBox as defined in ISO/IEC 14496-12. See also 7.5.5.

When there is more than one track that is visually presented (e.g. video and subtitles), the visual layering
of the tracks is indicated hy the track header's ]qypr field CMAFE recommends that subtitle CMAF tracks
be positioned on layer -1 (ISOBMFF tracks with lower layer numbers overlay higher layer iumbered
'racks) and video CMAF tracks may be packaged with layer zero, or values relative to subtitles|per the
Content creator’s intended effect.

h.6.8 CMAF presentation timing model

[here are multiple timelines involved in synchronizing a CMAF presentation. Each timeling has a
[imescale in units per second, increases at a continuous rate over time, and‘has an origin where the
measure equals zero.

Global realtime timelines with different origins

N

{¢——The start of a live CMAF Presentation is synchronized to realtime timjelines

Track Presentation time - . S
< 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

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

Ld_ audio presentation time offset edit list, if needed to subtract decodgr delay

Common decode time.arigin
Figure 12 — CMAF timelines and synchronization model

All CMAFtracks in a CMAF presentation are specified in Clause 7 to measure baseMediaDecodeTime
n therackFragmentBaseMediaDecodeTimeBox from the same timeline origin and adjyst each
media’' sample’s presentation time relative to its decode time using composition offsets and offjset edit
ists, when necessary. The resulting presentation timelines and decode timelines all reference tle same
(coincident) timeline origin. The timelines and their relationships are illustrated in Figure 12.

The timelines are:

a) Track decode time — Is determined by the storage sequence and duration of each media sample,
and for any media sample, equals the sum of all prior media sample durations added to the
baseMediaDecodeTime of the first CMAF fragment.

b) Track composition time — Is determined by each sample’s composition offset in the
TrackRunBox relative to its decode time and is used to reorder video media samples to their
presentation order.
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c¢) Track presentation time — Is determined by applying any offset edit list in the CMAF header to
each media sample’s composition time, as shown for a CMAF audio track in Figure 12.

d) CMAF presentation timeline — [s defined in CMAF to start with a CMAF presentation time equal
to zero, at the earliest video media sample presentation time, or the earliest audio media sample
presentation time if there are no video CMAF tracks. The CMAF track presentation time at CMAF
presentation time zero is its “presentation time offset”, which can also be represented in some
manifest formats, such as DASH.

car] indicate the wall clock time that coincides with the start of a CMAF presentation so a player car
determine when each CMAF fragment or chunk will be available for download.

presenffation timeline starts at zero, coincident with the earliest media sample preséntation time, and i
equivalent to the ISOBMFF movie timeline.

As illugtrated in Figure 13, CMAF tracks with audio CMAF fragments that overlap the earliest vided
media §ample are intended to start presenting simultaneously with thie earliest video media sample
Audio JMAF track presentation time is determined by the value of BaséMediaDecodeTime recorded
in each CMAF chunk or fragment, and any presentation time offsetin‘an editlist, if an edit list is presen
in the QMAF track’s CMAF header.

ISOBMHF defines files and requires that the decode time of\€ach media sample is the sum of all priot1
media §ample durations in that track in stored order,.The first media sample in each track in a filg
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 non-zerd
baseM¢diaDecodeTime in the TrackFragmentBaseMediaDecodeTimeBox. The decode time of
each mgdia sample equals the sum of prior media sample durations in the CMAF track added to the
baseM¢diaDecodeTime of the first CMAF-fragment in the CMAF track. The decode time of each
media Jample also equals the sum of priermedia sample durations in the CMAF fragment that containg
it added to the CMAF fragment’s baseMediaDecodeTime.

Manifegts can specify a presentation time offset for each CMAF switching set to determine the CMAJ
track presentation time at the(start of each CMAF presentation. The start of CMAF presentations i
assumed to be the earliest yideo media sample when video is included in a CMAF presentation
otherwjse the earliest audio media sample. To maintain audio, video, and subtitle synchronizatior
encoded in the CMAF tracks, the presentation time offset of every CMAF switching set in a manifest wil
be equifvalent, whichhymeans equal presentation time offsets, but possibly different integer values and
timescdles per CMAF switching set. Matching presentation time offsets plus CMAF presentation timg
in each|CMAF track being presented maintains the encoded synchronization between audio, video, and
text content emplayback.

A manifést can select different start and end times with presentation time offsets and durations td
present different timespans of the CMAF presentation timeline to play a portion of a CMAF presentation.
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Coded Vide‘o Sequence Coded Vide‘o Sequence Coded Videfo Sequence CYS

ANEEEEESNNEEEEEEEEEEEEEEEEEEEEDE
" E R
Header
Matching the earliest Presentation time
<«— of each CMAF Track results in A/V sync

Audio Samples Audio Samples Audio Samples
| |

/\\ A A A
Audi le | | | |
N‘;‘;’;ﬁﬁ‘;;........ HEEEENENENNNEN N
Header N e

Each fragment contains complete video or audio media sample sequences or sync samples
Start alignment, Fragment alignment, Fragment duration, and Sample duration often djffer)between Selection|Sets

Figure 13 — Audio/video synchronization and startalignment

CMAF tracks containing video use negative composition offsets\where necessary to reorder media
samples without adding composition delay, so that the earliest composition time and presgntation
rime of each CMAF fragment equal its earliest decode tithé (with the optional exception of CMAF
frack files, mentioned above). The baseMediaDecodeRime in the TrackFragmentBasg¢Media
DecodeTimeBox is the earliest media sample presentation time of each CMAF fragment, and the
baseMediaDecodeTime of the earliest video CMAF)fragment is the presentation time offset of the
CMAF track at CMAF presentation time zero.

CMAF video track files, illustrated in Figure 6;\can be encoded using positive composition offdets and
packaged with an edit list in the CMAF header to remove composition delay. All other videp CMAF
fracks use negative composition offsets,not edit lists, to remove composition delay.

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

Decode time discontifivities between CMAF fragments can result from starting a new CMAF presgntation
n a playlist, for exdmple, in sequenced programs or programs interspersed with prerecorded ads. A
manifest can loedte the new CMAF presentation on its manifest presentation timeline and adjugt CMAF
switching setprésentation time offsets accordingly.

Howevers.in' cases where a decode time discontinuity results from one or more missing or damaged
CMAE. fragments in a continuous CMAF presentation, players can use the baseMediaDecodeTime of
rhe'next available CMAF fragment to resume presentation synchronized to the current presgntation
rimeline. Error concealment could include repeating video frames and skipping over missing [content
in the case of on demand or buffered media, but all CMAF tracks have to skip the same duration to
maintain A/V synchronization.

6.6.9 Manifest information

Although CMAF does not define the form or the content of the manifest, it does define its role. A manifest
is a document that describes one or more CMAF presentations, e.g. an MPEG DASH Media Presentation
Description (MPD). A manifest is responsible for describing the combination and synchronization of
independently packaged CMAF tracks grouped in CMAF switching sets and selection sets to form a
synchronized multimedia presentation.
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A manifest provides the player with information to select, initialize, start align, and synchronize
the CMAF track(s) to be played and identify CMAF media objects as resources to access and possibly
download them. CMAF tracks and CMAF fragments contain sufficient information to enable decryption,
decoding, and presentation scheduling. A manifest can also provide information on delivery protocol,
network management, authorization, license acquisition, etc., in addition to resource identification and
presentation description. The manifest can also signal that tracks conform to a CMAF media profile.

In cases where there are multiple CMAF tracks in a CMAF switching set or multiple CMAF presentations
in a sequence, a manifest can indicate to a player that the CMAF switching set conforms to a CMAF
mEdia I Ufi}c Cllld C}\V’{AF o VV itbhills DCt LUllbtl aiuto, oU d p}a_y Cl Cdadll DC}CLt aud iuitia}ibc LUlllPatib}C C}\VI{AF

tracks gnd can switch seamlessly between those CMAF tracks, reinitializing only when necessary.

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

CMAF headers, CMAF chunks, and CMAF fragments can be packaged and referenéed as CMAF
addresgable media objects for storage and delivery. Each CMAF addressable mediayebject can bg
referenfed as a resource as specified by an external specification, e.g. MPEG DASH (@SO/IEC 23009-1).

Externgl specifications can define resource identifiers and the CMAF addressable media objects they
identifyf so that servers, CDNs, and manifests can access CMAF addressable media objects and sequencg
them fgr decoding and presentation. A common example is a CMAF addressable media object packaged
as the Qody 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®TTP 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 issrecommended 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 storagsg
very of the same CMAF media objects. For example, in cases where the same CMAF segmentj

AF brands
Clause ¥ defines'the requirements and constraints that apply to all CMAF tracks.

A CMAJ track'should include the ' cmfc' file brand, indicating conformance with Clause 7 and Clause §
(specifying file format and optional encryption, but not media encoding). This file brand also declares
that boxes specified In Common Encryption (ISO/IEC 23001-7) and DASH (ISU/IEC 23009-1J may be
present.

The primary constraints of the 'cmfc' file type brand are described in 7.3.2.2.

Media profiles and their compatibility brands may specify additional box requirements and CMAF track
constraints, such as the CMAF media profiles that reference the NAL structured video CMAF track
format defined in Clause 9, incorporating boxes specified in ISO/IEC 14496-15, and AAC audio CMAF
track format specified in Clause 10, incorporating boxes specified in ISO/IEC 14496-3.

CMAF also specifies addressable media objects in 7.3.3 that are derived from CMAF tracks and have
segment type brands that may be included in a SegmentTypeBox prepended to an addressable media
object to identify its type (see Table 1).
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Table 1 — CMAF brands

Brand Location Conformance requirements
"cmfc' FileTypeBox and SegmentTypeBox 7.3
'cmfs' SegmentTypeBox 7.3.3.1
'cmfl! SegmentTypeBox 7.3.3.2
'cmff! SegmentTypeBox 7.3.2.3

' cmfc' brand specified in Clause 7.

f "cmfc' is the major_brand, the minor_version shall be set to 0, and file nanieés“should use|t

tpecified to match the major brand, e.g. *.mp4, *.3gp, *.uvv, *.uva, etc.

rersion number.

Table 2 — Common Media Application Format file extensions

Track type File extension Intérnet Media Type (MIME type)
Video .cmfv video/mp4
Audio .cmfa audieympi
Text (subtitle) .cmft appdication/mp4

streams.
7.3 CMAF media objects

7.3.1 CMAF boxes

specified in the follewing tables, with box definitions incorporated by reference to the clauses li

CMAF fragment recorded media objects and specify additional box constraints in 7.3.3.

© ISO/IEC 2018 - All rights reserved

the “Specification”™column that reference ISO/IEC 14496-12, ISO/IEC 23001-7, or ISO/IEC 23009}1.

nISO hranr‘, suchas '1 50 ' that indicates the ISOBMFEFE hovxes :\r‘hlq”y prncnnf ineach CMAF track
should be listed in compatible brands to improve interoperability with file readers. They]isoX"'
brand (where “X” represents a number or letter) specified in each new edition of ISQAEC|14496-
|2 determines what box versions are allowed in CMAF tracks, unless specifically constrained by the

he file

pxtensions in Table 2. Otherwise, file names should use the file extension and Internet Medjia Type

NOTE It is expected that file readers read possible future versions of (€MAF that increment the minor

Fach CMAF track has a CMAF header associated with it, although the CMAF header and CMAF frdgments
might not be stored as an ISOBMFF file, and*might not be stored at all, i.e. only existing temporfarily as

CMAF tracks shall include the following ISOBMFF boxes with nesting, optionality, and cardinality

sted in

bome boxes drevadditionally constrained by CMAF, as specified by clauses in this document ref¢renced
n the “Constraints” column of Tables 3 through 5. The normative references are dated, e.g. the 2015
edition ofISO/IEC 14496-12, so the box versions and features defined in that edition are valid in p CMAF
frackiunless additionally constrained by CMAF or by the ' i soX ' brand promised in the FileTyjpeBox.

CMAF addressable media objects are derived from the CMAF track, CMAF header, CMAF chuhk, and
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Additional boxes and constraints are specified by CMAF track formats and CMAF media profiles for
specific audio, video, and subtitle formats (see 7.4.4).

Legend for Table 3, Table 4, and Table 5
The “Format Req.” column indicates the number of boxes that are required to be presentin a CMAF track, where:
“*” means “zero or more” may be present;
“+” means “one or more” shall be present;
“0/1” indicates only one box may be present, and it is optional;
“1” indlicates one box shall be present;
“CR” indicates that a box is conditionally required as specified in the CMAF track format or a specificyinedia
profile,jand shall be present under those conditions (see “Constraints” column).
Table 3 — CMAF header boxes
NL O(NL 1 |NL 2 |NL 3|NL 4|NL 5 |FormatReq.| Specification Constraints Description
: L ISO/IEC 14496-12 |CMAF 7.2 File Type and
typ Compatibility
ISO/IEC 14496-12 Container for
moov 1 functional
metadata
ISO/IEC 14496-12) GMAF 7.5.1 Movie header
nvhd 1
Lok ISO/IEC 14496-12 Container for each
-2 1 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
ISO/IEC 14496-12 |[CMAF 7.5.13 Edit List Box
elst I
d 1 ISO/IEC 14496-12 Track Media
mdia Information
ndhd 1 ISO/IEC 14496-12 |CMAF 7.5.5 Media Header
ISO/IEC 14496-12 Declares the media
hdlyg 1 handler type
S 0/1 ISO/IEC 14496-12 Eztended Language
g
inf ISO/IEC 14496-12 Media Information
min 1 container
N CR ISO/IEC 14496-12 |CMAF 7.5.6 Video Media Header
I CR ISO/IEC 14496-12 |CMAF 7.5.7 Sound Media Header
<thd CR ISO/IEC 14496-12 |CMAF 7.5.8 Subtitle Media Header
dinf 1 ISO/IEC 14496-12 Data Information Box
ISO/IEC 14496-12 |CMAF 7.5.9 Data Reference Box,
dref 1 declares source of
media data in track

26 © ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=66492617a87f923ccbbc8ca872ee3a9c

Table 3 (continued)

ISO/IEC 23000-19:2018(E)

NL O(NL 1 |NL 2 |NL 3 |NL 4|NL 5|FormatReq.| Specification Constraints Description
ISO/IEC 14496-12 |CMAF 7.5.12 Sample Table Box,
stbl 1 container for the time/
space map
ISO/IEC 14496-12 | CMAF 7.5.10 Sample Descriptions
stsd 1 (see Table 4 for
additional details)
ISO/IEC 14496-12 |CMAF 7.5.12 Decoding, Timg¢ to
stts 1 Sample
ISO/IEC 14496-12 | CMAF 7.5.12 Saniple-to-Chupk
stsc 1
stsz/ 1 ISO/IEC 14496-12 | CMAF 7.5.12 Sample Size Bok
stz2
ISO/IEC 14496-12 | CMAF 7.5.12 Chunk Offset
stco 1
ISO/IEC 14496-12 | CMAF\/:5.18 Sample Group
sgpd CR Description Bok
ctss CR ISO/IEC 14496-1%| CMAF 7.5.12 Sync Sample Bgx
udta 0/1 ISO/IEC 14496-12 User Data Box
cprt " ISQ/IEC 14496-12 Copyright Box
. ISO/IEC 14496-12 | CMAF 7.5.3 Track Kind Box
kind *
ISO/IEC 14496-12 Movie Extends|[Box
mvex 1
mehd 0/1 ISO/IEC 14496-12 |CMAF 7.5.1 Movie Extends|Header
ISO/IEC 14496-12 |CMAF 7.5.14 Track Extends Box
trex 1
h " ISO/IEC 23001-7 |[CMAF 74.3 Protection Sysfem
pss Specific Headerf Box
Table 4 — CMAF header protected sample entry boxes
NL 5 | NL.6 | NL 7 | NL 8 F(;{r;;at 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 7.4.1 Track Encryption Box
NOTE Table 4 is a continuation of Table 3 showing nesting levels 5 to 8 separately to reduce table width.

© ISO/IEC 2018 - All rights reserved
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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| FormatReq. Sp(:g(l)fr:ca- Constraints Description
ISO/IEC Segment Type
styp 0/1 144/96-12 s 7P
ISO/IEC Producer Reference
prit 0/1 14496-12 Time
ems " ISO/IEC CMAF 7.4.5 Event Message
9 23009-1
noof . ISO/IEC Movie Fragment
14496-12
ISO/IEC Movie Fragment
mehd 1 14496-12 Header
ISO/IEC TrackFragment
traf 1 14496-12
t fhd 1 ISO/IEC CMAF 7.5.16( |Track Fragment
14496-12 Header
Cfdt 1 ISO/IEC Track Fragment Base
14496-12 Media Decode Time
trun 1 ISO/IEC CMAF 7.5.17 |Track Fragment Run
14496-12 Box
ISO/IEC CMAF 8.2.2.1 |Sample Encryption
senc 0/1 230017 Box
ISOAEC CMAF 8.2.2.1 |Sample Auxiliary
saio CR 14496-12 Information Offsets
Box
ISO/IEC CMAF 8.2.2.1 |Sample Auxiliary
saiz CR 14496-12 Information Sizes
Box
ISO/IEC Sample to Group Box
*
sbgp 14496-12
sapd % ISO/IEC CMAF 7.5.17 |Sample Group
ap 14496-12 Description Box
ISO/IEC CMAF 7.5.19 |Sub-sample
subs CR 14496-12 Information Box
ISO/IEC CMAF 7.5.18 |Media Data
mdat + 14496-12 container for
media samples
7.3.2 |CMAF track media objects
7.3.2.1| _CMAF header

A CMAF header is defined in 3.1.2 to be a “sequence of CMAF constrained ISOBMFF boxes that do not
reference any media samples, but are associated with a CMAF track and necessary for the decoding of
its CMAF fragments”.

A CMAF header 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.

b)

continuous sequence of associated CMAF fragments in decode order.

28

Each CMAF header shall form a valid CMAF track, as specified in 7.3.2.2, when followed by a
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c) ACMAF header shall be conformant with ISO/IEC 14496-12 and the following additional constraints
and requirements.

1) The CMAF header shall start witha FileTypeBox.

2) The CMAF header shall include exactly one MovieBox.

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

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

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

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

6) The MovieExtendsBox may contain a MovieExtendsHeaderBox, as defined in
ISO/IEC 14496-12, and if so shall provide the overall duration of the CMAF track. If the duration
is unknown, this box shall be omitted.

1) [f the CMAF header requires sample entries with a decoder configuration record, as specjfied by

)

D)

7.3.2.2 CMAF track

A CMAF track has the structure shown in Table 6 and conforms to the following constraints.

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

A CMAF track is defined in 3.2.1 to be a “sequence of CMAF fragments that are conseciitive in
bresentation time, contain one media stream, ¢gnform to the 'cmfc' brand, including an asdociated
CMAF header that can initialize playback”.

Table-6 — CMAF track structure

Format ies e CMAF -
NL O Req. Specification constraints Description
CHAE 1 CMAF 7.3.2.1 CMAF header
Header
CHAE 1+ CMAF 7.3.2.4 CMAF fragment
Fragment

A CMAFdrack shall conform to the 'cmfc' brand and contain the set of boxes in Table 3, [lable 4,
and Table'5, with the conditions and optionality listed.

The. concatenation of a CMAF header and all CMAF fragments in the CMAF track in condecutive
decode order shall be a valid fragmented ISOBMFF file, with the exception that the firsf CMAF
fragment in a CMAF track may have a non-zero baseMediaDecodeTime.

d)

Each CMAF fragment in a CMAF track shall have baseMediaDecodeTime equal to the sum
of all prior CMAF fragment durations added to the first fragment’s baseMediaDecodeTime.
A CMAF fragment duration is the sum of the media sample durations, documented in the
TrackFragmentRunBox in the MovieFragmentHeaderBox.

NOTE Valid CMAF tracks do not have media time discontinuities resulting from missing media samples
or fragments. Gaps in decode time would result in audio-video synchronization errors. For recommendations
on handling missing media samples and missing CMAF fragments, see Annex F.

Each CMAF track contains a single ISOBMFF track and TrackBox, as determined by CMAF header
constraints specified in 7.3.2.1.
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Additional constraints specific for encryption, video, audio, and subtitle CMAF tracks are specified in
Clauses 8 to 11 and derived from the general CMAF track format specified in Clause 7.

7.3.2.3 CMAF chunk

A CMAF chunk is defined in 3.1.4 to be a “CMAF media object that contains a consecutive subset of the
media samples of a CMAF fragment, where only the first CMAF chunk of a CMAF fragment is constrained
to be an adaptive switching point”.

CMAF ¢
addresy

Each CMAF chunk shall conform to the following constraints.

a)
b)

g)

h)

30
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chunk are located in a single track run in one MediaDataBox.

Thy

immediately follow the"TrackRunBox in byte order.

All
are

AC
A
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able media objects.

Table 7 — CMAF chunk structure

NL 0 |FormatReq.|Specification CMAF Description
constraints

ISO/IEC CMAF 7.2 Segment Type

styp 0/1 14496-12 Signalling compatibility

to CMAF Chunk

ISO/IEC ProducerReference Time

prit o1 | Sidoeis

ems " ISO/IEC CMAF 7.4.5 Evént Message

g 23009-1

Moo f 1 ISO/IEC CMAF Table 5 Movie Fragment box and
14496-12 the boxes it contains

mdat 1 ISO/IEC CMAF 7.5.19 Media Data container for
14496-12 media samples

MAF chunk shall contain the boxes in Tahle 7 with the conditions and optionality indicated.

b MovieFragmentBox shall confépm to the constraints of the 'cmfc' brand specified if
le 5, such as containing only oné TrackFragmentBox that contains only one TrackRunBox.

[E1  Since there is only one-TrackRunBox per MovieFragmentBox, all media samples of a CMAJ

b MediaDataBox shall contain all media samples referenced by the TrackRunBox and should

media samples.in a CMAF chunk shall be addressed by byte offsets in the TrackRunBox thaf
relative toithe first byte of the MovieFragmentBox. See ISO/IEC 14496-12.

MAF churtk shall contain a consecutive subset of the media samples of a CMAF fragment.

ba

EMAF chunk shall contain a TrackFragmentDecodeTimeBox containing the

Mo oM Ao £41 gt pandd
ClrIT U LAl T U UUT 1T LIMT UL LIIC TIT SU ITICUIA OClllllJl\.,.

A sequence of CMAF chunks that spans the decode time and duration of a CMAF fragment containing

tho
i.e.

se media samples shall contain all the media samples in the CMAF fragment, without duplicates,
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 baseMediaDecodeTime.
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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
chunk brand 'cmfl' and may include any valid compatible brands listed inthe FileTypeBox
of the CMAF track’s CMAF header.

CMAF chunks may be referenced as CMAF addressable media objects, and optional file level boxes
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 playvers will process

)

7.3.2.4 CMAF fragment

Fach CMAF fragment conforms to the following constraints.

the boxes prepended to the start of each CMAF addressable media object, but they will ignore thefe boxes
when located within a CMAF addressable media object, i.e. not prepended to the first CMAF chunkina CMAF
segment. The SegmentTypeBox is specified by ISO/IEC 14496-12 to be the first box of an ISOBMFF fegment
and can be ignored in other locations.

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

A CMAF fragment is defined in 3.1.1 to be an “encoded ISOBMFF media segment conforming tp CMAF
Constraints”.

A CMAF fragment contains one or more CMAF chunks, thérefore CMAF chunks may be present in CMAF
hddressable media objects, including CMAF segments.and CMAF track files, and a CMAF chunk|{may be
referenced as a CMAF addressable media object (seg, 7.3.3.2).

Table 8 — CMAF fragment structure

NL 0 |FormatReq.|Specification CMAF Description
constraints

ISO/IEC CMAF 7.2 Segment Type

styp 0/1 14496-12 Signalling compatibility

to CMAF Fragment

ISO/IEC Producer Reference

prit 0/1 11449612 Time

emnd % ISO/IEC CMAF 7.4.5 Event Message

S 23009-1
CMAF 1+ CMAF 7.3.2.3 CMAF Chunk
Chunk

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 contain sufficient metadata to enable the CMAF fragment to be decoded, decrypted,
and displayed when it is independently accessed.

NOTE1 For example, if sample groups and sample group descriptions are used to signal encryption key
changes, then a SampleGroupDescriptionBox and SampleToGroupBox probably need to be present in
the TrackFragmentBox to make the CMAF fragment randomly accessible and decryptable.

The first CMAF chunk in a CMAF fragment may be preceded by other boxes as long as the
CMAF fragment remains conformant, including one SegmentTypeBox and/or one or more
ProducerReferenceTimeBox (es) and/or DASHEventMessageBox (es). (See 74.5 and
Annex E for more information on Event Messages).
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d)

£)

Figure [14 illustrates the box sequence (left to right) and con@fment (top to bottom) of a CMAHR
fragment.

— N\
[
I
I
&

m -

: Typ‘:a | i | Movie Fragment (‘moof") Media Data
I (‘styp’] | - (‘'mdat’)
I
I
[}
N

NOTE &W‘r boxes indicate containment in the box above. The sequence of boxes contained in thg
TrackE
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A CMAF fragment with a SegmentTypeBox preceding the first MovieFragmentBox should
include the CMAF fragment brand 'cmff' and may include any compatible brands listed in
the FileTypeBox of the CMAF track’s CMAF header.

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

NOTE 2 Itis p0551ble that the f1rst CMAF chunk in the f1rst CMAF fragment in a CMAF segment would be

toi dlcate that 1t is the start of a CMAF segment fragment and chunk The start of a CMAF fragment
confains multiple CMAF chunks can be identified by including both the 'cmff ' and 'cmfl' brands, w

subsequent CMAF chunks in the CMAF fragment would only include the 'cmfl' brand. ('1/
NOTE3 As noted in 7.3.2.3, only a SegmentTypeBox at the start of a CMAF addressable rrN ia objec
is elkpected to be processed by players, whereas a SegmentTypeBox located within a C ‘addressablg
medlia object is expected to be ignored by players. Q

Eaqh CMAF fragment in a CMAF track should have a duration of at least@fa/second, with thd
pogsible exception of the first and last CMAF fragments of the CMAF track. Q/

to 11, and CMAF media profile and codec related CMAF fragment const s are specified in Clause 12{

NOTE4  Additional constraints specific to video, audio, and subtitle med gé s are specified in Clauses 9
Annex A and Annex B.

Track Fragment ('traf")

Sample  Aux Aux Sax;ple Group
Encrypt Info Info G o Descrip
ionBox  Sizes  Offsets roup tions
(‘senc’) Box Box Box

(saiz)  (saio) C(SPEP) (sgpd)

entBox (! traf') is only recommended. nght shaded boxes are always optlonal nght boxef

CMAF chunk ("moof"', 'mdat ') in the CMAF fragment.

Figure 14 — CMAF fragment box sequence and containment

7.3.3 CMAF addressable media objects

7.3.3.1 CMAF segment

A CMAF segment is defined in 3.1.5 to be a “CMAF addressable media object consisting of one or more
consecutive CMAF fragments from the same CMAF track”.
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Table 9 — CMAF segment structure

NL O Format Specification CMAF Description
Req. constraints
ISO/IEC Segment Type
14496-12 . .
styp 0/1 Signalling
compatibility to
CMAF Segment
T o ISO/IEC Producer Reference
P Tt 114496-12 Time
ems * ISO/IEC CMAF 7.4.5 Event Message
g 23009-1
CMAF 1+ CMAF 7.3.2.4 CMAF Fragment
Fragment

Fach CMAF segment conforms to the following constraints.

decode order.

C) A CMAF segment may include a ProduicerReferenceTimeBox
DASHEventMessageBox (es) preceding the first Mevi eFragmentBox.

1) A CMAF segment may include a SegmentTypeBox\preceding all other boxes in the CMAF s
compatible brands listed in the FileTyp@Box of the CMAF track’s CMAF header.

NOTE Preceding boxes can be prepended toCMAF chunks or CMAF fragments at time of enc
brepended to CMAF segments at time of delivefy It is expected that players will process the boxes pr

0 a CMAF addressable media object, but theywill ignore these boxes when located within a CMAF add

by ISO/IEC 14496-12 to be the first box.of-an ISOBMFF segment and can be ignored in other locations.

/.3.3.2 CMAF chunk

A CMAF chunk is specifiegd as a data structure within a CMAF fragment in 7.3.2.3, but a CMA]
may also be referenced as’/a CMAF addressable media object, e.g. for low latency live streaming.

nheritance of CMAF fragment media sample constraints specified by a CMAF media profile. 1
Video CMAF /media profiles typically constrain the initial media sample type to be SAP 1 or 2, {
CMAF churikdin a CMAF fragment inherits that media sample constraint.

Adaptive*switching in players is normally limited to the earliest CMAF chunk in a CMAF fr
Prepending a SegmentTypeBox to each CMAF chunk with appropriate brands can indicate the
h EMAF chunk that is also the start of a CMAF fragment.

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

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

and/or

poment.

The SegmentTypeBox should include the CMAAF segment brand 'cmfs' and may incliide any

ding or
bpended
ressable

media object, i.e. not prepended to the first EMAF chunk in a CMAF segment. The SegmentTypeBox is dpecified

P chunk

[here is no direct r€striction on the SAP type of the first media sample in a CMAF chunk, except by

Because
he first

ngment.
start of

A SegmentTypeBox, ProducerReferenceTimeBox, and/or DASHEventMessageBox (es)
may be prepended to a CMAF chunk at time of encoding or time of delivery. In a CMAF addressable
media object, only when these boxes precede the first MovieFragmentBox are they expected to be

processed by a player.

7.3.3.3 CMAF track file

A CMAF track file is defined in 3.1.6 to be “one CMAF track stored consecutively in a single ISOBMFF file

with the earliest CMAF fragment constrained to start at decode time zero”.
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A CMAF track is a logical collection of CMAF fragments and a CMAF header that might never be stored
or stored in that form. In contrast, a CMAF track file is a single file that contains one CMAF track, stored
in sequence, and is therefore addressable as a file. Since CMAF chunks and CMAF fragments can be
preceded by a SegmentTypeBox, CMAF media objects may be identified by Segment TypeBox within
a CMAF track. CMAF media objects may be indexed in a SegmentIndexBox to enable addressing
CMAF media objects in a CMAF track file by byte range.

Table 10 — CMAF track file structure

Format . g . CMAF i s
NL O Req. Specification constraints Description
CMAF 1 CMAF73.2.1 |CMAFZ2 CMAF Header
Header

. ISO/IEC Segment Index
sidx 0/1 |14496-12
CMAF 1+ CMAF 7.3.2.4 |CMAF73.24 |CMAF Fragments

Fragment

Each CMAF track file conforms to the following constraints.
a) A (QMAF track file shall include the boxes in Table 10, with the conditiéns-and optionality listed.

b) Additional boxes, such as SegmentIndexBox (es), may be présent between the CMAF headej
and the first CMAF fragment.

c¢) If JegmentIndexBoxes exist, each subsegment referenced in the Segment IndexBox shall be 2
single CMAF fragment contained in the CMAF track filet

d) A vlideo CMAF track file may use an offset edit listto adjust the earliest presentation time of the
firdt presented video media sample by subtracting any composition delay added by the use of a v(
TrackRunBox that uses positive composition‘offset values to reorder video frames from decods
order to presentation order. See 7.5.13.

e) Avjideo CMAF track file may use vl TrackRunBoxes using negative composition offsets to adjus!
thel composition time of the earliest presented video media sample in each CMAF fragment to it{
bageMediaDecodeTime and the“€arliest video media sample in the CMAF track file to zero
witlhout using an offset edit list.

—

7.3.4 |[CMAF switching sets

7.3.4.1| General constraints on a CMAF switching set

A CMAF switching sét is defined in 3.2.2 to be a “set of one or more CMAF tracks, where each track
is an alfernative encoding of the same source content, and are constrained to enable seamless track

These ¢
profile thatthe
typical players.

Each CMAF switching set conforms to the following constraints.

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

b) A CMAF switching set shall contain CMAF tracks of only one media type, i.e. audio or video or
subtitles.

c) All CMAF tracks in a CMAF switching set shall have the same duration (computed from the media
sample durations, optionally stored in a MovieExtendsHeaderBox).
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All CMAF tracks in a CMAF switching set shall contain the same number of CMAF fragments.

For any CMAF fragment in one CMAF track in a CMAF switching set, there shall be a CMAF fr
with the same decode time in all other CMAF tracks.

agment

All CMAF tracks in a CMAF switching set shall have the same value of baseMediaDecodeTime
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 baseMediabecod
shall contain alternative encodings of the same source media samples.

NOTE1 These constraints do not prohibit different frame rates in different CMAF tracks in
switching set. However, these constraints restrict the combinable frame rates to those’that result in
CMAF fragment durations for alternative CMAF fragments.

All CMAF tracks in a CMAF switching set shall conform to one EMAF media profile. H
CMAF tracks included in a CMAF switching set may contain different media profile brar
all conform to one CMAF media profile. See 12.1 for additional CMAF switching set con
specified by CMAF media profiles.

NOTE2 CMAF media profiles specify the maximum limits for encoding parameters, so subset
media profiles that can be decoded by a higher media profile decoder conform to the higher media p

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

Additional CMAF header boxes specified in Table 3 and Table 4 that are not listed in Table
contain different boxes and information.

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

eTime

a CMAF
dentical

pwever,
ds that
Straints

br lower
rofile.

hble 11.

11 may

Box GeneralCMAF header constraints in a CMAF switching set
ftyp Shallbe identical except for media profile brands [see i) in 7.3.4.1]
mvhd Shaill'be identical except for creation time andmodification time
tkhd Shall be identical except for width, height, creation time,andmodification fime.
See NOTE 1.
trex Identical
elst Shall be identical except for video CMAF track files with a different composition offse]
mdhd Shall be identical except for creation time andmodification time
mehd Identical
meba May contain different boxes and data
udta May contain different boxes and data
cprt fdenticat
kind Identical
elng Identical
hdlr Identical
vmhd Identical
smhd Identical

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 ISOBMFF track format, and its CMAF switching set constraints. A sample description can contain multiple
sample entries.
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Table 11 (continued)

Box General CMAF header constraints in a CMAF switching set
sthd Identical
dref Identical
stsd Sample entries shall have the same codingname (four-character code) and conform to other CMAF
track format and media profile specified constraints. See NOTE 2.
sgpd May differ
PSS Tdermticat
sinf Identical
schli Identical
schim Identical
frma Identical
tenlc 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 méediaprofile, its specified or
referended ISOBMFF track format, and its CMAF switching set constraints. A sample description can contain multiple
sample gntries.

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

1y

2)

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

7.3.4.2| CMAF switching set single initialization constraints

Encodipg of CMAF tracks jmya CMAF switching set can be further constrained to allow one-timsg
initialiZation of the CMAF Gwitching set using a single CMAF header (see Figure 10). Each CMAF medi3
profile jor the CMAF traek format it references can specify single initialization CMAF switching sef
constraints.

In general, singleTinitialization constraints can be specified by:

36

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

Single initialization — If CMAF headers are constraihed to be equivalent within a CMAF switching
set| or CMAF tracks only change parameters that\are stored in each CMAF fragment, then a playet
onlly 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 i
car] continue decoding CMAF fragments.from any CMAF track in the CMAF switching set.

«

a “¢ommon CMAF header” in all CMAF tracks containing all decoding, decryption, and rendering
parjameters required by any CMAF fragment in the CMAF switching set;

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

a combination of both CMAF header and CMAF fragment stored parameters, but with the constraint
thatthe combination of any CMAF header in the CMAF switching set and CMAF fragment will contain
the necessary decoding parameters.
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NOTE Enabling changes in inband parameters over time is useful for live streaming, where content from
different encodings can be sequenced in a CMAF presentation, such as programs and ads in a live “channel”, or

when a live video contribution feed is received containing inband parameters that change and are not k
advance when a CMAF header is packaged and delivered to a player.

7.3.4.3 CMAF switching set single initialization constraints identifier
The following identifier shall signal CMAF switching set single initialization constraints.

nrn-mpeg:cmaf:siss

nown in

7.3.4.4 Aligned CMAF switching set constraints

Aligned CMAF switching sets are defined in 3.2.3 to be a “set of CMAF switching sets, the CMA]
bf which all contain alternative encodings of the same source content in time-aligned CMAF fra
but all CMAF tracks do not conform to a single CMAF switching set”.

Aligned CMAF switching sets conform to the following constraints.
h)  An aligned CMAF switching set shall contain two or more CMAF switehing sets.

h) Aligned CMAF switching sets shall contain CMAF switching sets’that are encoded from tH
media stream.

[) Aligned CMAF switching sets shall contain CMAF switehing sets of equal duration.
) Aligned CMAF switching sets shall contain the samemumber of CMAF fragments in every CMA

£)  Aligned CMAF switching sets shall contain CMAF fragments in every CMAF track with m|
baseMediaDecodeTime and duration, for:éach CMAF fragment in a CMAF track.

NOTE Some CMAF players can seamlessly switch between CMAF tracks in different CMAF switch
hat are aligned, such as CMAF switching setswith different encryption keys and their associated DRM li

7.3.5 CMAF selection sets

A CMAF selection set is defined 'in 3.2.4 to be a “set of one or more CMAF switching sets, whd
CMAF switching set encodes an alternative aspect of the same presentation over the same time
bnly one of which is intended to be played at a time, e.g. an alternative language or codec”.

CMAF selection sets conform to the following constraints.
h) A CMAF selection set shall contain one or more CMAF switching sets.

b) All CMAE switching sets within a CMAF selection set shall be of the same media type, e.g
videg; 0r subtitles.

[) Allswitching sets within a CMAF selection set shall be of the same duration, within a tolej
the longest CMAF fragment duration of any CMAF track in the selection set.

¢ tracks
bments,

€ Same

F track.

atching

ing sets
cense(s).

re each
period,

. audio,

ance of

d) Different CMAF switching sets that encode the same content with different codecs or video formats
may be contained within a CMAF selection set to enable a player to select the most compatible

codec or video format and the CMAF switching set that contains it.

e) A CMAF selection set may contain multiple aligned CMAF switching sets, which encode the same
content in different CMAF switching sets that have time-aligned CMAF fragments, but with

different keys, codecs, etc.

f)  One CMAF track should be presented from each selection set in a presentation, e.g. one audio, one

video, and one subtitle selection set.
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NOTE A subtitle track can be selected, but not displayed by user control, while IMSC1 titles marked as
“forced” are automatically displayed.

7.3.6 CMAF presentations

A CMAF presentation is defined in 3.2.5 to be a “set of one or more CMAF selection sets that can be
simultaneously decoded to produce a multimedia user experience, potentially including synchronized
audio, video, and subtitles”.

A CM A F-sreseptation-copforms-to-thefollowinsconstraints
Hpresentrat oo oSttt TorOWIR S €ORStTFaHTtS:

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

b) Different CMAF switching sets may use different CMAF track timescale values. In that case
bageMediaDecodeTime integer values will be different for the same presentation time: But they
are “equivalent” presentation times when dividing by each track’s timescale yields the samg
presentation time value.

c) CMAF fragment presentation time delays relative to decode time shall be remeved using an offsef
edif list (see 7.5.13), negative composition offsets (see 7.5.16) or encdder compensation (seg
10.B.3.2).

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

e) All[CMAF tracks in a CMAF presentation that does not contain video shall be start aligned with the
CMIAF presentation time zero equal to the earliest audio-media sample presentation start time ir
thelearliest CMAF fragment.

f) Mefia samples in audio and subtitle CMAF tracks with earlier presentation times than CMAK
prasentation time zero should not be presentedy

g) Meflia samples in audio and subtitle CMAFtracks whose durations overlap the earliest video medi3
sample presentation time should be partially presented, starting at the earliest video media sample
prdsentation time.

h) Th¢ duration of a CMAF presentation shall be the duration of its longest CMAF track.

i) CMAF tracks in a CMAF (presentation shall equal the CMAF presentation duration, within 3
tol¢rance of the longest ¥ideo CMAF fragment duration.

NOTE The CMAF hypaethetical 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 JaseMediaDaCodeTime and any composition or edit list offsets present. Synchronization during latg
binding|does not rely on externally stored presentation time offsets. This means that audio, video and subtitlg
media shmples.that’are intended to be played simultaneously in a CMAF presentation need to have overlapping
presentgtion finie ranges, where the presentation time range starts at the media sample presentation time (6.2]
and end§ 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 TrackEncryptionBox ('tenc') specified in ISO/IEC 23001-7 indicates that media samples
in the track might be encrypted using a specific scheme of Common Encryption, identified by a four-
character code, such as 'cenc' or 'cbcs'. The TrackEncryptionBox contains parameters and
default values that apply to an entire track. See Clause 8 for additional information.
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7.4.2 Sample Encryption Box (' senc')

When Common Encryption sample auxiliary information is used:

— it shall be present in each CMAF fragment;

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

See Clause 8 for more information.

7.4.3 Protection System Specific Header Box ('pssh')

[he ProtectionSystemSpecificHeaderBox is specified in the Common Encryption)speciffication
[ISO/IEC 23001-7) for the storage of content protection system information such as license acquisition
nformation and DRM licenses. This box was primarily designed to store license informgtion in
Hownload files. Either version 1 or version zero may be used, as constrained in Clause 8.

CMAF streaming applications should signal license acquisition information in the manifest and should
hot duplicate the information in this box in CMAF headers.

CMAF fragments may contain DRM information in this box intendegd-for delivery to all playerq during
blayback.

bee Clause 8 for more information.

7.4.4 Media profile specific boxes

Audio and video track formats typically derive sample’entries and define decoder configuratiop boxes
that can be required by one or more CMAF mediadrofiles. For example, the AVCConfigurationBox
s defined in ISO/IEC 14496-15 and required by the NAL structured video CMAF track format specified
n Clause 9 and referenced by the CMAF videoimedia profiles specified in Annex A. Other CMAF media
profiles may specify boxes that are required by a 'cmfc' conformant CMAF track that also cqnforms
fo the CMAF media profile brand.

7.4.5 Event Message Box ('emsg™)

[he enhanced DASHEventMessageBox ('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
ndependent of boxlgcation in the CMAF track. Version 1 should be used for event messages in CMAF
'ragments and addressable media objects.

bresentat¥on time provides the presentation time of the event measured on the CMAF track’s
bresentation timeline, in the timescale declared in its MovieHeaderBox.

nessage data is the body of the event message. The syntax and semantics of this field are defined
py-the owner of the scheme identified in the scheme id uri field. Message schemes may be defined

T apprreatrooater

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 DASHEventMessageBox in a CMAF track shall contain the value in its timescale field equal to
the value of the timescale field in the MediaHeaderBox of the CMAF track that contains it.

If version 0 is used, then DASH defines the timing of an Event Message related to the earliest media
sample presentation time of a DASH segment using the field presentation time delta, which
“provides the media presentation time delta of the media presentation time of the event and the earliest
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presentation time in this segment.” For CMAF fragments, the presentation time delta shall
equal the media presentation time of the event minus the earliest presentation 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 list is present,
the earliest presentation time is the earliest media sample composition time adjusted by the edit list offset.

See Annex E for more information on the use of event messages.

'7 5 C nck mtean ICO Pacoa Maoadia ITNla Fayenat havne
. ST At O moU DastCIVICUIa 1T iIC T OTHIat DUXCS

7.5.1 |Movie Header Box ('mvhd')

In the MovieHeaderBox, the value of the duration field should be set to zero to indicate ‘that the
MovieBox contains no media samples and therefore has no duration.

NOTE The duration field in the MediaHeaderBox ('mdhd') applies to the TracdkBox ('trak')
which cpntains no media samples in a CMAF track. The duration of a CMAF track can,eptionally be stored ir
the frapment duration field of the MovieExtendsHeaderBox ('mehd'), which js-equal to the sum of al
CMAF frfagment durations in the CMAF track. 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

Metadafa, carried in either UserDataBox or MetaBoxes, may.be present. When present, they shal
not occpir at file level, i.e. they can only be contained in anothér*box, as permitted by ISO/IEC 14496-12

7.5.3 [Kind Box ('kind"')

The KihdBox (' kind') may be used to store the-role of a CMAF track. The KindBox is stored in thg
UserDgtaBox of the TrackBox, as documented in the ISO Base Media File Format (ISO/IEC 14496-12)

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

The KihdBox can contain one orfmore tags from a variety of places, including:

— thel DASH specification ISO/IEC  23009-1, as identified by the schemeUR]
"urn:mpeg:dash:¥ele:2011" (without the quotation marks);

— thelW3C HTMLS5. §pecification of track 'kind', as identified by the schemeURI "about:html-
kind".

Where multiple:schemes define the same concepts, the DASH Role scheme should be used.

7.5.4 |Track Header Box ('tkhd"')

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

— The field duration shall be set to a value of zero ('0'), indicating no media samples are referenced
from the 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 9.2.3.
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otherwise in this document.

— The layer field should equal 0 or greater for normally presented video tracks.

The following fields shall be set to default values as defined in ISO/IEC 14496-12, unless specified

— Thelayer field should equal -1 for subtitle tracks so they are normally presented over the video.

— Thewidth and height fields for a non-visual track (e.g. audio) shall be 0.

— As defined in ISO/IEC 14496-12, the width and height fields for a CMAF video track shall

specity the track’s normalized presentation size as fixed-point 16.16 values expressed.n
pixels after decoder cropping, and in the case of video encoded with a non-square vided
sample shape, after horizontal scaling has been applied. See 9.2.3 for normalized-wi g
height calculation.

— Subtitle tracks may set width and height to an intended layout size, jd. which case
layout engine or graphics engine can scale the width and height to match the video
aperture (player implementation dependent).

coordinates and font sizes so that the text layout engine can\adjust glyph and layout
match the final video display aperture without relying onimage scaling. For such tra
value of zero width and height should be used to indicate'that the data can be rendere
size, and the layout size may be determined by matching the size of the video display aj

— For scalable text and subtitle tracks, the flag txack size is aspect ratiom
be used.

7.5.5 Media Header Box ('mdhd")

he CMAF MediaHeaderBoxes shall conferm to ISO/IEC 14496-12 with the following ad
Cconstraints.

— The value of the duration field sheuld be set to a value of zero (‘0’) (see 7.5.1).

— Where possible, the value ofthe timescale field should be chosen such that when the fra
is constant, the value of the media sample duration may also be constant.

— All tracks that are language-specific should identify the language as precisely as possible (e.
track whose languageican be written in different scripts should identify which scriptis used
the language is nbotirelevant or not known, the 'und' (undetermined) language tag should be

7.5.6 VideoMedia Header Box (' vmhd')

[he VideoMediaHeaderBox shall conform to ISO/IEC 14496-12 with the constraints specified

7.5.7\7~Sound Media Header Box (' smhd')

square
spatial
th and

the text
display

— As defined in ISO/IEC 14496-30, subtitle tracks encoded as text' may use relative position

size to
ks, the
1 at any
erture.

ay also

ditional

Ine rate

E. a text
.When
used.

n9.2.2.

FThe ScoundMediaHeaderBox shall conform to IQﬂI/IF‘(' 14.496-12 and the Fn]]nv\ring constraint

The field balance shall equal 0 (centre).

7.5.8 Subtitle Media Header Box (' sthd')

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

ISO/IEC 14496-30.

NOTE Subtitle media uses the 'subt’ handler_type in the HandlerBox in the MediaHeaderBox.
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7.5.9 Data Reference Box ('dref')

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

— The DataReferenceBox shall contain a single entry with theentry flags field setto 0x000001
(which means thatthe media dataisinthe same file asthe MovieBox containing this datareference).

7.5.10 Sample Description Box ('stsd"')

The Saj
12 with

Sar
sha
ISO
ISO

hpleDescriptionBoxina CMAF track shall conform to version 0 as defined in ISO/IEC 14496
the following additional constraints.

hple entries for encrypted tracks (those containing any encrypted media sample data]
1l encapsulate the existing sample entry with the appropriate four-character-cede listed in
IEC 14496-12 and include a ProtectionSchemeInfoBox ('sinf') thdt)conforms td
IEC 14496-12 and Clause 8.

Co

Constraints on audio sample entries are specified in 10.2.5.

Co

NOTE

7.5.11

CMAF
encrypt
CMAF
Track]

7.5.12

All box
sample
docume

The foll

Tir

Sat

Chi

Saf

straints on visual sample entries are specified in 9.2.4.

straints on subtitle sample entries are specified in ISO/IEC 14496%30.

A CMAF SampleDescriptionBox can contain multiple sample entries.

Protection Scheme Information Box (' sinf')

bhall use Common Encryption (ISO/IEC 23001-7)for CMAF tracks containing one or morg
ed CMAF fragments and use Scheme Signalling as defined in ISO/IEC 23001-7. An encrypted
track shall include at least one ProtectionSchemeInfoBox ('sinf') containing 4
FncryptionBox ('tenc') identifying a.scheme specified in ISO/IEC 23001-7.

Track contained media sample information boxes

s in the SampleTableBox have/a sample count of 0 because CMAF does not reference medig
5 from the TrackBox. The mandatory boxes of ISO/IEC 14496-12 are mandatory, even if they
nt no samples.

owing boxes therefore\shall have an entry count of zero:
heToSampleBox ("stts');

npleToChugkBox ('stsc');

hnkOf fiSetBox ("stco');

hpleSizeBox or CompactSampleSizeBox ('stsz'or 'stz2');

Sy

NOTE 1
the CMAF track are sync samples.

NOTE 2
each CMAF fragment or CMAF chunk.

42

CSampieBoX (*STSTS ), If present.

The presence of an empty SyncSampleBox in a CMAF header indicates that not all media samples in

Media sample size, duration, and dependency information can be found in the TrackRunBox (es) in
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7.5.13 EditListBox('elst")

In two cases, an EditBox containing a single EditListBox with the following constraints may be
present in the CMAF header of a CMAF track to adjust the presentation time of all media samples in the
CMAF track.

a) The first case is a video CMAF track file using v0O TrackRunBoxes with positive composition
offsets to reorder video media samples, in which case an EditListBox shall be used to adjust the
earliest video sample to ISO/IEC 14496-12 “movie” presentation time zero.

b) The second case is an audio CMAF track where each media sample’s presentation time does not
equal its composition time. In that case, the CMAF track shall include an EditListBox with a
value of media time equal to the CMAF track presentation time delay.

bee 7.3.6 and Figure 12 for information on CMAF timelines and start alignment.
— The EditBox shall contain a single EditListBox.
— The value of entry count field in the EditListBox shall be set to/1.

— The value of themedia rate integer field shall be set to 1 and'the value of the media |rate
fraction field shall be set to 0.

— The value of the segment duration field shall be set to 0.

— The value of media time = sample presentation(time - sample composition time [sample
composition time = sample decode time + sample composition offset).

NOTE Since there is no media in the MovieBox, the’duration in the edit is zero. However, as noted in
SO/IEC 14496-12, movie fragments implicitly extend,any edit represented by an edit list in the MovieBox. This
means that any offset edit list in the CMAF header is applied to the composition times of all samples to ddtermine
bach sample’s presentation time.

According to ISOBMFF, samples with a sum of movie presentation time and duration less than zero are
hot meant to be presented.

sing offset edits to set the pregentation time of the earliest presented sample of each CMAF track to
hn equivalent CMAF track presentation time enables synchronization of all CMAF tracks to a common
CMAF presentation timeline.

Additional constraints specific to certain media types are in the following subclauses:

— audio edit liststin 10.2.6;

— video editdists in 9.2.7.

7.5.14 Track Extends Box ('trex"')

A T¢ackExtendsBox shall be present in a CMAF track since it is a fragmented file as defined in
SO/IEC 14496-12.

CMAF track default sample flags shall not be necessary to determine sample dependencies in
CMAF fragments or CMAF chunks. default sample flags, sample flags and first sample
flags shall be set in the TrackFragmentHeaderBox and/or TrackRunBox to provide sample
dependency information within each CMAF chunk and CMAF fragment.

CMAF track default sample parameters shall not be necessary to determine media sample duration,
size, or sample description index. Default values or per sample values shall be stored in each CMAF
chunk’s TrackFragmentHeaderBox and/or TrackRunBox.

NOTE Default flags and sample parameters 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’s CMAF header.
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Movie Fragment Header Box ('mfhd')
eFragmentHeaderBox in a CMAF track shall conform to ISO/IEC 14496-12.

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

increase with decode time.

7.5.16

ATrac

Track Fragment Header Box (' t£hd')

kEragmentHeaderBoxina CMAF track shall conform to IQOI/IF'F 14.496-12 with the followin

additio
— The
— Th
— Thq

— Evsd
as
fra

NOTE

7.5.17

A Trad

constralints.
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nal constraints.

p track ID field shall contain the same value as the track IDinthe associated CMAFfeader
 base-data-offset-present flag (inthe t £ flags field) shall be set to zero.

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

ry TrackFragmentBox shall contain a TrackFragmentBaseMediaBecodeTimeBox
lefined in ISO/IEC 14496-12, to provide the decode time of the first media’sample in the track
bment.

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

Track Run Box (' trun')

kRunBox in a CMAF track shall conform to ISO/IEC:14496-12 with the following additiona

sion 1 shall be used for video CMAF tracks, except.in the case of a video CMAF track file, in which
e either version 1 or version 0 may be used. Other CMAF track types should use version 0.

en the version field is set to “1”, the sample composition time offset isa signed 32
integer measured by the timescalexof the track, which reorders video media samples fron
ode order to presentation order, andin that case, the composition time of the first presented
lia sample in a CMAF fragment shall be the same as the first media sample decode timg
seMediaDecodeTime).

b data-offset-presertyflag (inthe tf flags field) shall be set to true in order to indicate

th

MoyieFragmentBox to the start of the first media sample in the following MediaDataBox.

NO

the data offset fieldis presentand contains the byte offset from the start of this fragment’s

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

— default sample flags, sample flags and first sample flags shall be set in thg

TrackFragméntHeaderBox and/or TrackRunBox to provide sample dependency information
witlhin each®*CMAF chunk and CMAF fragment.

Default values or per sample values of sample duration and sample size shall be stored in each CMAH
Chh“ly’n m 1R i) and /oy m il 17 A i

ITIC S T TOCKINOIIT oo arra/UT T T o T TagiCIT cICaaC T ODUAS

Within a CMAF track, any TrackRunBox that describes any non-sync media samples shall identify
sample dependency with the CMAF chunk and CMAF fragment using a combination of the sample
flags and first sample flags fields and default values in the TrackFragmentHeaderBox:

— sample is non sync sample shall be 0 for SAP type 1 or 2, and 1 otherwise;

— anempty SyncSampleBox shall be present in the track.
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NOTE ISO/IEC 14496-12 specifies that absence of the SyncSampleBox indicates that all media samples are
sync samples in the track, which allows a reader to know that all subsequent CMAF fragments will also consist
of sync samples. If a SyncSampleBox is present, then dependency flags in each CMAF fragment indicate which
media samples are sync samples, since the header contains no media samples and the SyncSampleBox therefore
lists no media samples.

7.5.18 Sample Group Description Box (' sgpd"')

As required by ISO/IEC 14496-12, when sample group descriptions can change within a CMAF track, a

Somrnl oaCrorirAa o~ gt o R challho ctarod in oach CMAER fragmont that roferoncoc that Sample
armplecroupbescriptiond shall be-stored-in-each-CMAE fragmentthatreferencesthat

broup description. If sample group information is the same for all CMAF fragments in a CMAFSwitching

bet, it may be stored in a SampleGroupDescriptionBox in the CMAF header SampleTalpleBox

' stbl'). Either version 1 or 2 may be used (version 0 is deprecated by ISOBMFF).

EXAMPLE When Common Encryption is used and KID values can change per LMAF fragment, a
BampleToGroupBox stored in each TrackFragmentBox will reference a SampleGtoupDescriptfionBox
rontaining the KID for that sample group, and both are stored in the TrackFragmentBox in order to[support
Fandom access.

Pre-roll sample groups can be used for some audio as described in 10.3.3/1.

/.5.19 Media Data Box ('mdat')

Fach CMAF fragment shall contain one or more MediaDagzaBox (es) ('mdat') containing media
bamples. The MediaDataBox conforms to the definition itT1SO/IEC 14496-12.

Hach MediaDataBox in a CMAF chunk shall be immediately preceded by the MovieFragmg¢ntBox
'hat references the media samples it contains.

7.5.20 Sub-sample Information Box (' subs\')

Fach CMAF fragment in a TTML image subtitle track of CMAF media profile 'im11i"', as spedified in
111.3.4, shall contain a SubSampleInfOrmationBox in the TrackFragmentBox that indekes any
mages 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
bhall equal 1 for the first image-sub-sample, and the subsample count of the TTML document shall
pqual 0.

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

Version 0 of thisbex’should be used, unless subsample size exceeds a 16-bit byte address size (65
kibibytes), in whieh case version 1 should be used.

[he fields\8ubsample priority, discardable, and codec specific parametefs are
indefined.

B“2Common 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 KID identifies the key and license required, and a registered
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 ProtectionSystemSpecificH
eaderBox, a manifest, or an application in order to assist players in requesting a license to decrypt a
CMAF track.
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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
decryption key(s) be signalled in a manifest or application, and not in the CMAF header. This enables
a CMAF player application to parse license acquisition information one time, rather than each time the
CMAF header is processed for adaptive switching purposes.

Manifest Qignn]ling makes it easierto:

— add or change license information without editing media files;

— offer different types of licenses for the same CMAF presentation, e.g. subscription, rental, ownership
SD,|HD, UHD, etc.;

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

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

8.2 Tjrack encryption

8.2.1 (General requirements

Encrypted media sample data in a CMAF track shall use an encryption scheme defined in ISO/IEC 23001
7. CMAF presentation profiles can constrain the allowable schemes in that CMAF presentation profile
SeeA.l

Encrypted NAL structured video tracks shall use a\media subsample encryption scheme specified
in ISO/]EC 23001-7, which defines partial encryption of NAL units in a video media sample to allow
access fo unencrypted video NAL headers and slice headers in an encrypted NAL structured vided
elementary stream.

Encrypged non-video tracks shall use the:schemes specified in ISO/IEC 23001-7, which define a ful
media Jample encryption method for each scheme.

Conditipnal requirements are defined in ISO/IEC 23001-7 and 8.2.2.1 in this document to include a S3
mpleAfixiliaryInformation©ffsetsBox and a SampleAuxiliaryInformationSizesBoX
in the rackFragmentBox~As specified in ISO/IEC 14496-12, both boxes have a default aux_info |
type o¢f 'cenc’.

The SapnpleEncryptionBox ('senc') for storage of sample auxiliary information in encrypted
CMAF tfacks is doctunented in 7.4.2 and its use specified in 8.2.2.1.

The TrhckEncryptionBox version 1 or zero for signalling CMAF track encryption parameters and
their ddfault$;is documented in 7.4.1 and its use specified in 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.

— A KID value may be represented in text form as a hyphenated hexadecimal string, as specified in
X.667:2014, 6.4.
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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 7.4.2. Sample
auxiliary information may be stored in any valid box within a CMAF chunk’s or CMAF fragment’s
MovieFragmentBox,suchasa "uuid' box.

Forencrypted CMAF fragmentsthat contaim sample auxitiary informmation, each TrackFragmgntBox
bhall contain a SampleAuxiliaryInformationOffsetsBox withan aux info typeUyalue or
lefault of 'cenc' as defined in ISO/IEC 23001-7 to provide access to sample auxiliary infefmatipn data.

[he SampleAuxiliaryInformationOffsetsBox shall conform to the following.constraings.

) The entry count field of the SampleAuxiliaryInformationOffsdtsBox shall ¢qual 1.
Therefore, data in the SampleEncryptionBox or other sample auxiliary’information storjage box
shall be contiguous for all of the media samples in the movie fragment.

b) CMAF movie fragments use movie fragment relative addressing.where no base data qffset is
provided in the track fragment header. Therefore, the offset field is calculated as the diffference
between the first byte of the containing MovieFragmentBdx and the first byte of the first
InitializationVector in the sample auxiliary information.

[he SampleAuxiliaryInformationSizesBox may{Specify the size of the sample auxiliary
lata for each media sample with a type of 'cenc’', as defined in ISO/IEC 23001-7, with the following
Constraints.

1) If subsample encryption is not used, the SampleAuxiliaryInformationSizesBox |may be
omitted.

NOTE1  For full media sample encryption with an IV per media sample, the size of the sample quxiliary
information equals default Per Sample IV Sizeinthe TrackEncryptionBox (see ISO/IEC 23001-7).

P) If subsample encryption is used and all the media samples have the same number of subspmples,
then the size of the sample auxiliary information will be the same for all of the media sanjples. In
that case, the default ,sample info size ofthe SampleAuxiliaryInformationSizes
Box ('saiz') may betwsSed instead of storing a size per media sample.

B) If Per Sample IW.Size isalso zero (because the scheme uses constantIVs and no subsgmples),
then there would be no sample auxiliary information, and the SampleEncryptionBox,|Sampl
eAuxiliaryinformationSizesBox, and SampleAuxiliaryInformationOffsgtsBox
should be gmitted.

NOTE 2>~ Sample auxiliary information is located by movie fragment byte offsets stored in the SpmpleA
uxiliaryInformationOffsetsBox, and in some cases, by size information stored in the SampleAux
iliaryInformationSizesBox. Sample auxiliary information, such as per-sample initialization| vectors
and subsample byte ranges, is not intended to be read directly from the SampleEncryptionBox or other
storage box. The SampleAuxiliaryInformationOffsetsBox should always be used to locat¢ sample
auxiliary information.

8.2.2.2 Track Encryption Box ('tenc')

A TrackEncryptionBox specified in 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 ProtectionSystemSpecificHeade
rBox. ProtectionSystemSpecificHeaderBoxes can be used to store licenses in downloaded
files, signal in CMAF headers whether license downloads may be needed, and deliver licenses, keys,
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and usage information in CMAF fragments. ProtectionSystemSpecificHeaderBoxes contain a
SystemID 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 liv
streamipg event that would result in a large number of synchronized license requests when triggered by thg
simultafheous arrival of the first CMAF headers or CMAF fragments. Purchases, etc. can be completed prior tq
media ayailability.

The following constraints apply to ProtectionSystemSpecificHeaderBox.

— PrptectionSystemSpecificHeaderBoxes should not be present in CMAF headers, except as
allgwed below, and may be ignored if present.

— A ¢ommon ProtectionSystemSpecificHeaderBox and additional\ProtectionSyste
mSpecificHeaderBoxes in CMAF header may be used with presentation-specific playbacK
applications that can read the KID from the common 'pssh' and implement application-specific
licgnse management. A common ProtectionSystemSpecificHeaderBox is defined by W3(
Engrypted Media Extension specification as a version one ProtectionSystemSpecificHeadeq
Box with a W3C designated SystemID, and the track’s default_KID listed in the version one Proted
tipnSystemSpecificHeaderBox KID array, but it containswo data in the data[] array.

— Veifsion one ProtectionSystemSpecificHeaderBox&s may be present in CMAF fragments fof
deljvering protection system information, such as encrypted keys in licenses, for use by the DRM
system with a SystemID matching the ProtectionSystemSpecificHeaderBox SystemlD.

— Muftiple ProtectionSystemSpecificHead&rBoxes with different SystemIDs may be presenf
to ¢nable different protection systems on different devices.

For] example, version one ProtectiénSystemSpecificHeaderBoxes in CMAF fragments
car] be used to deliver the same encrypted licenses to all players by a streaming or broadcas!
serfvice, but only users who have purchased and downloaded an entitlement license bound to theit
paifticular player can decrypt thelicenses in the CMAF fragments and decrypt media samples with
the|keys in the inband licenses; Since one license decrypts the other, they are said to be “chained”
and chained licenses in combination with key changes can periodically verify that each player has ¢
valld entitlement licensé to'decrypt the inband licenses and continue the presentation (this procesg
is dften called “key rotation”).

8.2.3 |Encryption‘constraints

8.2.3.1| General

— For| &given KID, initialization vectors and counter values shall follow the guidelines outlined ir

IS VA8 wValileYeYaVa ¥ B )
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cipher block.

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

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

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

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

18(E)

pecific

— Itisrecommended that any textual representation of KID and SystemID (e.g. in manifests) uses the
hexadecimal string representation specified in X.667:2014 6.4, derived from the 16 byte binary
representation specified in 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 subsample encryption, as required by ISO/IEC 23001-7.

['his constraint is recommended in CENC, but required in CMAF.

spanning all complete 16-byte blocks in the VCL slice data.
— 'cenc' scheme bytesOfProtectedData shall be a multiple of 16 bytes.

[his constraint is recommended in CENC, but required in CMAF.

video NAL unit.

[hese are constraints that are recommended in CENC, bt required in CMAF.

B.2.3.2 Clear samples within an encrypted CMAF track

media samples, as specified in ISO/IEC 23001-7.

not a mix.
B.2.4 CMAF presentation.encryption
tis recommended that encryption keys not be shared between audio and video CMAF switching

rhan video decoding.systems so should not use and expose a key also used for video.

Premium UHB/HDR content may require hardware security for keys, a secure video path, securg

lifferent'keys could enable playback on devices that are less secure.

— Slice headers, NAL type headers, NAL size headers, and all non-video NALs shall be unen¢rypted

— Video VCL data shall be protected by subsample encryption, with bytesQfProtectgdData

— 'cbcs!' scheme bytesOfProtectedData shall start on thefirst complete byte of video data
following the slice header and end on the end of the last coniplete 16-byte block of slice datja in the

n an encrypted track, the isProtected flag in the TrackEncryptionBox shall be s¢t to 1,
ndicating that all media samples are proteeted by default. Sample groups may indicate unprptected

Fach CMAF fragment shall be constrained to media samples that are all protected or all unpr¢tected,

setsin

h protected CMAF priesentation. Audio decoding and decryption systems may have lower key gecurity

output

nterfaces, etc. only available on some devices and DRM systems. Lower resolution video contgnt with

btaridard definition, high definition, and/or ultra-high definition content in one CMAF presentation can
pbé-sold separately or accessed on different devices with different DRM licenses, keys, and DRM playback

requirements. Separate CMAF switching sets for 5D, HD and UHD may be tunctionally combined and

possibly seamlessly switched using aligned CMAF switching sets, as specified in 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.
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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.

Video media profiles can be derived from the general video track format, NAL structured video track

format,

or AVC video track format, as appropriate.

This clause specifies:

— general constraints on a video CMAF track, in addition to conforming to the ' cmfc' brand;

— gen

seamless adaptive switching of video;

— NA
— sin
— cor
— AV

The CM
defined

Some C

video formats, such as SD, HD, and UHD, by specifying codec parareters, such as the maximum codec

profile
bit dept

Video (
to a hig
to that
compat
media |
by all d

Other (
conforn

Video npedia profiles may optionally specify CMAF track constraints for CMAF switching sets to enablg

eral constraints on multiple CMAF tracks conforming to a CMAF switching setintended to enable

. structured video constraints for CMAF switching sets;

ble initialization constraints for NAL structured video CMAF switching sets;

straints between aligned CMAF switching sets containing NAL structured.video;

[ video CMAF track constraints, used to derive the AVC video CMAF medid profiles defined in A.2

AF track format for NAL structured video is derived from [SO/IEC4496-15 and requires boxed
in that specification.

MAF video media profiles using the AVC codec are specifiedin Annex A. They define widely used

hnd level that can be encoded, and video parameters such as maximum resolution, frame rate
h, transfer function, colour space, colour subsampling;etc.

MAF tracks that carry a compatibility brand *indicating parameter limits that also conform
her CMAF media profile (i.e. a lower codec profile and level) are considered to also conformn
higher CMAF media profile. For example,\a*CMAF track with an SD (standard definition) AV(
ibility brand also conforms to a CMAE-HD (high definition) AVC media profile. In general, g
rofile is considered contained in anather media profile if it can always be decoded and rendered
bcoders conforming to the containing media profile.

MAF media profiles for video codecs may be defined in other specifications, as long as they
n to CMAF track constraints‘specified in Clauses 7 and 8 and recommendations in Clause 12

seamle

constrlints.

For ad

9.2 G

9.2.1

s adaptive switching, and may optionally specify single initialization CMAF switching sef

itional informatien, see Clause 12 and Annex A.

eneral video CMAF track format

General video CMAF track structure and constraints

Video

MAF tracks shall conform to the "cmfc' compatibility brand as specified in Clauses 7 and 8

and general CMAF video track constraints specified in 9.2.

9.2.2

Video Media Header (' vmhd"')

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

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

50

version=0;
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— graphicsmode=0;

— opcolor={0, 0, O0}.

9.2.3 Track Header Box (' tkhd"')

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

__ ‘F]:rjc = 0x000007

— The values of width and height (specified in ISO/IEC 14496-12 as the decoded and ¢ropped
image size in video spatial samples measured on a uniformly sampled square grid)'in 4 CMAF
TrackHeaderBox shall be normalized to width and height of the encoded video, as)defined below:

— The normalized presentation height shall be the number of vertical wideo spatial §amples
after codec cropping parameters are applied.

NOTE1 The height field of the visual sample entry is the number of’éncoded vertical vide¢ spatial
samples after cropping.

— The normalized presentation width shall be the number-of-horizontal video spatial §amples
after codec cropping parameters are applied, then multiplied by the video spatial sampl¢ aspect
ratio. The video spatial sample aspect ratio is defined by the PixelAspectRati¢Box, if
present in the sample entry, or by a codec specific method.

NOTE 2  The width field in the visual sample entrysis‘the number of encoded horizontal vide¢ spatial
samples after cropping, not the value of the track headerwidth field.

— The CleanApertureBox should not be'present (since the cropped aperture is defingd to be
“clean”).

— The value of the matrix field signals the‘video orientation. Non-identity matrices shall be rqtations
in multiples of 90 degrees.

— Whenvideoisnotrotated;matrixshallbe {0x00010000,0,0,0,0x00010000,0,0,0,0x400p0000}.

— Whenvideo should be rotated 90 degrees clockwise for display, matrix should be {0,0x00010000,
0, 0XFFFF0000, 0,-05-height<<16, 0, 0x40000000}.

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

— Whenwideo should be rotated 90 degrees counter-clockwise for display, matrix should be {0,
0xFFEF0000, 0, 0x00010000, 0, 0, 0, width<<16, 0x40000000}.

NOTE3" A player is expected to adapt the picture aspect ratio (track header width/height)) of the
decoded and cropped video image to the size and shape of the current display. The player can frame the video
aperture with letterbox bars, pillarbox bars, crop to fit, size to a window, etc. A player needs to s¢ale, and
possibly rotate, all CMAF fragments from a CMAF switching set to the selected video aperture to rhaintain
Seamiess piayback without SiZ€, Shape, or focation erTors.

9.2.4 Sample Description Box ('stsd')

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;
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— 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.

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 CMAE fragmpnf prpcpnf:ﬂ'inn time

CMATF ideo tracks shall either

a) cortain version 1 TrackRunBoxes in CMAF video fragments with composition offsets(negativs
composition offsets where necessary) to adjust the earliest media sample presentation tims
in gach CMAF fragment to equal the earliest media sample decode time, which isyequal to the
bageMediaDecodeTime field of the TrackFragmentBaseMediaDecodeTimgBox, or

b) corltain an offset edit list in the associated CMAF header to subtract the composition delay added
by [positive composition offsets, if and only if the CMAF track is contained-in a CMAF track file
corftaining version 0 TrackRunBoxes.

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

9.2.6 |Video media sample dependencies

— Within a video CMAF track, any TrackRunBox that describes any non-sync pictures shall identify
picfure dependencies using a combination of the sampl&’ flags and first sample flags fields
or dlefault flags in the corresponding TrackFragmentHeaderBox:

— | sample is non sync sample shall be O¥or 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 TrackRunBoxes in a CMAF track file, the
earliestvideo media sample willnormally have a composition time that is greater than zero (whenevet
video media samples are reordered).

The eaffliest video mediasample in a CMAF track file is defined to have presentation time zero, so ar
offset edit list, as spgecified in 7.5.13, shall be used when the earliest media sample’s composition timg
is not zpro. In this\¢ase, the value of the media time field shall be set to the composition time of thg
earliest presented video media sample in the CMAF track file.

For avgidance of doubt, all other video CMAF tracks (not in CMAF track files) shall use signed
compoditioh offsets in vl TrackRunBoxes to adjust the earliest video media sample presentation time
in the CMAF track to the baseMediaDecodeTime in the first CMAF fragment and shall not include an
edit list.

9.2.8 General video CMAF fragment random access constraints

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

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.
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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 sh
encoded every 2 seconds or less to provide additional random access video media samples.

For longer coded video sequences and resulting CMAF fragment durations, additional type

ould be

3 SAPs

il onpry - | 1 41 1 J 1.1 e aY 1.1 . | 1 b L. 1 - £ £ e
| OPCII GUT  TITUCPCIIUCIILL Yy UucloudiIT PDICLUTCS ) ClIdDIC HTUTPCITUCTIL PDILLUTC UCCUULITIES 1O 1450 1
fast reverse, and resumption of normal playback, while improving visual uniformity andld
hit rate relative to groups of pictures with type 1 o 2 SAPs limited to the equivalent rdndon

rward,
wering
access

)

1)

)

Huration.

D.2.10 Image framing and encoding constraints

D.2.11 General video CMAF switching set constraints

D.2.11.1 Video CMAF'switching set constraints

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.

The video spatial samples intended for presentation should beapper left justified and only ¢ne row
and/or one column of partially filled coding blocks encoded if the image height or width [is not a
multiple of the coding block size.

Decoder cropping parameters shall be encoded in the-video stream to remove video spatial §amples
in a partially filled coding block that are not intended*for presentation.

Each video CMAF fragment in a CMAF track or,CMAF switching set may be encoded with djifferent
vertical and horizontal video spatial samplé.counts (and different corresponding sample|entries
or inband parameters), so devices are expected to scale each CMAF fragment to the same|display
aperture and maintain the correct pictiire aspect ratio, size, and position of each CMAF fragment
during playback of CMAF switching sets.

NOTE Each player and display system is expected to frame the decoded and cropped video spatial [samples
o a player determined video display-aperture using methods such as scaling, stretching, cropping, paddfing with
etterbox or pillarbox bars, framing'in a window, etc.

CMAF traeksin a CMAF switching set shall be encoded with the same display aspect ratio, ajthough
sample aspect ratio and size may differ. All video CMAF fragments within a CMAF switching set are
intended to be displayed with the same height, width, and position.

Video tracks in a CMAF switching set shall conform to the general CMAF switching set congtraints
in'7.3.4 that require each CMAF switching set to be encoded from the same source content apd with

the same visual characteristics-such-as-transfer Funr‘finn, colour Vn]umn, colour xv)rim:\rinc’ colour

d)

subsampling, dynamic range, brightness, bit depth, and presentation timing, which would typically
be the result of encoding from a single video master.

Video tracks in a CMAF switching set shall conform to initialization constraints specified by the
CMAF media profile they conform to, so a player and decoder can determine when CMAF headers
need to be processed during adaptive switching.

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.
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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 7.3.4.4.

Video media samples with the same presentation time in aligned video CMAF switching sets shal
containf perceptually equivalent images that only differ by their encoding or encryption, i.e. codec
resolutjon, bit rate, frame rate, default key ID, etc.

A comnpon example of aligned video CMAF switching sets is one CMAF switching set containing CMAR
f conforming to the CMAF HHD8 media profile, and another CMAF switching set containing CMAR
tracks gonforming to the CMAF UHD8 media profile, both encoded from the same soutee, using the
same cddec, 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 deffinition CMAF tracks are encrypted with different keys and digital right§ management systen]
playbadk rules.

An HHI)8 capable player could select and play the HHD8 CMAF switching Sef hormally. A UHD8 capable
player ¢ould select and seamlessly switch both the UHD8 and HHD8CMAF tracks in aligned CMAK
switchipg sets, applying the different keys and licenses as needed.

9.2.11.3 Multiple initialization switching of video tracks

A CMAF header from each track in the switching set need only be downloaded once (it is assumed they
do not ¢hange unless a new CMAF presentation is startedye.g. a DASH Period).

CMAF switching sets conforming to general constraints or single initialization constraints can be
ly switched using multiple initialization,\meaning that the CMAF header of a CMAF track ij
procesged before decoding the first CMAF fragient from that track on every track switch. The dynamigd
reinitiallization behaviour of parsers, decoders, and display systems is rarely specified and may not beg
seamless.

It is soetimes possible for players that have full control over both switching and decoding to evaluatsg
changes in CMAF header parameters when switching and leave most parameters unchanged tg
minimife presentation disruption”In playback environments, such as Web browsers using an HTML3
media Jource extension (MSE) buffer, appending a new CMAF header can cause playback interruptior
when the media pipeline i$fully reinitialized when each CMAF header is appended.

9.2.11.4 Single initialization switching of video tracks

CMAF 4witching sets containing video CMAF tracks that conform to single initialization constraints
can be lecoded and displayed by sequencing CMAF fragments from the same CMAF switching set aftet
initialiging*once with a CMAF header.

Parameters that are allowed to change within a CMAF track or between CMAF tracks in a CMAF
switching set can be contained in each CMAF fragment so that full reinitialization with a CMAF header
is avoided on track switches. Parameters allowed to change are typically vertical and horizontal video
spatial sample count and cropping, so changes in decoder configuration, display buffer sizes, etc. that
might interrupt presentation can be avoided.

In a single initialization switching set with hierarchically nested CMAF media profiles, a CMAF header
is sufficient to decode any CMAF tracks with equal or lower CMAF media profiles and resolutions than
the initialized CMAF media profile and CMAF track.

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

9.3.1 Overview

The NAL structured video CMAF track format shall conform to the general video CMAF track format
specified in 9.2, the NAL structured video track format specified in ISO/IEC 14496-15, with the

constraints specified in 9.3.

932 CMAF K f ints for NAIL 1vid

D.3.2.1 Track Header Box (' tkhd"')

SO/IEC 14496-12 specifies that the values of width and height are set to the decodedimage s
iniformly sampled square grid.

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

['he values of width and height shall be normalized to the width and height of the NAL structure
hs defined below.

Sequence Parameter Set NAL VUI after cropping parameters.ate applied.

NOTE1 The height field of the visual sample entry is alsgthe number of encoded vertical vide
samples after cropping.

idc (and if applicable by the sar width/sar height ratio) in SPS VUI parameters
PixelAspectRatioBox if present inthe sample entry.

NOTE 2  The width field of the vistial sample entry is the number of encoded horizontal vide
samples after cropping.

— The CleanApertureBox sheuld not be present, since the cropped aperture is defined to b
image (“clean”) in a vide CMAF track.

D.3.2.2 Sample Description Box ('stsd"')

[he SampleDescrdptionBox in a video track shall contain one or more visual sample
conforming to ISO/IEC 14496-12 and ISO/IEC 14496-15.

[he first Vigual SampleEntry in the SampleDescriptionBox:

— shalbinclude width and height field values that equal or exceed the largest cropped ho
and vertical video spatial sample counts in any Sequence Parameter Set referenced by a vid
in the NAL structured video track;

Zze on a

d video,

— The normalized presentation height shall be the number of ¥ertical video spatial samples in the

spatial

— The normalized presentation width shall be¢the number of horizontal video spatial §amples
after Sequence Parameter Set NAL VUI cropping parameters are applied, then multiglied by
the video spatial sample aspect ratio. ThesSample aspect ratio is specified by aspect gatio

hnd the

spatial

e active

entries

rizontal
eo slice

— should contain no more than one NAL video parameter set, e.g. for AVC video, one set of SPS and PPS

NALs with VUI in the AVCDecoderConfigurationRecord;
— and contain a decoder configuration record that:

— should signal the lowest codec profile, level, height and width values that are equal to or

greater

than the values required for all the CMAF fragments in the CMAF track. See general constraints

in 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;
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Any subsequent sample entries in the SampleDescriptionBox:

9.3.3 |NAL structured video Access Units contained in media samples

Each media sample shall contain one NAL structured vidéé Access Unit for one presentation time angd
duratiop, as defined in ISO/IEC 14496-15 and ISO/IEC 14496-12.

NOTE As specified in ISO/IEC 14496-15, timing information provided within a video elementary stream if
ignored]Instead, media sample timing in the TrackRunBox determines picture presentation time and duration

Access Units shall conform to a sample description specified in ISO/IEC 14496-15 and signalled in thg
samplefentry codingname field.

Each Adcess Unit may start with an.Access Unit Delimiter NAL.

Each Adcess Unit shall be stored as a media sample in a MediaDataBox in a CMAF chunk and/or CMAR
fragment.

Access Units conformingto sample descriptions with inband parameters, such as 'avc3' and 'hevl'
may retain filler data\(NAL units or SEI messages) and SEI messages that might change hypothetica
referenfe decoderpitstream conformance if removed.

The filler datasand SEI messages may be retained if HRD conformance is desired.

9.3.4 [NAL structured video coding sequences corresponding to CMAF fragments

NOTE1 The size 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 'nclx' 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.

NOTE 2 A decoder configuration record without a video parameter set is valid for a sample description
suchas "ave3' or "hevl' thatcan store the video parameter set NALs necessary for decoding and display
in each CMAF fragment.

shduld contain one NAL video parameter set including VUI in each visual sample entrys-decodet
corfiguration box, e.g. for AVC, the 'avcC' box;

mal be unreferenced by media samples in this CMAF track or other CMAF tracks in a CMAJ
swltching set;

may be constrained by dependency on other CMAF tracks and CMAF headets in a CMAF switching
set| See 9.3.6.

NOTE3  CMAF headers can contain VisualSampleEntries intendéd for use by other CMAF tracks iy
a CMAF switching set or for the purpose of initializing decoding and display, but not referenced by any slice
header in a media sample.

Each CMAF fragment shall contain one or more complete coded video sequences, as specified by the
video codec. Consequently, the first media sample in all NAL video CMAF fragments is SAP type 1 or 2,
as specified in ISO/IEC 14496-12.

NAL structured video sample descriptions that allow inline parameter sets (e.g. 'avc3' and "hevl"')
shall 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
NALs, if present; followed by the VCL NAL(s) of the first Access Unit.
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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.

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
prand should be included in the CMAF header. CMAF media profiles can constrain video-fransfer
Characteristics, colour parameters, and grading. See A.2.

For all video media profiles, unless signalled otherwise by a mechanism defined in that' vide¢p 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 ¢lectro-
bptic transfer function specified in BT.1886 with a peak luminance of 100 cd/m?.

Video may be graded for presentation on a display which uses an electro-optic transfer function
not specified in BT.1886 and/or with a peak luminance greater than‘200 cd/m?2, in which dase the
brading profile should be signalled by VUI and/or SEI messages contained in the sample entry decoder
Configuration box, or other mechanism defined in the video mediarofile.

D.3.5.2 Caption data in SEI messages

CTA 608/708 caption data (CTA-608-E, CTA-708-E) may be stored in video SEI messages defined by
the associated video codec specification (see 11.4). Video embedded captions are not consiflered a
CMAF subtitle track, and it is expected that many CMAF compatible players will ignore these mgessages
n video CMAF tracks. The presence of captiondata in such SEI messages should be indicated by the
hddition of the 'ccea' compatibility brand in.thé CMAF header, as specified in A.4.

For NAL structured video, CTA 608/708-gaption data (CTA-608-E, CTA-708-E) may be stored in SEI
messages in coded video sequences in CGMAF fragments described as user data registered by Reg. ITU-T
I35, with SEl payloadType = 4 andtheregisteredidentifierinthefielduser data registered
itu t t35.SeelSO/IEC 23008-2:2015, D.2.6.

Captions intended for CMAF«applications should be carried in subtitle CMAF tracks to make delivery
pptional and selectable by ‘€ach player, to allow several alternative languages, roles, etc. without
Huplicating the same videp tracks with different SEI messages. Subtitle tracks also enable parging and
bresentation by playerapplications when a device does not contain a built-in subtitle decoder.

D.3.6 General CMAF switching set constraints for NAL structured video

Fach CMAE-track in a CMAF switching set containing NAL structured video conforming to
SO/IEC.d44496-15 (NAL structured video track format) shall conform to general CMAF switching set
Constraints in 7.3.4 and general video CMAF switching set requirements in 9.2.11.

D .37 Qinglp initialization CMAF cwitr‘hing set constraints for NAL structured video trackls and
media profiles

NAL structured video CMAF switching sets conforming to the general CMAF switching set constraints
for NAL structured video in 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 9.2.11.4.
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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
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) the first (IDR) access unit of every coded video sequence that references the parameter set
from a slice header, as specified in 9.3.4. Parameter set indexes shall be valid within eael
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 parametej
set NAL storage, as additionally constrained in this clause;

3) | a combination of sample entry parameter storage (1) and inband parameter sforage (2) may
be used for 'avc3' and 'hevl' sample description CMAF tracks. In thatcase, each samplg
entry and slice NAL parameter set index shall index the same parameter setif stored in botH
locations. In addition, any CMAF header shall provide all the sample entries referenced by any
CMAF fragment in the CMAF switching set.

c) The¢ first visual sample entry in each CMAF header shall be sufficient to initialize decoding
dedryption, and display of all CMAF tracks in the CMAF switching'set, or only CMAF tracks with
mafching CMAF media profile brands, if all CMAF headers caentain CMAF media profile brands
Initialization information can be:

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

2) |may contain a sample entry without, \NALs that shall include one or more
ColorInformationBoxes with sub-type 'nclx' and a PixelAspectRatioBox, af
specified in ISO/IEC 14496-12.

d) Any CMAF header shall be sufficient to initialize the CMAF switching set once and decode all CMAR
fragments in the CMAF switching set;.jf the CMAF tracks in the CMAF switching set do not contair
CMJAF media profile brands.

e) Any CMAF header with a specific CMAF media profile brand shall be sufficient to initialize once and
dedode the other CMAF tracks with the same CMAF media profile brand, or CMAF media profile
brands that conform to the'brand initialized, if all CMAF tracks in the CMAF switching set contair
CMJAF media profile brands.

NOTE A manifest can reference a common CMAF header for every CMAF track in the CMAF switching set|
or it car reference a different CMAF header for each CMAF media profile in the CMAF switching set when eacH
CMAF hpader contaips'a CMAF media profile brand. In the second case, a player can initialize once and play 3
subset of the CMAF tracks that conform to the initialized media profile. If it initializes the highest signalled CMAK
media pfofilegit'can decode all CMAF fragments in the CMAF switching set.

9.4 ANVCxideo CMAE tracks

9.4.1 Storage of AVC elementary streams

9.4.1.1 Conformance

AVCvideo tracks shall conform to the NAL structured video format specified in 9.3, the AVC specification
ISO/IEC 14496-10 and constraints specified below.
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9.4.1.2 AVC Visual Sample Entry

The syntax and values for visual sample entry shall conform to AVCSampleEntry (‘avcl') or
AVCSampleEntry (‘avce3') as defined in ISO/IEC 14496-15 and the general video sample entry
requirements of 9.3.2.2.

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.
D.4.2.2 Sequence Parameter Sets (SPS)

D.4.2.2.1 SPS field constraints

bequence Parameter Set NAL units that occur in an AVC video CMAF\track shall conform to
SO/IEC 14496-10 with the following additional constraints.

— The following fields have pre-determined values as follows:

— frame mbs only flagshall besetto 1;

— vul parameters present flagshall be settedy

— gaps_in frame num value allowed flag Should be setto 0.

— The values of the following fields shall not change throughout a CMAF track.
— chroma format idc

— bit depth luma minus8

— bit depth chroma minus8

— The maximum values of the following fields are specified by CMAF media profiles in A.2.
— profile idc

— level idc

— pic width) in mbs minusl

— picshelight in map units minusl

— The following fields may change per CMAF fragment within a CMAF track. Changes ip these
paramieters shall require a different sample entry, if the SPS NALs referenced are stored in[sample
entries.

2 Ll 4 I~ 4 |
Lo wIOCTIT TIT I0S IITTITOS T

— pic _height in map units minusl
— frame crop right offset
— frame crop bottom offset

— max_num ref frames
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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:

— video signal type present flagshouldbesetto 1, and thevalueofvideo full range
flag when not present shall be assumed to be 0.

NOTE1 This indicates normal black “setup”, i.e. black level is 16 for 8-bit video.

— aspect ratio info present flagshallbesettol.aspect ratio idc shall notbesebto (
(unknown).

NOTE 2 These parameters refer to the video spatial sample aspect ratio, not picture aspectratio. Alway{
setfing the value distinguishes between content that omitted the value because it intended)the default o1
jusf failed to set it properly.

— ove¢rscan 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 precisg
adajptive scaling during adaptive switching.

— If yideo signal type present flag is set to 1, colour (description present flag
shduld be set to 1.

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

— If golour description present flag is set;t0-1, then colour primaries, transfer |
chgracteristicsandmatrix coefficients shall be set to the values used in the AVC videg
CMJAF track.

— Ifdolour description present flagis setto 0, the following values shall be assumed in AV(
video CMAF tracks:

— |colour primaries=1;
— | transfer characteristics=1;
— |matrix coefficients=1.
— Th¢ presence and values of the following fields shall not change in a CMAF track.
— | low delay)®rd flag
— | colouf pPrimaries

— | trarsfer characteristics

9.4.2.3 Picture cropping

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

NOTE 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
partially filled and padded blocks below and/or to the right of the image if the image size is not evenly divisible
by the coded block size.
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9.5 AVCvideo 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 RFC 6381 and ISO/IEC 14496-15.

10 Audio CMAF tracks

|10.1 Overview

[his clause specifies CMAF audio tracks derived from the CMAF track format,Gwith ad
Constraints specific to CMAF audio tracks and audio CMAF media profiles.

bee 12.1 for guidelines on specification and registration of CMAF media profiles,
Clause 10 includes:
— constraints that apply to all audio CMAF tracks;

— constraints that apply to the audio track format and encoding of AAC audio using the syste
specified in ISO/IEC 14496-14;

— an “AAC Core” CMAF media profile that specifies eonstraints on AAC CMAF tracks to
interoperability and random access of CMAF switchihg sets containing a single CMAF track e
with one of three variants of AAC in stereo or mono;

— an “AAC adaptive” CMAF media profile that.specifies additional constraints on CMAF AAQ
fragments, media samples, and metadata to“allow seamless switching between alternative
and bit rates in an AAC adaptive CMAF switching set.

10.2 General audio CMAF track format

10.2.1 Derivation

Audio CMAF tracks shall conform to the ' cmfc' compatibility brand and CMAF track format sj
n Clause 7 and Clause 8-and the general audio CMAF track constraints specified in Clause 10.

[he general CMAF ,audio track format applies to all audio CMAF tracks, regardless of audio
media profile.

10.2.2 TrackHeader Box ('tkhd"')

For audie tracks, the fields of the TrackHeaderBox shall be set to the values specified beloy
fields\may be set per ISO/IEC 14496-12.

ditional

Im layer

enable
ncoded

tracks,
b tracks

becified

odec or

V. Other

——flags = 0x000007

— layer=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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10.2.3

Sound Media Header Box (' smhd')

The syntax and values for the SoundMediaHeaderBox shall conform to ISO/IEC 14496-12 with

constra

10.2.4

As spec

ints specified in 7.5.7.

Sample Description Box ('stsd"')

ified in ISO/IEC 14496-12, the SampleDescriptionBox contains the AudioSampleEntry

box or AudioSampleEntryV1 box.

10.2.5

For all
Audio

Each A
Box" c

10.2.6

An offs
in7.5.1

If audic
present]
CMAF t

10.3 A

10.3.1

AAC audio CMAF tracks containing AAC audio’as defined in ISO/IEC 14496-3 shall conform to the

general
used to

Table 1

AudioSampleEntry

audio media profiles in CMAF, the value of the samplesize parametery in the
bampleEntry box defined in ISO/IEC 14496-12 shall be set to 16.

dioSampleEntry or AudioSampleEntryV1 shall contain a " (codingnamespecific)
bntaining codec-specific information.

Audio offset edit list

bt edit list in a CMAF audio track shall conform to constraints spéeified on EditListBoxed
B.

media sample composition times differ from their intended presentation times in a CMAK
ation, then an offset edit list shall be included in that audio*€MAF track to adjust to the intended
rack presentation time.

AC audio CMAF tracks

Overview

audio CMAF track constraints in. 10;2 and the AAC constraints in 10.3. These constraints are
derive the AAC audio media profiles specified in 10.4 and 10.5 and listed in A.3.

P lists the AAC profiles allowed.

Table 12 — AAC profiles

AAC prefile codingname SampleEntry Type
MPEG-4 AAC (AAC-LC) mp4a MP4AudioSampleEntry
MPEG-4 high efficieney AAC (HE-AAC) mp4a MP4AudioSampleEntry
MPEG-4 high efficiency AAC v2 (HE-AACv2) mp4a MP4AudioSampleEntry
The SappXeEntry formatin the SampleDescriptionBox is the same for each AAC audio profile.

10.3.2

"codecs" parameter signalling

The signalling of the MIME "codecs" parameter is per RFC 6381, as shown in Table 13. The third value
of the codecs parameter is the audioObjectType, as if explicit hierarchical signalling were used.
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Table 13 — AAC MIME “codecs” parameter according to 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 mpd4a.40.5
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
ecoding HE-AAC and HE-AACv2 conforming to CMAF constraints (without reproduction of high frequencies
foded with SBR).

10.3.3 Considerations for AAC audio encoding

10.3.3.1 Overview of AAC presentation timing

[he AAC codec uses audio frames of a fixed length and a transform which lapplies over two [frames.
[0 obtain correct audio from a frame, both frames in the transform ape‘needed, and hence the prior
encoded frame and the current encoded frame need to be decoded_towoutput the first frame This is
sometimes called “priming” and may be signalled using the ' ro11.* 'sample group.

A full reconstruction of the first encoded audio frame is sometimes.not possible since there is no previous
hccess unit. To still achieve a full reconstruction, a commondpractice is to add silence to the beginning
bf the audio signal. A more detailed explanation of this approach can be found in ISO/IEC TR 14496-24.

n practice, an encoder might prepend an arbitrary amount of (invalid) audio waveform samples to the
signal. This portion of the audio signal is sometimegs called “encoder delay” and varies depending on the
mplementation.

10.3.3.2 Presentation delay compensationusing an edit list

[he most common approach to compensate for inserted extra audio is to add an offset edit ligt to the
CMAF header.

n the case where padding has been added to the start of an audio stream, the media time in fhe edit
ist is the length (in audio samples, as measured by the timescale of the track) of the inserted audio
samples; 2112 is a comman example for AAC.

fan editlistis used, asingle EditListBox shall be recorded in the CMAF header, as specified in 10.2.6.

10.3.3.3 Delay-compensation before encapsulation

f the contenthas been generated according to G.5, no EditListBox is present.

10.3.3:4 Delay compensation when using additional AAC coding tools

fthe SBR and PS coding tools are present, they shall not be 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 ctl
anddyn rng sgnfieldsof dynamic range info () inthe FIL elementand DRC metadata for heavy
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compression in the compression value field of MPEG4 ancillary data() in the data stream
element (DSE).

NOTE It is expected that the audio decoder will use the Program Reference Level, if available, to achieve
a desired target loudness, 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.

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 cenfotm td
the CMAF audio track format specified in 10.2.

The following additional constraints also apply.
— Allfaudio media samples shall consist of one AAC audio access unit.
— All|JAAC access units in a CMAF track shall be encoded with one of AAC-LC;HE-AAC or HE-AACv2.

— The¢ values given in AudioSampleEntry, Decoder@onfigDescriptor,  and
DetoderSpecificInfo shall match the corresponding values in the' AAC audio bitstream.

10.3.4.2 AAC audio sample entry

10.3.4.2.1 Field values

The syhtax and values of the AudioSampleEntryx\'shall conform to MP4AudioSampleEntry
('mp4al') as defined in ISO/IEC 14496-14.

The sarhple entry and fields specified in 10.3.4.2 shall not change within a CMAF track.

10.3.4.2.2 ESDBox

As defiped in ISO/IEC 14496-14, the MP4AudioSampleEntry in the SampleDescriptionBox shal
containlan ESDBox, which containsan ES Descriptor.

10.3.4.2.3 ES_Descriptor

The symtax and values for'ES Descriptor shall conform to ISO/IEC 14496-1, and the fields of thg
ES Degcriptor shallipe set to the following values.

— ES|[ID=0

— streambependenceFlag=0

— URL“Plag=0

— OCRstreamFlag=0

— streamPriority=0

— decConfigDescr = DecoderConfigDescriptor

— slConfigDescr = SLConfigDescriptor, predefined type 2

Descriptors other than those specified in 10.3.4.2.4 through 10.3.4.2.6 shall not be used.
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10.3.4.2.4 DecoderConfigDescriptor

The syntax and values for DecoderConfigDescriptor 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 ProfileLevelIndicationIndexDescriptor shall

NOT be used.

— objectTypeIndication = 0x40 (audio)

— streamType = 0x05 (audio stream)
— upStream=0

— decSpecificInfo=AudioSpecificConfig

10.3.4.2.5 AudioSpecificConfig
['he syntax and values for AudioSpecificConfig shall conform to ISO/IEE 14496-3.

[he following fields of AudioSpecificConfig shall be set to AAC audio'CMAF media profile sj
Palues, for example, see 10.4.

— audioObjectType
— channelConfiguration
— extensionAudioObjectType

— GASpecificConfig

10.3.4.2.6 GASpecificConfig

[he syntax and values for GASpecifi€Config shall conform to ISO/IEC 14496-3, and the f
5ASpecificConfig shall be set to theifollowing values.

— framelLengthFlag=0 (1024 1ines IMDCT)
— dependsOnCoreCodexr=0

— extensionFlag =0
10.3.5 AAC elementary stream constraints

10.3.5.1 General encoding constraints

AAC eleméntary streams shall conform to [SO/IEC 14496-3 and the constraints of an audio CMA
brofile’ it conforms to, for example, see A.3.

becified

ields of

F media

rs-shallnetbepresent.

— CMAF fragments containing HE-AAC shall start with a type 1 SAP. Notably, the SBR configuration

information shall be in the first packet.

— The transform length of the IMDCT for AAC shall be 1024 audio PCM samples for long blocks and

128 audio PCM samples for short blocks.
— The following parameters shall not change within the elementary stream:
— audio object type;

— sampling frequency;
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— 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.

The following element shall not be present in an MPEG-4 HE-AAC or HE-AACv2 elementary stream:

— coypling_channel_element (CCE).

If the program_config_element (PCE) element is present, then it shall only list a set of channels
corresgonding to one of the fixed channel configurations specific in ISO/IEC 14496-3, and the-elemen{
shall ngt change for the duration of the track.

10.3.5.2.2 Arrangement of syntactic elements

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

Syntactlic elements shall be arranged in the following order for the channel configurations below.
— <S(E>, <optional additional elements>, <TERM>... for HE-AACv2 and mono HE-AAC or AAC-LC.
— <CIPE>, <optional additional elements>, <TERM>... for stereo HE;AAC or AAC-LC.

NOTE Angled brackets (<>) are used above to indicate separatésyntactic elements, not stream syntax.

10.3.5.2.3 individual_channel_stream

The syﬂitax and values for individual channeg,*stream shall conform to ISO/IEC 14496-3. The
following fields shall be set as defined:

— gajn control data present=0.

10.3.5.2.4 Maximum bit rate

The mgdximum bit rate of AAC elementary streams shall be calculated in accordance with the AA(
buffer fequirements as defined in [SO/IEC 14496-3. Only the raw data stream shall be considered i
determjning the maximum WBitjrate (system-layer descriptors are excluded).

10.4 AAC core audio\EGMAF media profile

AAC core audio CMAF media profile shall conform to the AAC CMAF track format specified in 10.3.4
with the following constraints.

— Eadh AAC elementary stream shall be encoded using MPEG-4 AAC-LC, HE-AAC Level 2, or HE-AACvZ
Leyel2. Use of the MPEG-4 HE-AACv2 is recommended for 32 kbps or lower.

— When using HE-AAC and HE-AACv2 bitstreams, explicit backwards compatible signalling shall be
used to indicate the use of the SBR and PS coding tools.

— AAC core CMAF tracks shall not exceed two audio channels.
— AAC core elementary streams shall not exceed 48 kHz sampling rate.

— The AAC core FileTypeBox compatibility brand shall be 'caac' and should be used to indicate
CMAF tracks that conform to this media profile.

See A.3 for the table of AAC audio CMAF media profiles and their compatibility brands.
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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
fragment boundaries. 10.5 specifies constraints on AAC adaptive CMAF tracks and Annex G includes
recommendations for their use in CMAF switching sets.

— 1he AAC adaptive audio CMAF media profile F1IeTypeBoxX compatibility brand shatt be Jcaaa'
and should be used to indicate CMAF tracks that conform to this CMAF media profile.

— CMAF tracks conforming to AAC adaptive CMAF media profile and brand shall conforim to the AAC
core CMAF media profile specified in 10.4 and the constraints specified in 10.5.

bee A.3 for the table of AAC audio CMAF media profiles and their compatibility brands.

10.5.2 CMAF fragment encoding constraints

[0 enable seamless switching between AAC CMAF tracks in a CMAFK\switching set, the AAQC CMAF
‘ragments comprising each CMAF track are encoded and packaged-for random access and s¢amless
bplicing. The process of encoding the AUs (Access Units) requires periodic generation of Streanj Access
Points (SAP) that are time aligned between CMAF tracks, and €ncapsulation requires CMAF fragment
hlignment to those SAPs. Tracks that belong to the same EMAF switching set can be generate¢d from
lifferent encoder instances, but shall conform to the same EMAF switching set constraints.

All CMAF tracks in an AAC CMAF switching set shalkhave AAC SAPs at CMAF fragment boundafies (i.e.
the first AU in each CMAF fragment), and corresponding CMAF fragments in alternative CMAJ tracks
bhall be decode time aligned and presentation time aligned.

Video frames usually have well-defined SAP%types, such as an IDR frame that always equals SAP type
| or 2. For audio, frame SAP types are notusually specified. In MPEG-4 AAC, there is no specigl frame
'ype defined for random access. Nevertheless, audio SAPs of type 1 can be generated by applying the
constraints described in the following clauses and are referred to as an “SAP” frame, since therg is only
bne type.

10.5.3 General considerations and requirements

['he following values shall not change within a CMAF switching set:
— audio object type (AOT);

— channel configuration;

— sampling frequency.

[hecfirst point means that all the CMAF tracks within a CMAF switching set share the same AOT, i.e.
[Hey either use AAC-LC, HE-AAC or HE-AACv2.

The second and third constraints enable the output PCM to remain constant and not require, for
example, a re-configuration of the audio device or sound card. A constant sampling frequency assures
that AUs share the same temporal framing and, therefore, the AAC CMAF fragments in alternative
CMAF tracks are decode time aligned, so no overlap or gap in presentation time results when switching.

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 10.3.3.1 or decode time compensation specified in
10.3.3.2.
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10.5.4 Constraints for AAC-LC

To guarantee seamless switching for AAC-LC encoded tracks, the window shape and window sequence
shall be constrained as follows.

— To avoid artefacts from not cancelled time alignment components, the window shape and window
sequence shall be synchronized across all tracks.

— At each 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 4 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 shoft er stoy
Window Sequence in the SAP frame (i.e. first frame in the next CMAF fragment). This,concept is
exempllfied in Figure 15.

correct window sequence

% ol S e NG \'/'\'/“\'/'\"/\'/'\'/'\'I'X'/N"

1aNl i
incorrect window seguence

% ! T~ X "/\”/'\‘/'\”\’/\’/\'/"\"/'\ """""""

‘go/ /\ | :

Figurp 15 — Correct and incorrect windowing sequence at fragment boundaries for seamless
switching of AAC-LC CMAF tracks

10.5.5 |Constraints for-HE<AAC

Since HE-AAC is based'on AAC-LC, the restrictions described in 10.5.4 apply also here. In addition, the
following restrictions apply to the Spectral Band Replication (SBR) tool.

compared to the frammg of the AAC core decoder Furthermore the QMF ana1y51s adds another 320
audio PCM samples. This time shift between core and SBR framing might result in an energy gap when
switching, for example, from a track encoded with low bit-rate to a track encoded with high bit-rate.
This concept is depicted in Figure 16.
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Figure 16 — Illustration of core bandwidth adjustment for-HE-AAC switching point

[0 avoid this gap in the frequency range, it is recommended to have the AAC core bandwidth of the
ast frame of a fragment matching the highest AAC/SBR crossover frequency of the supported|stream
configuration. To properly encode the additional bandWwidth, extra bits are necessary and|the bit
reservoir control should be adapted accordingly.

10.5.5.2 SBR header and time differential coding

n contrast to the AAC configuration that is:completely signalled inside the audio specific configuration
[ASC), the SBR decoder needs additional-configuration parameters. These parameters are tranpmitted
n the SBR header, which may not be contained in every access unit. The MPEG-4 standard recomqmends
h transmission interval of 500 ms_or whenever an instantaneous change of header paramgpters is
required. To allow for seamless switching of HE-AAC encoded tracks, an SBR header shall be tranpmitted
n each SAP frame. For frames’containing the SBR header, the MPEG-4 audio conformance forlids the
1se of tools that rely on preceding frames. In other words, time differential coding of pargmeters
contained in the SBR header is forbidden and, hence, this restriction guarantees that SAP frames$ can be
fompletely decoded and:processed.

10.5.5.3 SBR frame class

f the SBR frane class is “VARVAR” or “FIXVAR?”, the SBR envelope for this particular frame could reach
pver thedrame borders. To make sure all necessary information is self-contained in the SAP frame, so
that itcan 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-AACv?2 is based on HE-AAC, the restrictions described in 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 assure
that the SAP frame can be completely decoded and processed. Since HE-AACv2 conformance requires
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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 following formats for carrying subtitles and captions:
— WepVTT subtitle CMAF tracks;

— IM$C1 subtitle CMAF tracks;

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

The term “subtitles” in this document is used to mean a CMAF track for the visual presentation of
text or[graphics that is synchronized with video and audio for purposes including “closed captions]
for hearing impaired viewing. Subtitles are presented for various purposes-stich as dialogue languagg
translation, localized titles, commentary, lyrics, and descriptive captions for-hearing impaired viewer§
or presentation situations where audio is unavailable or inappropriate.

CTA-708 (608) “closed captions” embedded in video elementary str€ams are also described, in part, td
distingpish them from CMAF subtitle tracks. Closed captions are ecommonly used in North America td
broadcast descriptive text and dialogue, primarily intended for hearing impaired viewers. See 9.3.5.2
Embedﬁed closed captions have limited flexibility because’/they cannot be independently created
selectedl, and delivered without duplicating every video tfack, and they require low level processing of
video elementary streams to decode. Closed captions may be present in CMAF video tracks and can bg
ignored by players that only process subtitle CMAF tracks.

A CMAF presentation can offer the same subtitle content in more than one CMAF track and formaf
to reach players with different decoding capabilities. Because each CMAF track can have differen
qualitigs, it is recommended that manifestsindicate the preferred CMAF tracks in the selection set.

11.2 WebVTT

WebVT[l' is a subtitle format(that is supported by several web browsers. It can also be used td
render fubtitles in other types of media presentation applications. In CMAF, a WebVTT document i
encapsiilated in a CMAE (fragment contained in a CMAF track. WebVTT CMAF fragments may beg
sequentially download€d;synchronized, and presented the same as audio and video CMAF fragments.

The eng¢apsulation.afid format of WebVTT documents in ISO Base Media movie fragments and trackg
shall cqnform tg™1SO/IEC 14496-30, to Clause 7 of this document, and to the 'cwvt' media profilg
listed i A.4 ofithis document.

As spegified in ISO/IEC 14496-30, each WebVTT document is contained 1n a smgle ISOBMFF movig

f T CMNMARL ALV TT £. Lall 1 £l CANATLE
ragme ll. IV LUlllUl IIT LU wivinarnr, vwvCuv 1 1 lllUVlC Il aslucut..) o11dl1l dlIoSU \.UlllUl J9 VY LU CIIC CIVIATL 11 Clslllcll.

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'
with a 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 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
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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 Forced titles are cnppm‘fpd in TTMI I/IMQ(‘1 but not WebVTT A workaroundisto create twao WebVTT

racks, one with only the forced titles and the other with both forced and regular subtitles. A player @wo

1.3 IMSC text and image tracks

11.3.1 General

[TML Profiles for Internet Media Subtitles and Captions 1.0 (IMSC1) is an@pplication of the Timj
Markup Language (TTML) for subtitle and caption delivery. IMSC1 defines a text-only profile
mage-only profile.

An IMSC1 text track is a CMAF track that conforms to the provisions’of 11.3.2 and 11.3.3.

An IMSC1 image track is a CMAF track that conforms to the provisions of 11.3.2 and 11.3.4.

11.3.2 Common constraints

Table A.3 of A4.

[he namespace field of the XMLSubtitlge@ampleEntry box shall contain one instance of th
'http://wwww3.org/ns/ttml".

NOTE The schema location fieldof the XMLSubtitleSampleEntry box is not expected to b
he purpose of profile signalling. The'CMAF media profile brand can be used to determine the profile.

[he XMLSubtitleSampleEntry shall contain a MIMEBox as specified in ISO/IEC 14496-12
rontent type field shallbe constrained as follows.

— The type shall be"application.
— The subtype-shall be "ttml+xml".

— The cod@cs parameter shall be present and set according to 11.3.3 and 11.3.4.

['he mediatype of the CMAF track, as specified in RFC 6381, shall conform to the following.

— AThe type shall be "application.

blay the forced-only track by default, and switch to the forced + subtitles track when subtitles are select¢

uld then
d.

ed Text
and an

['he CMAF track shall conform to ISO/IEC 14496-30,(W3C IMSC1) and an IMSC1 media profile listed in

e string

e set for

and its

= Thesubtypestattbe+mp4+

— The codecs parameter shall be present and set according to 11.3.3 and 11.3.4.

11.3.3 IMSC1 text track constraints

All subtitle media samples of the CMAF track shall conform to the Text Profile specified in W3C

IMSC1.

The codecs parameter of the content type field of the MIME box within the

XMLSubtitleSampleEntry box (see 11.3.2) shall contain the value "im1t", which signals
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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
IMSC Text Profile.

EXAMPLE1 T"application/ttml+xml;codecs=imlt|etdl" signals that the documents contained in
an IMSC1 text track also conform to EBU TECH 3380.

The codecs parameter of the media type of the CMAF track shall contain the value "stpp.ttml.
imlt" [Other TTML profiles the track conforms to may be additionally listed In the codecs parameter

EXAMPLE2 "application/mp4;codecs=stpp.ttml.imlt" isthe media type of an IMSC1 text subtitlg
CMAF trfack.

EXAMPLE3 Q@mimeType="application/mp4" and @codecs="stpp.ttml.imlt" signalan [IMSC1 tex
subtitle CMAF track in a DASH manifest.

NOTE 2| A.4 specifies a file compatibility brand that signals that a track is an IMSC1 text subtitle CMAF track.

11.3.4 [IMSC1 image track constraints
All subtitle media samples of the CMAF track shall conform to the Image Rfefile specified in W3C IMSC1

The cpdecs parameter of the content type field , ofo the MIME box within the
XMLSulptitleSampleEntry box (see 11.3.2) shall contain thewvdlue "im1i", which signals that ar
IMSC1 fmage processor is required, as specified in the W3C, TTML Media Type Definition and Profile
Registrly.

EXAMPLE1 "application/ttml+xml;codecs=1imli" i§a possible value for the content type field of
an IMSCJL image track.

EXAMPLE 2 "application/mp4;codecs=stpp=fhml.imli" isthe media type of an IMSC1 image track
The codlecs parameter of the media type of the. CMAF track shall contain the value "stpp.ttml.imli"

EXAMPLE3 Q@mimeType="application/mp4" and Qcodecs="stpp.ttml.imli" signal an IMSCI
image trjack in a DASH manifest.

Each sppte:backgroundImagetattribute shall be a URN as specified in ISO/IEC 14496-30 that may
conform to the following bg-image-urn syntax expressed using RFC 5234.

bgrimage-urn = "ukn:mpeg:14496-30:subs:" 1*DIGIT

The aukiliary mimeZkypes field of the XMLSubtitleSampleEntry box includes one instance of
the media type "image/png" if any image is used.

NOTE A.4 spécifies a file compatibility brand that signals that a track is an IMSC1 image subtitle CMAF track

11.4 CTA-608 and CTA-708

CTA-608 and 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 A.4 specifies a file compatibility brand that signals that a video track contains CTA 608/708 captions
in SEI messages and can be included in addition to the video CMAF media profile compatibility brand.

11.5 Metadata for subtitles
Text tracks should be labelled with their role. See 7.5.3.

Text tracks should be tagged with their language. See 7.5.5.
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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

At CMAF media profites should specify a CMAF track format, efthier derived directty from the

br Clause 10. The media profile’s CMAF track format should specify any requirements and con
bn CMAF headers and CMAF fragments.

12.1.1.2 Codecs, profiles, and levels

All CMAF media profiles should specify codec specific features and operating-points, such as

bubset/superset relationships between those media profiles should beyspecified based on the a

subset media profile.

12.1.1.3 Media access unit mapping to media samples

media samples in a CMAF track. In addition, all CMAF media profiles should specify the samp
rode point for the media samples in a CMAF track.

12.1.1.4 Media access unit sequence mapping to CMAF fragments

All CMAF media profiles should specify‘any limitation on storing sequences of media samples in
'ragment in order to conform to the(general random access and timing constraints of CMAF fra
f all media samples are sync samples, there are no additional constraints. If sequential media

chat allow CMAF fragments/to be randomly accessed and optionally, adaptively switched (if th
brofile defines adaptive 'switching functionality and CMAF switching set constraints).

12.1.1.5 CMAF track constraints for CMAF switching sets

CMAF medjaprofiles that support adaptive switching of multiple CMAF tracks in a CMAF switc
should spedify the constraints between CMAF tracks in a CMAF switching set. CMAF media

bets and constraints related to the adaptive switching process enabled.

cmfc!

brand and format specified in Clause 7 or from a video or audio CMAF track format specifiedin(lause 9

straints

profiles

hind levels, that are necessary to determine encoder/decoder interoperabliility. The maximum features
hind limits allowed in content should be specified. When related\thedia profiles are sgecified,

bility of

h decoder conforming to superset media profile being able to reliably decode content conformjing to a

All CMAF media profiles should specify one or more media access unit formats that are addrdssed as

e entry

h CMAF
bments.
sample

lependencies are caused by codec prediction, media sample reordering transforms that overlap media
samples, sample group anddayer dependencies, etc., then media sample sequences should be specified

b media

hing set
profiles

shouldsspécify subset/superset relationships with compatible CMAF media profiles, e.g. a higher level
bf thexSame codec. A CMAF media profile should specify initialization constraints on CMAF switching

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 ISOBMFF file.

12.1.1.7 CMAF media profile brand

All CMAF media profiles should specify a compatibility brand and register that brand at www.mp4ra.
org. The brand registry should reference a CMAF media profile specification conforming to 12.1.1.
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12.1.2 Guidelines for audio CMAF media profiles

12.1.2.1 General

Audio codecs often define features and other details that present options for implementers. In order
to increase interoperability, CMAF media profiles usually limit some encoding options and specify an
identifier for conforming CMAF tracks. While every codec offers its own set of choices, this subclause
presents guidelines for what should be specified by audio CMAF media profiles in the form of testable
assertions.

12.1.2.2 Audio track format

Audio JMAF media profiles should be derived from the general CMAF audio track format spécified ir
10.2 or the AAC audio CMAF track format specified in 10.2.

12.1.2.3 Loudness and dynamic range control

Audio QMAF media profiles should specify loudness and dynamic range controlinformation.

12.1.2.4 Audio parameters

Audio JQMAF media profiles should specify which parameters (such as leudness, dynamic range contro
information, channel configuration, etc.) are allowed and if they can change within a CMAF track of
betweep 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 decodsg
time n¢cessary on decoding, preferably without 1ising media sample composition offsets in thg
TrackRunBox.

12.1.3 |Guidelines for video CMAF mediaprofiles

12.1.3.1 General

Video ¢odecs often define features and performance limits, such as profiles, levels, video imagsg
characteristics, that present dptions for implementers. In order to increase interoperability, CMAF
media profiles usually limif Some encoding options and specify an identifier for conforming CMAK
tracks. |While every codecZoffers its own set of choices, this subclause presents guidelines for whaf
should pe specified byvideo CMAF media profiles in the form of testable assertions.

12.1.3.2 Video,EMAF track format

Video QMAFwmedia profiles should be derived from the general CMAF video track format specified in
9.2 or NAL structured video CMAF track format specified in 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.

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.
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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

creating a presentation time delay.

12.1.3.6 Seamless adaptive video CMAF switching set constraints

fideo CMATF Tedia profitesshouldspetify additiomat constraints om video EMAF tracksin

switching set that are necessary to enable seamless adaptive switching of CMAF fragments ind
that conform to the video CMAF media profile. Only CMAF media profiles that support i
CMAF tracks in a CMAF switching set should specify these CMAF switching set constraints. S¢
switching constraints should result in perceptually equivalent images when adaptive'switching

12.1.3.7 Video decoder and display initialization

Video CMAF media profiles should specify CMAF track constraints and associated initialization
necessary to render a video CMAF track. If a video media profile alsodsupports adaptive swj
t should specify CMAF switching set constraints and associated initialization process neceg
hdaptively switch and seamlessly render a video CMAF switching.set.

[12.2 CMAF presentation profiles

12.2.1 General

Fach CMAF presentation profile defines conditionally required media profiles for CMAF tracks
required to be available in a CMAF presentation*that conforms to the presentation profile.

Required media profiles are a minimum constraint. CMAF presentations containing the require
media profiles may also include additional CMAF media profiles and remain conformant. A
bresentation may conform to more than one presentation profile if it contains CMAF tracks iy
conditionally required media profiles:

CMAF presentation profiles may be specified in specifications other than CMAF by entities oth
MPEG. Externally specified<CMAF presentation profiles should be identified by a URI in the nan
bf the specifying entity. Ifa URL is defined, it should resolve to the specification document that
'he conditionally required media profiles of the presentation profile.

bee A.1 for CMAF préesentation profiles defined in the CMAF specification.

12.2.2 CMAFprofile conformance

CMAF defines several conformance points including CMAF fragments, CMAF tracks, CMAF add

CMAF
bcoders
nultiple
pamless
occurs.

process
itching,
sary to

that are

i CMAF
\ CMAF
all the

er than
nespace
defines

essable

mediaebjects, CMAF media profiles, CMAF switching sets, CMAF selection sets,and CMAF presenftations.

CMAF objects and conformance points are hierarchical.

a) CMAF tracks are the conformance point for ISOBMFF box, track, and file format constraints
associated with the ISOBMFF compatibility brand (' cmfc'). CMAF headers, CMAF fragments, and

CMAF chunks are objects within the CMAF track structure. CMAF track conformance p

rovides

basic compatibility between file packagers, players, parsers, and decryptors, independent of media

encoders and decoders.

b) General CMAF media track formats for audio, video, and subtitles are conformance points that
can be referenced by CMAF media profiles. The general CMAF track formats for audio, video, and
subtitles and specific CMAF track formats for NAL structured video and AAC audio are specified in

Clauses 7 through 11, which are derived from ISO/IEC 14496-2, ISO/IEC 14496-3, ISO/IEC

14496-

14, ISO/IEC 14496-15 and ISO/IEC 14496-30 . Conformance to one of these media track formats can
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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.

c¢) CMAF media profiles are conformance points for encoded media data stored in a specified CMAF
track format. A media profile compatibility 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
of delivery.

d) CMAE addressable media abie are conformance noin 0 MAFE media ohije heade hunks.
segments, and files) and their brands, which are derived from CMAF tracks, fragments, chunks, aig
hedders, and optimized for external reference, storage, and delivery. They inherit the structure ang
meflia constraints of the CMAF track and media profile they contain, and constrain the structure
of the CMAF addressable media object independent of the CMAF media. CMAF addressable medi3
objects are a conformance point for streaming protocols and systems that is independent of the
mahifest format and delivery method used.

e) CMAF switching sets are a conformance point for a group of CMAF tracks that share contenf
and encoding constraints defined by the CMAF track format and a CMAF media profile tc
engble seamless adaptive switching. Single initialization CMAF switching set constraints and ar
asspciated identifier are defined to indicate CMAF switching set functional conformance to single
inifialization constraints, the syntax of which is specified by a CMAF-media profile. Conformance
for|content pertains to a set of CMAF tracks, and conformance forydecoders pertains to decoding
and seamlessly rendering sequences of consecutive CMAF fragments selected from any of the
CMJAF tracks.

f) CMJAF selection sets are conformance points for a group.of'synchronized CMAF switching sets tha
share related content, timing, and media type. For instance, alternative audio CMAF switching sets
in 3 CMAF selection set can cover the same presentation timespan with synchronized alternative
corjtent or encoding. Since CMAF tracks containa single media type (audio, video, or subtitles)
multiple CMAF selection sets are necessary to.¢ompose a multimedia presentation using the CMAF
hypothetical application model and late binding. Conformance indicates that all CMAF tracks are
corfrectly grouped, synchronized, and have approximately the same duration to form a CMAJ
predsentation.

g) CMIAF presentation profiles are conformance points for a group of conditionally required CMAH
tragks that conform to required'media profiles and form a synchronized multimedia presentation
WHat content and timing_dreé appropriate for a multimedia presentation is not specified by
CMIAF and can only be tested based on a presentation author’s intended result. However, CMAHR
presentations can be tésted against the CMAF hypothetical application model, which provides &
commmon understanding between content creators and players as to the intended and expected
resplt. A CMAF presentation profile constrains the media profiles, CMAF switching sets, track
formats, etc. thdtiit’contains and is intended to identify basic content/device compatibility. A playet
thalt claims compatibility with a CMAF presentation profile is expected to decode all the required
CMAF mediaprofiles and implement the CMAF hypothetical application model to late bind CMAF
tragks, 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 car

sele hose instead hat plaver sunngrts the opntional CMAFE media profile

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 compatibility 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.
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A CMAF presentation shall conform to one or more CMAF presentation profiles by containing one or
more CMAF tracks for each conditionally required media profile in the CMAF presentation profile.
A CMAF presentation can conform to multiple CMAF presentation profiles by containing all the
conditionally required CMAF tracks and CMAF media profiles. Additional CMAF media profiles
in a CMAF presentation are optional by default when they are not conditionally required in a CMAF
presentation profile that the CMAF presentation conforms to.

A presentation 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 and media profiles

A1l C|MAF presentation profiles

A.1.1 |(Overview

This clquse defines some CMAF presentation profiles and their associated CMAF presentation profilg
identifiprs. The CMAF presentation profiles below differ only by the Common Encryptionschemes they
require| (ISO/IEC 23001-7).

NOTE In the current market, two encryption schemes, 'cenc' and 'cbcs’, are widely deployed on populat
platfornps. Therefore, this document currently defines one presentation profile fox ‘each of these encryptior
schemeq and another for unencrypted CMAF presentations. By defining multiple presentation profiles, §
mechan|sm is provided to select a given encryption scheme by presentation prefile within a given deployment
This idgntifies the potential incompatibilities between content and deployients conforming to similar bu
differenf CMAF presentation profiles.

A.1.2 |[CMFHD presentation profile

The CMFHD presentation profile is intended to provide basic interoperability of unprotected contenf
on the widest range of Internet video devices in use téday. Other CMAF media profiles that are nof
required in this presentation profile are considered optional.

Requir¢ments of CMAF presentation profile CMFHD
— Prdsentation profile ID= “urn:mpeg:cmaf:presentation_profile:cmfhd:2017”

— If dontaining video, it shall include. at least one CMAF switching set constrained to the 'cfhd'
meflia profile in A.2.

— Ifcpntaining audio, it shall include atleast one audio CMAF switching set constrained to the 'caac'
mefia profile defined inA.3:

— If cpntaining subtitle'tracks, it shall include at least one CMAF switching set for each language ang
rol¢ in the ' im1t"~media profile defined in A.4.

— CMAF tracks. centaining optional CMAF media profiles in CMAF switching sets should be included
in delection.sets with CMAF switching sets containing required media profiles.

— All[CMAF tracks shall not contain encrypted media samples or a TrackEncryptionBox.

A.1.3 The CMFHDc presentation profile

The CMFHDc presentation profile is intended to provide interoperability with a large portion of video
devices in use today that support content protection using the 'cenc' scheme of Common Encryption
(see 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 '
media profile in A.2

— If containing audio, it shall include at least one audio CMAF switching set constrained to the
media profile defined in A.3.

cthd'

'caac'

— 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 A.4.

— CMATF tracks containing optional CMAF media profiles in CMAF switching sets should be included

in selection sets with CMAF switching sets containing required media profiles.

— Atleast one CMAF switching set shall be encrypted. Any CMAF switching set that is enepypt
be available in ' cenc' Common Encryption scheme specified in Clause 8.

A.1.4 The CMFHDs presentation profile

he CMFHDs presentation profile is intended to provide interoperability with-a large portion
evices in use today that support content protection using the 'cbcs' scheme of Common Enc
[see 8.2.3). Other CMAF media profiles that are not required in this presentation profile are con|
bptional.

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

— If containing video, it shall include at least one CMAF switching set constrained to the
media profile in A.2

— If containing audio, it shall include atleast ongaudio CMAF switching set constrained to the
media profile defined in A.3.

— If containing subtitle tracks, it shall include at least one CMAF switching set for each langu
role in the 'iml1t ' media profile défined in A.4.

— CMAF tracks containing optional CMAF media profiles in CMAF switching sets should be i
in selection sets with CMAF'switching sets containing required media profiles.

— Atleast one CMAF switching set shall be encrypted. Any CMAF switching set that is encrypt
be available in ' cbgs™”Common Encryption scheme specified in Clause 8.

A.1.5 Protectedd€MAF presentations

Manifests thatinclude equivalent CMAF presentations in CMFHDc and CMFHDs presentation
can declare both presentation profile IDs to indicate that all CMAF switching sets are availali
both encryption schemes.

Presentations conforming to the CMFHD presentation profile are not protected by Common Enc
bf~media sample data, but do not preclude encryptlon durlng delivery by methods such as

ed shall

f video
ryption
sidered

cthd'

caac'

hge and

hcluded

ed shall

profiles
le with

ryption
HTTPS

] £l pa | 3 £+l
Ul CllVClUlJC Cll\.l_y}JLlUll \,ua\, dl' T TCIIIUVEU Ull alllVCll; lJl lUl LU IIIcuila lJl ULCDDllls Ul UI1IT UlITil

presentatlon

A.2 AVCvideo CMAF media profiles and brands

crypted

A set of AVC video CMAF media profiles is defined together with an ISOBMFF 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 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

media p
dimensi
codec lg
values W

See Annjex C for detailed encoding examples.

CMAF tracks conform to more than one media profile 1f they meet the requirements for multiple CMA
Fofiles. For example, a video CMAF track could conform to both the SD and HD CMAF media profiles if its
bns are within the constraints for the SD profile (the HD profile has higher dimension constrajnts) ang
vel) and the colour primaries, transfer characteristics and matrix coefficienits arg
rhich are common to both profiles.

Table A.1 — AVC video CMAF media profiles

Medig | Codec | Profile |Level | colour_pri- transfer_ ma- Max\\‘Max | Max | CMAF
profile maries characteris- | trix_co- |frame |frame |frame| File
field in VUI | tics field in | efficients | height| width | rate | Brand
VUI field in
VUL
SD AVC | High | 3.1 |[1(BT.709) |1 (BT.709 1(BT709) | 576 | 864 | 60 |'cfsd'
5 (BT.6017 |OETH) 5(BT.601-
PAL/SECAM) |6 (BT.601-7 47PAL/
6 (BT.601-7 ggi?)(see SECAM)
NTSC) 6 (BT.601-
7 NTSC)
HD AVC | High | 4.0 [1(BT.709) |[L1(BT.709 1(BT.709) | 1080 | 1920 | 60 | 'cfhd"
OETF)
HDHF AVC | High | 4.2 [1(BT.709], |1 (BT.709 1(BT.709) | 1080 | 1920 | 60 | 'chdf’
OETF)
NOTE palues 1and 6 for transfer sharacteristics are functionally equivalent, but the value which
refers tp the same specification as thecolour primaries is normally used.
See Clatise 9 and Annex C for.general requirements and constraints on CMAF video tracks.
A.3 Audio CMAF media profiles and brands
The AALC audio CMAF media profiles in Table A.2 are specified in 10.4 and 10.5. Table A.2 summarizeg
key parpmeters.and specifies the four-character code that can be used as an ISOBMFF brand 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 AA(

core au

dio CMAF media profile ('caac'), so 'caaa' CMAF tracks always conform to the 'caac’

CMAF media profile.

Table A.2 — AAC audio CMAF media profiles

Med_la Codec Profiles Levels Number 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.
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See Clause 10 for general constraints on audio CMAF tracks and 12.1.2 for the specification of additional
audio CMAF media profiles.

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 [SO/IEC 14496-30 "cwyt!
TTML IMSC1 text Specified in 11.3.3 IMSC1 text profile "imlft!
TTML IMSC1 image Specified in 11.3.4 IMSC1 image profile "imfi?
CEA CTA-608 and CTA-708 Caption data is embedded in SEI 'ccqa’

Speciid n 114 messages i idegipett
streams may be/present

NOTE The 'ccea' compatibility brand can be included in addition to a video'\CMAF media profile compatibility prand to
indicate the presence of captions embedded in the video elementary stream:

bee Clause 11 for more details on subtitle CMAF track formats.
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B.1 H
HEVC ty

B.2 H

B.2.1

HEVC v
sets spg

B.2.2

The Sa
entries

B.2.3

The syntax and values of a visual sample entry shall conform to HEVCSampleEntry ("hvcl') o

HEVCS
follows

The HE

— sha
HEY

— sha
val

— sha

— shduld contain“SEI messages containing colour and dynamic range mastering and rendering
information/if default values are not encoded, as required in 9.3.5.1;

— shdll contain a ColourInformationBox ('colr') with colour type 'nclx' ang
PikelAspectRatioBox ('pasp') when required per 9.3.5.1.

C23000-19:2018(E)

Annex B
(normative)

HEVC video CMAF track format and CMAF media profiles

EVC video CMAF tracks

acks shall conform to 9.3, as additionally constrained in this annex.

EVC video track constraints

HEVC video CMAF switching set constraints

deo CMAF switching set shall conform to constraints for NAL structuredvideo CMAF switching
cified in 9.3.6 or 9.3.7.

Sample Description Box (' stsd')

nple Description Box ("stsd') shall conform to9:2:4 and contain one or more samplg

Visual sample entry

bmpleEntry ("hevl') sample entries as‘defined in ISO/IEC 14496-15 and constrained ag
/CSampleEntry:

11 contain an HEVCConfigurationBox ("hveC") box containing arn
/CDecoderConfigurationRecord, as specified in ISO/IEC 14496-15;

Il set sample entry fields consistent with the sequence parameter set and picture parameter se
1es in the video track as'specified in ISO/IEC 14496-15 and constrained by B.3;

11 contain only ohe HEVC parameter set per HEVCSampleEntry;

NOTE

The ColourInformationBox withcolour type 'nclx'andPixelAspectRatioBox provide

equivalent information to SPS VUI and are required when SPS VUl is not presentin an 'hevl1' sample entry.

B.2.4
— As

HEVCDecoderConfigurationRecord colour and dynamic range information

specified in 9.3.5.1, video captured or colour graded with characteristics other than BT.709

defaults should include one or more SEI NALs with 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

82

messages specified in [SO/IEC 23008-2:2015, Annex D:

SEI payloadType 137, mastering_display_colour_volume;
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— SEl payloadType 144, content_light_level_info;
— SEl payloadType 147, alternative_transfer_characteristics.

— CMAF player display processors can use SEI colour grading, colour volume, and dynami

c range

messages in SEI NALs stored in the HEVCDecoderConfigurationRecord to calibrate rendering

for display characteristics and viewing conditions.

— Alternative transfer characteristics in an SEI message can be used to optimize rendering of hybrid

log gamma transfer function video on high dynamic range displays while using SPS signalled

gamma

rendering on standard range displays.

— A CMAF player can pass MaxFALL, MaxCLL, and other SEI message data to a displayyover 4§

within a compatible UHD/HDR display.

— CMAF switching sets shall be constrained to include identical SEI NALs~and SPS VUI
mastering and dynamic range information in the first sample entry of @very CMAF heade
CMAF switching set to provide consistent initialization and calibratiom.

B.2.5 Track Header Box ('tkhd')
[he requirements of 9.2.3 apply.

NOTE Normalized width and height can be derived from the'track’s visual sample entry for 'hvc
media samples (see 9.3.2.2) or from a Sequence Parameter Set'NAL in each Coded Video Sequence for

B.3 Media sample and CMAF fragmentconstraints

B.3.1 Storage of HEVC elementary stréams

B.3.1.1 Conformance

HEVC video tracks shall comply with ISO/IEC 14496-15 and 9.3.

B.3.2 Access Units
Access Units and media samples shall conform to 9.3.

Access Units shall conform to the requirements of a media sample of the indicated description (
br 'hevl ') asipecified in ISO/IEC 14496-15.

CMAF fragmrents containing access units identified by the 'hev1 ' sample description shall cor
5PS and\PPS NALs referenced from a Coded Video Sequence in the first Access Unit of that se|
mmediately following its first Access Unit Delimiter NAL, if an Access Unit Delimiter NAL is pr¢

Fideo media samples. See 9.3.3 and 9.3.4 for the storage and:semantics of video Sequence Parameter Set§.

digital

video interface, as specified in ANSI/CTA 861-G, to enable colour and transfer functign’optinjization

colour
r in the

| ' video
'hevl'

hvel'

1itain all
quence,
sent.

Access Units identified by the "hevl1' sample description may retain filler data (in NAL unit

5 or SEI

messages) and SEI messages that would change hypothetical reference decoder bitstream confo
if removed.

rmance

Access Units of type 'hvcl' shall reference a video parameter set in the sample entry of the CMAF

header associated with the containing CMAF track.
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B.3.3

B.3.3.1

C23000-19:2018(E)

Constraints on HEVC elementary streams

Overview

The following general constraints apply to all CMAF HEVC elementary streams, and their values are
additionally constrained in 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.

B.3.3.2

Picture tvpe

All pict

B.3.3.3

Each H
entry. V
CMAF |

—  Thg

B.3.3.4

B.3.3.4

Sequen
2 with {

—  Th¢

B.3.3.4

ires shall be encoded as coded frames and shall not be encoded as coded fields.

Video Parameter Sets (VPS)

EVC video media sample in the CMAF track shall reference the VPS in the CMAFtheader samplg
PS shall not change within CMAF tracks or between CMAF tracks in a CMAE-switching set. A
[EVC track shall conform to ISO/IEC 23008-2 with the following additional constraints.

 following fields shall have pre-determined values as follows.

general progressive source flag shall be setto 1.

general frame only constraint flag shall besetto 1

general interlaced source flag shall be setto 0,

 condition of the following fields shall not change throughout an HEVC elementary stream:
general profile space

general profile idc

general tier flag

general level idc
Sequence Parameter Sets.(SPS)

1 SPSfields

e Parameter Set NAG units that occur withina CMAF HEVC track shall conform to ISO/IEC 23008
he following additional constraints.

 following fields shall have pre-determined values as follows.

vul parameters present flagshall be setto 1.

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.

aspect ratio info present flagshall besetto 1.

video full range flagshall besetto 0.

— The following fields have the following values.
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colour description present flagshould be setto 1.
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