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Foreword

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

1
WOTK:

he procedures used to develop this document and those intended for its further maintenance are
escribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
ifferent types of document should be noted. This document was drafted in accordance, with the pditorial
ules of the ISO/IEC Directives, Part 2 (see www.isoorg/directivds or
rww.iec.ch/members experts/refdocs).

ttention is drawn to the possibility that some of the elements of this docament may be the syibject of
atent rights. [SO and IEC shall not be held responsible for identifying any.or all such patent rights. Details
f any patent rights identified during the development of the documentwill be in the Introduction and/or
n the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list df patent
eclarations received (see patents.iec.ch).

ny trade name used in this document is information given-for the convenience of users and floes not
onstitute an endorsement.

QO B O .0 o0 B <= Q9 Q9 -

or an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
xpressions related to conformity assessment, as well,as information about ISO's adherence to the World
rade Organization (WTO) principles in *the Technical Barriers to Trade (TBT) see
yww.iso.org/iso /foreword.html. In the IEC, seeswww.iec.ch/understanding-standards.

his document was prepared by Joint Technical Committee ISO/IEC]JTC 1, Information tedhnology,
ubcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

his fifth edition cancels and replaces the fourth edition (ISO/IEC 23009-1:2020), which Has been
echnically revised.

== I e I Vo T N L — >l |

he main changes are as follows:

— DASH profile for using Common Media Application Format (CMAF) are added;
— The concept Resynchronization is added in order to identify stream access points in Segments;

— MPD ¢patching is updated to support explicit MPD updates of smaller size, not only a$ inband
messages;

—\A client processing model for Event Streams and Timed Metadata tracks is introduced;

—Extensions are addedto content protection forefficient sigmattingamd—tosupport Tobustness
levels.

— Adescriptor is added in order to describe the minimum required device output protection security;
— More flexible bandwidth signalling is provided to signal variable bitrate encoding.

Alist of all parts in the ISO/IEC 23009 series can be found on the ISO and IEC websites.

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

Dynamic adaptive streaming over HTTP (DASH) is intended to support a media-streaming model for
delivery of media content in which control lies primarily with the client. Clients may request data using
the HTTP protocol from standard web servers that have no DASH-specific capabilities. Consequently, this
document focuses not on client or server procedures but on the data formats used to provide a DASH
Media Presentation.

The International Organization for Standardization (ISO) and the International Electrotechnical

Commis
involve {

ISO and

The hold
reasona
respect,
be obtai

Attentio
patent 1

identifying any or all such patent rights.

he use of a patent.
[EC take no position concerning the evidence, validity and scope of this patent right.
er of this patent right has assured ISO and IEC that he/she is willing to negotiate licences undd

ble and non-discriminatory terms and conditions with applicants throughout the'world. In thi

hed from the patent database available at www.iso.org/patents or https://pdtents.iec.ch.

h is drawn to the possibility that some of the elements of this document may be the subject ¢
ights other than those in the patent database. ISO and IEC shalltaot be held responsible fo

sion (IEC) draw attention to the fact that it is claimed that compliance with this document maly

the statement of the holder of this patent right is registered with ISO and IEC) Information maly

I
S

=

viii
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Information technology — Dynamic adaptive streaming over
HTTP (DASH) —

Part 1:

Med ion descrinti , :

Scope

ynamic adaptive streaming delivery of MPEG media over HTTP. It is applicable to streaming

1
This document primarily specifies formats for the Media Presentation Description and Segn]
d
gver the Internet.

Normative references

onstitutes requirements of this document. For dated references, only the edition cited app|

.
The following documents are referred to in the text in suchra way that some or all of their
C
undated references, the latest edition of the referenced document (including any amendments)

[l

50/1EC 13818-1, Information technology — Generic ‘coding of moving pictures and associaty
nformation — Part 1: Systems

~.

IBO/IEC 14496-12, Information technology —<Coding of audio-visual objects — Part 12: ISO base 1}
format

Yt

50/1EC 23000-19, Information technology — Multimedia application format (MPEG-A) —
ommon media application format (CMAF) for segmented media

()

et

50/1EC 23091-2, Informatien:technology — Coding-independent code points — Part 2: Video

et

50/1EC 23091-3, Information technology — Coding-independent code points — Part 3: Audio

Yt

ETF RFC 2397, The “data” URL scheme

[

ETF RFC 3629, UTF-8, a transformation format of ISO 10646

IETF RE€ 3986, Uniform Resource Identifier (URI): Generic Syntax

ents for
services

content
lies. For
hpplies.

bd audio

nedia file

Part 19:

IETF RFC 4122, A Universally Unique IDentifier (UUID) URN Namespace

IETF RFC 4337, MIME Type Registration for MPEG-4
IETF RFC 4648, The Basel6, Base32, and Base64 Data Encodings

IETF RFC 5234, Augmented BNF for Syntax Specifications: ABNF

IETF RFC 5261, An Extensible Markup Language (XML) Patch Operations Framework Utilizing XML Path

Language (XPath) Selectors
IETF RFC 5646, Tags for Identifying Languages

IETF RFC 6381, The 'Codecs’ and 'Profiles’ Parameters for “Bucket” Media Types
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IETF RFC 6838, Media Type Specifications and Registration Procedures

IETF RFC 7231, Hypertext Transfer Protocol (HTTP/1.1): Semantics and Content

IETF RFC 7233, Hypertext Transfer Protocol (HTTP/1.1): Range Requests

IETF RFC 8141, URN Syntax

IETF RFC 8673, HTTP Random Access and Live Content

HTML 4

01 Specification, W3C Recommendation, 24 December 1999

W3C Camonical XML Version 1.1, W3C Recommendation, 2 May 2008

W3C Ext
W3C XL

W3C Me

3 Ter

ensible Markup Language (XML) 1.0 (Fifth Edition), W3C Recommendation, 26 November 200
NK, XML Linking Language (XLink) Version 1.1, W3C Recommendation 06, May 2010

dia Fragments URI 1.0 (basic), W3C Recommendation, 25 September 2012

'ms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the
apply.

ISO and
— ISO

— IEC

3.1.1
access U
unit of a

urposes of this document, the terms and definitions given in ISO/IEC 23000-19 and the followin

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

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

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

nit
media stream (3.1.29) with’an assigned Media Presentation time

3.1.2

accessibility
degree tp which a media content or certain media content components (3.1.22) are available to as many
people as possible

3.1.3

Adaptation{Set
set of interchangeable encoded versions of one or several media content components (3.1.22)

T3

3.1.4

asset

content including media and metadata together with the rights to use the content by the content
provider

2 © IS0 2022 - All rights reserved
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3.1.5

associated Representation

Representation (3.1.38) which provides supplemental or descriptive information for at least one other
Representation

3.1.6

available Segment

Segment (3.1.40) that is accessible at its assigned HTTP-URL (3.1.17) and a possibly assigned byte range
that is the request with an HTTP GET results in a reply of the Segment and 2xx status code

1.7

itstream Switching Segment
gment (3.1.40) that if present contains essential data to switch to the Representation)(3.1.38) 1t is
ssigned to

.1.8
domplementary Representation
epresentation (3.1.38) which complements at least one dependent Representation (3.1.12)

.1.9
ntinuous media
edia with an inherent notion of time

XAMPLES Speech, audio, video, timed text or timed metadata:

1.10
ASH metric
etric computed by the DASH Client and uniquelyddentified by a key

RL with a fixed scheme “data”

1.12

ependent Representation
epresentation (3.1.38) for which Segments (3.1.40) from its complementary Representations (3.1.8) are
ecessary for presentation(and/or decoding of the contained media content components (3.1.22]

1.13

arliest presentation time
simallest presentation time (3.1.36) of any access unit (3.1.1) of a Media Segment (3.1.28) Or Subsegment
(B-1.50) for amedia stream (3.1.29)

periedic sparse media-time related auxiliary information to the DASH Client or to an applicatign

3.1.15
event stream
sequence of related events (3.1.14)

3.1.16

group
collection of Adaptation Sets (3.1.3) that are not expected to be presented simultaneously

© IS0 2022 - All rights reserved 3
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3.1.17
HTTP-URL
URL with a fixed scheme of “http” or “https”

3.1.18
Index Segment
Segment (3.1.40) that primarily contains indexing information for Media Segments (3.1.28)

3.1.19

Initializatien-Segment

Segment (3.1.40) containing metadata that is necessary to present the media streams (3.1.29)
encapsulated in Media Segments (3.1.28)

3.1.20
Main Adaptation Set

Adaptatjon Set (3.1.3) In A Preselection (3.1.35) that contains the Initialization Segment {3-1.19) for the
completp experience

3.1.21
media cdontent
single mgedia content period (3.1.24) or contiguous sequence of media content periods

3.1.22
media dontent component
single cqntinuous component of the media content (3.1.21) with.an assigned media content component

type (3.1.23)

3.1.23
media dontent component type
single tyjpe of media content (3.1.21)

EXAMPLES Audio, video, or text.

3.1.24
media dontent period

set of media content components (3.1.22) that have a common timeline as well as relationships on how
they can| be presented

3.1.25
Media Fresentation
collectign of data that establishes a bounded or unbounded presentation of media content (3.1.21)

3.1.26
Media Presentation Description
MPD
formalized-description for a Media Presentation (3.1.25) for the purpose of providing a streaming
service

3.1.27

Media Presentation timeline

concatenation of the timeline of all Periods (3.1.34) which itself is common to all Representations
(3.1.38) in the Period
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3.1.28

Media Segment

Segment (3.1.40) that complies with media format in use and enables playback when combined with
zero or more preceding Segments and an [nitialization Segment (3.1.19) (if any)

3.1.29
media stream
encoded version of a media content component (3.1.22)

2120
s LU

edia Subsegment
ubsegment (3.1.50) that only contains media data but no Segment Index (3.1.44)

art of an event (3.1.14) containing information that is exclusively handled by theevent handler

.1.32
PD start time
proximate presentation start time of a Media Segment (3.1.28) signalled in MPD (3.1.26)

.1.33
PD duration
pproximate presentation duration of a Media Segment (3,1:28) signalled in MPD (3.1.26)

ipterval of the Media Presentation (3.1.24), where:a contiguous sequence of all Periods constitutes the

set of media content components (3:1(22) that are intended to be consumed jointly

.1.36
resentation time
time associated to an access-unit (3.1.1) that maps it to the Media Presentation timeline (3.1.27)

1.37

mote element entity
ntity that contains one or more elements and is referenced in the MPD (3.1.26) with an HTTP-UYRL
(B-1.17) contained in an @xlink:href attribute, referred to as "remote resource” by XLink

.1.38

epresentation
lection and encapsulation of one or more media streams (3.1.29) in a delivery format and asspciated
with descriptive metadata

3.1.39
Resynchronization Point
point within a Segment from which it is possible to start processing the Representation

© IS0 2022 - All rights reserved 5
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3.1.40

Segment

unit of d

ata associated with an HTTP-URL (3.1.17) and optionally a byte range that are specified by an

MPD (3.1.26), or with a data URL (3.1.11)

3.141

Segment availability start time
latest time instant in wall-clock time (3.1.53) at which a Segment (3.1.40) becomes an available Segment

(3.1.6)

3.1.42
adjuste
time ins
(3.1.6)

3.1.43

Segmenit availability end time

time ins
(3.1.6)

3.1.44

Segmenit Index

compact
from the

3.1.45

Segmenit Sequence

sequenc

3.1.46

l Segment availability start time
fant in wall-clock time (3.1.53) at which a Segment (3.1.40) becomes an available Segment

fant in wall-clock time (3.1.53) at which a Segment (3.1.40) ceases to be an available Segment

index of the time range to byte range mapping within a Medid Segment (3.1.28) separately

MPD (3.1.26)

e of Segments (3.1.40) that are sharing a common.address prefix

Segmerlt Track

concate

3.1.47
spatial ¢
media cd
media c

3.1.48
stream
SAP
position
only the
initializi

ation of Segments (3.1.40) forming a track with potential conformance properties

pbject
ntent component (3.1.22) eotresponding to a region in a coordinate system associated to this
ntent component

Access point

in a Representation (3.1.38) enabling playback of a media stream (3.1.29) to be started using
information contained in Representation data starting from that position onwards preceded b}
ng datavin the Initialization Segment (3.1.19), if any

<

3.1.49

sub-asset
media content component (3.1.22) (or part thereof) identified as corresponding to a part of an asset

(3.1.4)
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3.1.50

Sub-Representation

part of a Representation (3.1.38) described in the MPD (3.1.26) that is present in the entire Period
(3.1.34)

3.1.51
Subsegment
unit within Media Segments (3.1.28) that is indexed by a Segment Index (3.1.44)

152
v;l;(rSegment URL
HTTP-URL (3.1.17) that is promised to reference a Segment (3.1.40) during its Segment availability
period
3.1.53
wall-clock time
time as stated by UTC
3.2 Symbols and abbreviated terms
4CC four character code
ABNF augmented Backus-Naur form
ACK acknowledgement message in TCP
AEMS application event or metadata streams
API application programming interface
AVC advanced video coding
CAT conditional access table
CDN content delivery netweork
CMAF common media-application format
DASH dynamic adaptive streaming over HTTP
DM DASH metrics
DOM documeént object model
DRM digital rights management
ECM entitlement control message
EIDR entertainment identifier registry
EME encrypted media extensions
EMIO event/metadata internal object
EMM entitlement management message
EPT earliest presentation time
GAA generic authentication architecture
GBA generic bootstrapping architecture
GDR gradual decoding refresh
GMT Greenwich Mean Time
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GOP group of pictures

GPS global positioning system

HDCP high-bandwidth digital content protection
HDMI high definition multimedia interface
HEVC high efficiency video coding

HTML hypertext markup language

HTTP hypertext transfer protocol

HTTPS secure hypertext transfer protocol

IAB interactive advertising bureau

IDR instantaneous decoding refresh

IP internet protocol

ISP BMFF  1ISO base media file format

LAT Latest Arrival Time

MBT minimum buffer time

MIME multipurpose internet mail extensions
MPD media presentation description

MPP MPD patch

MYC multi-view video coding

NGA next generation audio

NTP network time protocol

OATC open authentication technical committee
OAuth open standard for authorization

OMAP online multimedia.authorization protocol
PAT program assoCiation table

PAR programelock reference

PHS packetized elementary stream

PID packet identifier

PMT program map table

PS[l program specific information

PTS presentation-time stamp

RAP random access point

SAML security assertion markup language

SAP stream access point

SEI supplementary enhancement information
SNTP simple NTP

SPS sequence parameter set
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.3 Conventions

he following naming conventions apply in this document.

SRD spatial relationship description
SvC scalable video coding

TCP transmission control protocol
TLS transport layer security

TS transport stream

URI uniform resource identifier
URL uniform resource locator
URN uniform resource name

UTC coordinated universal time
UuUID universally unique identifier
VAST video ad serving template
VOD video-on-demand

XML extensible mark-up language

Elements in an XML document are identified by an{upper-case first letter and in bold
Element. To express that an element Elementd. is contained in another element Eleme
following format is used: Element2.Elementl. If an element's name consists of two
combined words, camel-casing is typically uséd; e.g. ImportantElement. Elements may be
either exactly once, or the minimum and’ maximum occurrence is defined by <minOd
<maxOccurs>.

Attributes in an XML document aré-identified by a lower-case first letter as well as they are |
by an '@'-sign, e.g. @Gattribute. To point to a specific attribute @Gattribute contain
element Element, one may write Element@attribute. If an attribute's name consists ¢
more combined words, camel-casing is typically used after the first wo
@veryImportantAttribute. Attributes may have assigned a status in the XML as m4
(M), optional (0), eptional with default value (OD) and conditionally mandatory (CM).

Namespace qualification of elements and attributes is used as per XML standards, in the
namespace;Element or @namespace:attribute. The fully qualified namespace is pra
the schema fragment associated with the declaration. External specifications extend
naméspace of DASH are expected to document the element name in the semantic table
extension namespace prefix.

022(E)

face as
nt2, the
or more
present
curs> ...

receded
bd in an
ftwo or
rd, e.g.
ndatory

form of
vided in
ling the
with an

Variables defined in the context of this document are specifically highlighted with jfd

lics, e.g.

InternalVariable.

Structures that are defined as part of the hierarchical data model are identified by an upper-case first

letter, e.g. Period, Adaptation Set, Representation, Segment, etc.

The term "this clause" refers to the entire clause included within the same first heading number. The
term "this subclause" refers to all text contained in the subclause with the lowest hierarchy heading.
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— For

improved interoperability, this document uses ABNF notation according to IETF RFC 5234 to

specify certain underdefined values of XML attributes and elements.

4 OQOverview

4.1 System description

Dynamic adaptive streaming over HTTP (DASH) specifies XML and binary formats that enable delivery

f t Hare—a-adia ntant franm-—ctandar T rota HTTD clicntc o d o hhla oo oo o F “4-,\ut
O Con lr UUUD TIITUUIAd LUTILLTIVTTIUITIIT OWdITUdIU IT TN I OCIVUI O LU ITI 1T I CIICIILO dlIlvu LIiiaduIlIc \,Cl\,llllls Ul CUILILCT

by standard HTTP caches.

This doqument primarily defines two formats:

— The
unb

resqurce identifiers for Segments and to provide the context for these identified xesources within
Media Presentation. These resource identifiers are HTTP-URLs possibly combined With a byte rangg
or with a data URL.

— The

reqiiest or a partial HTTP GET with the indicated byte range fsing HTTP/1.1 as defined i
IETF RFC 7233 to a resource identified in the MPD. Segments typically contain efficiently code
media data and metadata conforming to or at least closely aligied 'with common media formats.

The MP

accessinig the Segments through the protocol specified in the scheme of the defined resources. In t

context

in the rgmainder of this document. However, this document does not provide a normative specification

for such

Figure 1
be used
process
docume
indicate

considered deployment scenarig; it'is assumed that the DASH Client has access to an MPD. The MP
providesg sufficient informatjon.for the DASH Client to provide a streaming service to the user b

requesti

media sfreams.

10

A HTTD BLL

Media Presentation Description (MPD) describes a Media Presentation, i.e. achounded o
punded presentation of continuous media content. In particular, it defines formatsto annound

N I ]

=

Segment formats specify the formats of the entity body of the HTTP, response to an HTTP GE

==

D provides sufficient information for a client to provide a streaming service to the user EE
pf this document, the assumed protocol is HTTP £1.1. Such a client is referred to as a DASH Clienjt

a client.

shows a possible deployment architecture in which the formats defined in this document ma
Boxes with solid lines indicate deyices that are mentioned in this document as they host gr
the formats defined in this document whereas dashed boxes are conceptual or transparent. This
nt deals with the definition of formats that are accessible on the interface to the DASH Client,
1 by the solid lines. Any othérformats or interfaces are outside the scope of this document. In t

o< O

ng Segments from@u HTTP server and demultiplexing, decoding and rendering the include
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| MPD I MPD

—_—— = = Delivery — — — — —m —m &/ — — — — —
| >| Function I_

v - - v

I— b |
I DASH
DASH | Segment
Media o __ S| Delvery |g >egments S DAEH
Presentation Ié Function -~ - Clignt
Preparation | (HTTP
Server)
I

Figure 1 — Example system for DASH formats

Ithough the formats are initially designed to be used in the above deployinent scenario, their application
5 obviously not restricted to this scenario. The particular aspect on "HTTP" in DASH is the usage pf HTTP-
RLs in the MPD for the purpose to refer to Segments. The usage of HTTP-URLSs enables unique|location
hformation and it provides well-defined methods to access the xesources, in particular HTTP GET and
[TTP partial GET.

_— e e N

.2 DASH Client model

he design of the formats defined in this document is based on the informative client model as ghown in
igure 2. The figure illustrates the logical components’of a conceptual DASH Client model and thejrelation
b other components in a media streaming application. In this figure, the DASH access engine recgives the
edia Presentation Description (MPD), constfucts and issues requests and receives Segments o parts of

egments. The DASH Client may use metadata provided in the MPD for the selection of media conlponents

y communication with the media streaming application. Such metadata may for example inclugle codec
cppability information, language codes; accessibility information and other information for the gelection
f media components. In the context of this document, the output of the DASH access engine consists of
edia in MPEG container formats (ISO/IEC 14496-12 ISO base media file format or ISO/IEC [13818-1
PEG-2 Transport Stream);.or parts thereof, together with timing information that maps the|internal
ming of the continuous” media to the timeline of the Media Presentation. In Annex F, guidance on
nabling the use of thisdecument with other container formats is provided. In addition, the DASH access
ngine may also reeeive and extract Events that are related to the media time. The events| may be
rocessed in the PASH Client or may be forwarded to an event processing application in the ekecution
nvironment.of the DASH Client.

(sl w =R -

o= @ @
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Selection Logic

MPD Selection metadata T l Selected Adaptation Sets

MPD
- T — — ¥ DASH access ‘ MPEG Format Media g Media
I ~ engine media T Tming engine outpu
Segmentt data i
Event + timin g Me(.:ha
engine

Media Streaming Application

Figure 2 — DASH Client model

Furtherinore, Annex K defines the Service Description to support and_guide DASH Client operations.

4.3 DASH data model overview

DASH isfintended to support a media-streaming model for delivery of continuous media content in which
control lies primarily with the client. Clients may request-data using the HTTP protocol from standard
web seryers that have no DASH-specific capabilities. Consequently, this document focuses not on client
or servef procedures but on the data formats used tojprovide a DASH Media Presentation.

The collection of encoded and deliverable versions of continuous media content and the appropriate
description of these form a Media Presentation. Media content is composed of a single or multipl
contiguqus media content periods in time~Content in different media content periods may be completell;i
indepenfent or certain periods of a Media Presentation may belong to the same Asset, for example
Media Presentation is a collection of main program composed of multiple periods, each assigned to t
same Agset, and interleaved with)inserted advertisement periods. Each media content period is
compos¢d of one or multiple media content components, for example audio components in various
languaggs, different video ,camponents providing different views of the same program, subtitles i
different languages, etc. Each media content component has an assigned media content component
type, for example audioyor video. The same asset over multiple periods may be identified by a DAS
descriptpr enabling DASH Clients to maintain the continuity across periods' boundaries. Furthermore¢
sub-assdts compgsing the same asset may also be identified using a similar method. For instance, if a
asset is |composed of multiple video components, sub-assets enable selecting the previously selectef
video co

EaChm. 6Hten ormponentmayhave several encodedversion 0d d —Frd
media stream inherits the properties of the media content, the media content period, the media content
component from which it was encoded and, in addition, it gets assigned the properties of the encoding
process such as sub-sampling, codec parameters, encoding bitrate, etc. This descriptive metadata is
relevant for static and dynamic selection of media content components and media streams.
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Media Presentation

Period Period

|-Preseleclrion I

Adaptation Set

Representation

L 1
| nitalizaton Segment I I Vedia Segment I' .. 'I Media segment |

Self-Initializing Segment I

Sub-Segment |- -+ +| Sub-Segment |

Sub-Representation

Representation

Adaptation Set \%V
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.......

Figure:3.— DASH High-Level Data Model

ASH is based on a hierarchical data model aligned with the presentation in Figure 3. In the hq
omain, this shows the sequénce in time of the Media Presentation, and in the vertical domain
he choices offered in a Media Presentation, to be selected by the DASH Client in a static and
hanner. A DASH Media Presentation is described by a Media Presentation Description docum

eriod typically represents a media content period during which a consistent set of encoded ve
he media content is available i.e. the set of available bitrates, languages, captions, subtitles etc.
hange duritig'a Period.

QO 0 Q 3 Q9 =

Within a-Period, material is arranged into Adaptation Sets (see subclause 5.3.3). An Adaptz
représents a set of interchangeable encoded versions of one or several media content componsg
S

rizontal
it shows
dynamic
ent. This

escribes the sequence of Periods (see subclause5.3.2) in time that make up the Media Presengation. A

Fsions of
does not

tion Set
nts (see
nt and a

ubclause 5.3.4). For example, there may be one Adaptation Set for the main video compone

separate one for the main audio component. If there is other material available, for example captions or
audio descriptions, then these may each have a separate Adaptation Set. Material may also be provided
in multiplexed form, in which case interchangeable versions of the multiplex may be described as a single
Adaptation Set, for example an Adaptation Set containing both the main audio and main video for a

Period. Each of the multiplexed components may be described individually by a media

component description. In the third edition, the concept of Preselections (see subclause 5.3.

content
11) was

added in order to enable the combination of different Adaptation Sets into a single decoding instance and

user experience.
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An Adaptation Set contains a set of Representations (see subclause 5.3.5). A Representation describes a
deliverable encoded version of one or several media content components. A Representation includes one
or more media streams (one for each media content component in the multiplex). Any single
Representation within an Adaptation Set is sufficient to render the contained media content components.
By collecting different Representations in one Adaptation Set, the Media Presentation author expresses
that the Representations represent perceptually equivalent content. Typically, this means that clients
may switch dynamically from Representation to Representation within an Adaptation Set in order to
adapt to network conditions or other factors. Switching refers to the presentation of decoded data up to
a certain time t, and presentation of decoded data of another Representation from time t onwards. If
Represeptations are included in one Adaptation Set, and the client switches properly, the Media
Presentgtion is expected to be perceived seamless across the switch. DASH Clients may dgnone
Represeptations containing unsupported codecs or rendering technologies, or that are otherwise
unsuitahle.

Within 3 Representation, the content may be divided in time into Segments (see subclause 5.3.9 an
Clause 3.15) for proper accessibility and delivery. In order to access a Segment, a URL)is provided fo
each Segment. Consequently, a Segment is the largest unit of data that can be retrieved with a single HTT
request.| For segmented Representations, two types of Segments are differértiated: Initializatio
Segmenits contain static metadata for the Representation, Media Segments contain media samples an
advance|the timeline. Representations may also be organized by a single self-initialitizing Segment whic
containg both initialization information as well as media data.

> L e O

[¢)

NOT[E The MPD can also include a byte range with the URL, meaning that the Segment is contained in th
provided byte range of some larger resource. An intelligent client cafdin’principle construct a single request fa
multiple Segments, but this is not the typical case.

—

DASH dg¢fines different timelines. One of the key features in’DASH is that encoded versions of differer
media cpntent components share a common timeline. The presentation time of each access unit withi
the med]a content is mapped to the global common présentation timeline for synchronization of differen
media cpmponents and to enable seamless switeching of different coded versions of the same medi
compongnts. This timeline is referred to as Media-Presentation timeline. The Media Segments themselve
contain pccurate Media Presentation timing-information enabling synchronization of components an
seamles§ switching.

2 O e+ S e+

A second timeline is used to signal to clients the availability time of Segments at the specified HTTP-URLS$.
These times are referred to as Segment availability times and are provided in wall-clock time. Clienfs
typically compare the wall-clocK time to Segment availability times before accessing the Segments at the
specified HTTP-URLs in order to avoid erroneous HTTP request responses. For static Media
Presentdtions, the availability times of all Segments are identical. For dynamic Media Presentations, thie
availability times of segments depend on the position of the Segment in the Media Presentation timeling,
i.e. the Jegments getlavailable over time. Whereas static Media Presentations are suitable to offer O
Demand| content, dynamic Media Presentations are mostly suitable to offer live services.

Segments are.assigned a duration, which is the duration of the media contained in the Segment whep
present¢d atnormal speed. Typically, all Segments in a Representation have the same or a roughly similar
duratiorl._However, Segment duration may differ from Representation to Representation. A DASH
presentation can be constructed with relative short segments (for example a few seconds), or longer
Segments including a single Segment for the whole Representation.

Short Segments are usually required in the case of live content, where there are restrictions on end-to-
end latency. The duration of a Segment is typically a lower bound on the end-to-end latency. DASH does
not support the possibility for Segments to be extended over time: a Segment is treated as an object as a
complete and discrete unit that is made available in its entirety. However, this does not prevent from
applying advanced HTTP transfer modes such as chunked transfer to optimize deployments and reduce
end-to-end latency.
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In particular, self-initializing Segments may be further subdivided into Subsegments each of which
contains a number of complete access units. There may also be media-format-specific restrictions on
Subsegment boundaries; for example, in the ISO base media file format, a Subsegment contains a number
of complete movie fragments. If a Segment is divided into Subsegments, they are described by a compact
Segment index, which provides the presentation time range in the Representation and corresponding
byte range in the Segment occupied by each Subsegment. Clients may download this index in advance
and then issue requests for individual Subsegments.
Clients may switch from Representation to Representation within an Adaptation Set at any point in the
redia—Howeverswitchingatarbitrarypositionseanbecompltexbeeauseofcodingdependencias within
epresentations and other factors, potentially requiring parallel download and decoding in the DASH
lient. It is also desirable to avoid downloading 'overlapping' data i.e. media for the same)time period
rfom multiple Representations. Usually, switching is simplest at a stream access pointy(SAP) in|the new
tream. In order to formalize requirements related to switching, DASH defines aCg6dec-independent
oncept of stream access points and identifies various types of stream access points.

Uld U VV

Q »n —h M=

egmentation and Subsegmentation may be performed in ways that make, switching simpler. For
xample, in the very simplest cases, each Segment or Subsegment begins with a SAP and the boundaries
f Segments or Subsegments are aligned across the Representations of ‘'0one Adaptation Set. In this case,
witching Representation involves playing to the end of a (Sub)Segment of one Representation and then
laying from the beginning of the next (Sub)Segment of the new Representation. The Media Presentation
escription and Segment Index provide various indications) which describe propertie§ of the
epresentations that may make switching simpler. Profiles\6f this document can then require these
hdicators to be set in certain ways, making implementation’of clients for those profiles simpler at the
ost of requiring the media data to obey the indicated canstraints.

Q "o gD W O @ L

or On-Demand services, the Media Presentation Description is typically a static document dgscribing
he various aspects of the Media Presentation. All.Segments of the Media Presentation are avajlable on
he server once any Segment is available. Forlive services, however, Segments become available with
me as the content is produced and therefore, dynamic Media Presentations are suitable. THe Media
resentation Description may be updated regularly to reflect changes in the presentation over time, for
xample Segment URLs for new segments may be added to the MPD and those for old, no longer available
egments may be removed. Howeveryif Segment URLs are described using a template, this updating may
ot be necessary except for some rédundancy/failover cases.

B o W Me o B e i e A e L <

vents may be provided inthe*MPD or within a Representation in order to signal aperiodic infdrmation
b the DASH Client or t6 an application. Events are timed, i.e. each event starts at a specific media
resentation time and typically has a duration. Events include DASH-specific signalling or application-
pecific events. Examples for events are indication of MPD updates on the server, possibly providing the
etailed update.as’part of the messages. The event mechanisms may also be used to deliver mgdia time
elated application events, for example information about ad insertion opportunities, etc.

o il o VLY B o Bl sullllv vl

.4 Protocols

=N

hisdecument may be deployed in a system according Figure 1 for which

—+ ~the DASH Clientincludes a client as qppriﬁ'pd in IETF REC 7230122 TETF REC 7231 TETE RFC[7232[23],
IETF RFC 7233, IETF RFC 72341241 and IETF RFC 7235[25], and

— the HTTP Server hosting the DASH Segments complies with a server as specified in I[ETF RFC 7230,
IETF RFC 7231, IETF RFC 7232, IETF RFC 7233, IETF RFC 7234 and IETF RFC 7235.

DASH Clients typically use the HTTP GET method or the HTTP partial GET method, as specified in
IETF RFC 7231:2014, subclause 4.3, to access Segments or parts thereof.

The use of HTTP as a transport protocol inherently provides many advanced features such as caching
(IETF RFC 7233), redirection (IETF RFC 7231) or authentication (IETF RFC 7235). As another example,

© IS0 2022 - All rights reserved 15


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

transport security in HTTP-based delivery may be achieved by using HTTP over TLS as specified in
IETF RFC 2818. Yet another example is the use of HTTP state management mechanisms (also known as
Cookies) as defined in IETF RFC 6265[21],

However, the formats defined in this document may also be used with other protocols. In particular, the
objects may be delivered with any object delivery protocol that provides a binding between an HTTP-
URL and the delivered object.

4.5 Media stream and Representation properties

4.5.1 Switching and Random Access Support

D

The formats defined in this document are designed to provide a good user experience even in cases‘wlier
the acc¢ss bandwidth between the DASH segment delivery function or the cache varies."A ke
functionfality is the ability of the DASH Client to seamlessly switch across different Representations of th|
same media component without severely impacting the user experience.

D <

[}

Assume two Representations A and B. A switch from Representation A to Representation B at media tim|
t is condidered seamless, if the result of the presentation after this switch is appliéd is the same as
Represeptation A was decoded from the beginning and presented up to time t\and Representation B i
decoded from the beginning and presented from time t onwards.

[

Media Presentations may provide different Representations in one Adaptation Set representing the sam|
media domponent. If such Representations are properly time-aligned (as expected by the Medji
Presentdtion), then DASH Clients may apply seamless switching) across different Representation
provided in one Adaptation Set at any time t to obtain a perceptually continuous experience.

»n o 0

However, in practical implementations, the operation of seamless switching can be complex, as switchi

at time [t can require parallel download and decoding.of“two Representations. Therefore, providiEE
suitable| switching opportunities in regular time intervals simplifies client implementations. This
document provides means for providing suitable.§witching opportunities and in addition provides
abilities|to signal the position and media time of the'switching opportunities.

For this purpose, this subclause defines threefrelevant concepts to support seamless switching:

— Media stream access points in subclause 4.5.2 to signal positions where to easily switch to
Representation, and in addition where to suitable access a Representation at start-up or seek.

5]

=3

— Nonj-overlapping Segments and-Subsegments in subclause 4.5.3 to signal that, at the signalled streay
access points, no overlapsdecoding of Representations is necessary in order to provide a continuou
switch.

[72)

— Seginent concatenation in subclause 4.5.4 to signal that the concatenation of two Representations gt
a switch point fesults in a conforming bitstream.

These three tproperties are neither sufficient nor necessary for seamless switching, but certai
implemé¢ntation or profiles may use these properties in order to simplify practical implementations.

=)

4.5.2 Media stream access points

To be able to access a Representation, each of the media streams that are contained in the Representation
requires media stream access points (SAPs). SAPs in the context of this document refer to the SAP
definition in ISO/IEC 14496-12.1SO/IEC 14496-12 SAP types defines different types of SAPs that provide
arelationship between the position where a stream can be accessed, relative to the start of a Segment or
Subsegment, its presentation time and the presentation times and position of other access unit in the
stream. The same SAP type definitions shall apply for this document.
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A SAP is a position in a Representation that enables playback of a media stream to be started using only
the information contained in Representation data starting from that position onwards (preceded by
initializing data in the Initialization Segment, if any).

For each SAP, the properties, Isap, Tsap, Isau, Tpec, Teer, and Tprr, are identified and defined in
ISO/IEC 14496-12 SAP properties.

In particular, Tsap is defined to be the earliest presentation time of any access unit of the media stream
such that all access units of the media stream with presentation time greater than or equal to Tsap can be
correctly decoded using data in the Representation starting at byte position Isap and no data before Isap.

NOTE The type of SAP is dependent only on which access units are correctly decodable and their arrangement in
presentation order. The types informally correspond with some common terms:
—+ Type 1 corresponds to what is known in some coding schemes as a “Closed GoP random access/point’ (in
which all access units, in decoding order, starting from Isap can be correctly decoded, resulting in a
continuous time sequence of correctly decoded access units with no gaps) and in addition’the accessjunit in
decoding order is also the first access unit in presentation order.

—+ Type 2 corresponds to what is known in some coding schemes as a “Closed GoP random access point]’, for
which the first access unit in decoding order in the media stream starting frofwIsav is not the first acgess unit
in presentation order.

—+ Type 3 corresponds to what is known in some coding schemes as an'Open GoP random access pointf, in
which there are some access units in decoding order following Jsau“that cannot be correctly decoded and have
presentation times less than Tsap.

—+ Type 4 corresponds to what is known in some coding schemes as a "gradual decoder refresh (GDR) random
access point”, in which there are some access units in_ decoding order starting from and following Isay that
cannot be correctly decoded and have presentatiomtimes less than Tsap.

—+ Type 5 corresponds to the case for which there s at least one access unit in decoding order starting firom Isap
that cannot be correctly decoded and has presentation time greater than Tpec and where Toec is the garliest
presentation time of any access unit starting from Isau.

—+ Type 6 corresponds to the case ferwhich there is at least one access unit in decoding order starting from Isap
that cannot be correctly decoded-and has presentation time greater than Tpec and where Tpec is not the
earliest presentation time oflany access unit starting from Isau.

[0p)

APs are mostly relevant.for two purposes in this document:

1) For randomly accessing a Media Presentation, for example at the startup of the Media Preséntation,
after a seeking-operation or after an error event especially in live cases.

4) To permit switching between two Representations whereby for seamless switching each media
streafm j'in the switch-from Representation is presented up to Tsap(f) and each media strearh i in the
switch-to Representation is presented from the media stream access point starting from Tsjp(i).

There are obvious benefits for the client to be able to identify SAPs and one or several of their properties,
in particular Isap and Tsap for each media stream without requiring to access data at positions following
Isap. DASH provides functionalities to explicitly signal such information by using signals in the MPD or the
Segment Index or combinations of the two.

4.5.3 Non-overlapping Segments and Subsegments

Segments and Subsegments represent units for which the client has an exact map on how to access and
download the unit using HTTP GET or HTTP partial GET methods.

Segments (respectively Subsegments) are typically generated by segmenting encoded media streams into
appropriate units. If the generation of Segments (respectively Subsegments) adheres to certain rules,
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then the sequential decoding and presentation of Media Segments (respectively Subsegments) results in
a correct presentation of all contained media streams. To define such rules the notion of “non-
overlapping” segments (respectively Subsegments) is defined as follows.

Let

— Tg(S,i) be the earliest presentation time of any access unit in stream i of a Segment or Subsegment S,
and

— T.(S,i) be the latest presentation time of any access unit in stream i of a Segment or Subsegment S.

(i

Then two segments (respectively Subsegments), A and B, which may or may not be of differef]
Represeptations, are non-overlapping if T.(4,i) < Tg(B,i) for all media streams i in A and(B-or
T1(B,i) 4 Te(A,i) for all streams i in A and B where i refers to the same media component.

-

The property of “non-overlapping” segments (respectively Subsegments) is used to define the termls
Segment alignment and Subsegment alignment.

4.5.4 Canforming Segment track

A sequence of Segments (respectively Subsegments) is a “conformingy\Segment (respectively
Subsegl{ent) track” if the concatenation of all Segments (respectively Subsegments) in the sequence ¢

"

Segments (respectively Subsegments) results in a bitstream that conforms to the media formats in use

(including container and codecs).

NOTE This implies that a player conforming to the media format can play-the resulting bitstream.

4.6 Brands

The ISO base media file format, ISO/IEC 14496-12, defines‘the concept of brands; brand values identifly
specificdtions or conformance points. This document specifies several brands, as listed in Table 1.

Table 1 — Brands defined in this document

Brand|identifier Clause in this Informative description
document
gmsg 5.10.3.3 Event message box.
niss 6.26 Missing content segment
nsdh 6.3:4.2 Media Segment conforming to the general format type for

ISO base media file format.

nsix 6.3.4.3 Media Segment conforming to the Indexed Media Segment
format type for ISO base media file format.

dsms 6.3.5.1 Media Segment conforming to the DASH Self-Initializing
Media Segment format type for ISO base media file format.
dash 6.3.5.2 ISO base media file format file specifically designed for DASH
including movie fragments and Segment Index
sims 6.4.4.4 Media Segment conforming to the Sub-Indexed Media
Segment format type for ISO base media file format.
sisx 6.4.6.2 Single Index Segment used to index MPEG-2 TS based Media
Segments.
risx 6.4.6.3 Representation Index Segment used to index MPEG-2 TS

based Media Segments.
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SSSS 6.4.6.4 Subsegment Index Segment used to index MPEG-2 TS based
Media Segments.
Imsg 7.3.1 Last Media Segment indicator for ISO base media file format.
dums 8.11.3 Segment sequence indicator in ISO base media file format
broadcast TV profile.
4.7 Schemes

This document cppr‘iﬁpc several schemes as listed in Table 2

Table 2 — Schemes defined in this document

Scheme identifier Clause in | Informative description
this
document
urn:mpeg:dash:schema:mpd:2011 Annex B The namespace of the XML schema for
the MPD.
urn:mpeg:dash:period- 5.3.2.4 Period\continuity signalling.

continuity:2015

urn:mpeg:dash:period- 5.3.2.4 Period connectivity signalling.
connectivity:2015

urn:mpeg:dash:adaptation-set- 5.3.35 Scheme Identifier for switching across
switching:2016 Adaptation Sets.
urn:mpeg:dash:preselection:2016 5.3.11.2 Preselection descriptor.
urn:mpeg:dash:reset:2016 5.4.2 MPD reset indicator.
urn:mpeg:dash:resolve-to-zero:r2013 5.5.3 xlink resolution to zero element
urn:mpeg:dash:mpdprotection:2011 5.8.5.2 Protection schemes identified by the

Scheme Type within the Schemd Type
Box of the Protection Scheme
Information Box of ISO/IEC 144P6-12.

urn:mpeg:dash:138182J1:CA descriptor | 5.8.5.2 Conditional Access System used|for

:2011 ISO/IEC 13818-1 (MPEG-2 Trankport
Stream).

urn:mpeg:dasty:14496:10:frame packin | 58.5.3 Frame-packing arrangement.

g arrangement type:2011

urn:mpegt:dash:13818:1:stereo _video | 5.8.5.3 Frame-packing arrangement.
formag>type:2011

urnsmpeg:dash:23003:3:audio channel | 5854 Channel configuration.

ﬁmr\'f:'irjnv’:ﬁ"ir\'m")ﬁ'l 1

— Legacy format for backward-
compatibility, it is recommended to use
the signalling as defined in

ISO/IEC 23091-3 instead.

urn:mpeg:dash:outputChannelPosition | 5.8.5.4 A list of output channel position to

List:2012 signal individual speaker positions as
defined in ISO/IEC 23001-8.

Legacy format for backward-
compatibility, it is recommended to use

© IS0 2022 - All rights reserved 19


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

demand:2011

Scheme identifier Clause in | Informative description
this
document

the signalling as defined in

ISO/IEC 23091-3 instead.
urn:mpeg:dash:role:2011 5.8.5.5 DASH role scheme.
urn:mpeg:dash:stereoid:2011 5.8.5.6 Scheme for multiple views media

\,Ulltcllt dcb\,l iytiuu.
urn:mpeg:dash:utc:ntp:2014 5.8.5.7 UTC Timing scheme for NTP servers.
urn:mpeg:dash:utc:sntp:2014 5.8.5.7 UTC Timing scheme for SNTP sérvers.
urn:mpeg:dash:utc:http-head:2014 5.8.5.7 UTC Timing scheme for HFTP date

headers.
urn:mpeg:dash:utc:http-xsdate:2014 5.8.5.7 UTC Timing scheme for HTTP server

with xsdate format:
urn:mpeg:dash:utc:http-iso0:2014 5.8.5.7 UTC Timing scheme for HTTP server

with ISO\timing format.
urn:mpeg:dash:utc:http-ntp:2014 5.8.5.7 UTC Timing scheme for HTTP server

with NTP format.
urn:mpeg:dash:utc:direct:2014 5.8.5.7 UTC Timing scheme for direct inclusion

of time.
urn:mpeg:dash:audio-receiver- 5.8:5:8 Scheme identifier for receiver mix.
mix:2/014
urn:mpeg:dash:mpd-as-1inking:2015 5.8.5.9 MPD Adaptation Set Linking scheme.
urn:mpeg:dash:sai:2015 5.8.5.10 Sub-Asset Scheme Identifier.
urn:mpeg:dash:client- 5.8.5.11 Client Authentication scheme.
authentication:2015
urn:mpeg:dash:content- 5.8.5.11 Content Access Authorization scheme.
authorization:2015
urn:mpeg:dash:audio- 5.8.5.12 Scheme to indicate content
interjactivity:2016 interactivity.
urn:mpeg:dash:grrsequivalence:2019 5.8.5.13 Quality Equivalence Descriptor
urn:mpeg:dash¢output- 5.8.5.14.2 | Scheme to indicate the HDCP output
protelctionshdcp:2020 protection
urn:mpegvdash:event:2012 5.10.4 DASH event signalling scheme.
urn:mpeg:dash:event:callback:Z0I5 5.10.4.5 DASH call back event.
urn:mpeg:dash:event:ttfn:2016 5.10.4.6 Presentation Termination Event.
urn:mpeg:dash:mpd-chaining:2016 5.11.1 MPD chaining descriptor.
urn:mpeg:dash:fallback:2016 5.11.2 MPD fallback descriptor.
urn:mpeg:dash:profile:full:2011 8.2 Identifier for Full profile.
urn:mpeg:dash:profile:isoff-on- 8.3 Identifier for ISO Base media file format

On Demand profile.

20
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Scheme identifier Clause in | Informative description
this
document
urn:mpeg:dash:profile:isoff- 8.4 Identifier for ISO Base media file format
live:2011 live profile.
urn:mpeg:dash:profile:isoff- 8.5 Identifier for ISO Base media file format
main:2011 main profile.
urn:mpeg:dash:prorile:mpZt- 8.6 Identifier for MPEG-2 TS main.pfofile.
main:2011
urn:mpeg:dash:profile:mp2t- 8.7 Identifier for MPEG-2 TS simpleprofile.
simple:2011
urn:mpeg:dash:profile:isoff-ext- 8.8 Identifier for ISO"Base media filg format
live:2014 extended liveprofile.
urn:mpeg:dash:profile:isoff-ext-on- | 89 Identifier for ISO Base media filg format
demand:2014 extended’ On Demand profile.
urn:mpeg:dash:profile:isoff- 8.10 Identifier for ISO Base media filg format
common:2014 common profile.
urn:mpeg:dash:profile:isoff- 8.11 Identifier for ISO Base media fil¢ format
broadcast:2015 broadcast TV profile
urn:mpeg:dash:profile:cmaf:2019 8.12 Identifier for DASH core profile for
CMAF content
urn:mpeg:dash:profile:cmaf- 8.12 Identifier for DASH extended profile for
extended:2019 CMAF content
urn:mpeg:dash:event:catchalle¢?2020 A13 URI for subscribing to all applicgtion
event and timed metadata receiyed by
DASH Client
urn:mpeg:dash:srd:2014 H.1 Scheme identifier for Spatial
Relationship Description. If signplled in
an Adaptation Set, the Adaptatign Set
shall follow the description in Apjnex H.
urn:mpeg:dash%9rd:dynamic:2016 H.1 Scheme to signal dynamic SRD.;Lf
signalled in an Adaptation Set, tle
Adaptation Set shall follow the
description in Annex H.
urn:mpeg:dash:urlparam:2014 1.2 Scheme identifier for indicating usage
of the flexible insertion of URL query
parameters. If signalled in an
Adaptatiomn Set; the Adaptatiom Set shall
follow the description in Annex 1.
urn:mpeg:dash:urlparam:2016 1.3 Scheme identifier for indicating usage
of the extended parameterization
scheme. If signalled in an Adaptation
Set, the Adaptation Set shall follow the
description in Annex I.
urn:mpeg:dash:resolutionSwitching:2 | Annex] Descriptor for Open GOP resolution
0l6 change
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5 Media Presentation

5.1 General

A Media Presentation is a collection of data that is accessible to a DASH Client to provide a streaming
service to the user.

A Media Presentation is described by an MPD including possible updates of the MPD. The MPD is defined
in subclause 5.2 and the MPD update mechanism is defined in subclause 5.4. Assembly of a fragmented
MPD is defined in subclause 5.5. The data model that constitutes a Media Presentation is defined in
subclauge 5.2.3.5. In subclause 5.6, the formats and processing of URLs in the MPD is introduced. Progra

information is defined in subclause 5.7. Descriptors associated to Representations or collections thereaf
are provlided in subclause 5.8. DASH metric collection description is specified in subclause 5.9. Sabclaus
5.10 defijnes Events and Event Streams. Subclause 5.11 defines MPD chaining. Subclause 5.12 defines th
Producer Reference Time. Subclause 5.13 defines how to deal with leap seconds. Subclause 5.14 defings
content popularity rates.

5.2 Medlia Presentation Description

5.2.1 Gegneral

[

The Media Presentation Description (MPD) is a document that contains metadata required by a DAS
Client tg construct appropriate HTTP-URLSs to access Segments and to pphovide the streaming service 4
the user

=}

)

NOT[E 1  Actual playback of the media streams included in the Representations is not controlled by the MP
information. Playback is controlled by the media engine operating on the media streams contained in th
Representations in the usual way.

[¢)

The forrhat of URLs in the MPD and the process to generate HTTP GET and partial GET requests fror
URLs prpvided in the MPD is defined in subclause 5.6¢

The MPI is an XML document that shall be formatted according to the XML schema provided in Annex B.
Some context on the schema is provided in subelause 5.2.2.

=3

=

The ext¢nsion of the DASH XML schema (as provided in Annex B), in particular the addition of XM
attributes or elements in the DASH namespace, is reserved to ISO/IEC. Elements and attributes that hav
been added to the namespace compared to earlier revisions of this document are documented ip
subclauge 5.2.3.

D

The MPI shall be authored such that, after XML attributes or elements in the DASH namespace but not i
the XMI] schema documentéed in Annex B are removed, the result is a valid XML document formatte
accordin]g to that schema and that conforms to this document.

[o -

In addition, the MPDP shall be authored such that, after XML attributes or elements in the othg
namespgces thatinthe DASH namespace are removed, the result is a valid XML document formatte
according to that schema and that conforms to this document.

= =

NOTE'2) Based on the last two paragraphs, if DASH Clients remove all XML attributes and elements from thie
MPD in the DASH namespace and in other namespaces that are not in the XML schema documented in Annex B,
the MPD results in a valid XML document which complies with this document. The DASH Client can use such a
resulting MPD for presentation of a conforming Media Presentation.

In addition, rules for authoring of MPDs conforming to a specific profile are provided in 8. Certain profiles
as defined in 8 may permit ignoring certain elements and attributes. However, this has no effect on the
general MPD conformance rules defined in this subclause.

Following XML rules, the MPD document shall contain exactly one MPD element as specified in subclause
5.2.3.5.
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The MIME type of the MPD document is defined in Annex C.

The encoding of the MPD shall be UTF-8 as defined in IETF RFC 3629. All data provided in extension
namespaces shall be UTF-8 as defined in [ETF RFC 3629. If binary data needs to be added, it shall be
included in Base64 as described in IETF RFC 4648 within a UTF-8 encoded element with a proper name
space or identifier, such that an XML parser knows how to process or ignore it.

The delivery of the MPD is outside the scope of this document. However, if the MPD is delivered over
HTTP, then the MPD document may be transfer encoded for transport, as described in IETF RFC 7230.

NOTE 3 As anevamnle the GZinalagrithm asdefinedin IETEREC 1952131 can houcad for Trancfaor ncodlng
Pre; P e e HSee C .

NOTE4  MPD encryption is not a normative part of this document. However, if operating(in‘an|insecure
environment and required by the content/service provider, elements and attributes of MPD.can be gncrypted
to protect their confidentiality by using the syntax and processing rules specified in_the“*XML Encryption
Syntax and Processing” by W3CI8l.

NOTE5  MPD integrity protection is not a normative part of this document.(However, if operating in an
insecure environment and required by the content/service provider, the, digital signing and verification
procedures specified in the “XML Signature Syntax and Processing” by W3CF¢an be used to protect data origin
authenticity and integrity of the MPD.

0]

elected MPD examples are provided in Annex G.

.2.2 Schema

he initial part of the XML schema of the MPD is proyvided below, including namespace and other
efinitions. Specific types, elements and attributes are‘introduced in the remainder of this subclquse. The
omplete normative MPD schema is provided in.Annex B. In case of inconsistencies, the schema in
nnex B takes precedence both over the XML syntax snippets provided in this clause and all prose text in
his document.

e 0 Q9 1 N

et

mplementors are supported by files available at: https://standards.iso.org/iso-iec/23009/-1/pd-5/en.
hese files include the schema as well as'all examples provided in Annex G.

—

<xs:schema xmlns:xs="http://www M8r0rg/2001/XMLSchema" xmlns:xlink="http://www.w3.0rg/1999/xlink"
xmlns="urn:mpeg:dash:schema:mpd{20I1" targetNamespace="urn:mpeg:dash:schema:mpld:2011"
elementFormDefault="qualified"* attributeFormDefault="unqualified">
<xs:import namespace="http://www.w3.0rg/1999/x1link"
schemalocation="http://wwi y8.0org/XML/2008/06/x1ink.xsd">
<xs:annotation>
<xs:documentation xml:lang="en">
xlink\import. URL is per https://www.w3.org/TR/xlink/ Users are encouraged tp store
a local copy
</xs:doclumehtation>
</xs:adnyfation>
</xs:imgoatL?
<xs:anhptation>
<xsy'appinfo>Media Presentation Description</xs:appinfo>
<x5:documentation xml:lang="en">
This Schema defines the Media Presentation Description for MPEG-DASH.
</xs:documentation>
</xs:annotation>
XSTEIement name="MPD" Type= "MPDUCTYDPE
<xs:annotation>
<xs:documentation xml:lang="en">
MPD: main element
</xs:documentation>
</xs:annotation>
</xs:element>
<xs:complexType name="MPDtype">
<xs:annotation>
<xs:documentation xml:lang="en">
MPD Type
</xs:documentation>

</xs:annotation>
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</xs:complexType>
</xs:schema>

5.2.3 Elements and Attributes added in revisions and amendments

5.2.3.1 Overview

In amendments and revisions of this document, the schema defined in Annex B may have been extended.
In order to track this, subclause 5.2.3 tracks the addition of elements and attributes.

By following the rules in subclause 5.2.1, a single MPD can be authored for clients that implement

different

5.2.3.2)
1:2014)

ISO/IEC
compareg

5.2.3.3 Elements and Attributes added in the third edition of this document (ISO/IEC 23009-

varsionsofthic documant

MPD
MPD
MPD
Per
Per
Per

Rep

V-CTOToOo- Ot troctrrrr e e

@publishTime
.EssentialProperty
.SupplementalProperty
iod.AssetIdentifier
iod.EventStream
iod.SupplementalProperty

resentationBase.InbandEventStream

SegmentBase(lavailabilityTimeQffset

SegmentBase(@availabilityTimeComplete

BaseURL(@availabilityTimeOffset

BaseURL(@availabilityTimeComplete

Sub

set@id

Se

1:2019
ISO/IEC 23009-1:2019 added the following elements and attributes to the schema defined in Annex B

compared to the 2014 revision (ISO/IEC 23009-1:2014) of this document:

24

entTimeline.S@n

Klements and Attributes added in the second edition of this document (ISO/IEC 23009-

23009-1:2014 added the following elements and attributes to the schema defined\in Annex B
d to the 2012 edition (ISO/IEC 23009-1:2012/Cor 1:2013):

MPD.UTCTiming

Period.GroupLabel

Period.Preselection

Period.EmptyAdaptationSet
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(&1 ]

(|

Representation@tag
RepresentationlassociationId
RepresentationflassociationType
SegmentBase(@presentationDuration
SegmentBase(@timeShiftBufferDepth
SegmentTimeline.S@n

SegmentTimeline.S@k

.2.3.4 Elements and Attributes added in the fourth edition (ISO/IEC 23009-1)

MPD. ServiceDescription
MPD.InitializationSet
MPD.InitializationGroup
MPD.InitializationPresentation

MPD . LeapSecondInformation
Period{ServiceDescription
EventStream@presentationTimeOffset

Event@contentEncoding

his revision adds the following elements and attributes to the schema defined in Annex B compared to
he 2019 revision (ISO/IEC 23009-1:2019) of:this document:

AdaptationSet@initializationSetRef
RepresentationBase.ProducerReferenceTime
RepresentationBase.ContentPopularityRate

Preselection@order
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5.2.3.5 Elements and Attributes added in the fifth edition (IQO/IF(' 23009-1 -2021)

This revjsion adds the following elements and attributes to the schema defined in Annex B compared'tp
the 2020 revision (ISO/IEC 23009-1:2020) of this document:

5.3 Hierarchical data model
5.3.1 General

5.3.1.1 Overview

A Media|Presentation as described in the MPD consists of a sequence of one or more Periods as described
in subclause 5.3:2.

26

SegmentBase.FailoverContent
SegmentBaseleptDelta
MultiSegmentBase(l@endNumber

BaseURL(@timeShiftBufferDepth

MPL.ContentProtection

MPL . PatchLocation
Perliod.ContentProtection
AdaptationSet@initializationPrincipal
RepresentationBase.Resync
RepresentationBase(@containerProfiles
Representation.ExtendedBandwidth
ConftentProtection@ref
ContentProtection@refId
ContentProtectionlrobustness

RepresentationBase.OutpatProtection

Period contains one or more Adaptation Sets as described in subclause 5.3.3. In case a

Ada O C O y U PT1TC cara=<o O poire ) C Ca cara=<o C O PpO1Te

Each Adaptation Set contains one or more Representations as described in subclause 5.3.5.

Adaptation Sets, Representations and Sub-Representations share common attributes and elements
that are described in subclause 5.3.7.

Preselections may be used to select experiences as defined in subclause 5.3.11. Each Preselection
references to one or more media content components within one or multiple Adaptation Sets.
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— Each Period may contain one or more Subsets that restrict combination of Adaptation Sets for
presentation. Subsets are described in subclause 5.3.8.

— Each Representation consists of one or more Segments described in sublause 5.15. Segment
Information is introduced in subclause 5.3.9. Segments contain media data and/or metadata to
access, decode and present the included media content. Representations may also include Sub-
Representations as defined in subclause 5.3.5.6 to describe and extract partial information from a
Representation.

—+ Each Segment consists of one or more Subsegments. Subsegments are described in subclausg¢ 6.2.3.2.

—+ Labels for annotation of different hierarchies are defined in subclause 5.3.10.

—

he summary of the semantics of the attributes and elements within an MPD elemient are provided in
able 3, subclause 5.3.1.2. The XML syntax of the MPD element is provided in supglatse 5.3.1.3.

=

5.3.1.2 Semantics

Table 3 — Semantics of MPD element

Element or Attribute Name Use Description
MPD Thed'oot’element that carries the Media
Presentation Description for a Media
Presentation.
@id 0 specifies an identifier for the Media

Presentation. It is recommended to use arf
identifier that is unique within the scope i
which the Media Presentation is publishe

=]

If not specified, no MPD-internal identifief is

provided. However, for example the URL o the
MPD may be used as an identifier for the Media
Presentation.

@profiles M specifies a list of Media Presentation profiles as
described in 8.

The contents of this attribute shall conform to
either the pro-simple or pro-fancy
productions of IETF RFC 6381:2011, Section
4.5, without the enclosing DQUOTE charadters,
i.e. including only the unencodedv or
encodedv elements respectively.

As profile identifier a restricted URI format as
defined in 8.1 shall be used.
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Element or Attribute Name

Use

Description

@type

oD

default:
static

specifies the type of the Media Presentation.
For static Media Presentations
(Gtype="static"),all Segments are
available between the
@availabilityStartTime and the
@availabilityEndTime. For dynamic
Media Presentations (@t ype="dynamic"),

SegmTents typicatly trave differentavattabiitty
times. For details, refer to subclause 5.3.9.5.3;

In addition, the Media Presentation
Description may be updated in dynamic Méedia
Presentations, i.e. the
@minimumUpdatePeriod maybe
present.

NOTE Static Media Presentations are
typically used for OQnDemand services,
whereas dynamic Media Presentations are
used for live setvices.

@availabilityStartTime

CM

shall be
present for
@type='d
ynamic'

For @type<' dynamic"', this attribute shall
be presentiln this case, it specifies the anchor
for thé.computation of the earliest availability
time\(dn UTC) for any Segment in the Media
Ptesentation.

For @type=static” if present, it specifies
the Segment availability start time for all
Segments referred to in this MPD. If not
present, all Segments described in the MPD
shall become available at the time the MPD
becomes available.

@publishTime

0D

shall be
present for
@type='d
ynamic'

specifies the wall-clock time when the MPD
was generated and published at the origin
server. MPDs with a later value of
@publishTime shall be an update as
defined in subclause 5.4 to MPDs with earlier
@publishTime.

@availabilityEndTime

0

specifies the latest Segment availability end
time for any Segment in the Media
Presentation. When not present, the value is
unknown.

@mmediaPresentationDuratio

specifies the duration of the entire Media

Presentation. If the attribute is not present, the
duration of the Media Presentation is
unknown.

This attribute shall be present when neither
the attribute
MPD@minimumUpdatePeriod nor the
Period@duration of the last Period are
present.

28
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Element or Attribute Name

Use

Description

@minimumUpdatePeriod

If this attribute is present, it specifies the
smallest period between potential changes to
the MPD. This can be useful to control the
frequency at which a client checks for updates.

From a client perspective, after a client fetches
an MPD, it specifies the minimum period
during which the MPD remains valid. Validity

is defined in subclause 5.4.

If this attribute is not present, it indicatés|that
the MPD does not change.

IfMPD@type is not 'dynafic’,
@minimumUpdatePerieod shall notpe
present.

Details on the use-of the value of this attripute
are specified in'subclause 5.4.

@minBufferTime

specifies a Comimon duration used in the
definition of the Representation data rate|(see
@bandwidth attribute in subclauses 5.3.5.2
and*5:3.5.4).

@timeShiftBufferDepth

specifies the duration of the smallest time
shifting buffer for any Representation in the
MPD that is guaranteed to be available forl a
Media Presentation with type 'dynamigq"'.
When not present, the value is infinite. Thiis
value of the attribute is undefined if the type
attribute is equal to 'static'.

@suggestedPresentationbel
ay

When @typeis 'dynamic', it specifief a
fixed delay offset in time from the presentation
time of each access unit that is suggested fo be
used for presentation of each access unit. For
more details, refer to subclause 7.2.1. Wh¢n
not specified, then no value is provided and the
client is expected to choose a suitable valye.

When @typeis 'static'the value of the
attribute is undefined and may be ignored.

@maxSegmentDuration

specifies the maximum duration of any
Segment in any Representation in the Media
Presentation, i.e. documented in this MPD|and
any future update of the MPD. If not presdnt,

LhUll LhU llld)&illlulll SCBIIIUIIL L‘lul dLiUll bhd 1 be
the maximum duration of any Segment
documented in this MPD.

@maxSubsegmentDuration

specifies the maximum duration of any Media
Subsegment in any Representation in the
Media Presentation. If not present, the same
value as for the maximum Segment duration is
implied.

© IS0 2022 - All rights reserved
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Element or Attribute Name Use Description

ProgramInformation 0..N specifies descriptive information about the
program. For more details, refer to the
description in subclause 5.7.

BaseURL 0..N specifies a Base URL that can be used for
reference resolution and alternative URL
selection. For more details, refer to the
description in subclause 5.6.

Location 0..N specifies a location at which the MPD is
available.

A reference processing model is providéd in
Annex A.11.

PgtchLocation 0..N specifies a location at which the'MPD patch
document is available. Details‘on the MPD
patch document, this element) and expected
processing models are available in subclause
5.15.

If this element isipresent, the MPD@1d attribute
and the MPD@publishTime shall be present.

When @ypeis 'static'or the
@mindmumUpdatePeriod attribute
istnot present, thenvalue ofthe
element is undefined and may be ignored.

If this element is not present, no MPD patch
document is available.

If multiple elements are present, any
PatchLocation element may be used.

SgrviceDescription 0..N specifies the service description detailing how
the service provider expects the service is to be
consumed.

It shall provide a valid service description as
described by Annex K.3 and Annex K.4.

For details refer to Annex K.

InitializatioQd&t 0..N specifies a suitable initialization for a specific

media type for the presentation. If present, at
least one Period of the Media Presentation
shall include at least one Adaptation Set that
can be played when initialized by this
Initialization Set.

For details see subclause 5.3.12.

InitializationGroup 0..N Specifies a white space separated list of ids of

Initialization Sets of the same content type.
This indicates that any Period in the Media
Presentation has at least one Adaptation Set
that conforms to one of the Initialization Sets
referenced in this element.

For details see subclause 5.3.12.
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Element or Attribute Name

Use

Description

@id

specifies an unsigned integer identifier for this
Initialization Group. The attribute shall be
unique unique among all Initialization Set and
Initialization Group ids in the MPD.

@profiles

specifies the profiles which the listed
Initialization Groups conform to. The value
shall be a subset of the value in the

MPD@profiles attribute.

If not present the value is inferred to"be the
same as the MPD@profiles attribute.

The same syntax is used as defined for thg
MPD@profiles attribute:

@contentType

specifies the content type of Initialization|Sets
listed in the element.

InitializationPresentation

specifies a white.space separated list of ids of
Initialization-Sets and Initialization Groups to
indicate @ combination which creates a
complete presentation. A client supporting all
listed:Initialization Sets and Initialization
Groups of an Initialization Presentation is
expected to be able to play the entire Medjia
Presentation as intended by the service
provider.

For details see subclause 5.3.12.

@id

specifies a unique unsigned integer identifier
for this Initialization Presentation. The
attribute shall be unique among all
Initialization Presentation ids in the MPD

@profiles

specifies the profiles which the listed
Initialization Groups conform to. The valule
shall be a subset of the value in the
MPD@profiles attribute.

If not present the value is inferred to be the
same as the MPD@profiles attribute.

The same syntax is used as defined for thg
MPD@profiles attribute.

@contentType

specifies the content type of initialization
Groups listed in the element.

ContentProtection

specifies information about content protection
and encryption schemes used in this Media
Presentation. If present on this level, it shall
include the @re fId attribute.

For details, see subclauses 5.8.1 and 5.8.4.1.

Period

specifies the information of a Period. For more
details, refer to the description in subclause
5.3.2.

© IS0 2022 - All rights reserved
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Element or Attribute Name Use Description
Metrics 0..N specifies the DASH Metrics.
For more details, see subclause 5.9.
EssentialProperty 0..N specifies information about the containing
element that is considered essential by the
Media Presentation author for processing the
containing element.
For details, see subclause 5.8.4.8.
SypplementalProperty 0..N specifies supplemental information about the
containing element that may be used by, the
DASH Client optimizing the processing.
For details, see subclause 5.8.4.9.
UTCTiming 0..N specifies information on ways'to-obtain a
synchronization to wall-clock’time as used in
this Media Presentation,The order of the
elements expresses.a\preference of choice by
the Media Presentatien author. For more
details, refer to,subclause 5.8.4.11.
LeapSecondInformation 0..1 specifies leap'second information affecting
MPD timing calculations.
Fordetails refer to clause 5.13.
Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements: <minOccurs>...<maxOccurs> (N=unbeunded)
Elements are bold; attributes are non-bold and preceded with an @.
5.3.1.3 | XML syntax
<xs:lcomplexType name="MPDtype'">

xs:annotation>

<xs:documentation &ml?lang="en">

MPD Type
/xs:documentation>
/xs:annotation>
Xs:sequence>

<xs:elemehrt
maxOccurp="unbounded" /&
<xs:elément
<xgs:elTement
<&s Jelement
maxOccurp="unb8umded" />
¥xs:element
maxOccurpsfunbounded" />
<xs:element
maxOccurs="unbounded" />

<xs:element
maxOccurs="unbounded" />
<xs:element

maxOccurs="unbounded" />

name="ProgramInformation" type="ProgramInformationType" minOccurs="0"
name="BaseURL" type="BaseURLType" minOccurs="0" maxOccurs="unbounded"/>
name="Location" type="xs:anyURI" minOccurs="0" maxOccurs="unbounded" />
name="PatchLocation" type="PatchLocationType" minOccurs="0"

name="ServiceDescription" type="ServiceDescriptionType" minOccurs="0"

name="InitializationSet" type="InitializationSetType" minOccurs="0"

name="InitializationGroup" type="UIntVWithIDType" minOccurs="0"

name="InitializationPresentation" type="UIntVWithIDType" minOccurs="0"

<xs:element
maxOccurs="unbounded" />
<xs:element
<xs:element
<xs:element
maxOccurs="unbounded" />
<xs:element
maxOccurs="unbounded" />
<xs:element

32

name="ContentProtection" type="ContentProtectionType" minOccurs="0"
name="Period" type="PeriodType" maxOccurs="unbounded"/>

name="Metrics" type="MetricsType" minOccurs="0" maxOccurs="unbounded"/>
name="EssentialProperty" type="DescriptorType" minOccurs="0"

name="SupplementalProperty" type="DescriptorType" minOccurs="0"

name="UTCTiming" type="DescriptorType" minOccurs="0"
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maxOccurs="unbounded" />
<xs:element name="LeapSecondInformation" type="LeapSecondInformationType"
minOccurs="0"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="id" type="xs:string"/>
<xs:attribute name="profiles" type="ListOfProfilesType" use="required"/>
<xs:attribute name="type" type="PresentationType" default="static"/>
<xs:attribute name="availabilityStartTime" type="xs:dateTime"/>
<xs:attribute name="availabilityEndTime" type="xs:dateTime"/>
<xs:attribute name="publishTime" type="xs:dateTime"/>

<xs:attribute name="mediaPresentationDuration" type="xgs:duration"

<xs:attribute name="minimumUpdatePeriod" type="xs:duration"/>

<xs:attribute name="minBufferTime" type="xs:duration" use="required"/> (i]/
<xs:attribute name="timeShiftBufferDepth" type="xs:duration"/>

<xs:attribute name="suggestedPresentationDelay" type="xs:duration"/> A
<xs:attribute name="maxSegmentDuration" type="xs:duration"/> h\’
<xs:attribute name="maxSubsegmentDuration" type="xs:duration"/> czf
<xs:anyAttribute namespace="##other" processContents="lax"/> ()

<xs:simpleType name="PresentationType">
<xs:annotation>

</xs:complexType> OJQ
<xs:documentation xml:lang="en"> <ZS:)

Presentation Type enumeration
</xs:documentation> O

</xs:annotation>

<xs:restriction base="xs:string"> \%
<xs:enumeration value="static"/>
<xs:enumeration value="dynamic"/>

</xs:restriction> QQ

</xs:simpleType>

<xs:complexType name="UIntVWithIDType"> ‘
<xs:annotation> \\
<xs:documentation xml:lang="en"> QQ:)
UInt Vector With ID Qb
</xs:documentation> QS>
</xs:annotation>
<xs:simpleContent> $
<xs:extension base="UIntVec£$§@ype">
<xs:attribute name="' " type="xs:unsignedInt" use="required"/>
<xs:attribute na 'profiles" type="ListOfProfilesType"/>
<xs:attribute e="contentType" type="RFC6838ContentTypeType" />

<xs:anyAttri&§i& namespace="##other" processContents="lax"/>
</xs:extension> (:)
</xs:simpleContent> .
</xs:complexType> o
<xs:simpleType name=" @ctor’fype'%
<xs:annotation> 6i>
<xs:docum ation xml:lang="en">
Whites e—separated list of unsigned integers
cion>

</xs:annoE%§i-n>

<xs:lis mType="xs:unsignedInt"/>
</xs:simp, Qe>
<xs:sim ézﬁpe name="ListOfProfilesType">
<r§}otation>
<xs:documentation xml:lang="en">
‘s; List of Profiles
« </xs:documentation>
CE) </xs:annotation>

crestriction hase=" cotring™

<xs:pattern value=" (&URN; | &URL;) (&comma_ sep; (&URN; | &URL;)) *"/>
</xs:restriction>
</xs:simpleType>

5.3.2 Period

5.3.2.1 Overview

A Media Presentation consists of one or more Periods. A Period is defined by a Period element in the
MPD element.
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Three types of Periods are defined:

— Regular Period,
— Early Available Period,
— Early Terminated Period.

The type of the Period, as well as the PeriodStart time of a regular Period or early terminated Period is
determined.as follows:

— If the attribute @start is present in the Period, then the Period is a regular Period or an earlly
terminated Period and the PeriodStart is equal to the value of this attribute.

— Ifthe @start attribute is absent, but the previous Period element contains a @duratiOn attribut
then this new Period is also a regular Period or an early terminated Period. The start\tithe of the ney
Period PeriodStart is the sum of the start time of the previous Period PeriodStart and the value of thie
attribute @duration of the previous Period.

< ®

— [If (i) @start attribute is absent, and (ii) the Period element is the firstiin the MPD, and (iii) thle
MPO@type is 'static’, then the PeriodStart time shall be set to zero:

3]

— If (1) @start attribute is absent, and (ii) the previous Pexriod element does not contain
@dyration attribute or the Period element is the first ithe MPD, and (iii) the MPD@type i
"dyjnamic’, then this Period is an Early Available Period (see below for details).

[72)

— If(i] @duration attribute is present, and (ii) the nextPeriod element contains a @start attribut
or the @minimumUpdatePeriod is present, then this Period is an Early Terminated Perio
(seg below for details).

|="INe)

For any [regular Period and early terminated Period, the following holds: PeriodStart reflects the actual
time thalt should elapse after playing the media of all prior Periods in this Media Presentation relative tp
the PeriadStart time of the first Period in the Media Presentation. The Period extends until the PeriodStar
of the next Period, or until the end of.the Media Presentation in the case of the last Period. For regular
Periods,|the difference between the,PeriodStart time of a Period and either the PeriodStart time of thie
following Period, if this is not thé last Period, or the value of the MPD@mediaPresentationDuratioh
if this iy the last one, is the(présentation duration in Media Presentation time of the media content
represemted by the Representations in this Period. For Early Terminated Periods, the value of thie
Period@duration is~the presentation duration in Media Presentation time of the media conterlt
represemted by the Representations in this Period.

4

Early Aviailable Reriods may be used to advertise initialization of other non-media data before the media
data itsdlf is available. Period elements documenting early available Periods shall not occur before anly
Period element documenting a regular Period. For Early Available Periods, any resources that are
announcedinsuchaPeriedelementshall beavallable-The datarcontainedinsuchaPeriodelement
does not represent a Period in the Media Presentation. Only when the PeriodStart time becomes known
through an update of the MPD, such a Period element represents a regular Period. However, an update
of the MPD may even remove a Period element representing an Early Available Period in later updates
of the MPD aslong as no PeriodStart time is associated with the Period.To avoid dereferencing of a remote
element entity containing a Period element solely to determine the Period timeline, e.g. in case of
seeking, Period@start or previous Period’ s Period@duration should be present in the MPD.

The semantics of the attributes and elements within a Period element are provided in Table 4 of
subclause 5.3.2.2. The XML syntax of the Period element is provided in subclause 5.3.2.3.
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Table 4 — Semantics of Period element

Element or Attribute Name

Use

Description

Period

specifies the information of a Period.

@xlink:href

specifies a reference to a remote element entity that is
either empty or contains one or multiple top-level elements
of type Perjod

@xlink:actuate

0D

default:
onReque
st

specifies the processing instructions, which can be €jther
"onLoad"or"onRequest".

This attribute shall not be present ifthe @xlink:hliref
attribute is not present.

@id

0

specifies an identifier for this Period! The identifier ghall be
unique within the scope of the'Media Presentation.

If the MPD@ t ype is "dynami c", then this attributg shall
be present and shall not\change in case the MPD is updated.

If not present, no identifier for the Period is provided.

In case of a remeote period element, every Period@id
within the remote entity has to be unique within thelmedia
presentation. If the generator of the remote entity is
unaware)of the Period@id values used within the media
preséntation, it can use unique identifiers (such as UUIDs)
as.yalues for Period@id. If the xlink resolver maintains
the same generated id for every client and for each time that
the remote period is requested, the remote element {s
cacheable.

@start

PeriodStart time is used as an anchor to determine the MPD
start time of each Media Segment as well as to determine

the presentation time of each access unit in the Medip
Presentation timeline.

if present, specifies the PeriodStart time of the Perio{‘. The

If not present, refer to the details in subclause 5.3.2.1.

The value of PeriodStart, together with the value of the
MPD(@availabilityStartTime enables to derive the
Segment availability times for dynamic media
presentations. For details, refer to subclause 5.3.9.

@duration

if present, specifies the duration of the Period to det¢rmine
the PeriodStart time of the next Period.

£, o tha darlc 1 ol olon, L 29
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@bitstreamSwitchin
g

0D

Default:
false

When setto 'true', this is equivalent as if the
AdaptationSet@bitstreamSwitching foreach
Adaptation Set contained in this Period is setto 'true’.In
this case, the
AdaptationSet@bitstreamSwitching attribute
shallnotbesetto 'false' forany Adaptation Set in this
Period.
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Element or Attribute Name Use Description

BaseURL 0..N specifies a base URL that can be used for reference
resolution and alternative URL selection. For more details,
refer to the description in subclause 5.6.

SegmentBase 0..1 specifies default Segment Base information.

Information in this element is overridden by information in
AdaptationSet.SegmentBase and

R i £ £
T g ;i preESent

For more details, see subclause 5.3.9.

SegmentList 0..1 specifies default Segment List information.

Information in this element is overridden by infepmation in
AdaptationSet.SegmentList and
Representation.SegmentListyif present.

For more details, see subclause 5.3.9.

SegmentTemplate 0..1 specifies default Segment Template information.

Information in this elementissoverridden by information in
AdaptationSet. SegmentTemplate and
Representation.SegmentTemplate, if present.

For more details,seé subclause 5.3.9.

AssetIdentifier 0..1 specifies that this Period belongs to a certain asset.

For moredetails, see subclause 5.8.5.7.

EvyentStream 0..N specifies an event stream.

Eor'more details, see subclause 5.10.2.

ServiceDescription 0..N specifies the service description that is intended by the
service provider on how the service is expected to be
consumed in this Period.

For details refer to Table 3 in subclause 5.3.1.3.

If any element is present in the Period, then this
information overrides all Service Description information
provided on MPD level with the same scope.

ContentProtection 0..N specifies information about content protection and
encryption schemes used in this Media Presentation. If
present on this level, it shall include the @refId
attribute.

For details, see subclauses 5.8.1 and 5.8.4.1.

AdaptationSet 0..N specifies an Adaptation Set.

At least one Adaptation Set shall be present in each Period
unless the value of the @duration attribute of the Period
is set to zero.

For more details, see 5.3.3.

Subset 0..N specifies a Subset. For more details, see subclause 5.3.8.
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Element or Attribute Name Use Description
SupplementalProper 0..N specifies supplemental information about the containing
ty element that may be used by the DASH Client optimizing the
processing.

For details, see subclause 5.8.4.9.

EmptyAdaptationSet 0..N specifies an Adaptation Set that does not contain any
Representation element. The empty Adaptation Set is of the

camatuna ac o pragulaxe Adantation Cot bt chall naith r
Safe-type-aSafeghrarAaaptateoi>e e outtSharheteh

contain an xlink nor contain any Representation.€lement.

This element shall only be present, if an Essential
Descriptor is present with @schemeIDURI-set to
"urn:mpeg:dash:mpd-as-linking:2015".

For more details, see subclause 5.8:5.8.

GroupLabel 0..N A summary label for a group of Labels.

For more details, refer to subelause 5.3.10.

Preselection 0..N specifies a preselection;i.€e. a combination of Adaptation
Sets that form a spécific experience and can be selected for
joint decoding andrendering.

For more details, refer to subclause 5.3.11.

Key
For attributes: M=mandatory, O=optional, OD=optional With default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbgeutided)

The conditions only hold without using x1ink&href. If linking is used, then all attributes are "optionall' and
<minOccurs=0>,

Elements are bold; attributes are non-bold and preceded with an @.

3.3.2.3 XML syntax

<xs:complexType name="PariedType'">
<xs:annotation>
<xs:documghtetion xml:lang="en">
Period
</xs:documentatibn>
</xs:annotat'¥tn>
<xs:sequengce>
£xXsTelement name="BaseURL" type="BaseURLType" minOccurs="0" maxOccurs="unbound¢d"/>
<Xs:element name="SegmentBase" type="SegmentBaseType" minOccurs="0"/>
<xs:element name="SegmentList" type="SegmentListType" minOccurs="0"/>
<xs:element name="SegmentTemplate" type="SegmentTemplateType" minOccurs="0"/>
<xs:element name="AssetIdentifier" type="DescriptorType" minOccurs="0"/>
<xs:element name="EventStream" type="EventStreamType" minOccurs="0"
mpxQogurs="unbounded" />
<xs:element name="ServiceDescription" type="ServiceDescriptionType" minOccurs=[|0"
maxXUCCULS= " UllDOoUIllded
<xs:element name="ContentProtection" type="ContentProtectionType" minOccurs="0"
maxOccurs="unbounded" />
<xs:element name="AdaptationSet" type="AdaptationSetType" minOccurs="0"
maxOccurs="unbounded" />
<xs:element name="Subset" type="SubsetType" minOccurs="0" maxOccurs="unbounded" />
<xs:element name="SupplementalProperty" type="DescriptorType" minOccurs="0"
maxOccurs="unbounded" />
<xs:element name="EmptyAdaptationSet" type="AdaptationSetType" minOccurs="0"
maxOccurs="unbounded" />
<xs:element name="GroupLabel" type="LabelType" minOccurs="0" maxOccurs="unbounded" />
<xs:element name="Preselection" type="PreselectionType" minOccurs="0"
maxOccurs="unbounded" />
<xs:any namespace="##other" processContents="lax" minOccurs="0"
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maxOccurs="unbounded" />

5.3.2.4

</xs:sequence>

<xs:attribute ref="xlink:href"/>

<xs:attribute ref="xlink:actuate" default="onRequest"/>

<xs:attribute ref="xlink:type" fixed="simple"/>

<xs:attribute ref="xlink:show" fixed="embed"/>

<xs:attribute name="id" type="xs:string"/>

<xs:attribute name="start" type="xs:duration"/>

<xs:attribute name="duration" type="xs:duration"/>

<xs:attribute name="bitstreamSwitching" type="xs:boolean" default="false"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>

</xs:complexType>

Content offering with multiple Periods

Contentwith multiple Periods may be created for different reasons, for example:

Periods

to enable splicing of content, for example for ad insertion,
to provide synchronization in segment numbering, e.g. compensate non-constant segment duration$
to r¢move or add certain Representations in an Adaptation Set,
to ré¢move or add certain Adaptation Sets,

to rémove or add content offering on certain CDNs,

to enable signalling of shorter segments, if produced by thelencoder.

continugus playout of the client is expected.

In certain circumstances, the Media Presentation-is offered such that the next Period is a continuation ¢
the content in the previous Period, possibly the immediately following Period or in a later Perio
(e.g. aftdr an advertisement Period had been'inserted).

The content provider may express that the media components contained in two Adaptation Sets in tw|
different Periods are associated by-\assigning equivalent Asset Identifiers to both Periods and b
identifying both Adaptation Setswith identical value for the attribute @ id. Association expresses a logicg
continugtion of the media component in the next Period and may for example be used by the client t
continug playing an associated’Adaptation Set in the new Period.

In additjon, two Adaptation Sets in one MPD are period-continuous if all the following holds:

38

The|Adaptation-Sets are associated.

The|sumof.the value of the @presentationTimeOffset and the presentation duration of a

provide opportunities for resync, for ad insertigdyfor adding and removing Representation$
Howevel, in certain circumstances, the content across Reriod boundaries is continuous and, in this cas¢

Py

D

= .

[=}

—<

|

@]

1

Repfesentations in one Adaptation Set are identical to the value of thle
@priesentatrionTimeQffset ofthe associated Adaptation Set in the next Period
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If Representations in both Adaptation Sets have the same value for @id, then they shall have
functionally equivalent Initialization Segments, i.e. the Initialization Segment may be used to
continue the play-out of the Representation. The concatenation of the Initialization Segment of the
first Period, if present, and all consecutive Media Segments in the Representation in the first Period
and subsequently the concatenation with all consecutive Media Segments in the Representation of
the second Period shall represent a conforming Segment track as defined in subclause 4.5.4
conforming to the media type as specified in the @mimeType attribute for the Representation in the

d


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

first Period. Additionally, the @mimeType attribute for the Representation in the next Period shall
be the same as one of the first Period.

Media Presentations should signal period-continuous Adaptation Sets by using a supplemental descriptor
on Adaptation Set level with @schemeIdUri set to "urn:mpeg:dash:period-
continuity:2015" with

— the @value of the descriptor matching the value of an @id of a Period that is contained in the MPD,
and

— the value of the AdaptationSet@id being the same in both Periods.

MPD should signal period-continuous Adaptation Sets if the MPD contains Periods with identi¢al Asset
Iflentifiers.

here exist special cases for which the media in one Adaptation Set is a continuatien of the previous one,
ut the timestamps are not continuous. Examples are timestamp wrap around, encoder reset, splicing, or
ther aspects. Two Adaptation Sets in one MPD are period-connected f‘all conditions from| period-
ontinuity from above hold, except that the timestamps across Period bouihdaries may be non-continuous
ut adjusted by the value of the @presentationTimeOffset atthe Period boundary. Howgver, for
xample the Initialization Segment is equivalent within the two¢Adaptation Sets. Media Presgntations
hould signal period-connected Adaptation Sets by using a supplemental descriptor on Adaptation Set
bvel with @schemeIdUri setto "urn:mpeg:dash:perfod-connectivity:2015".

_n O o0 O O

eriod continuity implies period connectivity.

o wllllav]

or appropriate client behaviour, please refer to A.9.

(&1 ]

.3.2.5  Special Periods in Live Services

Yt

h order to address live services for which Periods are extended into the future and Periods are gradually
emoved due to the timeshift buffer depth;special types of Periods are defined as follows:

—

— Partially Unavailable Period: any Period in a dynamic Media Presentation for which the sum of
theMPDRavailabilityStartTime and the value of Period@start is smaller than the value
of @publishTime minus the value of MPDRtimeShiftBufferDepth. For this Perigpd, some
Segments may no longer be available as they have been fallen out of the time shift buffer window.

— Live-Edge Period:-newest regular Period in a dynamic Media Presentation, for which the Period
duration isinknown, and Segment availability start time of at least one Segment is gregter than
the value ' 9fMPD@publishTime. For such Periods, the exact duration of Segments that are not
yet avdilable, may be unknown.

=

ote thatan MPD may contain both types of Periods, and further, a single Period may be both at the same
me, a Partially Unavailable Period and a Live-Edge Period.

—

.3.3 Adaptation Sets

5.3.3.1 Overview

Each Period consists of one or more Adaptation Sets. An Adaptation Set is described by an
AdaptationSet element. AdaptationSet elements are contained in a Period element.

An Adaptation Set contains alternate Representations, i.e. only one Representation within an Adaptation
Set is expected to be presented at a time. All Representations contained in one Adaptation Set represent
the same media content components and therefore contain media streams that are considered to be
perceptually equivalent. The Adaptation Set and the contained Representations shall be prepared and
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contain sufficient information such that seamless switching (as defined in subclause 4.5.1) across
different Representations in one Adaptation Set is enabled. If an Adaptation Set is expected to be
consumed by DASH Clients with restrictions in terms of switching, then the Media Presentation author
should provide sufficient means to enable seamless switching under these restrictions.

Representations are arranged into Adaptation Sets according to the media content component properties
of the media content components present in the Representations, namely:

— the language as described by the @1ang attribute,

— the media content component type described by the @contentType attribute,
— the picture aspect ratio as described by the @par attribute,

— the role property as described by the Role elements,

— the hccessibility property as described by the Accessibility elements,

— the yiewpoint property as described by the Viewpoint elements,

— the rating property as described by the Rating elements.

Represeptations shall appear in the same Adaptation Set if and onlyif'they have identical values for all af
these media content component properties for each media contenf component.

(i

The valyies for the elements Role, Accessibility, Viewpoint and Rating are generally ng
providedl within the scope of this document. However, aznumber of simple schemes are defined i
subclauge 5.8.5.

-

If there ¢xist multiple media content components, theh the properties of each media content componerit
shall be| described by a separate ContentComponent element as defined in subclause 5.3.4. T
ContentComponent element shares common elements and attributes with the AdaptationSe
element| Default values, or values applicablé.to all media content components, may be provided direct]
in the AgaptationSet element. Attributes present in the AdaptationSet shall not be repeated i
the ContentComponent element.

=}

The AdgptationSet element may contain default values for elements and attributes associated to thie
containgd Representations. The.list of possible present elements and attributes that are common tp
AdaptationSet and Representation (and also SubRepresentation) are collected in subclause
5.3.7. Arly of the commofrattributes shall only be present either in the AdaptationSet element or in
the Representation'element, but notin both.

The AdgptationSet element also supports the description of ranges for the @bandwidth, @widtl,
@height and @frameRate attributes associated to the contained Representations, which provide
summarjy ,0f\all values for all the Representations within this Adaptation Set. The Representation
containdd within an Adaptation Set shall not contain values outside the ranges documented for thd
Adaptation Set.

—+ »n D

Adaptation Sets may be further arranged into groups using the @group attribute. The semantics of this
grouping is that the media content within one Period is represented by:

1) either one Representation from group 0, if present,

2) or the combination of at most one Representation from each non-zero group.
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If the AdaptationSet@group attribute is not present, then all Representations in this Adaptation Set
are assigned to a non-zero group specific to this Adaptation Set.

The semantics of the attributes and elements within an AdaptationSet element are provided in Table
5 in subclause 5.3.3.2. The XML syntax of the AdaptationSet element is provided in subclause 5.3.3.3.

5.3.3.2 Semantics

Table 5 — Semantics of AdaptationSet element

lement or Attribute Name Use Descr'iptlon
AdaptationSet Adaptation Set description.

@xlink:href 0 specifies a reference to a remote element entity|that
shall contain exactly one element-oftype
AdaptationSet.

@xlink:actuate oD specifies the processing instructions, which can|be
either "onLoad" or "onRequest".

default:
'onRequ
est'

@id 0 specifies a unique identifier for this Adaptation|Set in
the scopef the Period. The attribute shall be a junique
unsignedvinteger value in the scope of the contalining
Period.

The attribute shall not be present in a remote element
entity.

If not present, no identifier for the Adaptation Set is
specified.

@group 0 specifies an identifier for the group that is uniqyie in the
scope of the containing Period. The value is an ynsigned
integer.

For details, refer to subclause 5.3.3.1.

CommonAttributesElem — specifies the common attributes and elements

ents (attributes and elements from base type
RepresentationBaseType). For details, see subflause
5.3.7.

@lang 0 Declares the language code for this Adaptation $et. The
syntax and semantics according to IETF RFC 566 shall
be used.

If not present, the language code may be defined for

each media component or it may be unknown.

If the language is unknown, the 'und"' code for

undetermined primary language or the ' zxx"'
Linguistic, Not Applicable) code can be used.

(Non-

© IS0 2022 - All rights reserved
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Element or Attribute Name

Use

Description

@contentType

specifies the media content component type for this
Adaptation Set. A value of the top-level Content-type
'type' value as defined in 4 of IETF RFC 6838:2013 shall
be taken.

If not present, the media content component type may
be defined for each media content component or it may
be unknown.

@par

specifies the picture aspect ratio of the video media
component type, in the form of a string consisting of
two integers separated by "', e.g. "16: 9" . When thig
attribute is present, and the attributes @width and
@height for the set of Representations.are also
present, the picture aspect ratio as speeified by this
attribute shall be the same as indicated by the values of]
@width, @height,and @gsa'x/i.e. it shall express
the same ratio as (Qwidth_*'sarx):

(@height *sary), withesarx the first number in
@sar and sary the seecond’ number.

If not present, the¢icture aspect ratio may be defined
for each media.éomponent or it may be unknown.

@minBandwidth

specifies theminimum @bandwidth value in all
Representations in this Adaptation Set. This value has
the sam@units as the @bandwidth attribute.

If not present, the value is unknown.

@maxBandwidth

specifies the maximum @bandwidth value in all
Representations in this Adaptation Set. This value has
the same units as the @bandwidth attribute.

If not present, the value is unknown.

@minWidth

specifies the minimum @width value in all

Representations in this Adaptation Set. This value has
the same units as the @width attribute.

If not present, the value is unknown.

@maxWidth

specifies the maximum @width value in all

Representations in this Adaptation Set. This value has
the same units as the @width attribute.

If not present, the value is unknown.

@minHeight

specifies the minimum @height value in all

Representations in this Adaptation Set. This value has
the same units as the @height attribute.

If not present, the value is unknown.

@maxHeight

specifies the maximum @height value in all
Representations in this Adaptation Set. This value has
the same units as the @height attribute.

If not present, the value is unknown.

42
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Element or Attribute Name

Use

Description

@minFrameRate

specifies the minimum @framerate value in all

Representations in this Adaptation Set. This value is
encoded in the same format as the @ frameRate
attribute.

If not present, the value is unknown.

@maxFrameRate

specifies the maximum @ f ramerate value in all

Represemntations i this Adaptation Set- This vatue is
encoded in the same format as the @ frameRate
attribute.

If not present, the value is unknown.

@segmentAlignment

0D

default:
false

When setto 't rue', this specifies that for any two
Representations, X and Y, withinthe same Adaptation
Set, the m-th Segment of X-and the n-th Segment of Y
are non-overlapping (as.defined in subclause 4.5.3)
whenever m is not equalto n.

For Adaptation Sets containing Representationg with
multiple medjd.content components, this attribyite
value shallbeeither 'true' or 'false'.

NOTE Previous editions permitted non-bdolean
values for this attribute. As this was not us¢d in

practice and caused confusion, it is deprecgted in
this edition.

@bitstreamSwitching

When this flag is setto ' true ', the following applies:

— All Representations in the Adaptation Set shall
have the same number M of Media Segments;

— LetRjy, Rz, .., Rn be all the Representations jwithin
the Adaptation Set.

— Let

—  Sij, forj >0, be the j'» Media Segment in the it
Representation (i.e. R;)

— if present, let Sio be the Initialization §egment
in the ith Representation, and

— if present, let B; be the Bitstream Switfhing
Segment in the it Representation|

Tl £
e sTtyutliitt Ul

— any Initialization Segment, if present, in the
Adaptation Set, with,

© IS0 2022 - All rights reserved
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Element or Attribute Name

Use

Description

— if Bitstream Switching Segments are present,

Bia), Sia)1, Bi), Si2)2, - Bi),
Sitk)k, -, Big), Sipn,m

— else

Sia)1, Si2),2, -y Sitk)k, <o, Si)M,

wherein any i(k) for all k values in the rarge
of 1 to M, respectively, is an integer value
in the range of 1 to N,

results in a "conforming Segment traek" as defined
in subclause 4.5.4 with the media format as
specified in the @mimeTypge- attribute.

More detailed rules may be‘defined for specific media
formats.

For more details, referto subclause 0.

NOTE When this attribute is set to TRUE, then
seamless'switching across Representations can be
achieved'without re-initialization of the decoder.
Content authors are encouraged to set this
attribute to true only if the media content
components across Representations do not need
the media decoder to be re-initialized.

@subsegmentAlignment

0D

default:
false

If the @subsegmentAlignment for an Adaptation
Setissetto 'true’, all following conditions shall be
satisfied:

— Each Media Segment shall be indexed (i.e. either it
contains a Segment index or there is an Index
Segment providing an index for the Media
Segment).

— For any two Representations, X and Y, within the
same Adaptation Set, the m-th Subsegment of X
and the n-th Subsegment of Y are non-overlapping
(as defined in subclause 4.5.3) whenever m is not
equal to n.

NOTE Previous editions permitted non-boolean

vatues forthisattribute. AS this Was ot used In
practice and caused confusion, it is deprecated in
this edition.
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Element or Attribute Name Use Description
@subsegmentStartsWit oD when greater than 0, specifies that each Subsegment
hSAP default: with SAP_type greater than 0 starts with a SAP of
0 " |type less than or equal to the value of

@subsegmentStartsWithSAP. A Subsegment
starts with SAP when the Subsegment contains a SAP,
and for the first SAP, Isau is the index of the first access
unit that follows Isap, and Isap is contained in the

Coal .
JUUDCSLIICLI L.

The semantics of @subsegmentStartSWITthSAP
equal to 0 are unspecified.

@initializationSetRef 0 specifies a white space separated list-of Initialization
Set identifiers. The Adaptation Sét shall conform to all
Initialization Sets that are reférernced in this attfibute.

@initializationPrincipa 0 specifies the URL of an Initialization Segment that is

1 sufficient to initialize thé Adaptation Set. If not present,
an Initialization Segment from one of the
Representations is-sufficient.

Accessibility 0..N specifies information about accessibility schem

19>

For more details, refer to subclauses 5.8.1 and 5.8.4.3.

Role 0..N specifies information on role annotation schem

9%

For more details, refer to subclauses 5.8.1 and 5.8.4.2.

Rating 0..N specifies information on rating scheme.

For more details, refer to subclauses 5.8.1 and 5.8.4.4.

Viewpoint 0..N specifies information on viewpoint annotation ycheme.

For more details, refer to subclauses 5.8.1 and 5.8.4.5.

ContentComponent 0..N specifies the properties of one media content
component contained in this Adaptation Set.

For more details, refer to subclause 5.3.4.

BaseURL 0..N specifies a base URL that can be used for reference
resolution and alternative URL selection. For mpre
details, refer to the description in subclause 5.6

SegmentBase 0..1 specifies default Segment Base information.

Information in this element is overridden by
information in the
Representation.SegmentBase, if predent.

be) 3 -1 31 =a
rFor frore acidiss, S sSuDtidust 5.5.7.

SegmentList 0..1 specifies default Segment List information.

Information in this element is overridden by
information in the
Representation.SegmentList, if present.

For more details, see subclause 5.3.9.
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Element or Attribute Name Use Description

SegmentTemplate 0..1 specifies default Segment Template information.

Information in this element is overridden by
information in the
Representation.SegmentTemplate, if
present.

For more details, see subclause 5.3.9.

Representation 0..N specifies a Representation.

At least one Representation element shall be presentin
each Adaptation Set. The actual element may however

be part of a remote element entity if xlink is,used on the
containing AdaptationSet element.

For more details, refer to subclause 5,3.5.

Key

For attri

The con
<minOc

Element]
bold refi

For elements: <minOccurs>..<maxOccurs> (N=unbounded)

butes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory, F=fixed

litions only hold without using x1ink:href. Iflinking is used, then alVattributes are "optional” and
urs=0>.

s are bold; attributes are non-bold and preceded with an @;listof elements and attributes is in italics
brring to those taken from the Base type that has been extended by this type.

5.3.3.3)

<XSs

maxOccur
maxOccur
maxOccur
maxOccur
minOccur

maxOccur

YlcomplexType name="AdaptationSetType">

(ML syntax

xs:annotation>

<xs:documentation xml:lang="en'">

Adaptation Set
/xs:documentation>
/xs:annotation>
xs:complexContent>

<xs:extension base="RepresentationBaseType">

<xs:sequende>}
<ksjelement name="Accessibility" type="DescriptorType" minOccurs="0"

E="unbounded" />
<xs:element name="Role" type="DescriptorType" minOccurs="0"
E="unbounded" />
<xs:element name="Rating" type="DescriptorType" minOccurs="0"
E="unbounded"./X
<xs:element name="Viewpoint" type="DescriptorType" minOccurs="0"
E="unbounded™/ >
<xs:element name="ContentComponent" type="ContentComponentType"
E="0"_mMax®ccurs="unbounded" />
<xs:element name="BaseURL" type="BaseURLType" minOccurs="0"
=M unbounded" />
<xs:element name="SegmentBase" type="SegmentBaseType" minOccurs="0"/>

minOccur

minOccur

46

<xs:element name="SegmentList" type="SegmentListType" minOccurs="0"/>
<xs:element name="SegmentTemplate" type="SegmentTemplateType"
s="0"/>
<xs:element name="Representation" type="RepresentationType"
s="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute ref="xlink:href"/>
<xs:attribute ref="xlink:actuate" default="onRequest"/>
<xs:attribute ref="xlink:type" fixed="simple"/>
<xs:attribute ref="xlink:show" fixed="embed"/>
<xs:attribute name="id" type="xs:unsignedInt"/>
<xs:attribute name="group" type="xs:unsignedInt"/>
<xs:attribute name="lang" type="xs:language"/>
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<xs:attribute name="contentType" type="RFC6838ContentTypeType" />
<xs:attribute name="par" type="RatioType"/>

<xs:attribute name="minBandwidth" type="xs:unsignedInt"/>
<xs:attribute name="maxBandwidth" type="xs:unsignedInt"/>
<xs:attribute name="minWidth" type="xs:unsignedInt"/>
<xs:attribute name="maxWidth" type="xs:unsignedInt"/>
<xs:attribute name="minHeight" type="xs:unsignedInt"/>
<xs:attribute name="maxHeight" type="xs:unsignedInt"/>
<xs:attribute name="minFrameRate" type="FrameRateType"/>
<xs:attribute name="maxFrameRate" type="FrameRateType"/>

<xs:attribute name="segmentAlignment" type="xs:boolean" default="false"/>

<xs:attribute name="subsegmentAlignment" type="xs:boolean" default="false"/>

<xs:attribute name="subsegmentStartsWithSAP" type="SAPTvype" default="0"

<xs:attribute name="bitstreamSwitching" type="xs:boolean"/>
<xs:attribute name="initializationSetRef" type="UIntVectorType"/> (i)/
<xs:attribute name="initializationPrincipal" type="xs:anyURI"/>

</xs:extension> ,(1/

</xs:complexContent> *
</xs:complexType> (2{
<xs:simpleType name="RatioType"> ()

<xs:annotation> ()
<xs:documentation xml:lang="en"> (i:)

Ratio Type for sar and par

</xs:documentation> é)
»

</xs:annotation>

<xs:restriction base="xs:string"> <:>
<xs:pattern value="[0-9]*:[0-9]*"/> c&)
</xs:restriction> \
</xs:simpleType> s\
<xs:simpleType name="FrameRateType"> c>
<xs:annotation> <Z
<xs:documentation xml:lang="en"> <:>
Type for Frame Rate A\<2
</xs:documentation> N
</xs:annotation> %S)

<xs:restriction base="xs:string">
<xs:pattern value="[0-9]+(/[1-9] [@?*) 2" />
</xs:restriction>
</xs:simpleType> $
<xs:simpleType name="RFC6838ContentTypéS e">
<xs:annotation>
<xs:documentation xml:1 g;"en">
Type for RFC6838 ConteQF, ype

</xs:documentation> \\
</xs:annotation> g;\,
<xs:restriction base="xs:sS¥ring">

<xs:enumeratd value="image" />
<xs:enume QZZn value="audio"/>
<xs:enumetglion value="video"/>
<xs:en(;§ration value="application"/>
<xs:{2? €ration value="font"/>

on>

</xs:rest 'Et
</xs:simpl
<xs: simplQ“ name="SAPType">

<xs :enumerati@value:"text"/>

<xs: otation>
<xs:documentation xml:lang="en">
<:> Stream Access Point type enumeration
ssis:documentation>

« </xs:annotation>

CE> <xs:restriction base="xs:unsignedInt">
sminTnclusive valype="0"

<xs:maxInclusive value="6"/>
</xs:restriction>
</xs:simpleType>
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5.3.3.4 Switching within Adaptation Sets

Switching refers to the presentation of decoded data from one Representation up to a certain time t, and
presentation of decoded data of another Representation from time t onwards; for details, refer to
subclause 4.3.

The Switching element as defined in Table 6 provides instructions of switch points within an
Adaptation Set and the permitted switching options as defined in Table 7. When this element is present,
it signals opportunities for simple switching across Representations in one Adaptation Set. This element
may be used instead of the attributes @segmentAlignment or @bitstreamSwitching.

[=]

Table 7 dlefines different switching strategies that provide instructions to the client on the proceduresit
switch appropriately within an Adaptation Set.

Table 6 — Switch point signalling

Element or Attribute Name Use Description
Switching Switching logic description for the associated
Representation
@interval M specifies the interval betwéen two switching points in

the scale of the @t imescale on Representation
level. Any Segment for\which the earliest presentation
time minus the @£, value of the S element describing
the segment is-an,integer multiple of the product of
@timescaléand @interval isaswitch-to
opportunity; i.e. it enables to switch to this
Representation with the switching strategy as defined
by the.@t ype value.

The value should be chosen such that the resulting
time matches MPD start time of segments, otherwise
no switching will be described.

@type 0D specifies the switching strategy for the switch points
dhfault: identified in by the @interwval attribute. Switching
' media. v | strategies are defined in Table 7.

Table 7 — Switching strategies

Type Description

medig Media-level switching: in this case, switching is possible at the switch point by decoding
and presenting switch-from Representation up to switch point t, initializing the switch-to
Representation with the associated Initialization Segment and continue decoding and
presenting the switch-to Representation from time t onwards.

bitstjream Bitstream switching: in this case, switching is possible at the switch point by decoding and
presenting switch-from Representation up to switch point t, and continue decoding and
presenting the switch-to Representation from time t onwards. More specifically, the
concatenation of two Representations at the switch point results in a "conforming
Segment track" as defined in 4.5.4 with the media format as specified in the @mimeType
attribute.

Initialization of the switch-to Representation is not necessary and is not recommended.

In order to enable this feature, it is recommended to use the same Initialization Segment
for all Representations in the Adaptation Set, i.e. the highest profile/level is signalled in the
Initialization Segment.
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The XML schema snippet is as follows:

<xs:complexType name="SwitchingType">
<xs:annotation>
<xs:documentation xml:lang="en">
Switching
</xs:documentation>
</xs:annotation>
<xs:attribute name="interval" type="xs:unsignedInt" use="required"/>
<xs:attribute name="type" type="SwitchingTypeType" default="media"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
csimpleTyne name="QuwitchingTuneTyna

<xs:annotation>
<xs:documentation xml:lang="en">
Switching Type type enumeration

</xs:documentation>

</xs:annotation>

<xs:restriction base="xs:string">
<xs:enumeration value="media"/>
<xs:enumeration value="bitstream"/>

</xs:restriction>

</xs:simpleType>

.3.3.5  Switching across Adaptation Sets

epresentations in two or more Adaptation Sets may provide the same content or the content{ may be
ffered such that seamless switching is desired (for example iri,case of multiple viewpoints). In addition,
he content may be time-aligned and may be offered such thdt seamless switching across Represgntations
h different Adaptation Sets is simplified. Typical examples are the offering of the same contpnt with
ifferent codecs, for example H.264/AVC and H.265/HEVC and the content author wants to proviide such
hformation to the receiver in order to seamlessly switch Representations (as defined in subclause 4.5.1)
cross different Adaptation Sets.

content author may signal such seamless.switching property across Adaptation Sets by prgviding a
upplemental Descriptor along with ™~an Adaptation Set with @schemeIdURI [set to
rn:mpeg:dash:adaptation-set-switching:2016 andthe @value isacomma-separated list
f Adaptation Set IDs that may be sedmlessly switched to from this Adaptation Set.

O Cc N © = Q = O = N

F the content author signals the ability of Adaptation Set switching and as @segmentAlignment or
subsegmentAlignment<are set to TRUE, the (Sub)Segment alignment element shall be valjd for all
epresentations in all Adaptation Sets for which the @id value is included in the @value attribyte of the
upplemental descriptor.

=

or Adaptation Sets-containing Representations, when two Adaptation Sets signal Adaptation Set
witching, thenfor-any two Representations, X and Y, within the union of the two Adaptation Sets, the m-
h Subsegment'ef X and the n-th Subsegment of Y shall be non-overlapping (as defined in subclause 4.5.3)
'henever-m\is not equal to n.

< &+ »n WL =

[

Fthe content author signals the ability of Adaptation Set switching and Switching elementis provided,
he-signalled switch points apply for all Representations in all Adaptation Sets for which the @id value is

i helided inthe Axz0 1100 attrihnta aftho Syunnloamaoantal docerintar
;;;;;;;;;;;;; e Stre—deeH B Htte-6ttHe o P pPre e Rta - GeSeHpPot-

[

As an example, a content author may signal that seamless switching across an H.264/AVC Adaptation Set
with AdaptationSet@id="4" and an HEVC Adaptation Set with AdaptationSet@id="5" is
possible by adding a Supplemental Descriptor to the H.264/AVC Adaptation Set with @schemeIdURI
set to urn:mpeg:dash:adaptation-set-switching:2016 and the @value="5" and by
adding a Supplemental Descriptor to the HEVC Adaptation Set with @schemeIdURI set to
urn:mpeg:dash:adaptation-set-switching:2016 andthe @value="4".

In addition, if the content author signals the ability of Adaptation Set switching for any Adaptation Sets
then the parameters as defined for an Adaption Set shall also hold for all Adaptation Sets that are included

© IS0 2022 - All rights reserved 49


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

in the @value attribute. This constraint may result that the switching may only be signalled with one
Adaptation Set, but not with both as for example one Adaptation Set signalling may include all spatial
resolutions of another one, whereas it is not the case the other way around.

5.3.4 Media content component

5.3.4.1

Overview

Each Adaptation Set contains one or more media content components. The properties of each media
content component are described by a ContentComponent element or may be described directly on

the Ada
Conten

The sem

ptationSet element if only one media content component is present in the Adaptation Sef.
tComponent elements are contained in an AdaptationSet element.

antics of the attributes and elements within a ContentComponent element are provided i

==}

Table 8]in subclause 5.3.4.2. The XML syntax of the ContentComponent element is‘provided i
subclauge 5.3.4.3.
5.3.4.2 §emantics
Table 8 — Semantics of ContentComponent element
Element or Attribute Name Use Description
ContentComponent Description of a.content component.
@id 0 specifies anddentifier for this media component.
The attribute shall be unique in the scope of the
containing Adaptation Set.
Thevalue of this attribute should be the media
component identifier in the media segment (i.e. the
iTrack Id in ISO BMFF segments and PID in MPEG-2
TS segments) described by this
ContentComponent element.
Multiplexing of media components may also be
provided on elementary stream level, for example
for next generation audio codecs, different audio
components may be mixed. In this case, the id may
also point to specific components in a single
elementary stream.
@lang 0 Same semantics as in Table 5 for @1ang attribute.
@contentZype 0 Same semantics as in Table 5 for @contentType
attribute.
@par 0 Same semantics as in Table 5 for @par attribute.
@tag 0 specifies the tag of the Content Component which
may be used for selection purposes towards the
decoder.
Accessibility 0..N Same semantics as in Table 5 for
Accessibility element.
Role 0.. Same semantics as in Table 5 for Role element.
Rating 0.. Same semantics as in Table 5 for Rating element.
Viewpoint 0.. Same semantics as in Table 5 for Viewpoint
element.
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Element or Attribute Name Use Description

Key

For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory,

F=fixed

For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @; list of elements and attributes is in

italics bold referring to those taken from the Base type that has been extended by this type.

o =

A
C

.3.4.3 XML syntax

<xs:complexType name="ContentComponentType">
<xs:annotation>
<xs:documentation xml:lang="en">
Content Component
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="Accessibility" type="DescriptorType" minQcgurs="0"
hxOccurs="unbounded" />
<xs:element name="Role" type="DescriptorType" minOccursxW" maxOccurs="unbound
<xs:element name="Rating" type="DescriptorType" minOcCcuks5="0" maxOccurs="unbou
<xs:element name="Viewpoint" type="DescriptorType" faethOccurs="0"
b xOccurs="unbounded" />
<xs:any namespace="##other" processContents="lax(™yminOccurs="0"
hxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="id" type="xs:unsignedInt"/>
<xs:attribute name="lang" type="xs:language"/>
<xs:attribute name="contentType" type="RFC683%8C@htentTypeType"/>
<xs:attribute name="par" type="RatioType"/>
<xs:attribute name="tag" type="TagType"/>
<xs:anyAttribute namespace="##other" prodgssContents="lax"/>
</xs:complexType>
<xs:simpleType name="TagType'">
<xs:annotation>
<xs:documentation xml:lgngs"en">
Tag
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:§tkring"/>
</xs:simpleType>

.3.5 Representation

.3.5.1 Overview

ontained in-ah AdaptationSet element.

Representation is one of the alternative choices of the complete set or subset of media
omponents comprising the media content during the defined Period.

bd" />
ded" />

epresentations _are described by the Representation element. Representation elements are

content

A

Rpprpcpn‘m‘rinn starts at the start of the Period PeriodStart and continues to the end of the Pd

riod, i.e.

the start of the next Period or the end of the Media Presentation.

Each Representation includes one or more media streams, where each media stream is an encoded
version of one media content component.

A Representation consists of one or more Segments.

Each Representation either shall contain an Initialization Segment or each Media Segment in the
Representation shall be self-initializing, i.e. the Media Segment itself conforms to the media type as

S

pecified in the @mimeType attribute for this Representation.
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When a Representation is not a dependent Representation, i.e. the @dependencyId attribute is absent,
then concatenation of the Initialization Segment, if present, and all consecutive Media Segments in one
Representation shall represent a conforming Segment track as defined in subclause 4.5.4 conforming to
the media type as specified in the @mimeType attribute for this Representation.

Dependent Representations are described by a Representation element that contains a
@dependencyId attribute. Dependent Representations are regular Representations except that they
depend on a set of complementary Representations for decoding and/or presentation. The
@dependencyId contains the values of the @id attribute of all the complementary Representations, i.e.
Represehtations that are necessary to present and/or decode the media content components containe
in this dependent Representation.

For any| dependent Representation X that depends on complementary Representation Y, the m-t
Subsegnhent of X and the n-th Subsegment of Y shall be non-overlapping (as defined in suhelause 4.5.3)
whenever m is not equal to n. For dependent Representations, the concatenation of the lhitializatio
Segment with the sequence of Subsegments of the dependent Representations, each being preceded b
the corrpsponding Subsegment of each of the complementary Representations inserdér as provided i
the @dependencyId attribute, shall represent a conforming Subsegment track<as defined in subclaus
4.5.4 copforming to the media format as specified in the @mimeType attribute for this depender
Representation.

~+ (D =

NOTE1 When decoding of a dependent Representation is started fromya SAP in the (Sub)Segment with
number i, the decoding process does not need to access data from the complementary Representation(s) from
any garlier (sub)segments than (sub)Segment with number i of the.complementary Representation(s).

=

NOTE 2  In case a dependent Representation X depends on atleast two complementary Representations Y
that|are also dependent Representations depending, directly or indirectly, on the same complementar
Representation Z, then the concatenation as defined abeyve results in a sequence conforming to the medi
format if the Segments of Representation Z are concatenated only the first time encountered following th
ordqrin the @dependencyId attributes starting from X. If following recursively the dependencies indicate
in the @dependencyId of Representations, certain Representations can be encountered more than once. |
this |case, the corresponding Segments or Subsegments are expected to only be concatenated once, namel
wheh first encountered.

< B X0 0 <

-

Associated Representations are described by a Representation element that contains a
@assodiationId attribute and-® optionally an @associationType attribute. Associate
Represeptations are Representations that provide information on their relationships with othg
Represeptations. As opposed)to complementary Representations, the segments of an associate
Represeptation may be optiohal for decoding and/or presentation of the Representations identified b
@assodiationId. They-€anbe considered as supplementary or descriptive information, the type of t
associat]on being spécified by the @associationType attribute.

[SFE e

=

NOTE 3  @associationld and @associationType attributes can only be used between Representations thgt
are not in the same Adaptation Sets.

If a Reprjesentation is offered in a Media Presentation with MPD@type="'dynamic', itis recommended
that means to compensate such drift be included. For more details, refer to A.8.

The semantics of the attributes and elements within a Representation are provided in Table 9 in
subclause 5.3.5.2. The XML syntax of the Representation type is provided in subclause 5.3.5.3.
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Table 9 — Semantics of Representation element

Element or Attribute Name

Use

Description

Representation

This element contains a description of a
Representation.

@id

specifies an identifier for this Representation. The
identifier shall be unique within a Period unless the

Representation is functionally identical to another
Representation in the same Period.

The identifier shall not contain whitespacé characters.

If used in the template-based URL-construction s
defined in subclause 5.3.9.4.4, the)string shall orly

contain characters that are permitted within an [HTTP-
URL according to IETF REC 3986.

@bandwidth

Consider a hypothetical\¢onstant bitrate channe] of
bandwidth with thewalue of this attribute in bit$ per
second (bps). Then; if the Representation is
continuously delivered at this bitrate, starting af any
SAP thatis\indicated either by @startWithSAP or
by any’Segment Index box, a client can be assurgd of
having enough data for continuous playout proyiding
playout begins after
@minBufferTime *@bandwidth bitshaye been
received (i.e. at time @minBuf ferTime afterfthe
first bit is received).

For dependent Representations, this value specifies the
bandwidth according to the above definition for|the
aggregation of this Representation and all
complementary Representations.

For details, see subclause 5.3.5.4.

@qualityRanking

specifies a quality ranking of the Representation
relative to other Representations in the same

Adaptation Set. Lower values represent higher quality
content. If not present, then no ranking is defined.

@dependencyId

specifies all complementary Representations th¢
Representation depends on in the decoding and)/or

presentation process as a whitespace-separated|list of
values of @1id attributes.

If not present, the Representation can be decodgd and

presented iIndependently Of any other Representation.

This attribute shall not be present where there are no
dependencies.

@associationId

specifies all Representations the Representation is
associated with in the decoding and/or presentation
process as a whitespace-separated list of values of
Representation(@id attributes.
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Element or Attribute Name

Use

Description

@associationType

specifies, as a whitespace-separated list of values, the
kind of association for each Representation the
Representation has been associated with through the
@associationId attribute. Values taken by this
attribute are 4 character codes (4CCs) for track
reference types registered in MP4 registration
authority.

This attribute shall not be present when
@associationIdisnot present.

When present, this attribute shall have as many-values
as the number of identifiers declared in the
@associationId attribute.

@mediaStreamStructur
eld

The attribute may be present for Representations
containing video and its semanticS are unspecified for
any other type of Representations:

If present, the attribute
@mediaStreamStructureld specifies a
whitespace-separatedlist of media stream structure
identifier values. Ifunhedia streams share the same
media stream structure identifier value, the media
streams shalkhave the following characteristics:

— The media streams have the same number of
stream access points of type 1 to 3.

—\"The values of Tsap, Tpec, Tepr, and Tprr of the i-th
SAP of type 1 to 3 in one media stream are
identical to the values of Tsap, Toec, Tept, and Terr,
respectively, of the i-th SAP of type 1 to 3 in the
other media streams for any value of i from 1 to
the number of SAPs of type 1 to 3 in any of the
media streams.

— A media stream formed by concatenating the
media stream of a first Representation until Isau
(exclusive) of the i-th SAP of type 1 to 3 and the
media stream of a second Representation (having
the same media stream structure identifier value
as for the first Representation) starting from the
Isau (inclusive) of the i-th SAP of type 1 to 3
conforms to the specification in which the media
stream format is specified for any value of i from 1
to the number of SAPs of type 1 to 3 in either

trediastream-TFurthrermorethedecoded pictures
have an acceptable quality regardless of type of
the stream access point access unit used.
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Element or Attribute Name Use Description

All media stream structure identifier values for one
Adaptation Set shall differ from those of another
Adaptation Set.

If not present, then for this Representation no
similarities to other Representations are known.

Indicating multiple media stream structure identifier

valuesfor-a-Representation-can-be-useful-in-cases
|

where switching between Representations A‘anfl B as
well as between Representations B and C {s\alloyed at
non-IDR intra pictures, but switching between
Representations A and C would cause,too severg a
degradation in the quality of the leading picture and is
hence not allowed. To indicate-these permissions and
restrictions, Representation‘A would contain
@mediaStreamStruétureIdequal to “1”
Representation B would‘eontain
@mediaStreamStructureldequal to“l
Representation € would contain
@mediaStreamStructureld equal to “2”

p”, and

CommonAttributesElem — Common Attributes and Elements (attributes and
ents elements from base type RepresentationBaseType).
For.more details, see subclause 5.3.7.

BaseURL 0..N Specifies a Base URL that can be used for refererjce
resolution and alternative URL selection. For mgre
details, refer to the description in subclause 5.6.

ExtendedBandwidth 0N specifies an extended bandwidth model with mgre
detailed information on the characteristics of th
Representation.

w

For more details, see subclause 5.3.5.6.

SubRepresentation 0..N specifies information about a Sub-Representatign that
is embedded in the containing Representation.

For more details, see subclause 5.3.5.6.

SegmentBase 0..1 specifies default Segment Base information.

For more details, see subclause 5.3.9.

SegmentList 0..1 specifies the Segment List information.

For more details, see subclause 5.3.9.

SegmentTemplate 0..1 specifies the Segment Template information.

For more details, see subclause 5.3.9.

Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @; list of elements and attributes is in italics
bold referring to those taken from the Base type that has been extended by this type.
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5.3.5.3 XML syntax

<xs:complexType name="RepresentationType">

<xs:annotation>

<xs:documentation xml:lang="en">
Representation

</xs:documentation>
</xs:annotation>
<xs:complexContent>

<xs:extension base="RepresentationBaseType">

<xs:

maxOccurg="unbounded™

sequence>

<xs:element name="BaseURL" type="BaseURLType" minOccurs="0"

minOccurk="0"/>

<Xs
<xs
<XSs
<xs
<Xs

<xs:element name="ExtendedBandwidth" type="ExtendedBandwidthType"
minOccurp="0" maxOccurs="unbounded"/>

<xs:element name="SubRepresentation" type="SubRepresentationTypel
minOccurp="0" maxOccurs="unbounded"/>

<xs:element name="SegmentBase" type="SegmentBaseType" minOccurss"0"/>
<xs:element name="SegmentList" type="SegmentListType" minOdChurs="0"/>
<xs:element name="SegmentTemplate" type="SegmentTemplatelkp%™

</xs:sequence>
rattribute
rattribute
rattribute
rattribute
rattribute

name="1id" type="StringNoWhitespaceType" use=predlired"/>
name="bandwidth" type="xs:unsignedInt" use®"wequired"/>
name="qualityRanking" type="xs:unsignedIn§M/,*
name="dependencyId" type="StringVectorTypa'"/>
name="associationId" type="StringVectCr®ype" />

</xs:extension>
/xs:complexContent>
</xs|: complexType>
<xs:lsimpleType name="StringNoWhitespaceType">
xs:annotation>
<xs:documentation xml:lang="en">
String without white spaces
/xs:documentation>
/xs:annotation>
xs:restriction base="xs:string">
<xs:pattern value="["\r\n\t \p{Z}]*\*
/xs:restriction>
</x9gl: simpleType>
<xs:simpleType name="StringVectorType">
xs:annotation>
<xs:documentation xml:larfg=s"en">
Whitespace-separated list ©f strings
/xs:documentation>
/xs:annotation>
xs:list itemType="xs:stamiag"/>
</xs|: simpleType>
<xs:lsimpleType name="ListOf4CCType">
xs:annotation>
<xs:documentation xml:lang="en">
Whitespace-separated list of 4CC
/xs:documentdf hen>
/xs:annotatidn>
xs:list #ZbdemType="FourCCType" />
</xg|: simpleTypée>
<xs:simplelype name="FourCCType'">
xsyanfotation>

<xs:documentation xml:lang="en">
4CC as per latest 14496-12

<xs:attribute name="associationType" type="ListOf48CFype"/>
<xs:attribute name="mediaStreamStructureId" typexNStringVectorType"/>

</xs:documentation>

</xs:annotation>

<xs:restriction base="xs:string"/>
</xs:simpleType>

5.3.5.4 Relation of Bandwidth and Minimum Buffer Time attributes

The MPD contains a pair of values for a bandwidth and buffering description, namely the Minimum Buffer
Time (MBT) expressed by the value of MPD@minBufferTime and bandwidth (BW) expressed by the

value of Representation@bandwidth. The following holds:
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— The value of the minimum buffer time does not provide any instructions to the client on how long to
buffer the media. The value however describes how much buffer a client should have under
ideal network conditions. As such, MBT is not describing the burstiness or jitter in the network, it is

describing the burstiness or jitter in the content encoding. Together with the BW valu

e itis a

property of the content. Using the "leaky bucket" model, it is the size of the bucket that makes BW

true, given the way the content is encoded.

— The minimum buffer time provides information that for each representation, the following shall be
true: if the Representation (starting at any segment) is delivered over a constant bitrate channel with

at the client latest at time with a delay of at most PT + MBT.

-+ In the absence of any other guidance, the MBT should be set to the maximum GOP size (cod
sequence) of the content, which quite often is identical to the maximum segmentduration fo

3.3.5.5 Random Access to Representations
Handom Access refers to start processing, decoding and presenting.tlié Representation from the
pgresent and decoding and presenting the Representation fromvthe signalled Segment onwards.
Access point may be signalled with the RandomAccess element as defined in Table 10.

Table 11 provides different random access point types.

bitrate equal to value of the BW attribute then each access unit with presentation time PT is qvailable

ed video
- the live

profile or the maximum subsegment duration for the On-Demand profile. Fhe MBT may b¢ set to a
smaller value than maximum (sub)segment duration but should not be set t6 a higher value|

random

access point at time t onwards by initializing the Representation with the Initialization Segment, if

Random
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Table 10 — Random Access Signalling

Element or Attribute Name

Use

Description

RandomAccess

Random Access Information

@interval

specifies the position of the random access points in
the Representations. The information is specified in
the scale of the @t imescale on Representation
level. Any Segment for which the MPD start time minus

TiTe @TValue of e S element describing e SEgMEIT
is an integer multiple of the product of @t imescale
and

@interval isarandom access opportunity.i.e’it
enables randomly access to this Representation with
the random access strategy as defined by:the @t ype
value.

The value should be chosen such'that the resulting
time matches MPD start time\of'segments, otherwise
no random access will be described.

@type

0D

default:
"closed"

specifies the random access strategy for the random
access points in by tHe)dinterval attribute.

The value shalluse a type present in Table 11.

If the valueof-the type is unknown, the DASH Client is
expected to’ignore the containing Random Access
element:

@minBufferTime

specifies a common duration used in the definition of
tHe Representation data rate (see @dbandwidth
attribute in subclauses 0 and 5.3.5.4).

If not present, then the value of the MPD level is
inherited.

@bandwidth

Consider a hypothetical constant bitrate channel of
bandwidth with the value of this attribute in bits per
second (bps). Then, if the Representation is
continuously delivered at this bitrate, starting at any
RAP indicated in this element a client can be assured of]
having enough data for continuous playout providing
playout begins after

@minBufferTime * @bandwidth bits have
been received (i.e. at time @minBufferTime after
the first bit is received).

For dependent Representations, this value specifies

thabanduwidth ncoenrdinag ta tha ~hava dafinitinn £a5
te-Daiewiatnaecorathg+toteanove-aeHtHen+1ot

the aggregation of this Representation and all
complementary Representations.

For details, see subclause 5.3.5.4.

If not present, the value of the Representation is
inherited.
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Table 11 — Random Access Strategies

Type Informative description
closed Closed GOP random access. This implies that the segment is a Random Access Segment as
well as the segment starts with a SAP type of 1 or 2. SAP type 1 or 2 is a necessary condition,
but not sufficient. In addition, all requirements of a Random Access Segment need to be
fulfilled.
open Open GOP random access. This implies that the segment is a Random Access Segment as

1 1 el AD- a0 A AP ) 2
WCIT 4S5 UIC SCEIIITIIL SUATLS WILIT a4 oA LypT UL 1, 42701 0. oAl LyptT 1, 4 01 015 4 TITLESS5d

to be fulfilled.

condition, but not sufficient. In addition, all requirements of a Random Access Segment need

y

Segment as well as the segment starts with a SAP type of 1, 2, 3 or 4. SAP4ype 1, 2, 3
necessary condition, but not sufficient. In addition, all requirements ©f;a Random Ac
Segment need to be fulfilled.

gradual Gradual decoder refresh random access. This implies that the segment is a'/Random Access

br 4 is a
ess

The XML schema snippet is as follows:

<xs:complexType name="RandomAccessType">
<xs:annotation>
<xs:documentation xml:lang="en">
Random Access
</xs:documentation>
</xs:annotation>
<xs:attribute name="interval" type="xs:unsignedInt!\ use="required"/>
<xs:attribute name="type" type="RandomAccessTypeTypoe" default="closed"/>
<xs:attribute name="minBufferTime" type="xs:dur&gion"/>
<xs:attribute name="bandwidth" type="xs:unsidged®Int"/>
<xs:anyAttribute namespace="##other" procesgLohtents="lax"/>
</xs:complexType>
<xs:simpleType name="RandomAccessTypeType">
<xs:annotation>
<xs:documentation xml:lang="er>
Random Access Type type enumeration
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:strihg">
<xs:enumeration vadue="closed"/>
<xs:enumeration veMude="open"/>
<xs:enumeratiog value="gradual"/>
</xs:restriction>
</xs:simpleType>

.3.5.6 Extended Bandwidth Signalling

ncoding being variable bitrate, or any bitrate properties over different time windows.

or this.purpose, each Represention have assigned an extended bandwidth signalling p
dditional properties of the Representation. This information is provided as part
xtendedBandwidth element as defined in Table 12.

5

Subclause 5.3.5.4 provides a detailed overview on the usage of @minBufferTime and @bandw]dth for
determining the-bitrate properties of the associated Representation. However, this model does not
expose certain-ektended bandwidth properties of the Representation, for example the natuge of the
e
H
a

roviding
of the
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Table 12 — Semantics of Extended Bandwidth signalling

Element or Attribute Name

Use

Description

ExtendedBandwidth

@vbr

oD

default=false

If set to true, the content is encoded to primarily
have a constant or consistent quality, while at the
same time when the signal restrictions on
MPD@minBufferTime and

Representationtbandwidth attributes are |
reached, the quality of the content may drop. I
cases where is cap is not reached, the quality,efthe
content is expected to be consistent.

If set to false or not present, no information on the
nature of the encoding is present,

NOTE The signallingsetto true implies that
the actual instantaneous bitrate can
frequently be below’the maximum.

ModelPair

0.N

defines an extended bandwidth model pair that
applies for the Representation.

@bufferTime

specifies.a duration used in the definition of the
Representation data rate together with
@b&ndwidth attribute within the same element.

NOTE There are cases for which a real or
expected long-term average bitrate may be
usefully signaled. Examples include (i) the
signaling of the average bitrate of a
Representation in On-Demand case. In this
case the @buffer may be set to the duration of
the Period and the @bandwidth may be set
to the size of the Representation. (ii) the
signaling of the maximum expected long-term
bitrate in Live-Edge Periods: In this case the
@buffer is set to a large value, for example 1
hour, or 24 hours and the bandwidth
expresses the maximum amount of bytes over
this period.
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Element or Attribute Name Use Description

@pbandwidth M Consider a hypothetical constant bitrate channel of
bandwidth with the value of this attribute in bits
per second (bps). Then, if the Representation is
continuously delivered at this bitrate, starting at
any signalled SAP of type 1 or 2 included in this
Representation element, a client can be assured of
having enough data for continuous playout
providina nlavout heagins after

| o F o

@bufferTime *@bandwidth bitshaye been
received (i.e. at time @buf ferTime after|the
first bit is received).

For dependent Representations)this value
specifies the bandwidth according to the above
definition for the aggregation of this
Representation and all complementary
Representations.

For details, see.subclause 5.3.5.4.

Key
For attributes: M=Mandatory, O=0ptional, OD=0ptional with Defatit Value, CM=Conditionally Mandatoiy
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded.with an @.

The XML schema snippet is as follows:

<xs:complexType name="ExtendedBandwidthiVype">
<xs:annotation>
<xs:documentation xml:larg="en">
Extended Bandwidth Model
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element nam&="ModelPair" type="ModelPairType" minOccurs="0"
b xOccurs="unbounded" />
<xs:any n@megSpace="4##other" processContents="lax" minOccurs="0"
hxOccurs="unbounded" />
</xs:sequencg>
<xs:attribut&_hame="vbr" type="xs:boolean" default="false"/>
<xs:anyAttsfBute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:compMex®ype name="ModelPairType">
<xs:ammotation>
<xs:documentation xml:lang="en">
Model Pair
</xs:documentation>
</xs:annotation>
<xs:sequence>
<XS:any namespace="#fother" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="bufferTime" type="xs:duration" use="required"/>
<xs:attribute name="bandwidth" type="xs:unsignedInt" use="required"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
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5.3.6 Sub-Representation

5.3.6.1 Overview

Sub-Representations are embedded in regular Representations and are described by the
SubRepresentation element. SubRepresentation elements are contained in a
Representation element.

The SubRepresentation element describes properties of one or several media content components
that are embedded in the Representation. It may for example describe the exact properties of an
embeddpd audio component (e.g. codec, sampling rate, etc.), an embedded sub-title (e.g. codec) or it maly
describg some embedded lower quality video layer (e.g. some lower frame rate, etc.).

Sub-Representations and Representation share some common attributes and elements.

In case the @1evel attribute is present in the SubRepresentation element,

=}

— Sub{Representations provide the ability for accessing a lower quality version of tHe-Representatio
in which they are contained. In this case, Sub-Representations for example allow extracting the audi
track in a multiplexed Representation or may allow for efficient fast-forwardder rewind operations
proyided with lower frame rate;

=]

— the [[nitialization Segment and/or the Media Segments and/or thekIndex Segments shall provide
sufficient information such that the data can be easily accessed through HTTP partial GET requests.
The|details on providing such information shall be defined by the media format in use. For medip
formats defined in this document, the Subsegment Index as defined in subclause 6.3.2.4shall be used.

If the @]evel attribute is absent, then the SubRepresentation element is solely used to provide
more defailed description for media streams that are embedded in the Representation.

)

The semantics of the attributes and elements withinza*Sub-Representation are provided in Table 13 qf
subclauge 5.3.6.2. The XML syntax of the Sub-Represéntation type is provided in subclause 5.3.6.3.

5.3.6.2 $Semantics

Table 13 — Semantics of SubRepresentation element

Element or Attribute Name Use Description
SpubRepresentation specifies a Sub-Representation.
@level 0 specifies the Sub-Representation level. If @1evel

attribute is present and for media formats used in this
document, a Subsegment Index as defined in subclause
6.3.2.4 shall be available for each Media Segment in the
containing Representation.

If not present, then the SubRepresentation
element is solely used to provide a more detailed

1 ] £ 1. 4 delocrde 1 I R IR I, |
UCOUT TPUUITTUT TIICUTA S U TATITS U TAd U dT T TTHITOTUUTU T UTT

Representation.

@dependencylevel 0 specifies the set of Sub-Representations within this
Representation that this Sub-Representation depends
on in the decoding and/or presentation process as a
whitespace-separated list of @ Level values.

If not present, the Sub-Representation can be decoded
and presented independently of any other
Representation.
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Element or Attribute Name Use Description

@bandwidth CM Identical to the @bandwidth definition in

@level | jspresent.
is present

shallbe | Representation but applied to this Sub-Representation.
presentif | This attribute shall be present if the @ 1evel attribute

@contentComponent 0 if present, specifies the set of all media content
components that are contained in this Sub-

Representation as a whitespace-separated list\o
of ContentComponent(@id values.

if not present, the Sub-Representation,is not ass
to a media content component.

f values

gned

CommonAttributesEle - Common Attributes and Elemerits (attributes an
ments elements from base type RepresentationBaseT)
For details, see subclause(5.3.7.

d
ype).

Key
For attributes: M=mandatory, O=optional, OD=optional with default valué,M=conditionally mandatory

For elements: <minOccurs>..<maxOccurs> (N=unbounded)

bold referring to those taken from the Base type that has been‘extended by this type.

Elements are bold; attributes are non-bold preceded with an @;List of elements and attributes is in itallics

3.3.6.3 XML syntax

<xs:complexType name="SubRepresentationType'
<xs:annotation>
<xs:documentation xml:lang="eniX
SubRepresentation
</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="R€presentationBaseType">
<xs:attribwtgeNname="level" type="xs:unsignedInt"/>
<xs:attribWté name="dependencylLevel" type="UIntVectorType"/>
<xs:attribute name="bandwidth" type="xs:unsignedInt"/>
<xs:afgkibute name="contentComponent" type="StringVectorType"/>
</xs:extensfion>
</xs:complexContdnty>
</xs:complexType>

5.3.7 Common(attributes and elements

5.3.7.1 Overview

—

he elements AdaptationSet, Representation and SubRepresentation have
onimon attributes and elements. The attributes and elements listed in Table 14 of subclause 5.3

Q

hssigned
.7.2 may

e present in all three elements

The semantics of the common attributes and elements are provided in Table 14 in subclause 5.3.7.2, the

syntax is provided in subclause 5.3.7.3.

The 'Use' column in Table 14 shall be interpreted that an attribute marked with 'M' shall be available for
a Representation, i.e. it shall either be present in the Representation element, or if not, it shall be in

the containing AdaptationSet element. An attribute marked with '0O' may be absent in both.
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5.3.7.2 Semantics

Table 14 — Common Adaptation Set, Representation and Sub-Representation attributes and
elements

Element or Attribute Name

Use
(see

subclause
5.3.7.1)

Description

Common attributes and
¢lements

@profiles

specifies the profiles which the associated
Representation(s) conform to of the list.of Media
Presentation profiles as described in @y The value
shall be a subset of the respectivesvalue in any
higher level of the document hierarchy
(Representation, Adaptation Set, MPD).

If not present, the value-is\inferred to be the same a§
in the next higher levél-of the document hierarchy.
For example, if theivalue is not present for a
Representation, then @profiles atthe
Adaptation Setlevel is valid for the Representation.

The same syntax as defined in 5.3.1.2 shall be used.

@width

specifies the horizontal visual presentation size of
thevideo media type on a grid determined by the
@sar attribute.

In the absence of @ sar width and height are
specified as if the value of @sar were "1 : 1"

NOTE The visual presentation size of the videp
is equal to the number of horizontal and
vertical samples used for presentation after
encoded samples are cropped in response to
encoded cropping parameters, “overscan”
signalling, or “pan/scan” display parameters,
e.g. SEl messages.

If not present on any level, the value is unknown.

@height

specifies the vertical visual presentation size of the
video media type, on a grid determined by the @sa
attribute.

™y

If not present on any level, the value is unknown.

dsar

specifies the sample aspect ratio of the video media
component type, in the form of a string consisting of
two integers separated by ', e.g. "10:11". The
first number specifies the horizontal size of the
encoded video pixels (samples) in arbitrary units.
The second number specifies the vertical size of the
encoded video pixels (samples) in the same units as
the horizontal size.

If not present on any level, the value is unknown.
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Element or Attribute Name

Use
(see
subclause
5.3.7.1)

Description

@frameRate

0

specifies the output frame rate (or in the case of
interlaced, half the output field rate) of the video
media type in the Representation. If the frame or
field rate is varying, the value is the average frame

or fatf theaverage field rate field rateoverthe
entire duration of the Representation.

The value is coded as a string, eithef ¢containing two
integers separated by a "/", ("F/D"), or a single
integer "F". The frame rate isthé)division F/D, or F,
respectively, per second (i.€. the default valyie of D is
"1M).

If not present on any,level, the value is unknown.

@audioSamplingRate

Either a single decimal integer value specififing the
sampling raté-or a whitespace-separated pair of
decimal integer values specifying the minimjum and
maximunm-sampling rate of the audio media
component type. The values are in samples per
sécond.

If not present on any level, the value is unknown.

@mimeType

specifies the MIME type of the concatenatiop of the
Initialization Segment, if present, and all consecutive
Media Segments in the Representation.

@segmentProfiles

specifies the profiles of Segments that are efsential
to process the Representation. The detailed
semantics depend on the value of the @mineType

attribute.

The contents of this attribute shall conformf(to either
thepro-simple or pro-fancy produgtions of
4.5 of IETF RFC 6381:2011, without the endlosing
DQUOTE characters, i.e. including only the
unencodedv or encodedv elements
respectively. As profile identifier, the brand
identifier for the Segment as defined in 6 shpll be
used.

4CC may contain characters that must be escaped in
XML. 4CC strings shall be escaped according to W3C
Extensible Markup Language (XML):2008, Section

2.4.

If not present on any level, the value may be
deducted from the value of the @profiles

attribute.
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Element or Attribute Name

Use
(see
subclause
5.3.7.1)

Description

@codecs

0

specifies the codecs present within the
Representation. The codec parameters shall also
include the profile and level information where
applicable.

For segment formats defined in this document, this
element shall be present and the contents of this
attribute shall conform to either the simp+1ist
or fancy-11st productions of

IETF RFC 6381:2011, subclause 3.2, without the
enclosing DQUOTE characters. The'codec identifier
for the Representation's media format, mapped intd
the name space for codecs as(specified in

IETF RFC 6381:2011, subgldause 3.3, shall be used.

@containerProfiles

specifies the container profiles of Representations
that are essential to process it. The detailed
semantics depend on the value of the @mimeType
attribute.

The contents of this attribute shall conform to eithef
the pro~simple or pro-fancy productions
ofIETF'RFC 6381:2011, subclause 4.5, without the
enclosing DOUOTE characters, i.e. including only th
unencodedv or encodedv elements
respectively.

[¢’]

4CC may contain characters that must be escaped i1
XML. 4CC strings shall be escaped according to W3(
Extensible Markup Language (XML):2008, Section
2.4.

@maximumSAPPeriod

when present, specifies the maximum SAP interval
in seconds of all contained media streams, where thie
SAP interval is the maximum time interval between
the Tsap of any two successive SAPs of types 1 to 3
inclusive of one media stream in the associated
Representations.

If not present on any level, the value is unknown.

@startWithSAP

when present and greater than 0, specifies that in
the associated Representations, each Media Segmen
starts with a SAP of type less than or equal to the

[l

value of this attribute value in each media stream.

A Media Segment starts with a SAP in a media
stream if the stream contains a SAP in that Media
Segment, [sau is the index of the first access unit that
follows Isap and Isap is contained in the Media
Segment.

If not present on any level, the value is unknown.
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Element or Attribute Name

Use
(see
subclause
5.3.7.1)

Description

@maxPlayoutRate

0

specifies the maximum playout rate as a multiple of
the regular playout rate, which is supported with the
same decoder profile and level requirements as the
normal playout rate.

If not present on any level, the value is 1.

@codingDependency

When presentand ' true’', for all contdingd media
streams, specifies that there is at least one dccess
unit that depends on one or moye other accgss units
for decoding. When presentand ' false'|for any
contained media stream,.threre is no access yinit that
depends on any other-accéss unit for decoding (e.g.
for video all the pictures are intra coded). Ifjnot
specified on any.level, there may or may nof be
coding dependency between access units.

@scanType

specifies thie scan type of the source materigl of the
video media component type. The value may be

equal to one of "progressive", "interlaced" apnd
"unknown". If not specified on any level, thq scan

typeis "progressive".

@selectionPriority

oD
default=1

specifies the selection priority for the descrjbed data
structures, i.e. the one described by the containing
element. In the absence of other informatiof, higher
numbers are the preferred selection over lower
numbers.

@tag

specifies the tag of the Representation, Adaptation
Set or Preselection which may be used for sglection
purposes towards the decoder.

NOTE This attribute is primarily introduced
for the usage of Pre-Selections and Adaptation
Sets, but future use for Representationjand Sub-
Representations is not precluded.

FramePacking

specifies frame-packing arrangement inforrmation of
the video media component type.

When no FramePacking element is proyided for
a video component, frame-packing shall nof used for
the video media component.

For details, see subclauses 5.8.1 and 5.8.4.6.

AudioChannelConfigur
ation

specifies the audio channel configuration of the
audio media component type.

For details, see subclauses 5.8.1 and 5.8.4.7.

ContentProtection

specifies information about content protection
schemes used for the associated Representations.

For details, see subclauses 5.8.1 and 5.8.4.1.
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Element or Attribute Name

Use
(see
subclause
5.3.7.1)

Description

OutputProtection

0..1

specifies information about output protection
schemes required for presenting the associated
Representations

For details, see subclauses 5.8.4.12.

EssentialProperty

specifies information about the containing element
that is considered essential by the Media
Presentation author for processing the containing
element.

For details, see subclause 5.8.4.8.

SupplementalProperty

specifies supplemental information about the
containing element that may, be'used by the DASH
Client optimizing the progessing.

For details, see subclause 5.8.4.9.

InbandEventStream

specifies the presénce of an inband event stream in
the associated\Representations.

For details¢refer to subclause 5.10.

Switching

Specifies a switch-to times and types for the
assoviated Representations. For more details, refer
tasubclause 0.

These elements shall only be present if the
@timescale value is the same for all
Representations in one Adaptation Set and if the
Segment Timeline is used for segment duration
signalling.

RandomAccess

Specifies a random access times and types for the
associated Representations. For more details, refer
to subclause 5.3.5.5.

These elements shall only be present if the
@timescale value is the same for all
Representations in one Adaptation Set and if the
Segment Timeline is used for segment duration
signalling.

GroupLabel

specifies a summary label for a group of Labels. For
more details, refer to subclause 5.3.10.

—Eabel

(@]
P

spetifies a textuatdescriptionof theeterment that
may be used for annotation and selection purposes.
For more details, refer to subclause 5.3.10.

ProducerReferenceTime

specifies the presence of and possibly values of
producer reference time in the associated
Representations.

For details refer to subclause 5.12.
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=

Element or Attribute Name Use Description
(see
subclause
5.3.7.1)
ContentPopularityRate 0..N indicates a level of popularity of the containing
entity (i.e., the Adaptation Set, Representation or
Preselection) within the Media Presentation. For
details, see subclause 5.14.
NOTE This element is primarily introquced for
the usage of Pre-Selections and Adaptation Sets
but use for Representation and‘Sub-
Representations is not precluded.
Resync 0..N Specifies information on Segments’
resynchronization points!
For details refer tosubclause 5.3.12.
Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)
Elements are bold; attributes are non-bold and preceded with an @.
.3.7.3 XML syntax
<xs:complexType name="RepresentationBaseTypeM{
<xs:annotation>
<xs:documentation xml:lang="en3
Representation base (common attributes and elements)
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="FrafngPacking" type="DescriptorType" minOccurs="0"
bxOccurs="unbounded" />
<xs:element name="A¥dioChannelConfiguration" type="DescriptorType" minOccurs="0Q"
mpxOccurs="unbounded" />
<xs:element name="ContentProtection" type="ContentProtectionType" minOccurs="0[
bxOccurs="unbounded" />
<xs:elemeft)name="OutputProtection" type="DescriptorType" minOccurs="0"/>
<xs:elgm&nt name="EssentialProperty" type="DescriptorType" minOccurs="0"
hxOccurs="unbounded 4>
<xgweFement name="SupplementalProperty" type="DescriptorType" minOccurs="0"
hxOccurs="unbourded" />
o :element name="InbandEventStream" type="EventStreamType" minOccurs="0"
hxOccurs="ypbounded" />
<xs:element name="Switching" type="SwitchingType" minOccurs="0"
bxOccursgidnbounded" />
<xs:element name="RandomAccess" type="RandomAccessType" minOccurs="0"
hxQ&c¥rs="unbounded" />
<xs:element name="GroupLabel" type="LabelType" minOccurs="0" maxOccurs="unbounfled" />
:element name="Tabel" type="TabelType" minOccurs="0" maxOccurs="unbounded"

<xs:element

name="ProducerReferenceTime" type="ProducerReferenceTimeType"

minOccurs="0" maxOccurs="unbounded"/>

<xs:element

name="ContentPopularityRate" type="ContentPopularityRateType"

minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="Resync" type="ResyncType" minOccurs="0" maxOccurs="unbounded" />
<xs:any namespace="##other" processContents="lax" minOccurs="0"

maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute
<xs:attribute
<xs:attribute
<xs:attribute
<xs:attribute
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name="sar" type="RatioType"/>
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width" type="xs:unsignedInt"/>
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<xs:attribute name="audioSamplingRate" type="AudioSamplingRateType"/>
<xs:attribute name="mimeType" type="xs:string"/>

<xs:attribute name="segmentProfiles" type="ListOf4CCType"/>
<xs:attribute name="codecs" type="CodecsType"/>

<xs:attribute name="containerProfiles" type="ListOf4CCType"/>
<xs:attribute name="maximumSAPPeriod" type="xs:double"/>
<xs:attribute name="startWithSAP" type="SAPType"/>

<xs:attribute name="maxPlayoutRate" type="xs:double"/>

<xs:attribute name="codingDependency" type="xs:boolean"/>
<xs:attribute name="scanType" type="VideoScanType"/>

<xs:attribute name="selectionPriority" type="xs:unsignedInt" default="1"/>
<xs:attribute name="tag" type="TagType"/>

.anvAttribute pamespace="##other" processCoptents="1ax"/>
</xs|: complexType>
<xs:lsimpleType name="AudioSamplingRateType">

</xd
<xs:

</xd
<xs

quotes</

quotes</

</x9

5.3.8 Su

5.3.8.1 (
Subsets

xs:annotation>
<xs:documentation xml:lang="en">
Audio Sampling Rate

/xs:documentation>

/xs:annotation>

xs:restriction base="UIntVectorType">
<xs:minLength value="1"/>
<xs:maxLength value="2"/>

/xs:restriction>

:simpleType>

simpleType name="VideoScanType">

xs:annotation>
<xs:documentation xml:lang="en">
Video Scan type enumeration

/xs:documentation>

/xs:annotation>

xs:restriction base="xs:string">
<xs:enumeration value="progressive"/>
<xs:enumeration value="interlaced"/>
<xs:enumeration value="unknown"/>

/xs:restriction>

:simpleType>

(lsimpleType name="CodecsType">

xs:restriction base="xs:string">
<xs:pattern value="&charset; &squoted\f¥anguage; &squote; &id list;">
<xs:annotation>
<xs:documentation>RFC6381 fancy-list without enclosing double
ks :documentation>
</xs:annotation>
</xs:pattern>
<xs:pattern value="&id gimple; (, &id simple;) *">
<xs:annotatior
<xsidocumentation>RFC6381 simp-list without enclosing double
ks :documentation>
</xs:annotation>
</xs:pattern>
/xs:restriction>
:simpleType>

bsets

Dverview

predescribed by the Subset element contained in the Period element.

Subsets

provide a mechanism to restrict the combination of active Adaptation Sets where an active
Adaptation Set is one for which the DASH Client is presenting at least one of the contained

Representations.

A Subset defines a set of one or more Adaptation Sets. The presence of a Subset element within a
Period element expresses the intention of the creator of the Media Presentation that a client should act
as follows: at any time, the set of active Adaptation Sets shall be a subset of the Adaptation Sets of one of
the specified Subsets. Any Adaptation Set not explicitly contained in any Subset element is implicitly

contained in all specified Subsets.

70
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This implies that

— empty Subsets are not allowed.

— no Subset should contain all the Adaptation Sets.

Each Adaptation Set for which the value of the @id is provided in the @contains attribute is contained

in this Subset.

The semantics of the attributes and elements within a Subset are provided in Table 15 of subclause

For attributes: M=mandatory, O=optional, OD=optional'with default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.

5.3.8.2. The XML syntax of the Subset type is provided in subclause 5.3.8.3.
5.3.8.2 Semantics
Table 15 — Subset element semantics
Element or Attribute Name Use Description
Subset specifies a Subset
@contains M specifies the Adaptation.Sets contained in a Subset by
providing a white space separated list of the @id vglues of
the contained Adaptation Sets.
@id 0 specifies a ufiique identifier for the Subset.
Key

5.3.8.3

<xs:complexType name="SubsetType" >
<xs:annotation>
<xs:documentation*xml:lang="en">
Subset
</xs:documentationX
</xs:annotation>
<xs:attribute (idye="contains" type="UIntVectorType" use="required"/>
<xs:attribut€rdme="1d" type="xs:string"/>
<xs:anyAtteNgdte namespace="##other" processContents="lax"/>
</xs:complexiype>

XML syntax

(&1 ]

.3.9 Segments and Segment information

53.3.9.1 General

finnc th

A oy
CITITIC S CIrC1Iv

Specifically, a Segment shall either be

— referenced by an HTTP-URL included in the MPD, where an HTTP-URL is defined as an <absolute-
URI> according to IETF RFC 3986:2005 subclause 4.3, with a fixed scheme of “http” or “https”,
possibly restricted by a byte range if a range attribute is provided together with the URL. The byte
range shall be expressed as abyte-range-spec as defined in IETF RFC 2616 subclause 14.35.1. It

is restricted to a single expression identifying a contiguous range of bytes, or

© IS0 2022 - All rights reserved
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— included in the MPD with a data URL as defined in IETF RFC 2397. Data URLs shall only be used if
explicitly permitted by the profile. In addition, the guidelines and recommendations in
IETF RFC 2397 should be taken into account.

Each Segment referenced through an HTTP-URL in the MPD is associated with a Segment availability
interval, i.e. a time window in wall-clock time at which the Segment can be accessed via the HTTP-URL.
The Segment availability interval window is described by a Segment availability start time and a Segment
availability end time.

Represeptations—are—assigred—Seg rformation OHe 5 6 3 RageURE
SegmerntBase, SegmentTemplate and/or SegmentList. The Segment Information proyid
information on the location, availability and properties of all Segments contained in one Representation.
Specifically, information on the presence and location of Initialization, Media, Index and MBitStreamn
Switching Segments is provided.

The elements SegmentBase, SegmentTemplate and SegmentList may benpresent in t
Representation element itself. In addition, to express default values, they may be present in t
Period and AdaptationSet element. At each level at most one of the. three, SegmentBas
SegmentTemplate and SegmentList, shall be present. Further, if-SegmentTemplate o
SegmentList is present on one level of the hierarchy, then the other oné€shall not be present on any
lower hierarchy level.

N

[

SegmentBase, SegmentTemplate and SegmentList shall inherif attributes and elements from t
same element on a higher level. If the same attribute or element i§ present on both levels, the one on th|
lower leyel shall take precedence over the one on the higher level.

=}

Several mechanisms are available to specify the Segment Information. Specifically, each Representatio
shall haye assigned exactly one of the following choices to:determine the Segment Information, either by
direct pfesence in the Representation element or By inheritance from the higher levels:

— one|SegmentList element — for syntax and semantics, refer to subclause 5.3.9.3,
— one|SegmentTemplate element — for'syntax and semantics, refer to subclause 5.3.9.4,

— onelor more BaseURL elements,at most one SegmentBase element, and no SegmentTemplate
or SegmentList element. The SegmentBase element is defined in subclause 5.3.9.2.

NOTE These rules do not prohibit the usage of the BaseURL element together with SegmentListdr
SegmentTemplate..[f the BaseURL is present together with the either the SegmentList or the
SegmentTemplate;) then processing according to subclause 5.6 applies. All three elements
SegmentBase,/SegmentTemplate and SegmentList share common elements based on the
SegmentBase ~element. Furthermore, SegmentTemplate and SegmentList share commop

attriputes and'elements. The common information is defined in subclause 5.3.9.2.
The derjvatiotrand details of Initialization, Media, Index and Bitstream Switching Segment Informatio
based on the‘above information are provided in subclause 5.3.9.5.

=}

5.3.9.2 Segment base information

5.3.9.2.1 Overview

The SegmentBase element is sufficient to describe the Segment Information if and only if a single Media
Segment is provided per Representation and the Media Segment URL is included in the BaseURL
element.
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In case multiple Media Segments are present, either a SegmentList or a SegmentTemplate shall be
used to describe the Segment Information. SegmentList or a SegmentTemplate share the multiple
Segment base information as provided in subclause 5.3.9.2.2, Table 17.

If the Representation contains more than one Media Segment, then either the attribute @duration or
the element SegmentTimeline shall be present. The attribute @duration and the element

SegmentTimeline shall not be present at the same time.

Segments described by the Segment base information are referenced by an HTTP-URL conforming to the

f‘rpp URI Typp as definedin Table 18

—

(@x]

3.9.2.3.

5.3.9.2.2 Semantics

The semantics of the attributes and elements for the SegmentBase element and the Ségm
hformation are provided in subclause 5.3.9.2.2, Table 16 and the multiple Segment base information in
Table 17 in subclause 5.3.9.2.2. The XML syntax of the Segment Base Information is provided in s{

Table 16 — Semantics of SegmentBase element and Segment 'Base Information t

ent base

ibclause

pe

Element or Attribute Name

Use

Description

SegmentBase

Segment Base Information

specifies Segment base element.

This element also specifies the type for
Segment base information that is the b3
for other elements.

the
se type

@timescale

specifies the timescale in units per secq
be used for the derivation of different r|
time duration values in the Segment
Information.

If not present on any level, it shall be sd

NOTE This can be any frequency
typically is the media clock freque
one of the media streams (or a pos
integer multiple thereof).

nds to
eal-

tto 1.
but
hcy of
itive

@presentationTimeOffs
et

specifies the presentation time offset o
Representation relative to the start of t
Period, i.e. the presentation time value
media stream that shall be presented a
start of this Period.

The value of the presentation time offs¢

seconds is the division of the value of this

attribute and the value of the @t imes
attribute.

the
he
pf the
the

bt in

cale

fithe

1£ % £ 1 1 £l 1
T O pPTEStIIT Ot arty 1ICver Tttt varat-oT

presentation time offset is 0.
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Element or Attribute Name Use Description

@eptDelta 0 specifies the difference between the earliest
presentation time in the Representation and
the value of the
@presentationTimeOffset.

The value of the earliest presentation time of
the first Media Segment in this Representation
in seconds is computed as the sum of the value
of this attribute and the value of the
@presentationTimeOffset in units of the
@timescale attribute.

If the media is contained in a Self-Initializing
Media Segment, the value of
@presentationTimeOf fsefis used to
identify the Sub-Segment, that is the first one
of the Representation. In\this case, the value of
@eptDelta shall be\setto the difference of
the @presentationTimeOf fset and the
earliest presentation time of the Subsegment
containing theymedia time provided by the
value of @presentationTimeOf fset.

If not'present, the value is unknown, but
specific profiles may require it to be zero, if
not signalled.

NOTE Ifthe value if @GeptDelta is
smaller than zero then this results in
an overlap prior to the Period. If the
value is positive, it results in a gap.

@pdDelta 0 specifies the difference between the
presentation duration of this Representation
in units of @timescale and the Period
duration.

If the media is contained in a Self-Initializing
Media Segment, the sum of the value of
@presentationTimeOffset and the
Period duration is used to identify the
Subsegment, that is the last one of the
Representation. In this case, @pdDelta shall
be set according to the presentation duration
of this last Subsegment.

If not present, the value is unknown.

NOTE If the value if @pdDelta is
smaller than zero then this results in a
gap at the end of the Period. If the value is
positive, it results in an overlap.
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Element or Attribute Name Use Description

@presentationDuration 0 specifies the presentation duration of the
Representation in the Period.

The value of the presentation duration in
seconds is the division of the value of this
attribute and the value of the @t imescale
attribute. Specifically, the sum of the value of
the @presentationTimeOffset,if
present, or 0 otherwise and the value OI this
attribute is the last presentation timet¢ be
presented for this Representation;

If not present on any level,-the value of|this

attribute is unknown and the Represenftation
should be presented mntil the end of th¢
Period, i.e. until the' presentation is terrinated
or until the next Period starts.

@timeShiftBufferDepth 0 specifies thesduration of the time shifting
buffer fofthis Representation that is

guarafiteed to be available for a Media
Presentation with type 'dynamic'. When not
present, the value is of the
@timeShiftBufferDepth on MAD level
applies. If present, this value shall be n¢t
smaller than the value on MPD level. This
value of the attribute is undefined if thg
@type attribute is equal to 'static'.

NOTE When operating in a time-ghift
buffer on a Representation with vdlue
larger than the time-shift buffer signalled
on MPD level, not all Representatigns are
necessarily available for switching]

@indexRange 0 specifies the byte range that contains the
Segment Index in all Media Segments of the
Representation.

The byte range shall be expressed and
formatted asabyte-range-spec as
defined in IETF RFC 7233:2014, subclapse 2.1.
It is restricted to a single expression

identifying a contiguous range of bytes

If not present, the value is unknown.

@indexRangeExact oD when setto 'true' specifies that for pll
Segments in the Representation, the data

. outside the prefix defined by @ indexRange
contains the data needed to access all access
units of all media streams syntactically and
semantically.

default
"false'

This attribute shall not be present if
@indexRange is absent.
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Element or Attribute Name Use Description
@availabilityTimeOffs 0 specifies an offset to define the adjusted
et segment availability time. The value is
specified in seconds, possibly with arbitrary
precision.

The offset provides the time how much earlier
these segments are available compared to
their computed availability start time for all
Segments of all associated Representation.

The segment availability start time defined,by
this value is referred to as adjusted segment
availability start time. For details on
computing the adjusted segmentavailability
start time, refer to subclause 5.3.9.5.

If not present, no adjusted segment availability
start time is defined.

NOTE The valug'of "INF" implies

availability.ofall segments starts at
MPD@ayailabilityStartTime.

@availabilityTimeComp 0 specifiesifiall Segments of all associated
lete Représentation are complete at the adjusted
availability start time. The attribute shall be
ignored if lavailabilityTimeOffset
is not present on any level.

If not present on any level, the value is
inferred to true.

NOTE If the value is set to false, then it
can be inferred by the client that the
Segment is available at its announced
location prior being complete.

Initialization 0..1 specifies the URL including a possible byte
range for the Initialization Segment.

For the type definition, refer to Table 18.

RepresentationIndex 0..1 specifies the URL including a possible byte
range for the Representation Index Segment.

For the type definition, refer to Table 18.

FailoverContent 0..1 specifies times where the content has been
replaced by failover content, for example
because of an encoder error.

For details refer to subclause 5.3.9.7.

Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.
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Table 17 — Semantics of MultipleSegmentBaselnformation type

022(E)

Element or Attribute Name

Use

Description

MultipleSegmentBaselnformation

specifies multiple Segment base inform

ation.

@duration

If present, specifies the constant approximate

Segment duration.

All Segments within this Representation

element have the same duration unless

last Segment within the Period, which
significantly shorter.

The value of the duration in seconds is
division of the value of this-attribute an|
value of the @t imescale-attribute

associated to the containing Represent

For more details{Tefer to subclause 5.3

it is the
an be

the
d the

ation.

9.5.3.

@startNumber

specifies the number of the first Media
Segmentinthis Representation in the B

For détails, refer to subclause 5.3.9.5.3.

eriod.

@endNumber

spécifies the number of the last Media
Ségment in this Representation in the B

If not present, the number is inferred ff
duration of the Period.

For details refer to 5.3.9.5.3.

eriod.

om the

Segment Base Information

specifies Segment base information.

SegmentTimeline

0..1

specifies the timeline of arbitrary Segm|
durations

For more details, see subclause 5.3.9.6.

ent

BitstreamSwitching

specifies the URL including a possible b
range for the Bitstream Switching Segni

For the type definition, refer to Table 1

yte
ent.

Key

For attributes¢M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.
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Table 18 — Semantics of elements of type URLType

Element or Attribute Name Use Description
Element of type URLType defines an HTTP-URL
@sourceURL 0 specifies the source URL part and shall be formatted

either as an <absolute-URI> according to

IETF RFC 3986:2005, subclause 4.3, with a fixed
scheme of “http” or “https” orasa<relative-ref>

according to IETF RFC 3986:2005 subclause 4.2.

If not present, then any BaseURL element is mapped
to the @sourceURL attribute and the range attribute
shall be present.

@range 0 specifies the byte range restricting the abeve HTTP-
URL.

The byte range shall be expressedand formatted as a
byte-range-spec as defined'in

IETF RFC 7233:2014 subclause 2.1. It is restricted to a
single expression identifying a contiguous range of
bytes.

If not present, theelement refers to the entire resource
referenced in the @ sourceURL attribute.

5.3.9.2.3 XML-Syntax

<xs:lcomplexType name="SegmentBaseType">
xs:annotation>
<xs:documentation xml:lang="en">
Segment information base
/xs:documentation>
/xs:annotation>
XS :sequence>
<xs:element name="Initializagfien" type="URLType" minOccurs="0"/>
<xs:element name="RepresegmtgtionIndex" type="URLType" minOccurs="0"/>
<xs:element name="Failovex@ontent" type="FailoverContentType" minOccurs="0"/>
<xs:any namespace="##@ther" processContents="lax" minOccurs="0"
maxOccurp="unbounded" />
/xs:sequence>
xs:attribute name="timdscple" type="xs:unsignedInt"/>
xs:attribute name="eptDelta" type="xs:integer"/>
xs:attribute name=pp8belta" type="xs:integer"/>
xs:attribute namg¥'presentationTimeOffset" type="xs:unsignedLong"/>
xs:attribute nap€3l''presentationDuration" type="xs:unsignedLong"/>
xs:attribute Jamge="timeShiftBufferDepth" type="xs:duration"/>
xs:attribut&drame="indexRange" type="SingleRFC7233RangeType"/>
xs:attribyuté~name="indexRangeExact" type="xs:boolean" default="false"/>
xs:attrilute name="availabilityTimeOffset" type="xs:double"/>
xs:att®ifBute name="availabilityTimeComplete" type="xs:boolean"/>
xs:anyAttribute namespace="##other" processContents="lax"/>
</xgl: gemplexType>
<xs:complexType name="MultipleSegmentBaseType">
<xs:annotation>
<xs:documentation xml:lang="en">
Multiple Segment information base
</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="SegmentBaseType'">
<xs:sequence>
<xs:element name="SegmentTimeline" type="SegmentTimelineType"

minOccurs="0"/>
<xs:element name="BitstreamSwitching" type="URLType" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="duration" type="xs:unsignedInt"/>
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<xs:attribute name="startNumber" type="xs:unsignedInt"/>
<xs:attribute name="endNumber" type="xs:unsignedInt"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="URLType'">
<xs:annotation>
<xs:documentation xml:lang="en">
Segment Info item URL/range
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xXs:any namespace="##other" processContents="1ax" minOccurs="0"

022(E)

hxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="sourceURL" type="xs:anyURI"/>
<xs:attribute name="range" type="SingleRFC7233RangeType"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:simpleType name="SingleRFC7233RangeType">
<xs:restriction base="xs:string">
<xs:pattern value="([0-9]%*) (\=([0=-9]%*))2"/>
</xs:restriction>
</xs:simpleType>
5.3.9.3 Segment list
§.3.9.3.10verview
The Segment list is defined by a SegmentList element.Each SegmentList element itself cgntains a
list of SegmentURL elements for a consecutive list of Segment URLs. Each Segment URL may contain the
Media Segment URL and possibly a byte range. The Segment URL element may also contain an Index
Segment.
The semantics of the attributes and elements-for the Segment list are provided in subclause $.3.9.3.2,
Table 19. The XML syntax of the Segment Information is provided in subclause 5.3.9.3.3.
§.3.9.3.2 Semantics
Table-19— Semantics of SegmentList element
Element or Attribute Name Use Description
SegmentListy specifies Segment information.
@xlinkthref 0 specifies a reference to a remote element
entity that contains one or multiple elements
of type SegmentList.
@xlink:actuate oD specifies the processing set, can be either
"onl "or "onR .
default: onLoad"or "onRequest
"onRequest"
MultipleSegmentBaselnforma Multiple Segment hase information as defined
tion in subclause 5.3.9.2, Table 17.
SegmentURL 0..N specifies a Media Segment URL and a possibly
present Index Segment URL
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Element or Attribute Name

Use

Description

@media

in combination with the @mediaRange
attribute, specifies the HTTP-URL for the
Media Segment.

It shall be formatted as an <absolute-
URI> according to IETF RFC 3986:2005,
subclause 4.3, with a fixed scheme of “http” or
“https” orasa<relative-ref> according

to IETF RFC 3986:2005, subclause 4.2.

If not present, then any BaseURL element is
mapped to the @media attribute andthe
range attribute shall be present.

@mediaRange

specifies the byte range withjn'the resource
identified by the @media ¢orresponding to
the Media Segment.

The byte range shall be expressed and
formatted as a byte-range-spec as
defined in IETF RFC 7233:2014, subclause 2.1.
It is restricted)to a single expression
identifying a contiguous range of bytes.

If not'present, the Media Segment is the entire
resource referenced by the @media attribute.

@index

in combination with the @indexRange
attribute, specifies the HTTP-URL for the
Index Segment.

It shall be formatted as an <absolute-
URI> according to IETF RFC 3986:2005,
subclause 4.3, with a fixed scheme of “http” or
“https” orasa<relative-ref> according
to IETF RFC 3986:2005, subclause 4.2.

If not present and the @indexRange not
present either, then no Index Segment
information is provided for this Media
Segment.

If not present and the @indexRange
present, then the @medi a attribute is
mapped to the

@index.If the @media attribute is not
present either, then any BaseURL element is
mapped to the @index attribute and the

@indexRange attribute shall be present.

80
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Element or Attribute Name Use Description

identified by the @1index correspondi

it specifies the byte range of the Segme
Index in Media Segment.

The byte range shall be expressed and

@indexRange 0 specifies the byte range within the resource

the Index Segment. If @index is not present,

formatted asabyte-range-spec as

ng to

nt

defined in IETF RFC 7233:2014, subclal
It is restricted to a single expression
identifying a contiguous range of bytes

If not present, the Index Segment is the
resource referenced by the-@index af

use 2.1.

entire
tribute.

Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

The conditions only hold without using @x1ink:href. If linking is used)then all attributes are "option:
<minOccurs=0>.

Elements are bold; attributes are non-bold and preceded with an'@.

]" and

3.3.9.3.3 XML-Syntax

<xs:complexType name="SegmentListType">
<xs:annotation>
<xs:documentation xml:lang="en">
Segment List
</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="MultlwpleSegmentBaseType">
<xs:sequence>
<xssedement name="SegmentURL" type="SegmentURLType" minOd
bxOccurs="unbounded" />
</xs:seguence>
<xs:atXibute ref="xlink:href"/>
<xsf{aftribute ref="xlink:actuate" default="onRequest"/>
<A(s:dttribute ref="xlink:type" fixed="simple"/>
<xSTattribute ref="xlink:show" fixed="embed"/>
</xsyextension>
</xs:complexContent>
</xs:complexType>
<xs:compleXflype name="SegmentURLType">
<xs:aApotation>
<xs:documentation xml:lang="en">
Segment URL
</x%S:documentation>
%/xs:annotation>
<xs:sequence>
<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbd

curs="0"

unded" />

</xS:sequence>

<xs:attribute name="media" type="xs:anyURI"/>

<xs:attribute name="mediaRange" type="SingleRFC7233RangeType" />

<xs:attribute name="index" type="xs:anyURI"/>

<xs:attribute name="indexRange" type="SingleRFC7233RangeType" />

<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
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5.3.9.4 Segment template
5.3.9.4.10verview

The Segment template is defined by the SegmentTemplate element. In this case, specific identifiers
that are substituted by dynamic values assigned to Segments, to create a list of Segments. The substitution
rules are provided in subclause 5.3.9.4.4.

The semantics of the attributes and elements for the Segment list are provided in subclause 5.3.9.4.2,
Table 20. The XML syntax of the Segment Information is provided in subclause 5.3.9.4.3.

5.3.9.4.2 Semantics

Table 20 — Semantics of SegmentTemplate element

Element or Attribute Name Use | Description
SegmentTemplate specifies Segment template information.
MultipleSegmentBaselnformation Provides the Multiple Segment base information
as defined in subclause 5.3:92.
@media 0 specifies the templatéto“create the Media
Segment List.

For more detdils, refer to subclause 5.3.9.4.4.

@index 0 specifies the'template to create the Index
Segment List. If neither the §Number$ nor the
$Time¥identifier is included, this provides the
UREto a Representation Index.

For more details, refer to subclause 5.3.9.4.4.

@initialization o specifies the template to create the Initialization
Segment. Neither $Number$ nor the $Time$
identifier shall be included.

For more details, refer to subclause 5.3.9.4.4.

@bitstreamSwitching 0 specifies the template to create the Bitstream
Switching Segment. Neither $Number$ nor the
$Time$ identifier shall be included.

For more details, refer to subclause 5.3.9.4.4.

Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elethents: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.

5.3.9.4.3 XML syntax

<xs:complexType name="SegmentTemplateType">
<xs:annotation>
<xs:documentation xml:lang="en">
Segment Template
</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="MultipleSegmentBaseType">
<xs:attribute name="media" type="xs:string"/>
<xs:attribute name="index" type="xs:string"/>
<xs:attribute name="initialization" type="xs:string"/>
<xs:attribute name="bitstreamSwitching" type="xs:string"/>
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</xs:extension>
</xs:complexContent>
</xs:complexType>

5.3.9.4.4 Template-based Segment URL construction

The SegmentTemplate@media attribute, the SegmentTemplate@index  attribute, the
SegmentTemplate@initialization attribute and the
SegmentTemplate@bitstreamSwitching attribute each contain a string that may contain one or

1UI'T Uf t}lC idClltifiCl D dd hatcd ill Ta]u}t: 21-
h each URL, the identifiers from Table 20 shall be replaced by the substitution parameter, de¢fined in
able 16. Identifier matching is case-sensitive. If the URL contains unescaped $ symbols which do not
nclose a valid identifier, then the result of URL formation is undefined. In this case, it\is expe¢ted that
he DASH Client ignores the entire containing Representation element and the processing of the MPD
ontinues as if this Representation element was not present. The formatyof'the identifiegr is also
pecified in Table 21.

O ct O — =

ach identifier may be suffixed, within the enclosing '$' characters, with @n’additional format tag aligned
Vith the printf format tag as defined in IEEE 1003.1-2008[19 following this prototype:

%0 [width]d

<

he width parameter is an unsigned integer that provides-the minimum number of charactgrs to be
rinted. If the value to be printed is shorter than this number; the result shall be padded with zgros. The
alue is not truncated even if the result is larger.

alid Segment URLs.

trings outside identifiers shall only contairidcharacters that are permitted within URLs accgrding to

T

¢

V

The Media Presentation shall be authored such that@he application of the substitution process results in
V

S

IETF RFC 3986.

Table 21 — Identifiers for URL templates

$<Identifier>$ | Substitution parameter Format
33 [s anescape sequence, i.e. "$$" is replaced with a not applicable
single-”$"
$RepresentationID$ _|(This identifier is substituted with the value of the The format tag shall not be
attribute Representation@id of the present.

containing Representation.

$Number$ This identifier is substituted with the number of the | The format tag may be present.
corresponding Segment, if $SubNumber$ is not

. . If no format tag is present, a
present in the same string. §1SP

default format tag with
If $SubNumber$ is present, this identifier is width=1 shall be used.
substituted with the number of the corresponding
Segment sequence. For details, refer to subclauses
5.3.9.6.4 and 5.3.9.6.5.
$Bandwidth$ This identifier is substituted with the value of The format tag may be present.

Representation@bandwidth attribute value. .
If no format tag is present, a

default format tag with
width=1 shall be used.
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$<Identifier>$ | Substitution parameter Format

$

Time$ This identifier is substituted with the value of the The format tag may be present.
MPD start time of the Segment being accessed. For
the Segment Timeline, this means that this identifier
is substituted with the value of the
SegmentTimeline@t attribute for the
Segment being accessed. Either SNumbers$ or
$Time$ may be used but not both at the same time.

If no format tag is present, a
default format tag with
width=1 shall be used.

$SuhNumber$ This identifier is substituted with the number of the | The format tag may be present:
corresponding Segment in a Seqment Sequence. This .
) o e If no format tag is present,‘a
identifier shall only be present if either $Numbers$ or .
. . default format tag with
$Time$ are present as well. For details, refer to width=1 shall be used
subclauses 5.3.9.6.4 and 5.3.9.6.5. - '
5.3.9.5 | Segment information

5.3.9.5.1 Overview
The Seginent Information provides the following information:

— the presence or absence of Initialization, Index and Bitstream Switching-Segment information,

— the HTTP-URL and possibly a byte range for each accessible Seginent in each Representation, or thee
Segiment directly in the MPD as a data URL as defined in IETEREC 2397,

— allv

— for

availability end time of each Segment,

— an g
time

The der
element
5.3.9.5.3
as defing
URLs.

5.3.9.5.]
Each Re

The ¢
Segmen

alid Segment URLs declared by the containing MPD,

[

services with MPD@type="'dynamic', the_Segment availability start time and Segmen

pproximate Media Presentation start‘time of each Media Segment in the Media Presentation
line within the Period.

vation of Initialization, Medja; Index and Bitstream Switching Segment Information from thie
5 SegmentBase, SegmentList and SegmentTemplate is provided in subclauses 5.3.9.5.2,
5.3.9.5.4 and 5.3.9.5.5. Reference resolution as defined in subclause 5.6.4 and base URL selectioh
bd in subclause 5.6.5 using BaseURL elements as defined in subclause 5.6 shall be applied to any

P Initialization Segment information
bresentation has assigned at most one Initialization Segment.

resence. - of an Initialization Segment is indicated by the presence af

Segmen

tBase.Initialization, SegmentList.Initialization, t
tTemplate.Initialization element or the SegmentTemplate@initializatio

attribute that may contain URL and byte range information or URL construction rules for the Initialization
Segment.

If neither Initialization element nor SegmentTemplate@initialization attribute are
present for a Representation then each Media Segment within the Representation shall be self-initializing.

For services with MPD@type="dynamic', the Segment availability start time of the Initialization
Segment is the sum of the value of the MPDRavailabilityStartTime and the PeriodStart time as

defined

84

in subclause 5.3.2.1 of the containing Period and the Segment availability end time of the
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Initialization Segment is the largest Segment availability end time of any Media Segment in this
Representation. For Segment availability of Media Segments, refer to subclause 5.3.9.5.3.

The data structures retrieved from the Initialization URL are defined in subclause 6.2.2.

5.3.9.5.3Media Segment information

If a Representation consists of more than one Media Segment, then this Representation has assigned a
list of consecutive Media Segments. The list may be specified explicitly by one or more SegmentList
elements or implicitly by a SegmentTemplate element.

Hach entry in this Media Segment list has assigned the following parameters:

a valid Media Segment URL and possibly a byte range,
—+ the number and position of the Media Segment in the Representation,

—+ the MPD start time of the Media Segment in the Representation providing an appioximate
presentation start time of the Segment in the Period,

-+ the MPD duration of the Media Segment providing an approxiniate presentation duratign of the
Segment.

he MPD start time and the MPD duration may be approximate and do not necessarily reflect the exact
ledia Presentation time. For more details on the relation‘of) MPD start times and Media Presentation
me, refer to subclause 7.2.1.

(|

[l

h order to obtain the list of Media Segment URLs, i.e. the URL for each Segment at a specific position k in
he list based on the Segment Information, the following shall apply:

—t

—+ If SegmentTemplate element is preseiit, the Template-based Segment URL construction in
subclause 5.3.9.4.4 shall be applied as follows.

— If the Representation contains-or inherits a SegmentTemplate element with $Number$ then
the URL of the Media Segment at position k in the Representation is determined by replacing
the $Number$ identifier by (k-1) + (Kstar—1) with ksare the value of the @startNumber
attribute, if present, or 1 otherwise.

— If the Representation contains or inherits a SegmentTemplate element with $Time$ then the
URL of the-media segment at position k is determined by replacing the $Time$ identifier by
MPDstart time of this segment, as described below.

-+ If one or<more SegmentList elements are present then they contain a list of SegmentURL
eleménts for a consecutive list of Media Segment URLs. The number of the first Segment in the list
within this Period is determined by the value of the SegmentList@startNumber attfibute, if
present, or it is 1 in case this attribute is not present. The sequence of multiple SegmentList

a Representation sha & n Viedla Segmen Alth conse e nhumabpers.

— None of the above: in this case, only a single Media Segment shall be present with the URL provided
by a BaseURL element and the SegmentBase element may be present.

For the derivation of the MPD start time and duration of each Media Segment in the list of Media
Segments, the position k of the Media Segment and the following information are used.

— If neither @duration attribute nor SegmentTimeline element is present, then the
Representation shall contain exactly one Media Segment. The MPD start time is 0 and the MPD
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duration is obtained in the same way as for the last Media Segment in the Representation (see below
for more details).

— If @duration attribute is present, then the MPD start time of the Media Segment is determined as
(Number-Numbersurt) times the value of the attribute @duration with Numbers.r: the value of the
@startNumber attribute, and Number the segment number [e.g. (k-1) + Numbersir]. The MPD
duration of the Media Segment is the value of the attribute @duration unless the Media Segment is
the last one the Representation (see below for more details).

—

— If @Qdluration attribute is not present and the SegmentTimeline element is present then rules i
subg¢lause 5.3.9.6 apply to determine the start time and duration of each Media Segment in the Medi
Segment list.

[2¥)

— To determine the duration of the only or the last Media Segment of any Representation-in a Period
the MPD shall include sufficient information to determine the duration of the containihg Period. Fo
example, the MPD@mediaPresentationDuration, or Period@durafion, or ney
Period@start may be present. The Media Presentation author should always provide a Segmer]
as indicated by the duration of the Period, even if the Segment may not centain any media samples.
If the content author provides a different number of Segments as nominally derived, it should add
the fendNumber attribute to provide the number of the last segmerit ih the Period. The value of thie
@enjdNumber should differ by at most 1 from the nominally derived value. A Segment with a number
gredter than the value of @endNumber is not valid.

<

~+ =+ =

For services with MPD@t ype="'dynamic', the Segment availability start time of a Media Segment is thie
sum of

— the yalue of the MPDRavailabilityStartTime)
— the PeriodStart time of the containing Period as‘defined in subclause 5.3.2.1,
— the MPD start time of the Media Segment,and
— the MPD duration of the Media Segment.
NOTE By adding the MPD-duration of the segment to the segment availability start time of the segmen|
the gegment availability start time of the first segment of each Period depends on the segment duration. Th

enables to provide segments’in Representations with shorter MPD duration earlier, for example to redug
latenpcy for certain Represéntations.

D »n I

The Segment availability end time of a Media Segment is the sum of the Segment availability start tim¢
the MPLJ duration.of the Media Segment and the value of the attribute @timeShiftBufferDepth fq
this Representation.

-

—

If the daailabilityTimeOffset attribute is present for a Representation in the Segmernt
Information or the BaseURL element, then the parameter availabilityTimeOffset is determined
as the sum of all values of @availabilityTimeOf fset onalllevels that are processed in determining
the URL for the corresponding segment. Then the adjusted segment availability start time is determined
by subtracting the value of availabilityTimeOffset from the Segment availability start time. This
adjusted segment availability start time provides a time instant in wall-clock time at which a Segment
becomes an available Segment. If the GavailabilityTimeComplete flag is set to false for such a
Representation on any level, then the entire Segment may not yet be fully available at the adjusted
segment availability start time. No promise how the Segment will be made available is provided in this
case. To signal the gradual availability of Segments over time, refer to subclause 5.3.12.1.
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The MPD shall include URL information for all Segments with an availability start time less than both (i)
the end of the Media Presentation and (ii) the sum of the latest time at which this version of the MPD is
available on the server and the value of the MPD@minimumUpdatePeriod.

The data structures retrieved from the URL referring to a Media Segment are defined in subclause 6.2.3.

5.3.9.5.4Index Segment information

Each Segment typically has assigned Segment Index information that may be provided in an explicitly
declared Index Segment.

The presence of explicit Index Segment information is indicated

— by the presence of one RepresentationIndex element providing the Segment index for the
entire Representation, or

—+ by the presence of at least one of the two attributes @index and @indexRange in the
SegmentList.SegmentURL element, or

-+ bythe presence of SegmentTemplate(index attribute. If either §NGmber$ or $Time$ arq present
the Template-based Segment URL construction in subclause 5.3.9.4:4 shall be applied with{number
set to the number of the corresponding Media, “Segment. If not present, the
SegmentTemplate@index attribute constitutes a reference‘to Representation Index.

The @indexRange attribute may also be used to provide the byte range for an index within|a Media
Segment, where this is allowed by the Media Segment format. In this case the @ index attribute ghall not
he present and the range specified shall lie completéely within any byte range specified for the Media
Segment.

The availability of Index Segments is identical t§'the availability to the Media Segments they corfrespond
tp.
T

he data structures retrieved from the URL referring to an Index Segment are defined in subclayse 6.2.4.

.3.9.5.5 Bitstream Switching Segment information

egment is only relevant incase the @bitstreamSwitching flagissetto 'true' and may enable the

5

Hach Representation has assigned at most one Bitstream Switching Segment. The Bitstream Sitching
S

dreation of a conforming(Segment track for Segments from different Representations.

The presence ofca~/Bitstream Switching Segment is indicated by the presence |of the
BitstreamSwiteching element or the SegmentTemplate@bitstreamSwitching attriBute that
that may contain URL and byte range information or construction rules for the URL.

I neither \BitstreamSwitching element nor SegmentTemplate@bitstreamSwiljtching
:rtribute are present for a Representation and the @bitstreamSwitchingflagissetto 'trug¢', there
re mo'‘Bitstream Switching Segments.

The Segment mmilahi]ify time of the Bitstream Qulifr'hing Segmentis identical to the gne cppr‘iﬁn for the

Initialization Segment in subclause 5.3.9.5.2.

The data structures retrieved from the URL referring to a Bitstream Switching Segment are defined in
subclause 6.2.5.
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5.3.9.6 Segment timeline
5.3.9.6.1 General

The SegmentTimeline element expresses the earliest presentation time and presentation duration (in
units based on the @timescale attribute) for each Segment in the Representation. The use is an
alternative to providing the @duration attribute and provides four additional features:

— the specification of arbitrary Segment durations,

— the ppecification of accurate Segment durations for one media stream where the duration expresses
pregentation duration of the Segment, and

— the pignalling of discontinuities of the Media Presentation timeline for which no Segment data are
pregent in a specific Representation.

[

— the |ability to signal Segment sequences. For more details, refer to subclause(5.3.9.6.4. Segmer]
seqiiences shall only be used if explicitly permitted by the profile in use.

-

For comjpactness, the syntax of this element includes run-length compression'to express a sequence (
Segments having constant duration.

The SegmentTimeline element shall contain a list of S elements each)of which describes a sequende
of contiguous segments of identical MPD duration. The S elementcontains a mandatory @d attribute
specifying the MPD duration, an optional @r repeat count attribute specifying the number of contiguous
Segments with identical MPD duration minus one and an optional @t time attribute. The value of the @
attribute¢ minus the value of the @presentationTimeOffset specifies the MPD start time of the firgt
Segment in the series.

The @r attribute has a default value of zero (i.e., a-sihgle Segment in the series) when not present. Fg
exampld, a repeat count of three means there are four contiguous Segments, each with the same MP
duration]. The value of the @r attribute of the S élement may be set to a negative value indicating that t
duratior] indicated in @d repeats until the S@t of the next S element or if it is the last S element in t
SegmentTimeline element until the end of the Period or the next update of the MPD, i.e. it is treate
in the same way as the @duration attribute for a full period.

o=

o0

Any @d yalue shall not exceed the value of MPD@maxSegmentDuration.

The @d |attribute shall represent the accurate presentation duration of the Segment except for thie
following conditions are niet:

— the @availabilityTimeOffset is present for the Representation,
— the @availabilityTimeComplete is set to FALSE for the Representation,

— the’S\element is the one with the largest S@t value in the MPD, and

— the non-adjusted segment availability time of the Segment is greater than or equal to the publish
time of the MPD.

This means that for such a Segment, the @d attribute may be updated with a new version of the MPD, or
a new S element may be added to reflect a different duration of the Segment than the nominal one. A
DASH Client should not rely on nominal segment durations for the derivation of Segment addresses in
the case the $Time$ identifier is present, but instead the duration of the Segment may be derived by
parsing the Segment and determining the value or by updating the MPD after the non-adjusted segment
availability time.
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The textual order of the S elements within the SegmentTimeline element shall match the numbering (and
thus time) order of the corresponding Media Segments.

When the SegmentTemplate is in use and the $Time$ identifier is present in the
SegmentTemplate@media then

— If a Segment Index ('sidx') box is present, then the values of the SegmentTimeline shall
describe accurate timing of each Media Segment. Specifically, these values shall reflect the
information provided in the Segment index (' sidx ') box, i.e.

— the value of @Rtimescale shall be identical to the value of the timescale field dn|the first
'sidx"' box,

— the value of S@t shall be identical to the value of the earliest presentation timeinthe
first ' sidx' box of the Media Segment described in S,

— the value of S@d shall be identical to sum of the values of all Subsegment duration|fields in
the first ' sidx' box of the Media Segment described in S.

-+ IfaSegmentIndex ('sidx ') boxis not present, then the derivation of the earliest presentation time
shall be based on the media internal data. The details depend on the segment format in{use and
further restriction on the segment format may apply.

-+ The Segment URL for a Media Segment is obtained by réeplacing the $Time$ identifier by the earliest
presentation time obtained from the SegmentTimeline.

NOTE As the earliest presentation time of the next Media Segment in the same Representati¢gn can be
derived from the actual Media Segment, e.g. by the use of the Segment Index, the Segment URL can be generated
without reading of the updated MPD that contains the update to the Segment Timeline.

The semantics of the attributes and elements for Segment Timeline are provided in subclause $.3.9.6.2,
able 22. The XML syntax of the Segment Timeline is provided in subclause 5.3.9.6.3.

—

5.3.9.6.2 Semantics

Table 22 — Semantics of SegmentTimeline element

Element or Attribute'Name Use Description
SegmentTimeline specifies the Segment timeline information
S 0.N specifies Segment start time and duration for &

contiguous sequence of segments of identical
durations, referred to as series in the followin

T

B

NOTE The S elements are ordered in sequence
of increasing vatues of the attribute @t
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Element or Attribute Name Use Description

@t 0 this value of this attribute minus the value of the
@presentationTimeOffset specifies the
MPD start time, in @t imescale units, of the first
Segment in the series. The MPD start time is relative
to the beginning of the Period.

The value of this attribute shall be equal to or greater
than the sum of the previous S element earliest
presentation time and the sum of the contiguous
Segment durations.

If the value of the attribute is greater than whatis
expressed by the previous S element, it expresses

discontinuities in the timeline.

If not present, then the value shalldbe-assumed to be
zero for the first S element and(for the subsequent S
elements, the value shall be .assumed to be the sum of
the previous S element's garliest presentation time

and contiguous durationi.e. previous
SQ@t +@d *(@r+ 1.

@n 0 specifies the Segment number of the first Segment in
the series.

The value'of this attribute shall be at least one
greater than the number of previous S elements plus
the

@startNumber attribute value, if present. If the
Value of @n is greater than one plus the previously
calculated Segment number, it expresses that one or
more prior Segments in the timeline are unavailable.

@d M specifies the Segment duration or the duration of a
Segment sequence, in units of the value of the
@timescale.

@k oD specifies the number of Segments that are included in

a Segment Sequence. The attribute shall not be

default: 1 present unless explicitly permitted by the profile.
For more details, refer to subclause 5.3.9.6.3.
@r oD specifies the repeat count of the number of following
default: 0 contiguous Segments or Segment Sequences with the

same duration expressed by the value of @d. This
value is zero-based (e.g. a value of three means four
Segments or Segment Sequences in the contiguous
series). A negative value of the @r attribute of the S
element indicates that the duration indicated in @d
attribute repeats until the start of the next S element,
the end of the Period or until the next MPD update.
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Element or Attribute Name Use Description

Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.

5.3.9.6.3 XML syntax

<xs:complexType name="SegmentTimelineType">
<xs:annotation>
<xs:documentation xml:lang="en">
Segment Timeline
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="S" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="t" type="xs:unsignedLongi/>
<xs:attribute name="n" type="xs:unsignedLoad!" />
<xs:attribute name="d" type="xs:unsignedhO€g" use="required"/>
<xs:attribute name="r" type="xs:integep®\default="0"/>
<xs:attribute name="k" type="xs:unsigm&dfong" default="1"/>
<xs:anyAttribute namespace="##otherY processContents="1lax"/>
</xs:complexType>
</xs:element>
<xs:any namespace="##other" processContentssAMx" minOccurs="0" maxOccurs="unbdunded" />
</xs:sequence>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

§.3.9.6.4 Segment Sequences

Segment sequences in the Segment Timelinedmay be signalled with including a @k attribute|in the S
element of the SegmentTimeline. The @k shall only be present if all of the following requirements
are fulfilled:

— the addressing scheme for the\associated Representation is using Segment template with either
$Numbers$ or hierarchical templating and sub-numbering as defined in subclause 5.3.9.6.5,

-+ the profile explicitly allows the usage of Segment sequences.

f @k is present and¢greater than 1, then it specifies that sequence described by @d is accurate in timing
ut contains @k Segments.

I

o

The MPD duratien of the Segment is determined as the integer value of @d divided by the value df @k and
determines\the MPD start time and therefore the Segment availability start time. MPD duratign of the
Segments:is not required to exactly match the media duration of the Segments.

T

q

he’integer of the quotient of the value of @d and the value of @k of any S element shall not exceed the

otient of A and tha e of Al min of anuv aotha element in the Seaman moline

The concatenation of all Segments in a Segment sequence shall have an accurate segment duration
according of the value of @d.

Any Segment in a Segment sequence may carry inband events.

5.3.9.6.5 Hierarchical Templating and Sub-Numbering

If the Segment template contains a $SubNumber$ value and a Segment Timeline signalling with Segment
sequence is used, then
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— if $Time$ is present, the $Time$ is replaced with the earliest presentation time of the Segment
sequence for all Segments in the Segment Sequence,

— if SNumber$ is present, the $Numbers$ is replaced with the number of the Segment sequence, i.e.
with the number as if every Segment sequence in the Segment timeline is treated as single Segment,

— and

in both cases the $SubNumber$ is replaced with the Segment number of the Segment Sequence,

with 1 being the number of the first Segment in the sequence.

NOTE The earliest presentation time of the next Segment Sequence in the same Representation canb

deri
the

BMHF, this can be accomplished by summing the track runs of segments in the seqment sequence.

5.3.9.7

5.3.9.7.1 General

In certa

represerLted, for example due to errors in the content ingest or encoding. However, at least at the DAS

level, th
includin

The FailloverContent element enables identification of such seétions of Representations that include

alternat
Represe

The Fai
element
alternat

minus the value of the @presentationTimeQffset specifies the MPD start time of the alternativie

content

The sem
XML syn

5.3.9.7.]

= O

Ved from the sum of the earliest presentation time of the current Segment Sequence and the duration
begment resulting from the concatenation of all Media Segments in a Segment Sequence. In caSe“ef ISP

Failover Content Signalling

n cases, a time-continuous section of a Representation or an Adaptation Set is not proper]

<]

content may be offered properly by adding a Missing Segments as defined in 6.2.6 or b
b content that is encoded but representing some failover contentinstead of the main content.

<

ve “failover content” and should be avoided by the DASH:Client, for example by switching to p
htation that does not include such failover content.

loverContent element contains a list of failovercontent sections, each expressed by one FCS
The FCS element contains an optional @dl\attribute specifying the MPD duration of the
ve content section and a mandatory @t time attribute whereby the value of the @t attribute

section.

antics of the attributes and elements for failover content are provided in 5.3.9.7.2, Table 23. The
tax of the Failover Content signalling is provided in 5.3.9.7.3.

P Semantics

Table\23 — Semantics of FailoverContent element

Elemen

t or Attribute Name Use Description

FailoverContent

specifies sections that contain failover content.

@valid OD
default:
true

specifies whether the corresponding data results in
avalid HTTP request or if the request is invalid and
it is expected that a 404 is received when requesting

tha accaciatad Madia Seaomant

Sy Ot rre g e ot g e

FCS 1.N specifies one continuous section of failover content.

et M this value of this attribute minus the value of the

@presentationTimeOffset specifies the MPD
start time, in @t imescale units, of the first sample
in the alternative content section.

The value of this attribute shall be equal to or
greater than the sum of the previous FCS element

92
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earliest presentation time and the sum of the
contiguous section durations.

@d 0
units of the value of the @t imescale.

until the start of the next FCS element, or until

whichever occurring first in the timeline.

specifies the alternative content section duration in

If not present, the alternative content section lasts

end of the Period or until the end of MPD duration,

the

Legend:
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally manda
For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.

tory.

3.3.9.7.3 XML syntax

<xs:complexType name="FailoverContentType">
<xs:annotation>
<xs:documentation xml:lang="en">
Failover Content
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="FCS" maxOccurs="unboundedx
<xs:complexType>
<xs:attribute name="t" type¥"xs:unsignedLong" use="required"/>
<xs:attribute name="d" tyRe="xs:unsignedLong"/>
<xs:anyAttribute namespdee="##other" processContents="lax"/>
</xs:complexType>
</xs:element>
<xs:any namespace="##other" proces¥Contents="lax" minOccurs="0" maxOccurs="unbd
</xs:sequence>
<xs:attribute name="valid" type="xsi®ReOlean" default="true"/>
<xs:anyAttribute namespace="##other™ processContents="1lax"/>
</xs:complexType>

(41 ]

.3.10 Label and Group Label

.3.10.1 Overview

abels provide the ability-to annotate data structures in a DASH Media Presentation by providin
extual description of-the parent element. Labels can be used for the purpose of interact
onfiguration settings within a DASH Client or associated application. For example, the Label
an be used to.provide a selection menu to the user.

Q O o — N

roupLabel may be added on a higher level to provide a summary or title of labels collected in
or example, GroupLabel can be used as the title on a selection menu containing a collection d

abeéls with the same value for the @id attribute belong to a label group. All labels with the sz
allhe on the same level in the MPD

L= = Q)

unded" />

b a short
ion and
element

a group.
flabels.

me @id

The @lang attribute assigned to a label describes the language of that label. For example, the @1ang

attribute can be used by the DASH Client to filter labels according to user language preferences.

The semantics of the label element and the group label element are provided in Table 24 and Table 25,

respectively, in subclause 0, the XML syntax is provided in subclause 5.3.10.3.
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5.3.10.2 Semantics

Table 24 — Semantics of Label element

Element or Attribute Name Use Description
Label The label and the actual text of the label that
annotates the element in the DASH Media
Presentation
@id 0D An identifier for the label. L.abels with the same
default: 0 value for this attribute belong to a label group.
@lanhg 0 Specifies the language of the label. If not present,

the language of the label is unknown.

Table 25 — Semantics of GroupLabel element

Element or Attribute Name Use Description
GrouplLabel The actual text of the groupabel that annotates the
element in the DASH Media ‘Presentation
@id oD An identifier for the group label. The value for this
default: 0 attribute shall be uhique for all group labels in the

MPD. The valué€.of this attribute shall be the same
as the id attribute of all Label elements in the label
group.

@lanhg 0 Specifies the language of the label. If not present,
thelanguage of the label is unknown.

5.3.10.3 XML Syntax

<xs:lcomplexType name="LabelType">
xs:annotation>
<xs:documentation xml:lang="en">
Label and Group Label
/xs:documentation>
/xs:annotation>
xs:simpleContent>
<xs:extension base="gs\N\string">
<xs:attribyt@®“ame="1id" type="xs:unsignedInt" default="0"/>
<xs:attrifbut€ name="lang" type="xs:language"/>
<xs:anyAt®ribute namespace="##other" processContents="lax"/>
</xs:extension>
/xs:simpleContents
</xs|: complexType>
<xs:|complexType nafne¥"ProducerReferenceTimeType">
xs:annotatidns
<xs:\delumentation xml:lang="en">
Pfoducer Reference time
/xs:dogum&ntation>
/xs;dimdtation>
xsfS3equence>
<xs:element name="UTCTiming" type="DescriptorType" minOccurs="0"/>
XSTany Namespace="##0OTNEr ™ PLOCESSCONTENTS="1ax ™ MiNUCCUrs="0U  MaxUCCUrs="unbounded
</xs:sequence>
<xs:attribute name="id" type="xs:unsignedInt" use="required"/>
<xs:attribute name="inband" type="xs:boolean" default="false"/>
<xs:attribute name="type" type="ProducerReferenceTimeTypeType" default="encoder"/>
<xs:attribute name="applicationScheme" type="xs:string"/>
<xs:attribute name="wallClockTime" type="xs:string" use="required"/>
<xs:attribute name="presentationTime" type="xs:unsignedLong" use="required"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
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5.3.11 Preselection

5.3.11.1 Overview

The concept of Preselections was initially considered for the purpose of enabling Next Generation Audio
(NGA) codecs to signal suitable combinations of audio elements that are offered in different Adaptation
Sets. However, the Preselection concept is introduced in a generic manner such that it can also be
applicable to and used by other media types and codecs.

Preselections define user experiences that can be selected by the DASH Client. Each Preselection is
niquety [dentiffable and distinguishable, e.g- by language. A Presetection encompasses a subset pf media
domponents such that the media components can be selected and combined into a complete experience.

Hreselections can be used to reference a set of Representations from multiple Adaptation Sets inforder to
pgroduce a complete experience. Preselections can also be used to indicate a pre-defined experience at the
elementary-stream level, i.e. the DASH Client can select a pre-defined experience’and proviides the
selection to the media engine.

Hreselections may be uniquely identified by a Preselection Tag. Users/Codecs using this Tag functionality
dre encouraged to provide more information on how tags defined in the MPD map to functionality in the
specific codec.

Hreselections have equivalent annotation parameters to Adaptatien'Sets and are always assignedl exactly
dne media type.

Media components can be mapped to Adaptation Sets in mailtiple ways:

1. by aone-to-one mapping between media components and Adaptation Sets;
2. Dby the inclusion of multiple media componentsin a single Adaptation Set where all encqded
versions of the media components are multiplexed on the file-container level;
3. by the inclusion of multiple media components in a single Adaptation Set where all encqded
versions of the media components aré‘multiplexed on the elementary-stream level.

F the Adaptation Set contains a single media component, then the media component can be referenced
y the @id of the Adaptation Set.

3 —

F the Adaptation Set contains multiple media components multiplexed on the file-container leyel, then
ach media component is mapped to a Content Component as defined in 5.3.4. For example, in} the ISO
MFF case, a Representation/contains multiple tracks and each track is mapped to a Content Component.
herefore, media components can be referenced by the @id of an Adaptation Set or the @id of afContent
omponent. WhencCPRreselections reference Content Components, the @id of Adaptation $ets and
ontent Componénts shall be unique within the scope of a Period.

OO0 ;o =

If the Adaptation Set contains multiple media components multiplexed at the elementary-stregm level,
then a pre-defined experience is referenced by the Preselection. For example, in the ISO BMFF case, a
Hepresentation contains a single track of multiple media components that is referenced by the @j d of the
Adaptation Set. Multiple Preselections can reference the Adaptation Set and select a prel-defined
experience by passing the Presentation Tag to the media engine along with the media stream.

The Main Adaptation Set is the Adaptation Set that contains the Initialisation Segment for the complete
experience. Each Preselection shall reference a Main Adaptation Set and may reference zero, one or more
other Adaptation Sets.

NOTE In the context of Preselection the term "Main Adaptation Set" is used. This term is not to be confused
with an Adaptation Set that has assigned the main Role.

Within a Preselection, two types of Adaptation Sets are differentiated:
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— Main Adaptation Set: A Representation of this Adaptation Set is needed for playback of the
Preselection. In particular for ISO BMFF, the Initialization Segment of such a Representation is
needed for playback of the Preselection.

— Partial Adaption Set: A Representation of this Adaptation Set is only consumable together with
the Main Adaptation Sets within this Preselection. Again, in particular for ISO BMFF, the

Initialization Segment of a Representation of the Main Adaptation Set is needed for playback.

Preselections, main Adaptation Set and partial Adaptation Sets may be defined by one of the two means:

— A preselection descriptor as specified in subclause 5.3.11.2. Such a descriptor enables simplle
¢onfigurations and preserves backward compatibility but may not be suitable for advancded“use
gases.

— A preselection element as specified in 5.3.11.3 and 5.3.11.4. The semantics of the)Preselection
¢lement is provided in subclause 5.3.11.3 and the XML syntax is provided in 5.341.4.

5.3.11.Z Preselection Descriptor
The Pregelection Descriptor is used for two purposes.
— Toindicate that an Adaptation Set is part of a Preselection.

— (ptionally, to provide instructions on how to combine the Adaptation Set with other Adaptatiop
$ets to form a Preselection.

The Pregelection Descriptor shall be either an Essential Property Descriptor or a Supplemental Property
Descripfor with a @schemeIdURT of "urn:mpeg:dashipreselection:2016".

For simple use cases, the Preselection Descriptor may’be used to provide instructions on how to combine
the Adaptation Set with other Adaptation Sets to form a Preselection. The descriptor shall only be present
at the Adlaptation Set level.

The @vglue attribute of the descriptor provides two fields, separated by a comma:

— the Preselection Tag

— the id of the Adaptation Sets’or Content Components referenced by this Preselection as a white
gpace separated list in-processing order. The first id references the Main Adaptation Set.

The synftax for the value-attribute of the Preselection descriptor shall follow the PRESELECTION
DESCRI|PTOR-VALUE as defined in the following ABNF notation according to IETF RFC 5234:

PRESEFKCTION-DESCRIPTOR-VALUE = TAG-VALUE "," ID-LIST

IPpNLST = ID-VALUE [ WHITESPACE ID-VALUE]
TAS-VALUE = STRING

¥ _7p T o 1 T T
TO voiooo — L I2/3C\S/a5 as

STRING = *VCHAR

If the descriptor is present, but the value field is absent, the Adaptation Set shall be referenced by at least
one Preselection.

If the value field is present, then this descriptor identifies a Preselection. The Tag is assigned, and the
Preselection includes the ids of the Adaptation Sets that are part of this Preselection. In this case, the
Multi-Segment Track Conformance rule as defined in subclause 5.3.11.5.2 applies.
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If the descriptor is present and used with the Essential Descriptor, then this indicates that the Adaptation
Set is only consumable as part of a Preselection.

If the descriptor is present and used with the Supplemental Descriptor, then this indicates that the
Adaptation Set is also consumable independently of a Preselection.

5.3.11.3 Semantics of Preselection element

As an alternative to the Preselection descriptor, Preselections may also be defined through the
Preselection element as provided in Table 26. The selection of Preselections is based on the contained

arrributes and etements in the Preselection etement. . ]

Table 26 — Semantics of PreSelection element

Element or Attribute Name

Use

Description

Preselection

@id

0D

default=
1

specifies the id of the Preselection. This shall pe

unique within one Period.

@preselectionComponents

M

specifies the ids-of the contained Adaptation §

The first id defines the Main Adaptation Set.

ets or
Content Components that belong to this Presglection
as whité space separated list in processing orfer.

@lang

0

saime semantics as in Table 5 for @1ang attribute.

Qorder

0D

Default:

‘uadefi

ned'

specifies the conformance rules for Represenfations

in Adaptation Sets within the Preselection.

When set to 'undefined’, the Preselection follows
the conformance rules for Multi-Segment Tragks in

subclause 5.3.11.5.1.

When setto 'time-ordered’, the Preselectipn
follows the conformance rules for Time-Ordefed

Segment Tracks in subclause 5.3.11.5.2.

When setto 'fully-ordered’, the Preselection

follows the conformance rules for Fully-Ordey

Segment Tracks in subclause 5.3.11.5.3. In thifs case,

order in the @preselectionComponents
attribute specifies the component order.

Accessibility

specifies information about accessibility scheme.

For more details, refer to subclauses 5.8.1 andl
5.8.4.3.

Role

specifies information on role annotation scheme.

For more details, refer to subclauses 5.8.1 and
5.8.4.2.

Rating

specifies information on rating scheme.

For more details, refer to subclauses 5.8.1 and
5.8.4.4.
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Element or Attribute Name Use Description
Viewpoint 0..N specifies information on viewpoint annotation
scheme.

For more details, refer to subclauses 5.8.1 and
5.8.4.5.

CommonAttributesElements - specifies the common attributes and elements
(attributes and elements from base type
RepresentationBaseTyperFordetails;see———

subclause 5.3.7.

Key
For attrfibutes: M=mandatory, O=0Optional, OD=optional with default value, CM=conditionally mandatoery
For elethents: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.

5.3.11.4 XML Syntax

<xs:|complexType name="PreselectionType">
xs:annotation>
<xs:documentation xml:lang="en">
Preselection
/xs:documentation>
/xs:annotation>
xs:complexContent>
<xs:extension base="RepresentationBaseType">
<xs:sequence>
<xs:element name="Accessibility" type="DescriptorType" minOccurs="0"
maxOccurp="unbounded" />
<xs:element name="Role" tWe="DescriptorType" minOccurs="0"
maxOccurk="unbounded" />
<xs:element name="Ratifig" type="DescriptorType" minOccurs="0"
maxOccurp="unbounded" />
<xs:element namez=("VYiewpoint" type="DescriptorType" minOccurs="0"
maxOccurp="unbounded" />
</xs:sequence>
<xs:attribute name=tidd" type="StringNoWhitespaceType" default="1"/>
<xs:attribute namk=lpreselectionComponents" type="StringVectorType"
use="reqpired"/>
<xs:attributesiame="lang" type="xs:language"/>
<xs:attribute) name="order" type="PreselectionOrderType" default="undefined"/>
</xs:extension>
/xs:complexContent>
</xg|: complexType>
<xs:simpleType name="RregelectionOrderType">
xs:annotation>
<xs:docdumentation xml:lang="en">
Preselection Order type
/xs:documenfation>
/xs:anndfation>
xs:res¥r®ction base="xs:string">
Xxs:enumeration value="undefined"/>
<xs:enumeration value="time-ordered"/>
<xs:enumeration value="fully-ordered"/>
</xs:restriction>
</xs:simpleType>

5.3.11.5 Conformance rules

5.3.11.5.1 Conformance rules for Multi-Segment Tracks

Where multiple Adaptation Sets indicate this type of ordering, each Adaptation Set and the contained

Representations follow the regular conformance rules for multi-segment tracks as defined in subclause
5.3.5.1.
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No additional conformance rules are defined for the Representations in different Adaptation Sets within
Preselections.

5.3.11.5.2 Conformance rules for Time-Ordered Segment Track

Where multiple Adaptation Sets indicate this type of ordering, each Adaptation Set and the contained
Representations follow the conformance rules for multi-segment tracks as defined in subclause
5.3.11.5.1.

In addition, the concatenation of the following shall represent a conforming Segment track as defined in
spbclause 4-54and conforming to the media type as specified I the tmimeType attributg for the
Hepresentation of the Main Adaptation Set:

— An Initialization Segment of one Representation of the Main Adaptation Set (specified by the first
id in the @preselectionComponents attribute or the Preselection Descriptor, and

— media segments/subsegments of one Representation from each Adaptatien’ Set referencged in the
Preselection ordered by non-decreasing first decode times.

NOTE This does not constrain the order of segments with the same firstdecode time.

el

 Adaptation Sets within a Preselection are time-ordered as defined above, the Representatigns of all
daptation Sets referenced by the Preselection should be segment/subsegment aligned as dg¢fined in
ubclause 5.3.3.5.

v N

.3.11.5.3 Conformance rules for Fully-Ordered Segment Track

Vhere multiple Adaptation Sets indicate this type of ordering, each Adaptation Set and the cpntained
epresentations follow the conformance rulesifor multi-segment tracks as defined in spibclause
.3.11.5.1.

h addition, the concatenation of the followihg shall represent a conforming Segment track as defined in
ubclause 4.5.4 and conforming to the<media type as specified in the @mimeType attributg for the
epresentation of the Main Adaptation:Set:

ol < (&1 |

= »n =

— An Initialization Segment 'of'one Representation of the Main Adaptation Set (specified by|the first
id in the @preselectiionComponents attribute or the Preselection Descriptor), and

— media segments/subsegments of one Representation from each Adaptation Set referencgd in the
Preselection ordered first by non-decreasing decode times and then by position in the ljst given
in @preseléctionComponents.

et

F Adaptation<Sets referenced by a Preselection are fully ordered as defined above, the Repres¢gntations
f all Adaptation Sets referenced by the Preselection shall be segment/subsegment aligned as defined in
ubclause.5.3.3.5.

wn_ o

5.3:12 Initialization Set, Group and Presentation

5.3.12.1 Initialization Set

An Initialization Set provides a common set of media properties across Periods in a Media Presentation.
If an Initialization Set with certain properties is provided in an MPD, there shall be at least one Adaptation
Setin atleast one Period with these properties. More importantly, it can also be indicated that all Periods
in the Media Presentations include at least one Adaptation Set that follows the properties of the
Initialization Set. Especially in the latter case. an Initialization Set can be selected at the start of a Media
Presentation in order to establish the relevant decryption, decoding and rendering environment. This
provides expected consistent playback behaviour for the DASH Client if it selects only Adaptation Sets
that are included in the selected Initialization Set.
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The semantical definition of Initialization Sets shares all parameters of Adaptation Sets, but but an
Initialization Set may only include a subset of those parameters. An Adaptation Set referring to an
Initialization Set that it conforms to may include additional information, for example:

— There may be an Initialization Set with media type audio and a @codecs parameter, but without
a @lang attribute. Then each Period includes at least one Adaptation Sets with the same media
type, the same @codecs parameter, but each of the Adaptation Sets defines a different language
for each Period. This ensures that initialization of an audio playback decoder is possible, but over

Period boundaries, the language may change, or additional languages may be added.

|

— There may be an Initialization Set with media type video and @maxWidth and @maxHeigh
parameter and a @codecs parameter. Then at least one Period includes at least one Adaptatio
§et with the same media type, but its actual codecs parameters and the @maxWidth an
imaxHeight may be different than the ones in the Initialization Set, but can be~décoded an
displayed within the Initialization Set constraints.

An Initiglization Set may get assigned a specific profile using the @profiles parameter in order
express conformance to DASH profiles or Interoperability Points.

If an MPD has multiple Periods, there should be at least one Initialization Seét’be present for each medi

type.

The semjantics of the attributes and elements within an InitializationSet element are provided i
subclauge 5.3.12.2, Table 27. The XML syntax of the InitializationSet element is provided i

subclause 5.3.12.3.

5.3.12.2 Semantics

Table 27 — Semantics of InitializationSet element

==

Element or Attribute Name Use Description
InitializationSet Initialization Set description

@xlink:href 0 specifies a reference to a remote element entity that shall
contain exactly one element of type InitializationSet]

@xlink:actuate 0D specifies the processing instructions, which can be either
"onLoad" or "onRequest".

default:
'onRequest'

@id M specifies a unique identifier for this Initialization Set. The
attribute shall be a unique unsigned integer value amongst
all InitializationSet and InitializationGroup ids in the scope
of the MPD.

@inAllPeriods 0D if set to true, then there is at least one Adaptation Set in
each-Reriod-ofthe-MediaPresentation-that-conforms-to-this

Default: TRUE N
Initialization Set.
@contentType 0 specifies the media content component type for this

Initialization Set. A value of the top-level Content-type
'type’ value as defined in 4 of IETF RFC 6838:2013 shall be
taken.

If not present, the media content component type may be
defined for each media component or it may be unknown.

100
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Element or Attribute Name

Use

Description

@par

specifies the picture aspect ratio of the video media
component type, in the form of a string consisting of two
integers separated by ', e.g. "16:9”. When this attribute
is present, and the attributes @width and @height for
for the Representations of Adaptation Sets conforming to
this Initialization Set are also present, the picture aspect
ratio as specified by this attribute shall be the same as
indicated by the values of @width, @height, and @sar,

i.e. it shall express the same ratio as (@width * sar:
(@height * sary), with sarx the first number.in @Spr and

=

sary the second number.

If not present, the picture aspect ratie‘-may be definjed for
each media component or it may®eunknown.

@maxWidth

specifies the maximum @widthrvalue in all
Representations in all Adaptation Sets associated t¢ this
Initialization Set. This\valde has the same units as the

@width attribute.

If not present;-the value is unknown.

@maxHeight

specifiessthe maximum @height value in all
Repréesertations in all Adaptation Sets associated t¢ this
Initialization Set. This value has the same units as the

@height attribute.

If not present, the value is unknown.

@maxFrameRate

specifies the maximum @framerate value in all
Representations in all Adaptation Sets associated t¢ this

Initialization Set. This value is encoded in the same|format
as the @frameRate attribute.

If not present, the value is unknown.

@initialization

specifies the URL of an Initialization Segment.

CommonAttributesElements

specifies the common attributes and elements (attrfibutes
and elements from base type
RepresentationBaseType). For details see 5.3|7.

Accessibility

specifies information about accessibility scheme fof all
Adaptation Sets associated to this Initialization Set.

For more details, refer to subclauses 5.8.1 and 5.8.4.3.

[«
P

H Y 43 1 ot 15N £ ll
speetfiesinformationenrole-annotationsehemefot a

Adaptation Sets associated to this Initialization Set.

For more details, refer to subclauses 5.8.1 and 5.8.4.2.

Rating

specifies information on rating scheme for all Adaptation
Sets associated to this Initialization Set

For more details, refer to subclauses 5.8.1 and 5.8.4.4.
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Element or Attribute Name Use Description

Viewpoint 0..N specifies information on viewpoint annotation scheme for

all Adaptation Sets associated to this Initialization Set

For more details, refer to subclauses 5.8.1 and 5.8.4.5.

Legend:
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory, F=fixed.
For elements: <minOccurs>..<maxOccurs> (N=unbounded)
The conditions only hold without ncihg link:-href If]inl(ing isused then all attributes are "npfinn:ﬂ" and

<mihOccurs=0>
Element$ are bold; attributes are non-bold and preceded with an @, List of elements and attributes is in italics bold
referring to those taken from the Base type that has been extended by this type.

5.3.12.3 XML syntax

<xs:lcomplexType name="InitializationSetType">
xs:annotation>
<xs:documentation xml:lang="en">
Initialization Set
/xs:documentation>
/xs:annotation>
xs:complexContent>
<xs:extension base="RepresentationBaseType">
<xs:sequence>
<xs:element name="Accessibility" tygRex"DescriptorType" minOccurs="0"
maxOccurk="unbounded" />
<xs:element name="Role" type="DeScriptorType" minOccurs="0"
maxOccurp="unbounded" />
<xs:element name="Rating" type="DescriptorType" minOccurs="0"
maxOccurk="unbounded" />
<xs:element name="Viewpoif{¥' type="DescriptorType" minOccurs="0"
maxOccurp="unbounded" />
</xs:sequence>
<xs:attribute ref="xlink:hwref" />
<xs:attribute ref="xlinki@¢tuate" default="onRequest"/>
<xs:attribute ref="xlink“ype" fixed="simple"/>
<xs:attribute name=!"j}d¥ type="xs:unsignedInt" use="required"/>
<xs:attribute names{AHAllPeriods" type="xs:boolean" default="true"/>
<xs:attribute nam&=fcontentType" type="RFC6838ContentTypeType"/>
<xs:attribute pame="par" type="RatioType"/>
<xs:attributeshame="maxWidth" type="xs:unsignedInt"/>
<xs:attribyte name="maxHeight" type="xs:unsignedInt"/>
<xs:attrifouyfe® name="maxFrameRate" type="FrameRateType"/>
<xs:at@gxiBlte name="initialization" type="xs:anyURI"/>
</xs:extensien>
/xs:complexConteng’,
</xg|: complexType>

5.3.12.4 Initialization Group and Initialization Presentation

5.3.12.4.1 Overview

Initialization Group and Initialization Prese
content as intended by the service provider.

The InitializationGroup element lists the minimum requirements for playback of a media content
type in all Periods of the Media Presentation. Any Period contained in the Media Presentation shall have
at least one Adaptation Set that conforms to one of the Initialization Sets included in this Initialization
Group. Therefore, a client supporting all listed Initialization Sets in one InitializationGroup
element is expected to be able to play that media type during the entire Media Presentation.

The InitializationPresentation element lists the minimum requirements for playback of a
Media Presentation in all Periods. A client supporting all listed Initialization Sets and Groups of one
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Initialization Presentation is expected to be able to play the entire Media Presentation as intended by the
service provider.

An Initialization Group or Presentation may get assigned a specific profile using the @profiles
parameter in order to express conformance to DASH Profiles or Interoperability Points.

5.3.12.4.2 Application of Initialization hierarchy

Figure 4 demonstrates the use of initialization hierarchy in signalling the required capabilities. In this
example, the MPD has 3 different media types: video, audio and subtitle. The MPD has several Periods,
the Adaptation Sets of which are described by diiferent Initialization Sets for each media type:
Ihitialization Sets (IS) 1-4 define the requirements for 4 different video decoders, Initialization|Sets 5-7
define the requirements for 3 audio decoders, and Initialization Sets 8-9 define the requirements for 2
different subtitle parsers.

Initialization Presentation 1 Initialization Presentation 2

—

Initialization Group 1 Initialization Group 3

Initialization Group 2

Initialization Set 1 T \
Initialization Set 5 Initialization Set 8

Initialization Set 2 Initialization Set 6 Initialization Set 9
(@inAllPerind) =trie)

Initialization Set 3 Initialization Set 7

Initialization Set 4

Y Y Y
Video

Audio Subtitle

Figure 4 — An Example of initialization signaling.

Yt

h Figure 4, each Initialization Group defines the minimum requirement for playback of a media| type for
ntire Media PreSentation, while each Initialization Presentation defines the requirements to playback

edia Presentation as intended by the service provider. Initialization Group (IG) 1 consists of IS1 and
152, while Initialization Group 2 consists of IS2 and 1S3, which means that a client can play the video

uring all'periods if it supports the decoders defined in IG1 or IG2. Similarly, IG3 consists of IS5|and IS6,
sp a client supporting decoders defined by IS5 and IS6 can play the audio during all periods. An{d finally,
sinee 1S9 @inAllPeriodissetto true, aclient supporting IS9 can play the existing subtitle in all|periods.

D

To playback the content as intended by service provider, the MPD contains of two Initialization
Presentations (IP) 1 and 2. IP1 defines a complete presentation that consists of audio and video (i.e. the
client has to support IG1 and 1G3). IP2 adds the support for playback of subtitle IS9 to its presentation
requirements.

5.3.13 Resynchronization

5.3.13.1 Overview

In DASH context, in typical cases Segments are treated as a single unit for download, random access to
Media Presentations, and they are also addressed by a single URL. However, Segments may have internal
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structures that enable resynchronization on container level and random access to the respective
Representation even within a Segment. The resynchronization mechanism is supported and signalled by
the Resync element.

The Resync element signals Resynchronization Points in Segments. A Resynchronization Point marks
the start (in byte position) of a well-structured continuous byte range within a Segment that contains
media data of certain presentation duration and can be accessed independently on container format level.
A Resynchronization Point may provide additional functionalities, such as access on decryption and
decoding level.

A contaiper format making use of the Resynchronization feature must define a Resynchronization Poirt
and assdciated properties.

A Resynthronization Point in a Segment is defined as follows:

1. A Resynchronization Point enables to start parsing and processing on the containerlevel.

2. A Resync Point has assigned the following properties:

— It has a byte offset or index Index from the start of the Segment, pointing to the
Resynchronization Point.

— Ithas an earliest presentation time Time in the Representation,)i.e. the smallest
presentation time of any sample included in the Representation when starting to
process from the Resynchronization Pointer.

— Ithas assigned a type Type, for example, defined by the SAP type in ISO/IEC 14496-12.

— Ithas assigned a boolean marker property Mar ke indicating whether the
Resynchronization Point can be detected while\parsing Segment through a specific
structure or if the resync point needs to be-signalled by external means.

3. $tarting to process the Segment from a Resynchronization Point, together with the information

the Initialization Segment, if present, allows’container parsing. Whether and how to access
he contained and potentially encrypted elementary stream may be indicated by the
fesynchronization access point type.

Signalling each Resynchronization Point with all properties in the MPD can be done by providing
separatd metadata Segment describing the Resynchronization Points in a Segment. However, not in a|l
cases such side-car Segments may-be provided, or at least provided in time. For example, in case of
dynamiq and live services, Resynchfonization Points are added by the Segment packager independent af
MPD updates. A Resynchronization Point may be generated by the encoder and packager independently
from thg MPD. Also, in low<latency cases, the MPD signalling may not be available to the DASH client.

<)

Hence, there are two‘non-mutually exclusive ways specified to signal Resync Points provided in
Segment in an MPD;

1. By providing a binary map for each Resynchronization Point in a Representation that includes
timed\metadata track. This is most easily used for Segments that are fully available on thie
IlletWOI‘k.

2. By signalling the existence of Resynchronization Points in a Media Segment with additional
information that permits to easily locate the Resynchronization Points in terms of the byte
position and the presentation time, as well as providing the type of the Resynchronization Point.

In case the Resync element is present with @dImin and @dT attributes included and the derived from
these values are adjusted values dImin in bytes and dT in seconds, respectively, and the
@availabilityTimeComplete attribute is set to false, then the following shall hold:

— At the adjusted availability start time of the Segment, the first chunk is available.
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— At the sum of the adjusted availability start time of the Segment and i*dT, the (i+1)th chunk is
available with i=1, ..., N and N the total amount of chunks in the Segment.

— If the @rangeAccess on BaseURL attribute associated to the Representation is set to true,
available chunks may be accessed with byte ranges. If set to false, the client should not expect a
response corresponding to the requested byte range.

In order to signal the above properties, a Resync element is defined with different attributes, that are
explained in more detail in subclause 5.3.13.2, Table 28. The XML Syntax is provided in subclause 5.3.13.3.

2.15.2 Semantics

Table 28 — Semantics of Resynchronization Point

Element or Attribute Name Use

Description

Resync

Resync Point signalling

if present, specifies that Resync Points are pres
the Segments of the corresponding Representaf

bnt in
ion.

Qtype

0D

"O"

default:

specifies the type of the Resync Point.

if 0, specifies that-en Segment format level the |
Points allow parsing and decryption to access t

Segments;.in combination with the Initializatio
Segment of the corresponding Representation J;f

presernt).

For-all Segment formats defined in this docume]
following holds:

if greater than 0, specifies that one or n
Resync Points are present with the pro

Resync
he

nt, the

hultiple
perties

of @type=0 and the properties defined in the

element in each corresponding Segmer
SAP type being equal to or smaller thary
one indicated in the value.

For details on SAP types, refer to subcl
4.5.2.

t with
the

puse

@drT

specifies the maximum difference of the Time ¥
of any two consecutive Resynchronization Poin|

ralues
ts that

are included in the @t ype definition above in any

Media Segment for this Representation.

The value is expressed in scale of the @timesc
the corresponding Representation.

If not present, the value is unknown.

b1le of

QdTIma

cpnr‘iﬁnc the mavimum difference ofthe Trnde

values

of any two consecutive Resync Points that are included
in the @type definition above in any Media Segment

for this Representation normalized by the
@bandwidth value of the Representation.

To obtain the maximum difference in octets, the value
of @dImax is multiplied with the @bandwidth value.

If not present, the value is unknown.
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Element or Attribute Name Use

Description

@dImin

oD
Default: 0

specifies the minimum difference of the Index values
of any two consecutive Resynchronization Points that
are included in the @t ype definition of this element in
any Media Segment for this Representation
normalized by the @bandwidth value of the
Representation.

To obtain the minimum difference in octets, the value

of @dImin is multiplied with the @bandwidth valugs

If not present, the value is assumed to be 0.

@marker

0D

Default:
FALSE

If set to true, it specifies that every
Resynchronization Point includes a specifie/marker for
Resynchronization Point detection.

If not present or FALSE, the presence.of a marker for
every signalled ResynchronizationPoint cannot be
expected.

Every Segment format making use of this functionality
must specify a Resynchronization Marker. For details
refer to the Segment fermats in Clause 6.

5.3.13.3

XML Syntax

<xs:lcomplexType name="ResyncType'">

XS
XS
XS
XS
XS
XS

xs:annotation>

<xs:documentation xml:lang="en">
Resynchronization Point

rattribute
ranyAttribute namespace=%#dther" processContents="lax"/>
</xs|: complexType>

/xs:documentation>
/xs:annotation>

rattribute
rattribute
rattribute
rattribute

name="type" type="SAPType™ def
name="dT" type="xs:ungignedInt
name="dImax" type=}xsMloat"/>

ault="0"/>
ll/>

name="dImin" type=%x&:float" default="0"/>

name="marker" types"xs:boolean

5.4 Medlia PresentationDescription updates

5.4.1 General

If MPD@type is setto 'dynamic', the MPD may be updated during the Media Presentation. Update
typically extend-the accessible Segment list for each Representation, introduce a new Period, updat]

" default="false"/>

Segment loeations or terminate the Media Presentation.

® wn

When the MPD isupdated

— the updated MPD shall be made available as follows:

106

— At the same location as the original MPD, if no MPD. Location element is present in the
original MPD at the same location provided by the MPD. Location elements are present
in the original MPD

— atall locations provided by the MPD. Location elements;

— the updated MPD may be made available as an MPD patch document by providing one or
several MPD.PatchLocation elements that can be combined and processed with the
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original MPD to generate an updated MPD. The MPD patch document is updated at the
same time when the MPD is updated. Hence, timing related to MPD patch document is

expected to be identical the operation of MPD updates.
— the value of MPD@1id, if present, shall be the same in the original and the updated MPD;

— the values of any Period@1id attributes shall be the same in the original and the updated MPD,

unless the containing Period element has been removed;

— the values of any AdaptationSet@id attributes shall be the same in the original

and the

updated MFD unless the containing Period elementhas beenremoved;

— any Representation with the same @1id and within the same Period as a Representationaj

provide functionally identical Segments with the same indices in (the  corres
Representation in the new MPD.

If the attribute MPD@minimumUpdatePeriod is not present, no update to’the MPD is expe
attribute MPD@mediaPresentationDuration or the Period@duratilon of the last Period
resent and the MPD shall remain valid until the Media Presentation end\time.

P

If the attribute MPD@minimumUpdatePeriod is present, updates to the MPD are exped
restricted in a sense that at the location where the MPD is availablé.at a certain time, the MPD is a
for the duration of the value of the MPD@minimumUpdatePeriod attribute. Specifically, the f
shall hold.

If the i-th version of the MPD is the last version of MPD &ill the end of the Media Presentation, le
e the Media Presentation end time.

(Otherwise, let Texp(i) be the sum of the value of MPD@minimumUpdatePeriod and the wall-cl
at which the i-th version of the MPD is updated [and replaced with the (i+1)-th version] at the
where the MPD is available. The i-th MPD shall remain valid until Texp(i) in the following sense:

— all Segments with availability start time less than Texp(i) shall be available at their av.
start times at the location advertised in the i-th MPD.

— all Representations have.a Segment with an availability start time, Tavail, which is |
Texp(i) and with duration not less than [Texp(i)-Tavail].

NOTE1 The actual duration of this Segment is not known at the client until this Segment or thg
MPD is fetched and-this Segment duration can be less than the previous Segment duration if it i
Segment in the’Périod or if the Segment Timeline is in place.

NOTE 2 ._dt'is possible that the clients do not know Texp(i), but they can each calculate a lower |
Texp(§) by addingMPD@minimumUpdatePeriod to the wall-clock time at which they request th
the MPD patch document.

bpearing

in the previous MPD shall provide functionally equivalent attributes and elements gand shall

ponding

rted, the
shall be

ted and
Iso valid
bllowing

t Texp(i)

pck time
location

hilability

ess than

updated
5 the last

pbound on
p MPD, or

NOTE3  The second condition above ensures that sufficient media is contained in each Represerrtation to

present the Media Presentation up to Iexp(i) for a client that begins playing each segment at the earliest

possible time (its availability start time).

NOTE4  The result of the MPD validity requirement is that all items a client expects to be able to retrieve
(both segments and MPD elements) are guaranteed to be available for retrieval during the periods that the

client can expect them to be accessible.

NOTES5  An MPD can contain no Period element or only an early available Period can be provided. In this

case, updates to the MPD are expected in order to provide the start time of the first Period, which
with the start of the actual Media Presentation.
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NOTE 6  An update of the MPD does not necessarily change the MPD but can only extend the validity of this
MPD.
NOTE7 Ifthe @minimumUpdatePeriodissetto 0,thenasaconsequence of NOTE 2, all segments with

availability start time less than the request time of the MPD are available at the location advertised in the MPD.

5.4.2 MPD Reset

In certai
content ¢
update 1
the serv

If the M]
or a

urn:mp
results f

Descriptor is used, the DASH Client may terminate presentation, if the signal is hot supported by the

client.

DASH Cl
MPD as]]

n cases, the DASH server may fail to produce an MPD update and may have to reset the entire

nay be inconsistent W1th the rules in subclause 5 4. 1 itis expected that the cllent W111 contin
ce properly when such a reset occurs.

—

PD author does such a reset, it shall signal the reset by providing either an Essential Descriptd

Supplemental  Descriptor on  MPD level with @schemeIdURIY) set tp
ceg:dash:reset:2016. If this is signalled, the content author indicates that)the MPD thdt
rom this update does not need to comply with MPD update rules in subclause 5.4.1. If an Essential

ents receiving such an MPD as part of an MPD update are expected to-continue using the previou

the Peri

the client not have available any media data until the updated MPDcan be used for playout, it is expecte
that the DASH Client conceals the gap in media time appropriately:

The up

availabillity start time and the Period start time of the new MPD is less than the current MPD presentatio

time. In
MPD ov¢

5.5 MP
5.5.1 G¢

A mecha
XLINK s

— rest

— the

If the MIPD is updated/thien the rules in subclause 5.2.3.5 apply to the MPD after dereferencing all remot

element

5.5.2 Syntax‘and semantics

S
ong as possible, but at most up to the time expressed by the sum of the availability start time angd
d start time of the new MPD. At this time, the new MPD is expécted to be used for playout. Should

d

ted MPD may be valid upon reception of the MPD including the reset signal, if the sum of thie

=}

this case, a DASH Client may cancel decoding and presentation of media data from the previou
brlapping the updated one.

[72)

D assembly

neral

nism for referencing a remote element entity from within a local MPD is defined. A subset of W3[
mple links is defined consisting of

ricted syntax and semantits as specified in subclause 5.5.2, and

brocessing model.as-specified in subclause 5.5.3.

D

entities.

Table 2

o

D provides the XLINK attributes that are used in this document and shall be supporte

accordingly.

Table 29 — XLINK attributes used in this document

Attribute Comments and Usage

@x1lin

k:type Identifies the type of W3C XLINK being used.

In the context of this document, all references shall be W3C XLINK simple links. The
attribute @x1ink: type is optional with fixed setting

@xlink:type="simple".

108
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Attribute

Comments and Usage

@xlink:href

references the remote element entity by a URI as defined in [ETF RFC 3986.

In the context of this document, such URIs shall exclusively be HTTP-URLs.

For example, cookies as defined in IETF RFC 6265 may be used in order to enable

targeted resolution of the same HTTP-URL provided in this attribute. Detailed

requirements on the support and usage of such technologies are outside the scope

of this document.

@xlink:show

Defines the desired behaviour of the remote element entity once dereferenced
within an MPD as defined in W3C XLINK.

In the context of this document, the attribute @x1ink : show is optionalwith
fixed setting @x1ink: show="embed".

NOTE In W3C XLINK, the behaviour of conforming XLink @pplications wh
embedding as a remote element entity is not defined. Thus) the actual
behaviour for this document is defined in subclause(5.5.3.

rom

PN

@xlink:actuate

Defines the desired timing of dereferencing a remote‘élement entity from withi
MPD as defined in W3C XLINK. In the context of this document, the attribute va
shall only take one of the following:

1

2)

onLoad: an application should dereferénce the remote element entity

immediately on loading the MPD. TheTtemote element entity shall not cont
another @x1ink:href with @Zl¥nk:actuate settoonLoad.

onRequest (default): according to W3C Xlink, an application should
dereference the remote.elément entity only on a post-loading event trigget
for the purpose of dereferencing. In the context of this document, the
application dereferences the link only for those resources it needs (or
anticipates it probably will need) and at the time when it needs the conten
the remote element entity for playout. Examples include dereferencing a li
in a Period element when the play-time is expected to enter that Period,
dereferencing an Adaptation Set link when it appears to contain
Representations that will be needed, and so on.

N an
ues

nin

[ of
nk

i

.5.3 Processing

—

he following rules:apply to the processing of URI references within @xlink:href:

1) URI references to remote element entities that cannot be resolved shall be treated as
references and invalidate the URI and all @x1ink attributes included in the element containing
@xlink:href shall be removed.

J)CURI references to remote element entities that are inappropriate targets for the given refere

invalid

nce shall

betreated a5 invatid Teferences (see below forthre appropriate targets ) and imvatidate the

all @x11ink attributes included in the element containing @x1ink:href shall be removed.

URI and

3) URI references to remote element entities that contain another @xlink:href attribute with
xlink:actuate setto onLoad are invalid circular references and invalidate the URL In this case,
all @x11ink attributes included in the element containing @x1ink:href shall be removed.

4) The xlink:href may contain a URN as urn:mpeg:dash:resolve-to-zero:2013. If this
value is present, the element containing the xlink:href attribute and all @x1ink attributes
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included in the element containing @x1ink:href shall be removed at the time when the resolution
is due.

5) IfaURIreference is relative then reference resolution as defined in subclause 5.6.4 shall apply.

The remote element entity referenced with @x1ink:href within an element of the MPD (referred to as

MPD element) shall be formatted according to the following rules:

1) Only a single top-level element type of the same type as the MPD element shall be obtained from a
remporte-eremen -" ivv_v""-i'ii EVererenents—o re-same-type-maybeobtainedfron
a remote element entity unless explicitly restricted. All these elements shall have the same typelas
the element of the MPD containing xlink. If multiple top-level elements are obtained from the-remote
element entity, the elements shall be in appropriate order and the first element shall repldce t
element of the MPD containing the xlink. All additional top-level elements shallChé inserted
immediately after this element in the order in which they appear.

NOTEE The remote element entity can be a non-valid XML document, when containing multiple top-lev¢l
elenents.

2) The|remote element entity may contain another @x1link:href attributewith @xlink:actuatg
set fo onRequest. In this case, the resolution to the referenced remote element entity is expectefd
to hHappen only when the latter is needed again after processing the content in the returnefd

docyiment.

[}

The remjote element entity referenced from within an MPD (referred to as appropriate targets) shall b,
embeddpgd into the MPD by applying the following rules:

1) If the remote element entity is empty, all @x1ink attributes shall be removed from the element ip
the MPD and the remaining attributes and child elements shall not be changed.

2) If the remote element entity is non-empty, the original element in the MPD that containls
@xlink:href shall be replaced with thetcontent in the remote element entity. If multiple top-leve¢l
elements are obtained from the remote element entity, the elements shall be in appropriate orddr
and|the first element shall replace‘the MPD element. All other top-level elements shall be inserted

immediately after this element.in‘the order in which they are declared.

3) All XLINK attributes initially.present in the MPD shall be removed after dereferencing is completed.

4) All resources in the femote element entity referenced by @x1ink:href shall have an availability
end|time as specified by MPD@availabilityEndTime.

o

Remote felementientities are not valid MPDs and, when stored in a file system, should not use the .mp
file extepsions

5.6 Base URL Processing

5.6.1 Overview

The BaseURL element may be used to specify one or more common locations for Segments and other
resources. Reference resolution as defined in subclause 5.6.4 shall be applied to each URL in the MPD.
Handling of multiple alternative base URLs is addressed in subclause 5.6.5.

The semantics of the attributes and elements for the Base URL are provided in 5.6.2, Table 30. The XML
syntax of the Base URL is provided in subclause 5.6.3.
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5.6.2 Semantics

Table 30 — Semantics of BaseURL element

Element or Attribute Name Use Description

BaseURL A URL that can be used as Base URL. The content of
this element is a URI string as described in
subclause 5.6.4.

@servicelocation 0 This attribute specifies a relationship between Base
URLs such that BaseURL elements with thre $ame
@serviceLocation value are likely-to have
their URLs resolve to services at a common ndtwork
location, for example a common Content Deliviery
Network.

If not present, no relationship)to any other Bage
URL is known.

@byteRange 0 If present, specifies HT.PP partial GET requestf may
alternatively be issued by adding the byte range
into a regular HTTP-URL based on the value of this
attribute and‘the construction rules in E.2.

If not present, HTTP partial GET requests may not
be converted into regular GET requests.

NOTE Such alternative requests are expgected
to not be used unless the DASH applicatign
requires this. For more details, refer to
Annex E.

@availabilityTimeOffset 0 specifies an offset to define the adjusted segmgent
availability time. For semantics, refer to Table| 14.

If the value is present in SegmentBase then this
attribute is additive to the one in SegmentBalse.
For details on processing, refer to 5.3.9.5.3.

@availabilityTimeComple 0 specifies if all Segments of all associated

te Representation are complete at the adjusted
availability start time. For semantics, refer to Table
14.

If the value is present in SegmentBase then this
attribute should not be present. If present in
SegmentBase and BaseURL, the value in
BaseURL shall be ignored.

@timeShiftBufferDepth 0 specifies the duration of the smallest time shi:lting

buffer for any Representation in the MPD thatlis
guaranteed to be available for a Media Presentation
with type 'dynamic’.

This value overrides MPD@timeShiftBufferDepth for
the resources that use this BaseURL.

This value of the attribute is undefined if the
MPDQtype attribute is equal to 'static’.
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Element or Attribute Name Use Description

@rangeAccess oD If set to true, partially available Segments may be
accessed with byte range request. If a client is
making a byte-range request against a partially
available Segment and the first-byte position of that
range request is non-zero and the client is expecting
an aggregating response, then the client should

signal that expectation which shall follow the
ﬁnwvvnn{- X n(-' IE"T‘E‘ DE‘{‘ Q£’7’) CSwracifi n.l]" tchaould

pa)
TV-CTTeroT P eCTIICaity; It SHOUTer

use a last-byte value of 9007199254740991.
This will signal the server to respond with a 206
aggregating response instead of waiting for thelend
of the Segment and responding with a 200,response
code and a content-length response header.

Default:
FALSE

If set to false, the client should notexpect a
response corresponding to the requested byte
range.

Key
For attrfibutes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elethents: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.

5.6.3 XML syntax

<xs:lcomplexType name="BaseURLType">
xs:annotation>
<xs:documentation xml:lang="en">
Base URL
/xs:documentation>
/xs:annotation>
xs:simpleContent>
<xs:extension base="xs:anyURE">
<xs:attribute namea{s¥rvicelocation" type="xs:string"/>
<xs:attribute namg=fbyteRange" type="xs:string"/>
<xs:attribute nadme="availabilityTimeOffset" type="xs:double"/>
<xs:attribute.Reme="availabilityTimeComplete" type="xs:boolean"/>
<xs:attribyt&™mame="timeShiftBufferDepth" type="xs:duration"/>
<xs:attributé name="rangeAccess" type="xs:boolean" default="false"/>
<xs:anyAttfibute namespace="##other" processContents="lax"/>
</xs:extensien>
/xs:simpleContent®
</xg|: complexType>

5.6.4 Referencexesolution

URLs at|eachtlevel of the MPD are resolved according to IETF RFC 3986 with respect to the BaseUR
element|specified at that level of the document or the level above in the case of resolving base URL

th 1 [+ A | £ " IR dafi | IETEREC20Q04.9NNE el C 1 A | |
emse Co l_LllC L{ULulllCllL UdotU UIN1I do Utlllict\yu lll ILITT NG JJ0U.4UVY, sUUuLIdustT J. 1 lD CUIISITUTITCU I.

[

be the level above the MPD level). If only relative URLs are specified and the document base URI cannot
be established according to IETF RFC 3986 then the MPD should not be interpreted. URL resolution
applies to all URLs found in MPD documents.

In addition to the document level (the level above the MPD level), base URL information may be present
on the following levels:

— On MPD level in MPD . BaseURL element. For details, refer to subclause 5.3.1.2.

— On Period level in Period.BaseURL element. For details, refer to subclause 5.3.2.2.
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— On Adaptation Set level in AdaptationSet.BaseURL element. For details, refer to subclause

5.3.3.2.

— On Representation level in Representation.BaseURL. For details, refer to subclause 5.3.5.2.

When a BaseURL element is present on the same level in the MPD as an actual URL, resolution of the

actual URL includes the value of the BaseURL.

NOTE URL resolution is defined in RFC 3986:2005, section 5.2 and is not a simple concatenation. In

RLC 2004 €

the URL

el ] 1o LRI . +la MNMDID i o d 1ot LRI 1o 1T
lJCll utuiar, vwilITIl da UINL 11T UIIC IVIT 115 DlJC\,lllCu do d ICIAdUVU UINLS, ULUITIT dS lJCl ILITT INITGUG 70010
resulting from resolving the value of the BaseURL element, all characters following the last.’/[
path part are replaced by the value of the actual URL attribute.

.6.5 Alternative base URLs

(&1 ]

falternative base URLs are provided through the BaseURL element at any level-identical Segme
e accessible at multiple locations. In the absence of other criteria, the DASH,Client may use
aseURL element as "base URI". The DASH Client may use base URLs provjded in the BaseURL
s "base URI" and may implement any suitable algorithm to determine which URLs it uses for re

L I o =

el

hformation present on a higher level.

—-

(& |

.7 Program information

bart of its

nts shall
the first
element
quests.

[ a BaseURL element containing an absolute URL is present on anyllevel, it overwrites any BaseURL

§.7.1 Overview
Descriptive information on the program may hé’provided for a Media Presentation within the
BrogramInformation element.
When multiple ProgramInformation eleménts are present, the @1 ang attribute shall be present and
elach element shall describe the Media Presentation sufficiently in the language defined by the|value of
the @1ang attribute.
Hor each language, the progrant information may specify title, source of the program, cppyright
information, and a URL to more information.
The semantics of the attribttes within the ProgramInformation element are provided in syibclause
5.7.2, Table 31. The XML 'syntax of ProgramInformation element is provided in subclause 5.f.3.
5.7.2 Semantics
Table 31 — Program information semantics
Elementor Attribute Name Use Description
ProgramInformation specifies descriptive information about the progitam
@lang 0 Declares the language code(s) for this Program

IETF RFC 5646 shall be applied.

If not present, the value is unknown.

Information. The syntax and semantics according to

which provides more information about the Med
Presentation.

If not present, the value is unknown.

@moreInformationURL 0 If provided, this attribute specifies an absolute URL

ia

Title 0..1 specifies the title for the Media Presentation.
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Element or Attribute Name Use Description

Source 0..1 specifies information about the original source (for

example content provider) of the Media Presentation.

Copyright 0..1 specifies a copyright statement for the Media

Presentation, usually starting with the copyright
symbol, unicode U+00A9.

Key
For attn
For elery

Elemen

ibutes: M=mandatory, O=optional, OD=optional with default Value, CM=conditionally mandatory
nents: <minOccurs>..<maxOccurs> (N=unbounded)

[s are bold; attributes are non-bold and preceded with an @.

5.7.3 XML syntax

<XSs

</x

5.8 Deqd

5.8.1 Gg

The des
attributd
attributd
scheme

In this d

The MP
applicat
informa

DASH ajf
URI and

flcomplexType name="ProgramInformationType">

xs:annotation>
<xs:documentation xml:lang="en">
Program Information
/xs:documentation>
/xs:annotation>
Xs:sequence>
<xs:element name="Title" type="xs:string" minOccurs="0" /%
<xs:element name="Source" type="xs:string" minOccursz"0%/>
<xs:element name="Copyright" type="xs:string" minOgcedfs="0"/>
<xs:any namespace="##other" processContents="lax" N pOccurs="0" maxOccurs="unbounded" />
/xs:sequence>
xs:attribute name="lang" type="xs:language"/>
xs:attribute name="moreInformationURL" type="xs:any®Rd" />
xs:anyAttribute namespace="##other" processContengy="1lax"/>
:complexType>

criptors

neral

Criptor elements are all structuted in the same way, namely they contain a @schemeIdUrfi
e that provides a URI to identify-the scheme and an optional attribute @value and an optional
b @1d. The semantics of theelement are specific to the scheme employed. The URI identifying the
may be a URN or a URL.

bcument, specific elements for descriptors are defined in subclause 5.8.4.

D does not provide any specific information on how to use these elements. It is up to EEE
on that empleys DASH formats to instantiate the description elements with appropriate sche
lion. However, this document defines some specific schemes in subclause 5.8.5.

plications that use one of these elements must first define a Scheme Identifier in the form of
must then define the value space for the element when that Scheme Identifier is used. T

Scheme

dentifier appears in the @schemeTdUri attribute

In the case that a simple set of enumerated values is required, a text string may be defined for each value
and this string must be included in the @value attribute. If structured data is required then any extension

element

or attribute may be defined in a separate namespace.

The @1d value may be used to refer to a unique descriptor or to a group of descriptors. In the latter case,
descriptors with identical values for the attribute @1id shall be synonymous, i.e. the processing of one of
the descriptors with an identical value for @id is sufficient.
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Two elements of type DescriptorType are equivalent, if the element name, the valu

e of the

@schemeIdUri and the value of the @value attribute are equivalent. If the @schemeIdUr1 is a URN,

then equivalence shall refer to lexical equivalence as defined in IETF RFC 8141:2017, Clause

3. If the

@schemeIdUri is a URL, then equivalence shall refer to equality on a character-for-character basis as
defined in IETF RFC 3986:2005 subclause 6.2.1. If the @value attribute is not present, equivalence is
determined by the equivalence for @schemeIdUri only. Attributes and element in extension
namespaces are not used for determining equivalence. The @1id attribute may be ignored for equivalence

determination.

subclause 5.8.2, Table 32. The XML schema definition of DescriptorType is provided-in-s
5.8.3. The specific descriptors follow these syntax and semantics.

5.8.2 Semantics of generic descriptor

Table 32 — Semantics of elements of type DescriptozType

The semantics of the attributes within an element of the type DescriptorType are proyided in

1ibclause

this elemetit are specific to the scheme specified
attribute. The @schemeIdUri may be a URN

in‘the form mmyyyy; the assignment of the URL

Element or Attribute Name Use Description
Element of type specifies a descriptar.
DescriptorType
@schemeIdUri M specifies a URLto identify the scheme. The semantics of

Whemna URL is used, it should also contain a month-date

Have been authorized by the owner of the domain name

in that URL on or very close to that date, to avoid
problems when domain names change ownershi

by this
r URL.

must

|o8

@value 0

specifies the value for the descriptor element. TH
space and semantics must be defined by the owr
the scheme identified in the @schemeIdUri
attribute.

e value
ers of

@id 0

specifies an identifier for the descriptor. Descriptors

with identical values for this attribute shall be
synonymous, i.e. the processing of one of the
descriptors with an identical value is sufficient.

Key

For attributes:)M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements:<minOccurs>..<maxOccurs> (N=unbounded)
Elements.are bold; attributes are non-bold and preceded with an @.

§.8.3. ‘XML syntax of generic descriptor

:complexType name="DescriptorType"

<xs:annotation>
<xs:documentation xml:lang="en">
Descriptor

</xs:documentation>

</xs:annotation>

<xs:sequence>

<xs:any namespace="##other" processContents="1lax" minOccurs="0" maxOccurs="unbounded"/>

</xs:sequence>

<xs:attribute name="schemeIdUri" type="xs:anyURI" use="required"/>
<xs:attribute name="value" type="xs:string"/>

<xs:attribute name="id" type="xs:string"/>

<xs:anyAttribute namespace="##other" processContents="lax"/>

</xs:complexType>
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5.8.4 Specific descriptors
5.8.4.1 Content protection

5.8.4.1.1 General

Content protection descriptors are signalled by the ContentProtection element and are used to
provide content protection, encryption, and DRM related information in order to access encrypted and/or
DRM-protected content. The ContentProtection elementis an extended descriptor type.

For the e
protectipn descriptor scheme.

The ContentProtection descriptors is expected to provide sufficient information, possibly ih
conjunction with the @value and/or extension attributes and elements, such as the DRM system(s),
encryption algorithm(s), and key distribution scheme(s) employed, to enable a client{to’ determinle
whetheri]it can possibly play the protected content. The ContentProtection elementcan be extendefd
in a separate namespace to provide information specific to a content protection schemie (e.g. particuld
key management systems or encryption methods).

=

When n¢ ContentProtection element is present, the content shall not be(encrypted.

Subclauge 5.8.5.2 exclusively defines schemes indicating the encryptién“scheme for different MPE(:
formats) In subclause 5.8.5.2.2, the MP4 protection scheme identified with @schemeIdUri set tp
"urn:mpeg:dash:mpdprotection:2011" is defined. In sdbclause 5.8.5.2.3, the MPEG-2 TS
protectipn scheme identified with @schemeIdUri set tp
"urn:mpeg:dash:13818:1:CA descriptor:2011" is.defined. These schemes merely indicate
the encryption mode used in conjunction with one or moreDRMs. Hence, it is recommended to provide
the client with additional content protection information‘about the available DRMs.

=0

Additiorjal ContentProtection elements with thé/@ scheme IdURT attribute set to a URN not define
in subclause 5.8.5 must describe a specific key management and protection scheme that is sufficient t
access and present the Representation. For suchrschemes, an optional @robustness attribute may b|
present,|for details see subclause 5.8.4.1.2.

® O

The content protection information may be provided explicitly in a ContentProtection element gr
may be 1leferenced from another ContentProtection element. For details refer to subclause 5.8.4.1.3.

The senjantics of the attributes\within the ContentProtection element are provided in subclause
5.8.4.1.4] Table 30. The XML syntax of ContentProtection elementis provided in subclause 5.8.4.1.5.

Subclause 5.8.4.1.6 provides information on how to define a content protection scheme.

5.8.4.1.2 Robustness

An optignal @robwstness attribute may be present in a ContentProtection element specifying thee
minimur]n robustness value required for playing back the associated Representations.

Robustnlesslevels are generally used to differentiate implementations based on their level of robustnegs
to attacks. Typically, the differentiation is based on whether decryption and decoding are performed in
hardware or software. The set of robustness levels, their values, and the ordering are specific to each
content protection scheme.

The robustness information may be provided to a DASH client for optimizing its processing. Typically, if
the client ignores this information, it will identify whether its robustness level is sufficient for playing the
associated Representations only after processing the DRM license server response.

For details defining robustness levels for a content protection scheme, refer to subclause 5.8.4.1.6.
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NOTE Different DRMs can potentially have different robustness levels on the same device, and

different

codecs can have different robustness levels with the same DRM on the same device. A client may thus factor

these in when selecting the DRM and codec.

5.8.4.1.3 Referencing

An MPD may contain multiple Representations or Adaptation Sets with identical ContentProt

ection

descriptors. This redundancy may become significant in cases such as carriage of Protection System

Specific Header (' pssh') information inside the ContentProtection descriptor.

Hor this purpose, a ContentProtection element may contain a @ref Id attribute that shall
Hentify the element among all other ContentProtection elements in the MPD.

—n

a ContentProtection element with a @ref attribute is present, then” exad
ontentProtection element with a matching @re £ Id attribute value shall be pfésent.

ContentProtection element, referred to as "referencing”, may contain a @xe'f attribute tl
b the value of @refID of any ContentProtection element, referred to-as”source". In this
bllowing holds:

e S o W

— The "referencing” ContentProtection element inherits all attributes and elements
“source” ContentProtection element.

— Any element or attribute present in the “referencing””ContentProtection element
in the "referencing” ContentProtection element,

— The "source" ContentProtection element shall be included in a Period not later
Period that contains in the “referencing” ContentProtection.

NOTE1 The content author is expected tddbe careful about the consequences of a client not beir
dereference a "referencing" ContentProtection element. In this case, the client could either 1
associated Representations, or it couldbe forced to exchange additional information with the DRM
identify the suitability of being able to-access the associated Representations.

NOTE 2 A “source” ContentProtection element could be included in a Period which at som
outside of the time shift buffer, yet still included in the MPD updates.

5.8.4.1.4 Semantics

Table 33 — Semantics of elements of Content Protection descriptor

iniquely

tly one

nat is set
case the

rom the

remains

than the

g able to
eject the
server to

P point is

Element orAttribute Name Use Description

ContentProtection specifies information regarding a content protec
encryption scheme used to encrypt and/or prote
associated Representation(s)

ion or
ict the

chemeFdtrl M identifies a content protection or encryption sch

Pme.

protection or encryption scheme. For example, it

@value 0 provides additional information specific to the content

provide information such as DRM version, encryption
mode, etc. For details, refer to subclause 5.8.4.1.6.

may
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Element or Attribute Name Use Description

@ref 0 If present, makes this a referencing content protection
descriptor that inherits from a “source” content
protection descriptor which is identified by the
equivalent value of @re £ Id attribute. For details, refer
to subclause 5.8.4.1.3.

The attribute shall not be present if the @refId
attribute is present.

@refId 0 specifies an identifier of this descriptor. The identifier
shall be unique within an MPD.

The attribute shall not be present if the @re f attribute
is present.

@krobustness oD specifies the robustness level required(fer-this content
protection scheme for accessing content represented
by the associated Representation(s)./For more details
refer to subclause 5.8.4.1.2 and '5:8.4.1.6.

If not present, then the lowestrobustness level for the
identified content protéction scheme applies.
Key
For attrfibutes: M=Mandatory, O=0Optional, OD=0ptional with Default Value, CM=Conditionally Mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)
Elements are bold; attributes are non-bold and preceded with-an @.
5.8.4.1.5 Syntax
<xs:lcomplexType name="ContentProtectionType”>
xs:annotation>
<xs:documentation xml:lanpg=Ven">
Content Protection
/xs:documentation>
/xs:annotation>
xs:complexContent>
<xs:extension bage#"DescriptorType">
<xs:atfnibute name="robustness" type="StringNoWhitespaceType"/>
<xs:gtbribute name="refId" type="xs:ID"/>
<xshNa#tribute name="ref" type="xs:IDREF"/>
</Xs:extelsion>
/xs:complexCoitent>
</xgl:complexType
5.8.4.1.6 Definition of content protection schemes
Content|Protection schemes may be defined and be used together with the content protection descriptof.

In order to define a content protection scheme, this subclause defines several rules and recommendations

for such

a definition.

The following information is required for defining a content protection scheme:

1) A unique value of the scheme identifier @schemeIdUri

2) Alist of permissible values for the @value attribute and their interpretation. There is no need to

define a value if the scheme identifier itself is sufficient to convey the information.

The following information is recommended:
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1) The usage and setting of the @robustness attribute. Robustness values, if defined, must be
provided in an ordered list from low to high, representing the robustness level.

2) Example(s) of value discovery by the client using some frequently used APIs (e.g. W3C EME,
Android, etc.).

3) How these values can be used by players in existing workflows.

4) Additional information that is important for the content protection scheme.

This document does not define content protection schemes in the sense as introduced above. However,
this document provides In subclause 5.0.5.2 some well-defined encryption schemes to be used.lr context
with external content protection schemes.

Hxternal organizations can define content protection schemes. If they do, they must proyide the
dforementioned required information and are encouraged to provide the recommended information.

(rganizations are encouraged to document content protection schemes along-with all additional
ipformation at DASH-IF Content Protection.

.8.4.2 Role

iflentify the role of the media content component. Roles define and describe characteristic§ and/or

5

Hor the element Role, the @schemeIdUri attribute is used to identify the role scheme emplloyed to
i

structural functions of media content components.

(ne Adaptation Set or one media content component may, haye assigned multiple roles even wjthin the
spme scheme.

This document defines a simple role scheme in subclatise 5.8.5.5.

Ih addition, this document defines other roles schemes to support signalling for multiple view siignals in
subclause 5.8.5.6.

.8.4.3 Accessibility

cheme employed. Accessibility is-a\general term used to describe the degree to which the DASH Media

5

Hor the element Accessibility, the @schemeIdUri attribute is used to identify the accgssibility
S

Hresentation is available to as many people as possible.

NOTE Accessibildity elements fulfil a very similar purpose with respect to mediq content
components as for Role €lements but are specifically intended for accessibility.

ne Adaptation Set.ofone media content component may have assigned multiple accessibility gurposes
ven within the same scheme.

d

€

This document does not define a specific accessibility scheme, but the simple role scheme in syibclause
5.8.5.5 mdy\be used to express a minimum amount of accessibility information.

3.8.4.4Rating
Horthe element Rating, the @schemeTdUri attribute is used to identify the rating scheme employed.

Ratings specify that content is suitable for presentation to audiences for which that rating is known to be
appropriate, or for unrestricted audiences.

NOTE If an audience has a rating restriction, it is intended that content that has associated ratings is not
presented to that audience, unless at least one scheme is recognized and the rating value indicates that the
content is appropriate to that audience.

This document does not define a rating scheme.

© 1S0 2022 - All rights reserved 119


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

5.8.4.5 Viewpoint

For the element Viewpoint, the @schemeIdUr1i attribute is used to identify the viewpoint scheme
employed.

Adaptation Sets containing non-equivalent Viewpoint element values contain different media content
components. The Viewpoint elements may equally be applied to media content types that are not video.

Adaptation Sets with equivalent Viewpoint element values are intended to be presented together. This
handling should be applied equally for recognized and unrecognized @schemeIdUri values.

This doqument does not define a viewpoint scheme.

5.8.4.6 Frame-packing

For the plement FramePacking, the @schemeIdUri attribute is used to identify the frame-packing
configurfation scheme employed.

(i

Multiple FramePacking elements may be present. If so, each element shall‘ ¢ontain sufficien
information to select or reject the described Representations.

—+

NOTEE If the scheme or the value for all FramePacking elements are notrecognized, the DASH Clier
is exypected to ignore the described Representations. A client can reject theC(Adaptation Set on the basis ¢
obsqrving a FramePacking element.

—-

The degcriptor may carry frame-packing schemes using the JRN label and values defined far
VideoF|ramePackingType in ISO/IEC 23091-3.

This doqument also defines frame-packing schemes in subclause 5.8.5.6. These schemes are maintainefd
for backward-compatibility, but it recommended to use thesignalling as defined in ISO/IEC 23091-3.

5.8.4.7 Audio channel configuration

For the ¢glement AudioChannelConfiguration,the @schemeIdUri attribute is used to identify thie
audio channel configuration scheme employed.

-

Multipld AudioChannelConfiguration€lements may be present indicating that the Representatio
support$ multiple audio channel configurations. For example, it may describe a Representation thg
include§ MPEG Surround audio supperting stereo and multichannel.

[

NOTE1  Ifthe scheme or thevalue for this descriptor is not recognized, the DASH Client is expected to ignor
the dlescriptor.

[¢)

]

The descriptor may carry audio channel configuration using the URN label and values defined fo
ChannglConfiguration inISO/IEC 23001-8.

[72)

NOT[E 2 Incaddition, a scheme for audio channel configuration is also defined in subclause 5.8.5.4. Th
scheme is maintained for backward-compatibility, but it is preferable to use the signalling as defined in
ISOAIEC23001-8.

5.8.4.8 Essential Property Descriptor

For the element EssentialProperty, the Media Presentation author expresses that the successful
processing of the descriptor is essential to properly use the information in the parent element that
contains this descriptor unless the element shares the same @id with another EssentialProperty
element.

If EssentialProperty elements share the same @id, then processing one of the
EssentialProperty elements with the same value for @id is sufficient. At least one
EssentialProperty element of each distinct @id value is expected to be processed.

120 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

NOTE 1  Ifthe scheme or the value for this descriptor is not recognized, the DASH Client is expected to ignore
the parent element that contains the descriptor.

Multiple EssentialProperty elements with the same value for @id and with different values for
@id may be present.

If one or more EssentialProperty elements sharing the same @id appear at the MPD level, this
means that successful processing of at least one of these descriptors is essential to properly access and/or
present the content described by this MPD.

NOTE 2 In the case when none of the EssentialProperty elements sharing the same [dild can be
successfully processed, the DASH Client is expected to terminate the media presentation.

—

he removal of an EssentialProperty descriptor in an MPD shall not change the conformance of this MPD
b its associated schema and profile.

[l

.8.4.9 Supplemental Property Descriptor

or the element SupplementalProperty, the Media Presentation \aiithor expresses that the
escriptor contains supplemental information that may be used by ‘the” DASH Client for optimized
rocessing.

= Q.

NOTE If the scheme or the value for this descriptor is not recognized, the DASH Client is expected|to ignore
the descriptor.

Multiple SupplementalProperty elements may be présent.

(&1 |

.8.4.10 Asset Identifier

—

he AssetIdentifier is used to identify the*asset on Period level. If two different Periodq contain
quivalent Asset Identifiers then the content in-the two Periods belongs to the same asset.

@D

NOTE If the scheme or the value for this descriptor is not recognized, the AssetIdentifiex element
can still be used to understand the equivalence of Asset Identifiers across Periods. Processing of the descriptor
scheme and value by the DASH Client;is not essential for normal operation.

.8.4.11 UTC Timing Descriptor

sing the UTCTiming elefnent, the Media Presentation author provides additional information for the
lient to optionally obtain’ wall-clock time to be used in Media Presentation. If multiple schgmes are
pecified by the Media-Presentation author, their order indicates their relative preference, firgt having
he highest, and thelast having the least priority. However, the client may choose any method, potentially
aving to deal with reduced accuracy.

he value-of-the @schemeIdURI for this descriptor shall be restricted to one of the identifiers
ocumernted in the first column "@schemeIdURI" in subclause 5.8.5.7, Table 35.

(oM o o N

(81 |

.8:4:12 Output protection

5.8.4.12.1 General

Output protection schemes, such as High-bandwidth Digital Content Protection, Digital Content
Protection, LLC HDCP, are frequently used to protect the rendered output in transit from the decoding
device to the displaying device (for example, from a set-top box connected to a TV set using an HDMI
cable). These output protection schemes and their properties are frequently a pre-requisite for the ability
to present digital media content.

The OutputProtection element is a descriptor type and this descriptor may be used to identify an
output protection descriptor scheme that is required to present the associated Representation(s).
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The ultimate decision for whether a Representation can be rendered by a client is typically defined by the
content usage rules, usually documented in the license provided by the DRM license server. However, the
information contained in the output protection descriptor can be used by the client to select the
associated Representation or Adaptation Set and start downloading without waiting for the license server
response.

This information is provided to the DASH client to optimize its processing. Typically, if the client ignores
this information, it will identify whether its output environment is capable to play the associated
Representations after processing detailed DRM information.

=}

When an OutputProtection element is not present, the client should not make any assumptions-o
whether output protection is indeed a prerequisite for content presentation.

=]

NOTE The authoritative answer to the question “can the client present this representation” is still give
by the DRM license server response. Hence, even if the descriptor is not understood, incorrect;er ignored,
would not result in incorrect behaviour, only in reduced efficiency.

ot

5.8.4.12.2 Output protection schemes definition

=}

Output protection schemes may be defined and be used in DASH together with'\the output protectio
descriptpr. In order to define an output protection scheme, this subclause.defines several rules an
recommiendations for the definition of this.

o0

For defining an output protection scheme the following information is required:

1) A unique value of @schemeIdUri
2) The list of permissible values for the @value attribute in non-decreasing order, and thej

—

interpretation

The follgwing information is recommended:

1) Example(s) of value discovery by the client using some frequently used APIs (e.g. W3C EME
Android, etc.)
2) kxample(s) of how these values would be used by the players to reject potentially unplayable
associated representations

Output grotection schemes definedin'this document are provided in subclause 5.8.5.14.

External organizations can define-output protection schemes. If they do, they must provide the requirefd
information from above and-are encouraged to provide the recommended versions.

—

Organizations are enceufaged to document content protection schemes along with all additiong
informafion at DASH<IF*Output Protection.

5.8.5 Specific scheme definitions

5.8.5.1 Gzeneral

The def nition—aof -chacificschaomac (haoth cuntasy and caoraantiec) +0 ha vend 390 vy Af +tha daceoringt r
HH e 6+—5pecHe—Seneme s Dot Sy hax—aha—Seahites;—+oBeHUSeaH—aRy—8+—te—aeSerpt

elements requires the definition of the URI by the authors to link the content description to the Media
Presentation. In subclause 5.8.5, some schemes and scheme identifiers are defined to enable usage of
existing code points in combination with this document as well as to provide simple means to support
different functionalities.
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5.8.5.2 Content protection

5.8.5.2.1 General

The remainder of subclause 5.8.5.2 defines a set of URIs that identify specific encryption schemes
schemes. Note that these defined schemes do not follow the rules of subclause 5.8.4.1.6 as they are
exclusively used to identify the encryption scheme rather than a full content protection scheme. However,
they are supposed to be used with the ContentProtection descriptor.

5.8.5.2.2 The MP4 Protection Scheme

H
S
I

< -3 O D g

-

[ el

anlls oller

or Representations based on ISO/IEC 14496-12, the following URI is defined to indicate, px
chemes identified by the Scheme Type within the Scheme Type Box of the Protection
hformation Box of the file:

urn:mpeg:dash:mp4protection:2011

h this scheme, the @value attribute shall present and shall be the 4CC contained in the Sche

nn

CC and the version number, if present, shall be separated by a ":". The vetsion number shall be
s up to 8 hexadecimal digits, where the leading '0's may be omitted.

he syntax for the value field of the content protection descriptors‘shall follow the MP4-PROTE
ALUE as defined in the following ABNF notation according to, IETF RFC 5234:

MP4-PROTECTION-VALUE = VERSTIONED-4CC

= CCCC [ CCCC-VERSIQM 1]

1*8HEX

CA-DESCRIPTOR-VALUE = LHEXLHEX LHEX LHEX

LHEX = DIGIT / / "KWY / / / /

he value space of the @robustness attribute is not defined for this scheme and therefore the
hall not be present.

the urn:mpeg:dashimpdprotection:2011 content protection scheme is assigng
epresentation, it merely indicates the encryption mode used in conjunction with one or mor
ence, it is recommended to provide the client with additional information about the available I

Fthe value of the)Scheme Type Box (and hence the value of the @value attribute of the MP4 pr
cheme) is defined in ISO/IEC 23001-7, then as defined in 11 of ISO/IEC 23001-7, the following

elements. These typically use the @schemeIdUri property to carry a UUID, as defined
RFC 4122, of the specific content protection scheme and may include additional schem¢

022(E)

otection
Scheme

me Type

ox, suitably percent-encoded according to IETF RFC 8141, and may include the version numper. The

encoded

CTION-

httribute

bd to a
e DRMs.
DRMs.

otection
applies:

1) The/MPD author is encouraged to provide additional DRM-specific ContentProtection

in IETF
-specific

information.
2) The presence, syntax, and semantics of the @value attributes are governed by the
content protection scheme.

specific

3) The @cenc:default KID attribute as defined in ISO/IEC 23001-7 should be present in the
ContentProtection element  with cenc defined as the namespace

xmlns:cenc="urn:mpeg:cenc:2013" as defined in ISO/IEC 23001-7.

4) Amediaplayerapplication may read the @cenc:default KID valuetodetermine whether that

key has been acquired, and may acquire a license using the informationina cenc:pssh
in advance of media availability.

© IS0 2022 - All rights reserved
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5) The carriage of the scheme-specific cenc : pssh element is recommended.

Organizations are encouraged to document content protection schemes along with all additional
information at DASH-IF Content Protection.

5.8.5.2.3 The CA_descriptor scheme

For Representations based on ISO/IEC 13818-1 (MPEG-2 Transport Stream), the following URI is defined
to indicate the Conditional Access System used:

urnmmpegTadasT IS8 8T T CA desTcriptor 20Tt

In this [scheme, the value of the @value attribute shall be the 4-digit lower-case hexadecimal
Represeptation of the 16-bit CA_system_ID from the CA descriptor as defined in ISO/IEC 13818-1.

The valye space of the @robustness attribute is not defined for this scheme and therefore'the attribute
shall not be present.

5.8.5.3 Frame-packing

The follpwing defines a set of URIs that identify specific frame-packing arrangements, i.e. schemss
containgd in the FramePacking element:

— For| Adaptation Sets or Representations that contain a video tomponent that conforms tp
ISO/IEC 14496-10119], the URI
urn:mpeg:dash:14496:10: frame packing arrangemment type:2011 is defined. The
@value shall be value as defined for VideoFramePackingType in ISO/IEC 23091-2.

— For| Adaptation Sets or Representations that contain a video component that conforms 4
ISOfIEC 13818-1, the URI urn:mpeg:dash:138%18:1:stereo _video format type:201
is d¢fined. The @value shall be value as defined forVideoFramePackingType in ISO/IEC 23091
2.

= O

The synfax for the value field of the frame\packing descriptors shall follow the FRAME-PACKING
ARRANGEMENT-TYPE-VALUE as definedin‘the following ABNF notation according to IETF RFC 5234:

FRAME-PACKING-ARRANGRMENT-TYPE-VALUE = VIDEO-FRAME-PACKING-TYPE
STEREO DEO-FORMAANNYPE VIDEO-FRAME-PACKING-TYPE
VIDEO-FRAME-PACKINgG=TYPE = 1*2DIGIT

5.8.5.4 Audio channel configuration schemes

The follpwing defines aCURI that identifies channel configuration signalling for Representations thdt
contain an audio component. The URI
"urn:npeg:dash>»23003:3:audio channel configuration:2011"is defined to indicate the
channel| configuration as defined by Table68 (Channel Configurations, meaning af
channellConfigurationIndex, mapping of channel elements to loudspeaker positions') qf
ISO/IEC|23003-3. The @value shall be the value as defined for ChannelConfiguration in ISO/IELC
23091-3-

The URN "urn:mpeg:dash:outputChannelPositionList:2012" defines a list of output
channel positions to signal individual speaker positions. The @value shall be a space-delimited list of
values as defined of the OutputChannelPosition as defined in ISO/IEC 23091-3. For example, the
@value for the subclause 7.1 channel configuration 2 high as 2/0/0, 5 mid as 3/0/2 and 0.1 low, where
a/b/cindicates speaker countin front, side and back, respectively and 0.1 indicates a subwoofer channel),
is"2 01453 17 18".
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5.8.5.5 DASH role scheme

The URN "urn:mpeg:dash:role:2011" is defined to identify the role scheme defined in Table 34.
Role@value shall be assigned to Adaptation Sets that contain a media component type to which this
role is associated.

Table 34 — Role@value attribute for scheme with a value "urn:mpeg:dash:role:2011"

RoleCvalue Description Applicable
Media Type(s)
caption Captions (see NOTE 3 below). videogs bext
subtitle Subtitles (see NOTE 3 below). videg, text
Main Main media component(s) which is/are intended for any
presentation if no other information is provided.
alternate Media content component(s) that is/are an alternative to any
(a) main media content component(s) of the same(media
component type (see NOTE 2 below).
supplementary Media content component that is supplementary to a any
media content component of a differentmedia component
type (see NOTE 1 below).
commentary Experience that contains a commientary (e.g. director's audio, text
commentary) (typically audio).
dub Experience that contains anelement that is presented ina | audio, text
different language from-the original (e.g. dubbed audio,
translated captions).
description Textual or audig-media component containing a textual audio, text
description (intended for audio synthesis) or an audio
description describing a visual component.
sign Visual\media component representing a sign-language video
interpretation of an audio component.
metadata Media component containing information intended to be text,
processed by application specific elements. applicatfon
enhanced-audio~ Experience containing an element for improved audio
intelligibility intelligibility of the dialogue.
emergency, Experience that provides information, about a current any
emergency, that is intended to enable the protection of
life, health, safety, and property, and may also include
critical details regarding the emergency and how to
respond to the emergency.
forced=subtitle TextuaHnformation-meantfor-display-whenne-othertext—text
representation is selected. It is used to clarify dialogue,
alternate languages, texted graphics or location/person
IDs that are not otherwise covered in the
dubbed/localized audio.
easyreader Simplified or reduced captions as specified in [United text, video
States Code Title 47 CFR 79.103(c)(9)].

© IS0 2022 - All rights reserved
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two me
experie
showin
assigne

NOTE 2
it differ
when 1
compor|

NOTE 3
having

NOTE 4
used to

Role@value Description Applicable
Media Type(s)
karaoke Textual representation of a songs’ lyrics, usually in the any
same language as the associated song. See SMPTE
ST 2067-2.
NOTE 1 A normal audio/video program labels both the primary audio and video as "main". However, when the

dia component types are not equally important, for example (a) video providing a pleasant visual

nce to accompany a music track that is the primary content or (b) ambient audio accompanying a video
b a live scene such as a sports event, that is the primary content, the accompanying media can be

1 a "supplementary” role.

Alternate media content components are expected to carry other descriptors to indicate in whatway

5 from the main media content components (e.g. a Viewpoint descriptor or a Role descriptor), especially
ultiple alternate media content components including multiple supplementary media content

ents are available.

Open ("burned in") captions or subtitles would be marked as media type component/video" only, but
h descriptor saying “caption” or “subtitle”.

Role descriptors with values such as "subtitle", "caption”, "description”, "sign" or "metadata” can be
enable assignment of a "kind" value in W3C HTML 5 applications for tracks-eXposed from a DASH MPD.

The syn
followin

fax for the value field of the role descriptor shall follow the ROLE-VALUE as defined in thle
o ABNF notation according to IETF RFC 5234:

ROLE-\
ROLE-1

ALUE
ALUE

/

/

/

/ W

ROLE -\
ROLE-

X

ALUE

=/
ALUE =

/

5.8.5.6}

This sch

This sch
video of
containi
Conten
this schd
pairs thd
be con
"urn:m

view andl which one is theright view of each stereo pair. The @value of the Role element shall contain

space-d
i(0<=i
view an
Qvalue
indicato

DASH Multiple views scheme
eme is defined for multiple views media content description.

eme may be used with the Role descriptor applied to a ContentComponent element of typ|
to an AdaptationSet element. (f'this scheme is applied to an AdaptationSet elemer
hg multiple views, each mledia content component of type video shall have
tComponent element that contains the Role descriptor using this scheme. A Role element ¢
me is used to indicate which views amongst the views comprising multiple presentable sterep
contained media content)component or components represent. If N views are available that cah
hbined into M _valid stereo pairs, the Role with @schemeIdURI equal tp
peg:dash:steredid:2011" signals which views form a stereo pair and which one is the left

A

I

limited list 6f view indicators 'li"' or 'rj' where i, j are non-negative decimal integers. A stereo pal
< M) is formed by using a view whose Role element includes the view indicator 'li" as the left
d a view*whose Role element contains the view indicator 'ri' as the right view. Within thle
attribute, view indicators shall be ordered with all left view indictors preceding all right viey
I'sand within each group in ascending order of view index.

The syntax for the value field of the role descriptor shall follow the STEROID-VALUE as defined in the

following ABNF notation according to IETF RFC 5234:

STEROID-VALUE

LEFT-VIEW-INDICATOR *[ SP LEFT-VIEW-INDICATOR

]

RIGHT-VIEW-INDICATOR *[

SP RIGHT-VIEW-INDICATOR

]

LEFT-VIEW-INDICATOR
RIGHT-VIEW-INDICATOR

DECIMAL DIGITS

DECIMAL DIGITS
DECIMAL DIGITS

1*DIGIT
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This document defines several methods, specified in Table 35, by which DASH Clients can obtain wall-
clock times as used by the Media Presentation. Specifically, this clock is synchronized to the one used to

generate the MPD.

Table 35 — Different UTC timing Methods

@schemeIdURI

Description

urn 'mpmrj-daqh '111—(~'h1—p'70‘l 4

The identifierindicates that the @sxza1uc contains awhite

space separated list of servers that are recommended|t
used in combination with the NTP protocol as defined i
IETF RFC 5905 for getting the appropriate time.

NOTE Multiple servers can be used téjimprove ac

Use of NTP servers not specified in the, @va 1 ue attriby
allowed.

For exact syntax of the value of the"@va lue attribute,
below.

be
n

furacy.

teis

ee

urn:mpeg:dash:utc:sntp:2014

The identifier indicates that the @value contains a wh
space separated list of'servers that are recommended t
used in combinatien with the SNTP protocol as defined
IETF RFC 5905-fer getting the appropriate time.

For exact syntax of the value of the @value attribute,
below.

ite
be
in

ee

urn:mpeg:dash:utc:http-
head:2014

The'identifier indicates that the @value contains a wh
space separated list of HTTP URLs that are recommend
used in combination with the HTTP protocol as defined
IETF RFC 7230 for getting the appropriate time.

The value of the @value attribute contains a white sp

separated list of HTTP URLs to which HTTP HEAD requ
be made to obtain the Date information in the HTTP He
providing the wall-clock time for this Media Presentatid

For exact syntax of the value of the @value attribute,
below.

ite
bd to be
in

hce
psts can
hder

n.

ee

urn:mpeg:dashedtc:http-
xsdate:2014

The identifier indicates that the @value contains a wh
space separated list of HTTP URLs that are recommend
used in combination with the HTTP protocol as defined
IETF RFC 7230 for getting the appropriate time.

The value of the @value attribute contains a white sp
separated list of HTTP URLs to which HTTP GET reques

ite
bd to be
in

pce
ts can

be made to obtain the timing information. The timing

information is contained in the message body of the HTTP
response to the above HTTP GET request and contains the time

value which shall be formatted according to xs:dateTim

defined in W3C XML Schema Part 2: Datatypes specification.
This value is based on a wall clock synchronized to the one

used to generate the MPD.

For exact syntax of the value of the @value attribute, see

below.

€ as
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@schemeIdURI Description
urn:mpeg:dash:utc:http- The identifier indicates that the @value contains a white
is0:2014 space separated list of HTTP URLSs that are recommended to be

used in combination with the HTTP protocol as defined in
IETF RFC 7230 for getting the appropriate time.

The value of the @value attribute contains a white space
separated list of HTTP URLs to which HTTP GET requests can
be made to obtain the timing information. The timing
information is contained in the message body of the HTTP
response to the above HTTP GET request and contains timé
value formatted according to ISO time code as defined in
ISO/IEC 8601. This value is based on a wall clock synchronized
to the one used to generate the MPD.

For exact syntax of the value of the @value attribute, see

below.
urn:mpeg:dash:utc:http- The identifier indicates that the @va L&é& contains a white
ntp:2014 space separated list of HTTP URLs that are recommended to be

used in combination with the HTTP protocol as defined in
IETF RFC 7230 for getting the appropriate time.

The value of the @valugfattribute contains a white space
separated list of HTTR'WRLs to which HTTP GET requests can
be made to obtain the timing information. The timing
information is cohtained in the message body of the HTTP
response to thetabove HTTP GET request and contains time
value formatted according to formatted according to NTP
timestamp:format in [ETF RFC 5905. This value is based on a
wall clock synchronized to the one used to generate the MPD.

Forexact syntax of the value of the @value attribute, see
below.

urn:mpeg:dash:utc:direct:2014) | The identifier indicates that the @value field, contains the
time value which shall be formatted according to xs:dateTime
as defined in W3C XML Schema Part 2: Datatypes. This value is
based on a wall clock synchronized to the one used to generate
the MPD.

For exact syntax of the value of the @value attribute, see
below.

The symtax for the- value field of the UTC Timing descriptor with @schemeIdURI set t
"urn:mpeg:dash:utc:ntp:2014" orsetto "urn:mpeg:dash:utc:sntp:2014" shall folloy
the NTP+-VALUE as defined in the following ABNF notation according to IETF RFC 5234:

< O

N®&P)-VALUE = TIME-SERVER *[ WS TIME-SERVER ]
TIME-SERVER = host | port ] ; host and port are declared 1in
IETF RFC 3896 and

; augmented IETF RFC 6874
The syntax for the value field of the UTC Timing descriptor with @schemeIdURI set to
"urn:mpeg:dash:utc:http-head:2014", set to "urn:mpeg:dash:utc:http-
xsdate:2014", set to "urn:mpeg:dash:utc:http-iso0:2014" or set to
"urn:mpeg:dash:utc:ntp:2014" shall follow the HTTP-VALUE as defined in the following ABNF
notation according to IETF RFC 5234:
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HTTP-VALUE = httpurl *[ WS httpurl ] ; httpurl is defined in
IETF RFC 1738

The syntax for the value field of the UTC Timing descriptor with @schemeIdURI set to
"urn:mpeg:dash:utc:direct:2014" shall follow the DIRECT-VALUE as defined in the following
ABNF notation according to IETF RFC 5234:

DIRECT-VALUE = | ] 4DIGIT 2DIGIT 2DIGIT 2DIGIT
2DIGIT 2DIGIT [ /A / ) 2DIGIT 2DIGIT ]

5.8.5.8 Audio Receiver Mix

This clause defines a scheme for use in EssentialProperty or SupplementaryPropErty to
ihdicate that two audio Adaptation Sets need to be mixed by the media engine prior to playback

The @schemeIdUri attribute identifying the scheme is urn:mpeg:dash:audio-reckiver-
Mix:2014.

he @value attribute shall contain the value of the AdaptationSet@id from-an Adaptation|Set with
ontent type audio attribute with which the current Adaptation Set needs to bé mixed with in [order to
rovide complete audio experience.

n example of receiver mix is the case where a single audio Adaptation Set provides music and gffects —
e. complete experience without dialogues, and one or more Adaptation Sets provide dialpgues in
ifferent languages. In this case, the dialogue Adaptation Sets depends on music and effects Adaptation
et.

he mixing requirement is unidirectional — i.e.requitement of mixing Representation |A with
epresentation B when A is selected does not imply mixing the two is required if B is selected.

he syntax for the value field of the audio receiverix descriptor shall follow the AUDIO-RECEIVER-
IX-VALUE as defined in the following ABNF netation according to IETF RFC 5234:

2 4 = N QT T O

AUDIO-RECEIVER MIX-VALUE = {WYAPTATION-SET-ID

ADAPTATION-SET-ID = DEGIMAL DIGITS
DECIMAL DIGITS = 1*DJIADT

.8.5.9 DASH MPD Adaptation, Set Linking scheme

5

The URN "urn:mpeg:dashrmpd-as—-1inking:2015" is defined in order to provide infgrmation
that the same Adaptatiofi Set can be found in another MPD. The scheme may be used with Essential
Hroperty Descriptors together with an EmptyAdaptationSet element or with Supplemental Property
Descriptors. The value provides

—+ a URL to the MPD, including appropriate anchors for Periods and Adaptation Set as defined|in C.4.2,
and

- optionally, a timeline offset field to synchronize the data added as a white space separated second
item. If the value is not present, then the media time on the original MPD and the linked MPD are
identical. Ifa t imeOf fset field is added, then this value expresses the difference between the media
time of the Adaptation Set of the linked MPD and the media time in the originating MPD. The number
may be positive or negative. The timeoffset is in unit of @timescale of the linked Adaptation
Sets.

The Descriptor shall only be used in combination with Adaptation Sets (regular or empty ones). If all
information is contained in the Adaptation Set, then a Supplemental Descriptor or an Essential Descriptor
may be used. If the Adaptation Set does neither contain a Representation element, nor an @xlink
attribute, then an Empty Adaptation Set as well as an Essential Descriptor shall be used to indicate that
the Adaptation Set is not fully described in this MPD.
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NOTE This scheme can be used for many use cases. However, one specific use case is the server-based
mosaic channel as described in ISO/IEC TR 23009-3[20.. The use case can be fulfilled by the combination of the
Spatial Relationship Description (SRD) as defined in Annex H and this scheme. In this case, the same value of
source_ idparameterin SRD scheme indicates the association among Adaptation Set(s) (regular and empty
ones if present) even though Representation is not present in an Empty Adaptation Set.

The syntax for the value field of the adaptation set linking descriptor shall follow the MPD-AS-LINKING-
VALUE as defined in the following ABNF notation according to IETF RFC 5234:

MPD-AS-LINKING-VALUE = MPD-URL [ WSP TIMELINE-OFFSET ]

MPD-URL = httpurl ; defined in IETF RFC 1738
TIMELINE-OFFSET = [ ] DECIMAL DIGITS
PECIMAL DIGITS=1*DIGIT

5.8.5.10 Sub-Asset Identifier scheme

In DASH MPD, sub-assets across Periods can be identified using the sub asset Scheme’ldentifier. This
scheme |s signalled using a specific SupplementalProperty descriptor at the Adaptation Set or Sulj
Representation level with @schemeIdUri attribute setto "urn:mpeg:dasha8ai:2015".

(i

If two (lifferent Adaptation Sets or Sub-Representation from different-Periods contain Sub-Asse
Identifigrs descriptors with the same @value attribute, then the content in the Representation(q)
containgd in these Adaptation Sets represent, at least, the same sub-asset!

14

NOTE1 The association between sub-assets and an Adaptation Set\can change across Periods. For instance,
an Adaptation Set can be associated with a sub-asset of an asset imone Period but with another sub-asset of thle
same asset in another Period.

NOTE 2  Sub-Asset Identifier descriptor can be used*by 'DASH Clients to select Representation(s) to b
prodessed after a Period change.

[¢’)

—

A giyen Sub-Representation or Adaptation Set,can contain more than one Sub-Asset Identifier descriptd
indi¢ating that this Sub-Representation or the Representation(s) contained in this Adaptation Set, respectively,
represent more than one identified part of the'asset.

NOTE 3  If the value for this descriptor is not recognized, the SubAsset Identifier descriptor can still be use
to upderstand the equivalence of subsasset identifiers across Periods. Processing of the descriptor scheme an|
valuf by the DASH Client is notessential for normal operation.

oo

NOTE 4  Different Adaptation Sets or Sub-Representations in a Period do not contain the same SubAsset
Idenftifier, i.e. the same-@schemeIdUri and @value is dis-allowed.

The synfax for the ¥alue field of the Sub-Asset identifier descriptor shall follow the SAI-VALUE 4s
defined |n the folowing ABNF notation according to IETF RFC 5234:

PAT-VAYUE = STRING
PIRNNG = *VCHAR

5.8.5.1 1 ChentAuthrenticatiomrand - Content Access Authorization

When client authentication and/or content access authorization functionality is needed, DASH may be
used with different schemes such as Open Authentication Technical Committee (OATC) Online
Multimedia Authorization Protocol (OMAP)[13], Open Standard for Authorization (OAuth) 2.0014], QASIS
Security Assertion Markup Language (SAML)[151, 3GPP Generic Authentication Architecture (GAA)Ié], or
3GPP Generic Bootstrapping Architecture (GBA)!71. This section describes generic signalling to support
use of various authentication and authorization schemes.

Typical access control methods include blocking HTTP requests that do not include a security token
obtained by the authorization protocol wherein the security token is validated by a CDN before

130 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

downloading the requested Media Segment, or encrypting Media Segments so that playback will be
restricted unless the authorization protocol provides the client with a decryption key.

For client authentication, a service may limit content delivery to authenticated clients, and may use client
identification information such as certificates, cookies, and embedded keys to determine subscription
rights, etc. required to authorize playback of the Media Presentation. The details of such a scheme are
outside the scope of this document. A client that does not support the signalled content access
authorization would not be able to play the content.

NOTE This subclause does not provide any requirements on client authentication or content access
authorization.

The signalling and setup of the specific scheme may be done outside the MPD level, e.g. a system applying
sjuch a scheme may only permit access to the MPD if the client is authenticated or the'content access is
duthorized.

However, there are cases for which the MPD is provided without access controel. In this cade, client
authentication and content access authorization methods may be signalled-inithe MPD using Essential
roperty Descriptors. The DASH Client may be offered with multiple options’to access the entire Media
Hresentation or specific parts of the Media Presentation, e.g. a specific- Adaptation Set. An Essential
roperty descriptor may be placed at the appropriatelevel, and, for example, the
jjsentialProperty@schemeIdUri may signal the URN of ‘the appropriate authentichtion or

thorization method and the EssentialProperty@valug attribute may carry some schemg specific
information. Other signalling may be used, but the detailed §ignalling and semantics remain spefific to a
articular scheme.

]

mv]

ontent access authorization. In this case, the EssentialProperty@id value may be used fo signal
inctional equivalence of descriptors. I the absence of other informatidn, the
HssentialProperty(@id value may contaifythe following URNSs:

i
¢
There may be cases in which multiple options are provided to the client for client authentication and/or
c
f

~ urn:mpeg:dash:client-authef@itication:2015 for client authentication.

4+ urn:mpeg:dash:content=authorization:2015 for content access authorization.

[

h this case,

+ each EssentialProperty descriptor with EssentialProperty@id value of
urn:mpeg:dasiiticlient-authentication:2015 indicates a supported client authentication
protocol. A clientmay select one of possibly multiple elements with that EssentialPropefrty@id
value, and-d-scheme that it recognizes based on the @schemeIdUri attribute; and exequte that
protocol Usirig any information included in the @value attribute and any extension element§ defined
by that\particular authentication scheme.

+ ,each EssentialProperty descriptor with EssentialProperty@id value of
urn:mpeg:dash:content-authorization:2015 indicates a supported contenf access
authorization protocol. A client may select one of possibly multiple elements with that
EssentialProperty@id value, and ascheme thatitrecognizes based on the @schemeIdUri
attribute; and execute that protocol using any information included in the @value attribute and any
extension elements defined by that particular authorization scheme.

A DASH Client that is successfully authenticated as an authenticated player and authorized for playback
of some or all Representations or Adaptation Sets in the MPD may request and play the authorized
content.
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5.8.5.12 Audio Interactivity Descriptor

A scheme is defined to be used with an Essential Property or Supplemental Property Descriptor as
"urn:mpeg:dash:audio-interactivity:2016".

This descriptor indicates if the associated audio content (Adaptation Set, Preselection or Representation)
contains media components that are enabled for user interactivity through associated metadata. The
descriptor is used e.g. to facilitate user interface (UI) resource management in the receiving client.
Interactivity involves user interaction with elements, i.e. the user can modify dynamically for example
the gain, spatial position or mute/unmute status of audio elements. Therefore, a Ul is required to enable
this kindl of personalization during playback. A supplemental descriptor should be used if a Ul ismqt
mandatgry to select and play the corresponding audio elements. An essential descriptor should be usefd
if a Ul isjmandatory in order to play the corresponding audio elements. The @value attribute isjownefd
by the c¢dec in use. The detailed semantics of the descriptor are also owned by the codec in-use:

5.8.5.13 Quality Equivalence Descriptor

A schenle is defined to be used with a Supplemental Property Descriptor as "urna:mpeg:dash:gr|
equivalence:2019". This descriptor enables an indication that the valu€s provided with each
@gualiftyRanking hold across Adaptation Sets that are included in the equivalence indicator. In thi
case the[value of all provided @qualityRanking values provides an equivalence.

[72)

D

This degcriptor may be declared at MPD, Period or Preselection level Multiple quality equivalend
descriptprs may be present in an MPD.

The valpie of the descriptor provides a comma-separated list“of Adaptation Set identifiers of thee
Adaptatjon Sets that have equivalent quality ranking. If the @value attribute is absent, all Adaptation
Sets in the underlying hierarchy have equivalent quality ranking.

The synftax for the value field of the quality ranking equivalence descriptor shall follow the QR
EQUIVALENCE-VALUE as defined in the following ABNF notation according to IETF RFC 5234:

OPR-EQUIVALENCE-VALUE = AS-ID &(NSP AS-ID ]

AS-ID = DECIMAL DIGITS
PECIMAL DIGITS = 1*DIGIT

5.8.5.14 Output protection schemes
5.8.5.14.1 General

The rempinder of subclause 5.8.5.14 defines a set of URIs that identify specific output protection schemss
following the rules of.subclause 5.8.5.14.2.

5.8.5.14.2 HDCP.Output Protection Scheme

The sub¢lause'defines an output protection scheme for HDCP, Digital Content Protection, LLC HDCP, with
@schemeTdUri defines "urn:mpeg:dash:output-protection:hdcp:2020" and the value as
defined in Table 36. The value provides an association between the content and the device output
requirements, namely the minimum HDCP version that a device output must comply with to output the
associated content.
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Table 36 defines an order list with increasing rows defining increasing levels.

Table 36 — Value definition of HDCP Output protection scheme with @scheme IdURT set to

"urn:mpeg:dash:output-protection:hdcp:2020"

@value Interpretation (Output compliance requirement for content)
1.0 HDCP 1.0-compliant device
1.1 HDCP 1.1-compliant device

o) LA Dd4D

H

1. PR | :
IMUGr 1.2=CUIIIPIdIIt UCvILT

HDCP 1.3-compliant device

HDCP 1.4-compliant device

HDCP 2.0-compliant device

HDCP 2.2-compliant device

N N N |
w| N O] N W

HDCP 2.3-compliant device

5.9 DASH metrics descriptor

5.9.1 Overview

This document does not define mechanisms for reporting.metrics; however, it does define a set o
and a mechanism that may be used by the service provider to trigger metric collection and rep

[ metrics
prting at

t

element in the MPD. The element contains the, list of DASH Metrics for which the measure
desired, the time interval and the granularity for the measurements, as well as the scheme accq
which the metric reporting is desired.
T
T
T

he semantics of the attributes within,the Metrics element are provided in subclause 5.9.2, 1
he XML syntax of Metrics element.s provided in 5.9.3.

he semantics of the Reporting element are provided in subclause 5.9.4.

5.9.2 Semantics

he clients, if a reporting mechanism is available,(The trigger mechanism is based on the rl:lrtrics
e

nts are
rding to

'able 37.
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Table 37 — Semantics of Metrics element

Element or Attribute Name Use Description
Metrics DASH metric element
@metrics M specifies all DASH Metrics that the client is desired to

report as a list of DASH Metric keys. The keys shall be
used as defined in Annex D, separated by a comma.

_Range 0.N specifies the time period during which DASH Metrics
collection is requested. When not present, DASH
Metrics reporting is requested for the whole duration
of the content.

@starttime 0 specifies the start time of the DASH Metrics egllection
operation. When not present, DASH Metrics collection
is requested from the beginning of content
consumption.

For services with MPD@type=¢dynamic’, the start
time is indicated in wall clock'time by adding the value
of this attribute to the value of the
MPD(@availabilityStartTime attribute.

For services withMPD@type="static', the start
time is indicatéd in Media Presentation time and is

relative to the.PeriodStart time of the first Period in this
MPD.

NOTE For example, if
MPD@availabilityStartTime is 14:30

and the metrics collection is intended to start at
14:45,then @starttime is 0:15.

@duration 0 specifies the duration of the DASH metrics collection
interval. The value of the attribute expresses in Media
Presentation time.

If not present, the value is identical to the Media
Presentation duration.

Reporting 1..N specifies information about the requested reporting
method and formats.

For more details, refer to subclause 5.9.4.

Key
For attrfibutes;;M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory

For elethénts: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.

5.9.3 XML syntax

<xs:complexType name="MetricsType">

<xs:annotation>
<xs:documentation xml:lang="en">
Metrics

</xs:documentation>

</xs:annotation>

<xs:sequence>
<xs:element name="Range" type="RangeType" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="Reporting" type="DescriptorType" maxOccurs="unbounded"/>
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<xs:any namespace="##other" processContents="lax" minOccurs="0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="metrics" type="xs:string" use="required"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:complexType name="RangeType">
<xs:annotation>
<xs:documentation xml:lang="en">
Metrics Range
</xs:documentation>
</xs:annotation>
<xs:attribute pame="starttime" type=" .duration"/>

022(E)

<xs:attribute name="duration" type="xs:duration"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>

5.9.4 Metric reporting

]

ASH Clients should collect metrics based on the Metric element and report ghexcollected metr|
ne of the reporting schemes in the Reporting descriptor in the Metrics elément.

o

—_—

[ is expected that elements containing unrecognized reporting schemes\aré ignored by the DAS

 multiple Reporting elements are present, it is expected that)the client processes on
ecognized reporting schemes.

o reporting scheme is specified in this document. It is expected that external specifications mez
brmats and delivery for the reporting data. External specifications defining a reporting schem
hke specific care to respect privacy issues.

o oh o =

(& |

.10 Events

.10.1 Overview

vents may be provided in the MPD or within a Representation in order to signal aperiodic infd
b the DASH Client or to an application:”Events are timed, i.e. each event starts at a specifi

S ot on

pecific events. DASH events ate)identified by scheme identifiers defined in this docum
application specific events, a scheme identifier identifies the application such that the DASH C
forward the event to the proper application.

Hvents of the same type are clustered in Event Streams by the same scheme/value pair. This ¢
DASH Client or the application to subscribe to an Event Stream of interest and ignore Event Stre
are of no relevanee-of interest.

Two ways of sighalling events are provided, namely:

— eventSsignalled in the MPD as defined in subclause 5.10.2,

- €vents signalled inband in the Representation as defined in subclause 5.10.3.

ics using

H Client.
b of the

y define
e should

rmation
¢ media

resentation time and may have a @uration. Events include DASH specific signalling or ap;tication-

nt. For
ient can

nables a
hms that

DASH-specific events are defined in subclause 5.10.4.
5.10.2 MPD Events
5.10.2.1 Overview

Generally, the Event Stream timing model follows the timing model of a media Representation in a Period.

Events may be signalled in the MPD. A sequence of events assigned to the media presentation time may
be provided in the MPD on Period level. Events of the same type are summarized in an Event Stream that

is specified by an EventStream element in a Period element. Events shall terminate at the

© IS0 2022 - All rights reserved

end of a

135


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

Period even if the start time is after the Period boundary or duration of the event extends beyond the
Period boundary.

The EventStream element is structured in a similar way as the descriptor defined in subclause 5.8,
namely it contains a @schemeIdUr1i attribute that provides a URI to identify the scheme and an optional
attribute @value. The semantics of the element are specific to the scheme employed. The URI identifying
the scheme may be a URN or a URL.

A Period shall contain at most one EventStream element with the same value of the @schemeIdUri
attribute.and the value ofthe @value attribute jie all Events of one type shall he clustered in one Event

Stream.

—

As Event Streams contain timed events, also a time scale attribute @timescale is provided to, assig
events fo a specific media presentation time within the Period. The timed events themselves are
describdd by the Event element.

This doqument does not provide any specific information on how to use Event Streamis. It is up to :-:E
application that employs DASH formats to instantiate the description elements with-appropriate sche
information. However, this document defines some specific schemes in subclausé€.5,10.4.

—_—

NOTE A DASH application that uses one of these elements defines a Schemelldentifier in the form of a UR
and fthen defines the value space for the element when that Scheme Identifier7is used. The Scheme Identifig
appegars in the @schemeIdUri attribute.

—

The senlantics of the attributes within the EventStream element are provided in subclause 5.10.2.2
Table 38 and the semantics of the attributes within the Event element are provided in subclaus
5.10.2.2) Table 39. The XML syntax of EventStream and ‘Event element is provided in subcrlause
5.10.2.3

D

5.10.2.2 Semantics

Table 38 — Event Stream Semantics

Element or Attribute Use Description
Name
EventStream specifies event Stream
@klink:href 0 specifies a reference to an external EventStream element
@xklink:actuate 0D specifies the processing instructions, which can be either
"onLoad"or "onRequest".
default: g
onReques | This attribute shall not be presentifthe @xlink:href
t attribute is not present.
@pchemeldUri M identifies the message scheme. The string may use URN or
URL syntax. When a URL is used, it is recommended to also
contain a month-date in the form mmyyyy; the assignment of
thc URL lllubt }lClVC }JCCll dut}lUl iLCd ]IJ_y t}lC UWIITIT Uf t}lC
domain name in that URL on or very close to that date. A URL
may resolve to an Internet location, and a location that does
resolve may store a specification of the message scheme.
@value 0 specifies the value for the event stream element. The value

space and semantics must be defined by the owners of the
scheme identified in the @schemeIdUr1i attribute.

136 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

Element or Attribute Use Description
Name
@timescale 0 specifies the timescale in units per seconds to be used for the

derivation of different real-time duration values in the
Event elements.

If not present on any level, it shall be set to 1.

@presentationTim 0D specifies the presentation time offset of this Event Stream
CUffDCt Default: 0 LlldL dlisllb VViLll Llll‘,‘ oldl U Uf Llll‘,‘ Ft‘l iUb‘l. All_y EVCIIL CUIl dll’led
in this Event Stream is mapped to the Period timelinepy
using the Event presentation time subtracted by.thé value of
the presentation time offset.

This adjustment shall not be applied to Inband event message
streams..

The value of the presentation time offset in seconds is|the
division of the value of this attribute and the value of the
@timescale attribute.

Event 0..N specifies one event. Forldetails see Table 39.
Events in Event Streams shall be ordered such that the¢ir
presentation tinie’is non-decreasing.
Key
For attributes: M=mandatory, O=optional, OD=optional with’default value, CM=conditionally mandatory
For elements: <minOccurs>..<maxOccurs> (N=unbounded)
Elements are bold; attributes are non-bold andpreceded with an @.
Table 39 — Event Semantics
Element or Attribute Name Use Description
Event specifies an Event and contains the message of the

event. The content of this element depends on tHe event
scheme. The contents shall be either:

e Astring, optionally encoded as specified by
@contentEncoding

e XML content using elements external to|the
MPD namespace

For new event schemes string content should be|used,
making use of Base 64 encoding if needed.

NOTE The schema allows “mixed” content yithin
this element however only string data or XML

1 rs it o d Ly 41 L 43 t
CICTICTIIeS ar CpeTieeCt O y triC~ab O v e OPTIoTlS, nota

combination.
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Element or Attribute Name Use Description
@presentationTim oD specifies the presentation time of the event relative to
e default: 0 the start of the Period taking into account the
@presentationTimeOf fset of the Event Stream, if
present.

The value of the presentation time in seconds is the
division of the value of this attribute and the value of
the @t imescale attribute.

If not present, the value of the presentation time is 0«

@duration 0 specifies the presentation duration of the Event.

The value of the duration in seconds is the division of
the value of this attribute and the value of the
@timescale attribute.

The interpretation of the value of this attribute is
defined by the scheme owner.

If not present, the value ofthe/duration is unknown.

@id 0 specifies an identifier for this instance of the event.
Events with equivalent-content and attribute values in
the Event eleméntshall have the same value for this
attribute.

The scopetofithe @1id for each Event is with the same
@schemeIdURI and @value pair.

@contentEncoding 0 specifies whether the information in the body and the
ifformation in the @messageData is encoded.

If present, the following value is possible:

e Dbase64 the content is encoded as described in
IETF RFC 4648 prior to adding it to the field.

If this attribute is present, the DASH Client is expected
to decode the message data and only provide the
decoded message to the application.

@messageData 0 specifies the value for the event stream element. The
value space and semantics must be defined by the
owners of the scheme identified in the
@schemeIdUri attribute.

NOTE the use of the message data is discouraged
by content authors, it is only maintained for the
purpose of backward-compatibility. Including the
message in the Event element is recommended in
preference to using this attribute. This attribute is
expected to be deprecated in the future editions of
this document.

Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory

For elements: <minOccurs>..<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.
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5.10.2.3 XML-Syntax

<xs:complexType name="EventStreamType">
<xs:annotation>
<xs:documentation xml:lang="en">
Event Stream
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="Event" type="EventType" minOccurs="0" maxOccurs="unbounded"/>
<xs:any namespace="##other" processContents="lax" minOccurs="0"
maxOccurs="unbounded" />
oguoncoe
<xs:attribute ref="xlink:href"/>
<xs:attribute ref="xlink:actuate" default="onRequest"/>
<xs:attribute ref="xlink:type" fixed="simple"/>
<xs:attribute ref="xlink:show" fixed="embed"/>
<xs:attribute name="schemeIdUri" type="xs:anyURI" use="required"/>
<xs:attribute name="value" type="xs:string"/>
<xs:attribute name="timescale" type="xs:unsignedInt"/>
<xs:attribute name="presentationTimeOffset" type="xs:unsignedLong" defaili="0"/>
</xs:complexType>
<xs:complexType name="EventType" mixed="true">
<xs:annotation>
<xs:documentation xml:lang="en">
Event
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:any namespace="##other" processContents=")ax% minOccurs="0"
mpxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="presentationTime" type="xs:yn&ignedLong" default="0"/>
<xs:attribute name="duration" type="xs:unsignedbong"/>
<xs:attribute name="id" type="xs:unsignedInt'™{>
<xs:attribute name="contentEncoding" type="CHntentEncodingType"/>
<xs:attribute name="messageData" type="xg¥\string">
<xs:annotation>
<xs:documentation xml:&ahg="en">
Deprecated in ‘favor of carrying the message information in the
value space of the event
</xs:documentati&ps>
</xs:annotation>
</xs:attribute>
<xs:anyAttribute namespacg={N#other" processContents="lax"/>
</xs:complexType>
<xs:simpleType name="ContentEncodingType">
<xs:annotation>
<xs:documgntation xml:lang="en">
Event Coding
</xs:documentdgtiph>
</xs:annotaten>
<xs:restrijctidn base="xs:string">
£xswenumeration value="base64"/>
</xs:p€sbriction>
</xs:simpleType>

5.10:3\Inband Event Signalling

102
UJ

10O
AV LU

VCI VIUVWY
Event streams may be multiplexed with Representations by adding the event messages as part of the
Segments. The event streams may be present in selected Representations, in one or several selected
Adaptation Sets only or in all Representations. For example, one possible configuration is one where only
the audio Adaptation Sets may contain inband events.

In order to identify the Representations that carry the event stream, the presence of Events shall be
signalled in the MPD as defined in subclause 5.10.3.2.
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If more than one Representation carries event streams with the same @schemeIdUri and the same
@value, the streams shall be semantically equivalent, i.e. processing one Representation is sufficient.

The format of the box to signal events in the media stream is provided in subclause 5.10.3.3.

5.10.3.2 MPD Signalling

An inband event stream may be present in a Representation. If it is expected to be processed by the DASH
Client it is indicated by an InbandEventStreamelement at the Adaptation Set or Representation level.
The InbandEventStream type is defined in 5.10.2, Table 38 based on the EventStream semantics,
but the following restrictions apply:

.

— The @timescale attribute may be absent.

— The @presentationTimeOf fset attribute shall be absent.

|

— The InbandEventStream element shall not contain any MPD Events, i.e. the'lEvent element
ghall not be included in any InbandEventStream element.

One Representation may contain multiple inband Event streams, each/indicated by a separate
InbandEventStreamelement.

=

Inband ¢vent messages may be present in Representations but a corresponding InbandEventStreal
element|(with the identical @schemeIdUri and @value pair) is netpresent in MPD. Such inband evern
messages are expected to be ignored by the DASH Client. A DASH Client is only expected to process inban
event messages if a corresponding InbandEventStream element is present in the MPD.

= —~+

5.10.3.3 Event message box

5.10.3.3.1 General

The Eveént Message box ('emsg') provides signalling for generic events related to the medi
presentation time. The same semantics as foranevent defined in the MPD specified in subclause 5.10.
applies.

NSANY

The Event Message box (' emsg ') can carry signalling specific to the DASH operations. The event schemfe
identifier and the events for this aretdefined in subclause 5.10.4.

—r

A Media[Segment if based on thé ISO BMFF container may contain one or more event message ('emsg'
boxes. Iffpresent, any 'emsg! box shall be placed as follows:

— :li may be placed before the first 'moof ' box of the segment

may be pldeed in between any 'mdat' and 'moof' box. In this case an equivalent 'emsg]
yith the same id value shall be present before the first 'moof ' box of any Segment.

(i

NOTE These'placement options allow emsg boxes to be placed at the start of segments, or mid segment, whils
allowing elients to choose to only process emsg boxes which occur at the start of segments.

The carriage of event messages in MPEG-2 TS based segments is described in subclause 5.10.3.3.5.

Event message boxes with scheme identifier and value pairs that are not defined in the MPD should not
be present. If a DASH Client detects an event message box with a scheme that is not defined in MPD, the
client is expected to ignore it.

5.10.3.3.2 Definition

Box Type: 'emsg'
Container: Segment
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Mandatory: No
Quantity: Zero or more

5.10.3.3.3 Syntax

aligned(8) class DASHEventMessageBox extends FullBox('emsg', version,
flags=0) {
if (version==0) {
string scheme id uri;
string value;

5.10.3.3.4 Semantics

unsigned 1inc(
unsigned int (
unsigned int (

tTimescale;
presentation time delta;
event duration;

)
)
)
unsigned int (32) id;
} else if (version==1) {
unsigned int (32) timescale;
unsigned int (64) presentation time;
unsigned int (32) event duration;
unsigned int (32) id;
string scheme id uri;
string value;
}
unsigned int (8) message datal];

scheme id uri:is a null-terminated ('C') stging in UTF-8 characters that identifies the message
scheme. The semantics and syntax of themessage data[] are defined by the owner of th¢ scheme
identified. The string may use URN or URL'syntax. When a URL is used, it is recommendef to also
contain a month-date in the form mmyyyy; the assignment of the URL must have been authdrized by
the owner of the domain name in that URL on or very close to that date. A URL may resolve to an
Internet location, and a location thiat does resolve may store a specification of the message ycheme.

value:is anull-terminated.("€") string in UTF-8 characters that specifies the value for the eyent. The
value space and semantics must be defined by the owners of the scheme identified in the
scheme id uri field.

timescale provides the timescale, in ticks per second, for the event duration and
presentatien time delta or presentation time fields. The value should be id¢gntical to
the timeseale/of a track contained in the carrying Segment. Furthermore, the value should be |dentical
for all events in one Event Stream.

presentation time delta provides the Media Presentation time delta of th¢ media

presentation time of the event and the earliest presentation time in this segment. If the segment index
is  present, then the  earliest presentation time is  determined hy the field

earliest presentation time ofthefirst 'sidx"' box.Ifthe segmentindexis not present, the
earliest presentation time is determined as the earliest presentation time of any access unit in the
media segment. The timescale is provided in the t imescale field.

presentation time provides the Media Presentation time of the event measured on the Movie
timeline, in the timescale provided in the timescale field, and adjusted by
InbandEventStream@presentationTimeOffset, in the time scale provided by
InbandEventStream@timescale; the value shall not be less than the earliest presentation time
of the carrying Segment.

© 1S0 2022 - All rights reserved 141


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

— event duration provides the duration of event in media presentation time. The timescale is
indicated in the timescale field. The value OxFFFFFFFF indicates an unknown duration. The
interpretation of this value must be defined by the owner of the event scheme.

— 1id: afield identifying this instance of the message. The scope of this identifier for each event is with
the same scheme id uri and value pair. Messages with the same id within the scope of the
same scheme id uri and value pair are equivalent, i.e. processing of any one event message
box with the same id is sufficient.

— mesgsage data: body of the message, which fills the remainder of the message box. This may |b
empty depending on the above information. The syntax and semantics of this field must be define
by the owner of the scheme identified in the scheme id uri field.

= ®

5.10.3.3.5 Carriage of the Event Message Box in MPEG-2 TS

A Media|Segment if encapsulated in MPEG-2 Transport Stream may contain one or maore event message
("emsgl[ ) boxes encapsulated into transport stream packets.

Transpojrt stream packets carrying the 'emsg' box shall use a reserved fixed PID value of 0x0004.

The transport stream packet carrying the start of the 'emsg' box shall have ﬂ:LE
payload unit start indicator field set to '1', and the packét payload will start with t

'emsq '|box. The complete Box . t ype field shall be present in this first packet, and the payload size shall
be at least 8 bytes.

=

The continuation of box data occupies the following transportstream packets from the same PID. The lag
packet cprrying the end of the box is padded using adaptation field stuffing bytes.

A segmgnt shall contain only complete boxes. If @bitstreamSwitching is set, and subsegments ar
used, a Jubsegment shall contain only complete ' enisg ' boxes.

D

For any [packet with PID value of 0x0004, the value of the transport scrambling control field
shall be etto’ 00’

5.10.3.3.6 Inband Event Alignment

If AdaptationSet.InbandEventStream element is present anfd
AdaptationSetl@segmentAldignment attribute is true, event message boxes in non-overlappi

Segments shall be aligned. Let Sr;:(T) be a segment of Representation R; with earliest presentation tir::E
T, and l¢t the Adaptation-Set’ contain N representations. If Sg;(T) contains one or more Event Messag
('emsg'")| boxes, identi¢al “emsg' boxes shall be contained in each of the non-overlapping Segment

Sk2(T)..5an(T).

NOTE 1<\ As a consequence, under the above constrains, all Representations in the Adaptation Sg
containevents.

wvn ®

—+

NOTE 2 If Segments are non-overlapping, but their EPT differ, alignment described above still applies,
and Event Message boxes are in the beginning of both Segments.

5.10.4 DASH-specific events

5.10.4.1 Overview

DASH specific events that are of relevance for the DASH Client are signalled in the MPD. The URN
"urn:mpeg:dash:event:2012" is defined to identify the event scheme defined in Table 40.
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For events using this schema, the 'emsg' .message data/[] field contains the DASHEvent s
defined below:

aligned(8) struct DASHEvent

{
string publish time; // MPD@publishTime
if ( 'emsg'.value == )
{

string mpd patch; // MPD patch as defined in subclause 5.15
)

if ( 'emsg'.value == )

{

string mpd; // full MPD, as defined in subclause 5.10.4.4
}

Table 40 — InbandEventStream@value attribute for scheme with a value
"urn:mpeg:dash:event:2012"

022(E)

tructure

@value Description

1 indicates that MPD validity expiration events-as’defined in subclause 5.10.4.2
signalled in the Representation. MPD validity.expiration is signalled in the ev|
stream as defined in subclause 5.10.4.24t least in the last segment with earlig
presentation time smaller than the eventtime.

are
ent
bt

2 indicates that MPD validity expiration events as defined in subclause 5.10.4.2
signalled in the Representationi MPD validity expiration is signalled in the ev|
stream as defined in subclause 5.10.4.2 at least in the last segment with earli
presentation time smaller‘than the event time. In addition, the message inclu
MPD Patch document asidefined in subclause 5.15. DASHEvent .mpd field
themessage_datafield.

are
ent

est

Hes an
within

3 indicates that MPD validity expiration events as defined in subclause 5.10.4.4
signalled in the Representation. MPD validity expiration is signalled in the ev|
stream a5 defined in subclause 5.10.4.2 at least in the last segment with earli¢
presentation time smaller than the event time. In addition, the message inclu
cormplete MPD as defined in subclause 5.10.4.4 in DASHEvent .mpd field ¥
themessage data field.

are
ent
bSt
des a
vithin

NOTE Additional values for InbandEventStream@value when @schemelID
urn:mpegrdash:event:2012 are reserved for ISO/IEC.

5.10.4.2-MPD validity expiration

URI is

specific

PD\alidity expiration events provide the ability to signal to the client that the MPD with a

MPD validity expiration shall be signalled for all updates causing an extension of the timeline, except for

the following ones:

— The value of the MPD@minimumUpdatePeriod is changed,
— The value of a SegmentTimeline.S@r has changed,

— Anew SegmentTimeline.S element is added.

© IS0 2022 - All rights reserved
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Ifthe scheme id uriissetto"urn:mpeg:dash:event:2012" andthe value issetto 1, then the
fields in the event message box shall document the following:

— the DASHEvent.publish time field contains the publish time of an MPD, i.e. the value of the

MPD(@publishTime.

— The media presentation time

beyond the

event time (indicated

time

by

presentation time deltainv0 and the presentation time inv1) is correctly described
only by MPDs with publish time greater than indicated value in the message data field.

the pvent duration expresses the remaining duration of Media Presentation from the event timeV|f
the |event duration is 0, the Media Presentation ends at the event time. If OxFFFF, the)medi

[«3)

pregentation duration is unknown.

This implies that clients attempting to process the Media Presentation at the event time’ or later ar
expected to operate on an MPD with a publish time that is later than the indicated publish time in thi

box.

Event Hoxes in different segments may have identical id fields, but différent values for thie
presentation time or presentation time delta if the earliest presentation time is differert

across segments.

Figure § shows an example for MPD validity expiration method. Afiv MPD signals the presence of the
scheme In one or several Representations. Once a new MPD gets available, that adds new information nqt
present fin the MPD with @publishTime="2012-11-01T09:06:31.6", the expiration time of thE
current MPD is added to the segment by using the emsg box. The information may be present in multipl

segments.

MPD
@publlishTime="2012-11-01T09:06:31.6"
<Perfiod @start=0>

<InbpndEventStream
@scheme id uri=“urn:mpeg:dash:event:2012"
@valpe="1i*

MPD
@publishTime="2012-11-01T09:06:41.4"
<Period @start=0>

<InbandEventStream

@value="1"“

@scheme id uri=“urn:mpeg:dash:event:2012"

wv ©

144

/> />
</Pefriod>
URL <Period @start=118s >
</Period> /\ 7
URL URL
jURL URL URL
segent segment segment segment segment
eptF$105s ept=110s ept=115s ept=0s ept=5s
durgtion=5s duration=5s duration=3s duration=5s duration=5s

emsqg’ F’Eﬁsg’
scheme_id_uri=“urn:mpeg:dash:event:2012" scheme_id_uri="“urn:mpeg:dash:event:2012"
value="1" value="1"

timescale=1
presentation time delta=8
event_duration=0xFFFF

id=12345

message data="2012-11-01T09:06:31.6"

timescale=1
presentation time delta=3
event_duration=0xFFFF

id=12345

message data="2012-11-01T09:06:31.6"

Figure 5 — Example for MPD validity expiration to signal new Period
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5.10.4.3 MPD Patch event

For DASH events with value 2, an MPD patch shall be included in the DASHEvent structure, immediately
following the publish time field. The payload of this message shall be a valid MPD patch as defined in

subclause 5.15.

The result of the patch application shall be parse-tree identical before any x1 ink resolution to the MPD
withpublish time would have been retrieved at event time. For details on the processing model refer

to subclause 5.15.4.

5.10.4.4 MPD Update Event

Hor DASH events with value 3, a complete MPD shall be included in the in the DASHEyént's
immediately following the publish time field. The content of the mpd field shall be the'MPD.
5.10.4.5 DASH Callback Event

.10.4.5.1 General

5
)ASH Callback events are indications in the content that it is expected by @DASH Client to issue
(ET request to a given URL and ignore the HTTP response. These event'schemes are identifie]
URN "urn:mpeg:dash:event:callback:2015".

A

i

content author may use such an event for tracking play-back of specific content on a server th
included in the media path.

The Status-Code field of the HTTP response should be 2x%; however, the client is expected to
ignore the response.

NOTE1 HTTP GET (as opposed to HEAD) is used.in alignment with IAB VASTI18],

The message body of the HTTP response should'be as small as possible or absent.

NOTE 2  The system adopting this functionality is expected to define appropriate means for secure|
of this feature.

(&1 ]

.10.4.5.2 Inband event

—

able 41 defines the message-data and the expected actions for different @value values when t
allback event is signalled-as’an Inband Event.

Q

Table 41 - Message data and expected actions for DASH call back inband evenit

ructure,

hn HTTP
d by the

at is not

entirely

handling

he DASH

value message datall Action

message datal].

The URL shall be a NULL-terminated string.

1 Valid HTTP/HTTPS URL | An HTTP GET request is expected to be issued to a URL contaiihed in

HTTP response shall either not be provided or be provided su¢h that
it can be discarded.
5.10.4.5.3 MPD event
Table 42 defines the relevant parameters for a call back event signalled in the MPD.
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Table 42 — Relevant parameters for a call back event signalled in the MPD

Attribute Value
EventStream@schemeIdUri "urn:mpeg:dash:event:callback:2015"
EventStream(@value 1
Event@messageData HTTP-URL
HTTP response is expected to be discarded without parsing.

5.10.4.4

DASH P1
ending 3
an MPD

NOT

Three v4

event. These events are identified by the URN "urn:mpeg:dash:event:ttfn:2016".

Presentation Termination Event

[72)

esentation Termination events are indications that the currently playing Media Presentation i
t a time earlier than expected from the current MPD. This event can be either an inband event o

=

E The primary use case for this feature is when the client does not expect to get atMPD update.

lues are defined according to Table 43.

Table 43 — interpretation of value field of a Presentation Términation event

value Description
0 indicates the end of presentation, including these of chained-to and fallback MPDs
1 Indicates end of presentation. Presentation described in the chained-to MPD (if the

latter is present) is still valid.
NOTE Ifthe valueof earliegtTimeToResolve in the MPD chaining
descriptor is later than the time derived from
'emsg'.presentatieon time delta, thisis considered an error
condition and triggers.switch to the fallback presentation, if possible.

2 Indicates end of presentation due to an unspecified error condition. Fallback
presentation is stilkvalid; hence the client is expected to switch to it.

511 M

5.11.1 ¢

MPD chs
Presents
order to
descript

Two cas
and a ca

PD Chaining

Feneral

3]

jining provides a mechanism to indicate that, at the end of one Media Presentation, a new Medi
ition starts. The end-may be a regular end, or an early termination due to an error condition. I

enable this niéchanism, the “chained-from” MPD may include an Essential or Supplementg
pr which points to the “chained-to” MPD location.

—_—

o

es are differentiated, a regular chaining operation at the end of the chained-from MPD in 5.11.
se for>which the chained-to MPD is only played in case the “chained-from” MPD is terminate
e to error conditions as defined in subclause 5.11.3 and serves as a fallback.

jon

early du

5.11.2 Regular Chaining

Regular

chaining refers to the case that a Media Presentation is played until the end, and once the Media

Presentation is finished, a new chained Media Presentation is played instantaneously. A client receiving
the chained-from MPD is expected to play the chained-to MPD right after the chained-from one. Each MPD
has its own independent media timeline, but the DASH Client is expected to continue the presentation to

create a

sequential presentation.

The chained-from MPD may be of type static or dynamic. The chained-to MPD may also be of type static
and type dynamic.

146
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022(E)

MPD chaining can for example be used for pre-roll ads or creating a sequence of programs using multiple
MPDs. In this case, the chained-from MPD may be of type static, whereas the chained-to MPD may be of
type dynamic. In this case, the client is expected to join the dynamic MPD at the live edge, or if an anchor
is presented as defined in C.4, at the indicated time in the anchor. The chained-from MPD may contain an
@xlink:href Period for personalization of the ad, whereas the chained-to MPD is common.

MPD chaining is signalled by using an Essential or Supplementary Descriptor on MPD level with
@schemeIdUri set to "urn:mpeg:dash:mpd-chaining:2016". Each MPD may contain at most
one descriptor for MPD chaining. The @value of this descriptor shall be composed of the whitespace-

—

Table 44 — Semantics of value for MPD chaining

sEparated parameters according to Table 44. 1T @value only CONtains the Iirst parameter, no Wi
t needed.

itespace

Value parameters

Use

Description

url

M

specifies the locationf manifest to be pl
manifest (chained¢to,MPD) after this MP

The client is expected, after playback of t|
entire MPD, to/download the chained-to
from the loeation defined by this parame]
play chained-to MPD without any delays
(similar to play back of a new period). In
case the url does notreturn a valid MK
any HTTP error response, the client is ex
to treat it as an invalid MPD.

If the url has any anchor, it anchors th
chained-to MPD according to C.4.

nyed
D.

he
MPD
ter and

the
D or

pected

earliestTimeToResolve

recommends the earliest media presentation

time in the chained-from MPD as a differ
the end of the Media Presentation in

milliseconds to fetch the chained-to MPD\.

If not present, no recommendation is prd

Pnce to

vided.

Q < O = ua

o>y

.11.3 Fallback Chaining

Failure to of an MPD.

allback chaining refers to the case that a Media Presentation is played, but once an error c
ccurs, a new chained-Media Presentation may be played. Fallback chaining descriptor allows thie author
b provide alternative content the client can switch to in case of error condition preventing
ontinuing normal playback.

n error cendition triggering such processing is one of the following:

ondition

it from

Failure to download a media (sub)segment with a given value of earliest presentation time, after

exhausting all possibilities of retrieving it (such as trying all BaseURLs and all Representations within
an Adaptation Set), if the value of MPDRtype is "static".

Failure to retrieve a chained-to MPD.

Unspecified error condition triggered via Presentation Termination event with value for fallback.
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Fallback

presentation descriptor provides a URL to an alternative MPD which should be played out once

one of the aforementioned error conditions makes it impossible to continue playback of the current
Media Presentation.

Fallback

shall be signalled by a Supplementary Descriptor on MPD level with @schemeIdUri set to

"urn:mpeg:dash:fallback:2016". Each MPD may contain at most one Fallback Presentation
descriptor.

The Qva
to” MPD

lue of this descriptor shall be one URL or a whitespace-separated list of URLs of the “chained-
If multiple URLs are provided, the content author expresses the preferences of using one of those

by the order with the first one having the highest preference.
5.12 Prjoducer Reference Time

5.12.1 General

The Profucer Reference Time supplies media correlation between media timestamps-and wall clock

product

— provides media clients with information to enable consumption and preduction to proceed 3

q

—

The defipition follows the Producer Reference Time ('prft').asdefined in ISO/IEC 14496-12.

The information may be provided inband as part of the Segmerits in the (' prft '), in the MPD or both.

The sen
5.12.2, T

5.12.2 $emantics

fime and the playout.

on time. This information permits the following, among others:

(s

quivalent rates, thus avoiding possible buffer overflow or underflow(

nables measuring and potentially controlling the latency betweén the production of the medip

antics of the attributes and elements for producer reference time are provided in subclause
able 45. The XML syntax of the Producer Reference Time is provided in subclause 5.12.3.

Table 45 — Semantics.of ProducerReferenceTime element

Elemen

t or Attribute Name Use Description

ProducerReferenceTime specifies the producer reference time for the
associated Representations.

@id M Identifies the Producer Reference ime
documented in the MPD.

@inband oD signals if every segment or subsegment
contains a 'prft' of the type below. If set to
true, every segment or subsegment shall
contain the 'prft' as defined in ISO/IEC

default: false

14496-12 and the flags set according to the

dtType attribute oI this element.

@type oD specifies the type of the Producer Reference

default: Time from the following list:

encoder — encoder provides a reference when
the media time was input to an encoder
following the exact definition in
ISO/IEC 14496-12, 'prft"' for flags
set to 0.
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captured provides a reference when
the media time was captured following
the exact definition in ISO/IEC 14496-
12, 'prft’ for both flag 8 and flag 16
being set.

application provides a reference of
the media time related to wall-clock
time based on an application defined
relation. In this case following ISO/IEC

1440 49 1 P s | 4 loall
LT 7014 pL LU uas 10U Slldll

and flag 8 shall be unset.

he set

@applicationScheme

CM

specifies the application schemge ‘to”whic
time conforms if @types is sef
application.

If the @Qtype is set ®p~application,
attribute should be present.

If the @t ype is set’other than applicat
this attribute shall not be present.

h the
to

this

ion,

@wallClockTime

specifies<a wall-clock time in the follo
formdt

< if UTCTiming element is absen

NTP format associated to @medjia as

defined in ISO/IEC 14496-12 'pj
forntp timestamp

— if UTCTiming element is presen
format is identical to the form

defined in the UTC Timing schemg.

NOTE If the MPD Generator extract
information from the producer refer
time box, the value needs to be conv
to the correct scheme.

wing
[, the
,\ft A}
t, the

ht as

5 the
ence
brted

@presentationTime

specifies a presentation time in timescale
Representation that relates to the value d
@wallClockTime.

NOTE If the data is extracted from the

producer reference time box, then|
value is derived by the media time

fthe
f the

this
field.

UTCTiming

If present, then the wall-clock times provid

ed in

this context are synchronized with the ti

ing

anchor provided i thisdescriptor—Thesame
UTC Timing descriptor shall also be present in

the MPD.

Key

For elements: <minOccurs>..<maxOccurs> (N=unbounded)

For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory

Elements are bold; attributes are non-bold and preceded with an @.
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5.12.3 XML Syntax

<xs:simpleType name="ProducerReferenceTimeTypeType">

<

<
</xs

xs:restriction base="xs:string">
<xs:enumeration value="encoder"/>
<xs:enumeration value="captured"/>
<xs:enumeration value="application"/>

/xs:restriction>

:simpleType>

5.13 Le

5.13.1 Qverview

Informat

MPD@av
This inf

information on the timing of past and future leap seconds. It also allows a service provider to expreg
any corrjection for leap seconds that has already been made.

With thi
86400 s
value of]
Presents
MPD(@avV

The off{
@nextI
equal to
clock ha

NOT|
sche
Qav
afteq

NOT]
the T

leap
Itis

Some of
period o
by this.

the day in other time zones) Even within the Greenwich Mean Time (GMT) zone, the most common time forja
5

ap seconds

ion on the occurrence of leap seconds and their relationship with
ailabilityStartTime can be expressed using the LeapSecondInformation element.

-

rmation allows a client to perform time calculations accurately without @n external source (

[72)

s information, a client may perform timing calculations by assumirng a constant day length qf
pconds if it first applies the relevant offset from the LeapSecoridInformation element to thee
the MPD@availabilityStartTime attribute. The client can then correctly play a Medi
ition for which MPD@type is "dynamic' when leap se€conds have occurred since the time
ailabilityStartTime and even when leap seconds-occur during playback.

—_ D

D

et specified in @availabilityStartLeapQffset applies if the current time is befor
capChangeTime. @nextAvailabilityStartLeapOffset applies if the current time is
or after @nextLeapChangeTime, butits usemay need to be delayed if the client’s internal wall
5 not yet processed the leap second.

[¢)

E 1 If a particular client’s wall clock is synchronized solely by means of a one-shot protocol, e.g. using th
me urn:mpeg:dash:utc:http=xsdate:2014 defined in subclause 5.8.5.7, the value
hilabilityStartLeapOffset remains appropriate for that client until its clock is next synchronized
the leap second has occurred.

—_

E 2 Leap seconds can occlr at any of four possible times each year and can add or remove a second from
JTC timeline. Whilst leap,seconds always occur immediately before midnight UTC, they can occur during

second has been 23):'59: 60 on New Year’s Eve, when many people may be watching live video streamg.
therefore important that leap seconds are handled correctly.

[

erating.Systems allow leap seconds to be handled by “smearing” the leap second over a longsg
f time., Care should be taken to ensure that availability times in a published MPD are not affected

The sentantics of the attributes within the LeapSecondInformation element are provided in

subclause 5.13.2, Table 46. The XML syntax of the LeapSecondInformation element is provided in
subclause 5.13.3.
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5.13.2 Semantics

Table 46 — Leap Second Information Semantics

Element or Attribute Name Use Description
LeapSecondInformation specifies leap second information affecting MPD timing
calculations
@availabilityStartL M specifies the number of seconds applying at the time of MPD
ecapOffset publication that a client would need to subtract from

MPD@availabilityStartTime in order to perfform
timing calculations without further consideratjon! of|leap
seconds.

If a leap second correction has already been applied, the
LeapSecondInformation element “should stil] be
present but this attribute should be set-to 0.

@nextAvailabilitySt 0 specifies the number of seconds that will apply from the
artLeapOffset time of the next leap .S€cond (indicated by| the
@nextLeapChangeTimg)\that a client would neqd to
subtract from MPDQRavainlabilityStartTime in grder
to perform timing ° calculations without further
consideration of Jeap-seconds.

If the timing)of/ the next leap second is unknown) this
attribute shall'be omitted.

@nextLeapChangeTime 0 specifies'the UTC time at which a leap second will occur.
Before~this time, @availabilityStartLeapOffset
applies. On or after this time,
@nextAvailabilityStartLeapOffset applies| for
timing calculations made against a wall clock that has
processed the leap second.

If the timing of the next leap second is unknown) this
attribute shall be omitted.

Key
For attributes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatory
For elements: <minQccurs>..<maxOccurs> (N=unbounded)

Elements are bold;attributes are non-bold and preceded with an @.

3.13.3 XML-Syntax

£x¥:complexType name="LeapSecondInformationType">
<xs:annotation>
<xs:documentation xml:lang="en">
Leap Second Information
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:any namespace="##other" processContents="lax" minOccurs="0"
maxOccurs="unbounded" />
</xs:sequence>
<xs:attribute name="availabilityStartLeapOffset" type="xs:integer" use="required"/>
<xs:attribute name="nextAvailabilityStartLeapOffset" type="xs:integer"/>
<xs:attribute name="nextLeapChangeTime" type="xs:dateTime"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
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5.13.4 Leap second information updates

Streams which continue to run continuously between leap second changes will need to update the MPD
to change the LeapSecondInformation element. At a time after @nextLeapChangeTime, and
preferably long enough to be able to expect all leap second aware clients to have resynchronized their
clocks, the value of @nextAvailabilityStartLeapOffset can be moved into
@availabilityStartLeapOffset,and the attributes @nextAvailabilityStartLeapOffset
and @nextLeapChangeTime removed. Then, at least MPD@minimumUpdatePeriod before the next
leap second change, the LeapSecondInformation element can be updated to include the new values for
@nextAvailabilityStartLeapOffset and @nextLeapChangeTime. Itis possible to make bot
of thegse changes at the same time if the new values are known _Whép
@availlablilityStartLeapOffset is being updated.

[¢)

NOTE Updating the MPD in this manner is normally be seamless for clients that~process th
LeapSecondInformation element and for those that do not. However, if the stream continues,across many leal
seconds, clients that do not process the LeapSecondInformation element have a cumulative error in the
calctilation of the live edge when they join the stream.

~ O

5.14 Cgntent Popularity Rate
5.14.1 General

Content|Popularity Rate is a method for signalling information on<which content items amongst the
different Preselections and Adaptation Sets are expected to be mdre popular than others. Example use
cases for different content streams in a Media Presentation include:

— d¢ontent streams from different viewpoints: in this case, an Adaptation Set containinig
fecommended viewpoint is expected to be more popular than other Adaptation Sets.

ub-picture streams in a 360 video: in this caseya set of Adaptation Sets containing the sub-pictun
treams that compose “recommended viewport” can be signalled as more popular than others.

[

7N TN

Content|Popularity Rate information is expected to be provided by the content provider based on the
author’s|intent, expected consumption rate by users, or actual viewing statistics that could have beeh
measurgd by using DASH metrics, such as Play list as defined in Annex D.4.6.

If provided, the information can beyused for data prefetching by clients or network elements, e.g. CDN
servers.|[lt can also be used for example to deliver the data that is considered most relevant on a preferred
data link, for example on multicast or broadcast, whereas less popular data is only provided in unicast.
Expectedl-to-be-popular data‘can also be prefetched in higher quality in order to ensure that such data is
availabl¢ in good quality:

[

To indicate the popularity of a Pre-selection or Adaptation Set, the ContentPopularityRate elemer]
may be present within that element. The ContentPopularityRate element contains one or more PR
elementp giving the rating for different parts of the content. The semantics of the
ContentPopularityRate element are provided in 5.14.2 Table 47, the syntax is provided in 5.14.3
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5.14.2 Semantics

Table 47 — Semantics of ContentPopularityRate element

Element or Attribute Name Use Description
ContentPopularityRate specifies the Content Popularity Rate information.
@source M indicates the source of rating by this element. The

value can be one of the following:

contant Cahenthe value is snecifi
S pecified by

the content author or content providen).

— statistics (when the valuelis sperified
based on viewing statistics).

— other.

When “other” is used\@source descripfion
should be provided.

@source description 0 UTF-8 string thdt-provides a textual descriptipn of
the source of rfating.

PR 1.N specifies_start time and number of segments|for a
contiguous sequence of segments assigned identical
Popularity Rate value.

@popularityRate M indicates the relative Popularity Rate of the segments
of containing entity (i.e. the Preselection or
Adaptation Set containing this

ContentPopularityRate element), withip the
same Media Presentation. No unit. The value shpll be
in the range of 1 to 100. A greater value means hiigher
likelihood of the series of (Sub)Segments peing

consumed/requested.

@start 0 specifies the first Segment from which
@popularityRate value of this PR elemdnt is
relevant.

If the addressing scheme for the containing entity is
using Segment template with $Numbers, |then
@popularityRate applies from the earliest
presentation time of the Segment with the segment
number specified by this attribute. For pther
addressing schemes, the value of
@popularityRate applies from the Segment
which contains the media sample whose

ol 43 H A RN £l ddaailo oot H 3
PLCOTIILALIUIT LHIIT SPTULIIITU Uy LIS ditlIUutT 11 unlt
of @timescale on Representation level.

If not present, then it shall be assumed that
@popularityRate applies from:

e the first Segment of the containing Period,
for the first PR element
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e the Segment after the last Segment of the
previous PR element, for other PR elements.

@r 0D specifies the number of segments after the segment
default: 0 indicated by @start which are included in this PR
entry (i.e. the repeat count). A negative value
indicates that the series continues until the segment
before the first segment of the next PR element, or if
there are no further PR elements until the end of the

Periodorthe rext MPBupdate:

Legend
For attrfibutes: M=mandatory, O=optional, OD=optional with default value, CM=conditionally mandatorxy.
For elemments: <minOccurs>. . .<maxOccurs> (N=unbounded)

Elements are bold; attributes are non-bold and preceded with an @.

5.14.3 XML syntax

154

<xXs

slcomplexType name="ContentPopularityRateType">

xs:annotation>
<xs:documentation xml:lang="en">
Content Popularity Rate
/xs:documentation>
/xs:annotation>
XS :sequence>
<xs:element name="PR" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="populg¥ityRate">
<xs:simpleType>
<xs:regtr¥iction base="xs:unsignedInt">
<xs:minInclusive value="1"/>
<xs:maxInclusive value="100"/>
Kxg:restriction>
</xs:simpleType>
</xs:attribyge>
<xs:attrilfut® name="start" type="xs:unsignedLong" use="optional"/>
<xs:attribuUte name="r" type="xs:int" use="optional" default="0"/>
<xs:anAttribute namespace="##other" processContents="lax"/>
</xs:complexlype>
</xs:element>
<xs:any namespaces/##other" processContents="1lax" minOccurs="0" maxOccurs="unbounded"/
/xs:sequence>
xs:attribute name={egplrce" use="required">
<xs:simplgType>
<xs<restriction base="xs:string">
<xs:enumeration value="content"/>
<xs:enumeration value="statistics"/>
<xs:enumeration value="other"/>
</xs:restriction>
&/xs:simpleType>
/xshattribute>
xS+pttribute name="source description" type="xs:string"/>

V

¥ ol bt it o - LTS N SVl LI Contantao_"1 "
Z r

™

</xs:complexType>
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5.15 MPD patch framework

5.15.1 Overview

ISO/IEC 23009-1:2

022(E)

In the case of a live linear channel and dynamic MPD, MPD updates can happen frequently and create a
considerable bandwidth and processing overhead. In the vast majority of cases, a small minority of
elements in the MPD is added or removed. For example, in case of relatively frequent MPD requests and
use of SegmentTimeline, only at most a few S elements are added per adaptation set.

MPD patch framework allows transmission of only changed parts of the MPD as opposed to the complete

subclause 5.15.3.

.15.2 MPD Patch Location

ih Table 49.

functionality in subclause 5.15.5.

MPD and uses the XML patch framework defined in RFC 5261.
The MPD patch framework consists of the following main functionalities:

1) The location where the MPD patch document can be accessed and the information as
with this information. This is specified in subclause 5.2.3 in the MPD as the
MPD . PatchLocation. For details refer to subclause 5.15.2.

2) An MPD patch document that includes the instructions to patch,an MPD. For details

3) The processing model to generate an equivalent new MPD/fom an MPD in memory

MPD patch document as documented in subclause 5.15,4.
4) Recommended practices and guidelines for the DASH)client to make use of the MK

Table 48 — Semantics of PatchLocation element in MPD

sociated
element

refer to

and the

D Patch

5

An MPD may contain one or several PatchLocatién elements to provide a location for an MPD patch
document that may apply to the MPD including this element in order to generate an updated MH
T
i

D.

he semantics of the MPD patch location elemént are provided in Table 48 and the XML syntax is provided

Element or Attribute Name Use Description

PatchLocation specifies a location at which the MPD patdh is
available. The referenced document shall
conform to an MPD patch document as defined
in subclause 5.15.3.

@ttl 0 specifies the time period duration (in
seconds) starting from
MPD@publishTime until the MPD patch
document is at least available at the
indicated location above. For details refer
to the processing model in subclause
5.14.4.
If not present, the value is unknown.

Key

For attributes: M=mandatory, O=optional

Elements are bold; attributes are non-bold and preceded with an @.
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Table 49 — XML Syntax of PatchLocation element in MPD

<xs:complexType name="PatchLocationType">
<xs:annotation>
<xs:documentation xml:lang="en">
Patch Location Type
</xs:documentation>
</xs:annotation>
<xs:simpleContent>
<xs:extension base="xs:anyURI">
<xs:attribute name="ttl" type="xs:double" use="optional"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>

ftencion

/xs:simpleContent>
</xg|: complexType>

5.15.3 MPD patch document
5.15.3.1 General

<

The MPD Patch (MPP) is a document that contains required information to generate an equivalent ney
MPD from an MPD in hand and this information. The processing is provided in subelause 5.15.4. Typically
this progessing is done by the DASH client, but the description is independent of'the DASH client.

-

The MPILis an XML document that shall be formatted according to the XML'schema provided in Annex B.
Some cojntext on the schema is provided in subclause 5.15.3.2.

|l

The ext¢nsion of the MPP XML schema (as provided in AnnexB),J)in particular the addition of XM
attributes or elements in the MPP namespace, is reserved to ISO/IEC.

=

The MPPR shall be authored such that, after XML attributes or eléments in the DASH namespace but not i
the XMI] schema documented in Annex B are removed, the'result is a valid XML document formatte
accordir]g to that schema and that conforms to this dociument.

o

In addition, the MPP shall be authored such that,” after XML attributes or elements in the othg
namespgces than the MPP namespace are removed, the result is a valid XML document formatte
according to that schema and that conforms to-this document.

= =

Followinlg XML rules, the MPP documént shall contain exactly one Patch element as specified ip
subclauge 5.15.3.2. The summary of the semantics of the attributes and elements within a Patch element
are proyided in Table 50, subclause™5.15.3.2. The XML syntax of the Patch element is provided in
subclauge 5.15.3.3 together with the schema. The Patch element may contain one or multiple add,
remove, and replace elements which shall be as defined in IETF RFC 5261. The add, remove, an(d
replade elements define‘operations to be applied to the MPD in hand that result in the creation of thie
fully updated MPD. The opérations utilize XPath 1.0 selectors, restricted in complexity from their original
W3C definition by IETF-RFC 5261, to target elements and attributes within the MPD in hand. In addition,
subclauge 5.15.34 defines restrictions on the usage of the elements within selectors for targeting MP
elementp.

O

The MIME-type of the MPD document is defined in Annex C.

The encoding of the MPD shall be UTF-8 as defined in IETF RFC 3629. All data provided in extension
namespaces shall be UTF-8 as defined in IETF RFC 3629. If binary data needs to be added, it shall be
included in Base64 as described in IETF RFC 4648 within a UTF-8 encoded element with a proper name
space or identifier, such that an XML parser knows how to process or ignore it.

The delivery of the MPP is outside the scope of this document. However, if the MPP is delivered over
HTTP, then the MPP document may be transfer encoded for transport, as described in IETF RFC 7230.

Selected MPP examples are provided in Annex G.21.
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5.15.3.2 Semantics

The MPD patch document contains a single Patch element, which contains multiple add, remove, and
replace elements shall be as defined in IETF RFC 5261. The semantics of the Patch element are
provided in Table 50 and the XML syntax is provided in subclause 5.15.3.3.

Table 50 — Semantics of Patch element in MPP

Element or Attribute Name Use Description
Pateh t etermrent thatcarries thepatch data.
@mpdId M Specifies the identifier fot the Media
Presentation Description this|patch
applies to.
@publishTime M Specifies the wall-clock time ywhen

the MPD patch’was generated and
publish at'the origin server.

@originalPublishTime M Specifiesthe wall-clock time Uised as
a basis for generating information in
thé' MPD patch.

This patch only applies to the]MPD
with MPD@publishTime eqpal to
this value, otherwise it is exp¢cted
to be ignored by the DASH clignt

add 0.N Specifies an <add> element ds
defined in RFC 5261, subclause 4.3.
For restrictions, refer to subclause
5.15.3.4.

remove 0.N Specifies an <remove> elemént as
defined in RFC 5261, subrclayse 4.4.
For restrictions, refer to subclause
5.15.3.4.

replace 0.N Specifies an <replace> element as
defined in RFC 5261, subclause 4.5.
For restrictions, refer to subclause
5.15.3.4.

Key
For attributes: M=mandatory, O=optional

Eléments are bold; attributes are non-bold and preceded with an @.

5.15.3.3 XML Syntax

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema" xmlns:patch="urn:ietf:params:xml:schema:patch-
ops" xmlns="urn:mpeg:dash:schema:mpd-patch:2020" targetNamespace="urn:mpeg:dash:schema:mpd-patch:2020"
elementFormDefault="qualified" attributeFormDefault="unqualified">

<!-- Include patch operations from RFC5261 -->

<xs:include schemalLocation="https://www.liana.org/assignments/xml-registry/schema/patch-ops.xsd"/>

<xs:element name="Patch" type="PatchType"/>

<!-- Patch -->

<xs:complexType name="PatchType">

<xs:choice minOccurs="1" maxOccurs="unbounded">
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<xs:element name="add" type="add"/>

<xs:element name="remove" type="remove"/>

<xs:element name="replace" type="replace"/>

<xs:any namespace="##other" processContents="lax"/>
</xs:choice>
<xs:attribute name="mpdId" type="xs:string" use="required"/>
<xs:attribute name="publishTime" type="xs:dateTime" use="required"/>
<xs:attribute name="originalPublishTime" type="xs:dateTime" use="required"/>
<xs:anyAttribute namespace="##other" processContents="lax"/>

</xs:complexType>
</xs:schema>

5.15.3.4 Element Addressing Restrictions

The follawing element addressing restrictions apply for DASH MPD elements:

—

— [Elements with an @id attribute with uniqueness requirement among its siblings present'sha
only be identified by the value of this attribute. In particular, Period, AdaptationSet,
Representation, and SubRepresentation shall be only addressed via their @id.

— [PescriptorType elements with an @schemeIdUri attribute shall be identified by the valule
of this attribute, for example SupplementalProperty.

— |S elements shall be addressed in one of the following ways:

— @t or @n attribute of S elements if the said attribute is present in the S element.
— by position.

— [All other elements shall be addressed by position, e;g."SegmentTemplate [1] .

Examplgs:
/MPD/Period[@id="1"] /AdaptationSe&sf@id="1"]/SegmentTemplate[1l]/Segment
Timeline[1l]/S[@t="12345"]

/MPD/Period[@id="1"]/AdaptationSet[@id="1"]/SegmentTemplate[1l]/Segment
Timeline[1]/S[42]Qr

5.15.4 Processing Model

This prqcessing model describes"how to achieve an updated MPD from an in-memory MPD and thle
informafion in the MPD patch document.

=0

The MPI) derived through-MPD patch application shall be identical in their canonical XML form as define
in W3C Canonical XME-to the full MPD at the MPD . Location, if present, or the URL of the initial MP
with thelsame valuefof the MPD@publishTime attribute, prior to XLink resolution.

O

NOTE 1 , +An in-memory MPD is an MPD that is retained within either the temporary or persistent memorny
of a DASH, client and is referenced by the DASH client to proceed with the playout of the media presentation.

To allow for DASH client implementation efficiency, the in-memory MPD need not be stored in full XML
structure format, but it must be stored such that all DASH defined identifiers and element order of
multiple events of the same type are preserved. See 5.15.3.3 for the XPath addressing modes permitted
by this document.

The MPD patch document is guaranteed to be available between MPD@RpublishTime and
MPD@publishTime + PatchLocation@ttl.

The patch operations shall be applied prior to Xlink dereferencing. For instance, if patch application
results in a new remote Period, dereferencing shall occur after the patch.
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NOTE 2  Patch application is not expected to affect periods previously resolved using XLink, unless the entity
generating the patch is aware of the Period@id of the previously resolved period.

5.15.5 Recommended Client Operation

A DASH client is expected to carefully use the MPD patch information to avoid any mal-formed or wrong
MPDs based on erroneous MPD Patch operation.

It is important to note that an MPD patch document is valid if and only if all of the following conditions
are met given an MPD and an MPD patch:

— The Patch@mpdId value of the MPD patch is identical to the value of the MPD@ i d-attribute of
the in-memory MPD

— The value of the Patch@originalPublishTime is identical toCthe value| of the
MPD(@publishTime attribute of the in-memory MPD

— The value of Patch@publishTime is greater than the value (of the MPD@publifshTime
attribute of the in-memory MPD

— The patch contains a replace element modifying the value of MPD@publishTime to thevalue of
Patch@publishTime

The DASH client is expected to check all of the above conditiens.

(el

[ any of the above conditions does not hold,

— the patch application could produce a diffefént MPD than the MPD with the same MPD[2id and
MPD@publishTime. This will lead to-implementation-specific, fragile, and incdnsistent
operation of the client. In case of anycdoubt, the client is expected to request the full MPD, and
ignore the patch.

— In case the request is made after the end of this window, the client should request the full MPD,
rather than the patch.

[l

F all the conditions hold, the DASH client is expected to use the MPD Patch to generate a new MPD at the
lient.

o

6 Segment formats

6.1 General

The Segmentformats specify the syntax and semantics of the resources that are associated with HTTP-
URLs identified by the MPD, or directly provided in data URLs. For example, an HTTP GET reqpest to a
resource. identified in the MPD is responded with an HTTP response including an entity bpdy that
donforms to a segment format.

—

lfferent Segment types are delined In subclause 6.2.

This document focuses on Segment formats based on MPEG container formats. Specifically,

— insubclause 6.3, Segment formats are described for use with Media Segments based on the ISO Base
Media File Format as defined in ISO/IEC 14496-12;

— in subclause 6.4, Segment formats are described for use with Media Segments based on the MPEG-2
Transport Stream as defined in the ISO/IEC 13818-1.
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In both cases, the Segment formats are defined such that the Media Segment formats comply with the
respective container formats.

Guidelines for adding other Segment formats are provided in Annex F.

6.2 Segment types

6.2.1 General

Four different Segment types are defined:

6.2.2 In

The Init
Initializa

Initi
sub

Med

Indg

Bits
is a

NOT

the media engines for enabling play-out of Media Segments of the'containing Representation.

alization Segments containing initialization information for accessing the Representationip
rlause 6.2.2,

ia Segments containing encoded media content components in subclause 6.2.3,
x Segments primarily containing indexing information for Media Segments in subclause 6.2.4,

fream Switching Segments containing essential data to switch to the Représentation to which {t
signed in subclause 6.2.5.

ftialization Segment

ialization Segment contains initialization information for accessing the Representation. Thee
tion Segment shall not contain any media data with an assighed presentation time.

E The Initialization Segment is conceptually processed by the media engine in Figure 2 to initialize

The Initjalization Segment is media format specific and\more details shall be defined for each medip

format that permits or requires the presence of an Initialization Segment.

6.2.3 Media Segment

6.2.3.1 General

A Media|Segment contains and encapsulates media streams that are either described within this Medip

Segment or described by the Initialization Segment of this Representation or both.

In additlon, a Media Segment

1) shall contain a number,ef.complete access units.

2) should provide information on how to access the Media Presentation within this Segment, e.g. exaqt
pregentation tinte'and an index. There is no requirement that a Media Segment starts with a SAP, byt
it ispossibleto,Signal in the MPD that all media streams in a Segments within a Representation start
with a SAPs

3) shall contain only media streams that start with a SAP of type 1 or 2, if it is the first Media Segmerjt
in the Representation.

4) shall contain sufficient information to time-accurately present each contained media component in
the Representation. The time-accuracy enables a client to seamlessly switch Representations and
jointly present multiple Representations.

5) may be divided into Subsegments by a Segment Index as defined in subclause 6.2.3.2. In some media
formats, the Segment Index may be contained in the Media Segment. In other formats, the Segment
Index may be included in a dedicated Index Segment. For more details on Index Segments, refer to
subclause 6.2.4.
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6) shall specify all Media Presentation times relative to the start of the Period and compensated with
the value of the @presentationTimeOffset. The presentation time in Media Segments shall be
accurate to ensure accurate alignment of all Representations in one Period. For more details, refer to
subclause 7.2.1.

The Media Segment is media format specific and more details are specified for individual media formats.

6.2.3.2 Subsegments and Segment Index

Media Segments may contain multiple Subsegments. Each Subsegment shall contain a number of
complete access units. There may also be media-format-specific restrictions on Stbsegment
Houndaries. If a Segment is divided into multiple Subsegments, this division is describedby/a fompact
Segment index, which provides the presentation time range in the Representation and corregponding
o
d

yte range in the Segment occupied by each Subsegment for one or more media streams. Clignts may
ownload this index in advance and then issue requests for individual Subsegments:

NOTE Segment Index information is conceptually processed by the DASH access-client in Figure 2 in order
to access Subsegments by the use of HTTP partial GET requests.

h addition, the Segment Index provides timing and stream access information. This includes the earliest
resentation time of access units in each Subsegment of an indexed“media stream and the presentation
me of the first SAP, if present.

ot =

—

F a Segment Index is present for at least one media stream,¢hen for any media stream for which no
egment Index is present, referred to as non-indexed stredimythe following applies:

0]

— every access unit of the non-indexed streams shall.be a SAP of type 1.

— for each Subsegment, every non-indexed stream shall contain exactly one access unit within the
Subsegment with presentation time less-than or equal to the earliest presentation time of the
Subsegment.

Vhen multiple media streams are indexed in a single index file, the corresponding Segment Index for
ifferent media streams should indéx-the same number of Subsegments.

Q. <

no Segment Index is provided for a Media Segment, then the Media Segment constitytes one
ubsegment.

he Segment Index may be/included in the Media Segment, typically in the beginning of the file. Segment
hdex information mdy)also be provided in separate Index Segments as defined in subclause| 6.2.4. A
ubsegment may,.itself be further subdivided using further Segment Indices. If a Subsegmegnt only
ontains media.data but no Segment Index, it is referred to as Media Subsegment.

Q == L

he SegmentIndex may contain additional Subsegment indexing information for accessing flifferent
evels of Subsegments in a Media Subsegment. For more details, refer to subclause 6.2.3.3.

_— =

A generic mechanism for indexing of Media Segments is provided by the Segment Index (' sidx[) boxin
IBO/IEC 14496-12. This indexing applies to all media formats defined in this document. In this cpse,

— the earliest presentation time of a  Subsegment is documented in the
earliest presentation time field.

— the byte range is documented by the first offset field and the reference size field. If two
Segment Index boxes document the same byte range, then the value of their reference size field
shall be identical, and the values their first offset field shall point to the same byte offset in the
file.
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6.2.3.3 Subsegment Index

Media Subsegments may be indexed further to enable accessing different levels of Subsegments in a
Media Subsegment. This Subsegment Index may also be provided in separate Index Segments together
with the Segment Index.

A generic syntax and semantic for Subsegment indexing is provided by the Subsegment Index ('ssix"')
in ISO/IEC 14496-12.

6.2.4 Index Segment

Index Sdgments contain information that is related to Media Segments and primarily contain indexin'g
information for Media Segments. An Index Segment may provide information for one or more(Medi
Segments.

[*3)

[

The Ind¢x Segment may be media format specific and more details shall be defined for each.média formg
that permits Index Segments.

6.2.5 Bitstream Switching Segment

A Bitstr¢am Switching Segment contains data essential for switching to the Represéntation it is assigned
to.

The Bitgtream Switching Segment is media format specific and more details shall be defined for each
media fqrmat that permits Bitstream Switching Segments.

6.2.6 Mjssing Content Segment

A Missinlg Content Segment is defined for the purpose to extendithe Segment Timeline even if the data i
the Segment is not present or is only partially present. This, Segment contains no or a subset of medji
samples| of the media timeline duration it is representing. If the Segment is not a decodable medji
segment, then the segment shall include a major brand™ miss'. The Segment may additionally contai
an 'emdqg', for example, to indicate an MPD validity expiration event.

==

In addition, for a Missing Content Segment, the following shall hold:

— g single Segment Index (' sidx')-boX shall be present and the values of the Segment Index sha]l
dlescribe accurate timing of the Segment Timeline, i.e.,
— the earliest presentation time inthe 'sidx'box shall be the value of SCt ds
signalled in the Segment Timeline in the MPD
— the Subsegment” duration fields in the 'sidx' box shall be the value of S@d as
signaled in the Segment Timeline in the in the MPD

By forcing these values;the DASH Client is able to properly extend the Segment Timeline even though np
actual media data may be present.

6.3 Segment formats for ISO base media file format

6.3.1 General

This subclause defines Segment formats based on the ISO Base Media File Format as specified in
ISO/IEC 14496-12. All Segment formats defined in subclause 6.3 shall contain one or more boxes in
accordance with the box structure of the ISO base media file format ISO/IEC 14496-12.

Refinements on generic concepts are introduced in subclause 6.3.2. Segment formats are defined for
Initialization Segments (subclause 6.3.3), Media Segments (subclause 6.3.4) and Self-Initializing Media
Segments (subclause 6.3.5). Bitstream Switching Segments and Index Segments are not defined for this
media format.
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6.3.2 Preliminaries: Refinements of generic concepts

6.3.2.1 Subsegments

022(E)

Media Subsegments for Media Segments based on the ISO base media file format are defined as a self-
contained set of one or more consecutive movie fragments; such a set contains one or more movie
fragment boxes with the corresponding media data ('mdat ') box(es). A media data box containing data

referenced by a movie fragment (' moof ') box shall follow that movie fragment box and precede
movie fragment box, if any, containing information about the same track.

or a Media Subsegment, the value of the reference type field in the describing Segme
'sidx ') box shall be set to 0.
.3.2.2 Media stream access points

ifferent types of stream access points for the ISO base media file forthat are de
50/1EC 14496-12.

esnlil e B © » W

@1

.3.2.3 Segment Index

F the Segment Index is provided, the Segment Index ('sidx ') box in-{SO/IEC 14496-12 shall
xact definitions for the use of the Segment Index ('sidx') boxX*with media formats base
50 base media file format are specified in ISO/IEC 14496-12.

—

@1

.3.2.4 Subsegment Index

Fthe Subsegment Index is provided, the Subsegment Index (' ssix') box in ISO/IEC 14496-12
sed. Exact definitions for the use of the Subsegment Index (' ssix') box for the use with medig
ased on the ISO base media file format are specified’in ISO/IEC 14496-12.

o o =

@1}

.3.2.5 Resynchronization Point

the next

ht Index

fined in

be used.
1 on the

shall be
formats

A Resynchronization Point for the ISO BMFF is defined as the start of ISO BMFF Segment as defined in
IFO/IEC 14496-12 with the restrictions ih.terms of both, cardinality and ordinality as defined in Thble 51.
Table 51 — Resynchronization Point for the ISO BMFF - Cardinality and Ordinality
NL O |Cardinality| Specification Constraints Description
[SO/IEC14496-12 DASH/CMAF Segment Type
Styp 0/1 constraints . . - !
Signalling compatibility to CMAF Chunk

bret 0/1 ISO/IEC 14496-12 DASH/CMAF Producer Reference Time
constraints

s g . ISO/IEC 23009-1 DASH/CMAF Event Message
constraints

free * ISO/IEC 14496-12 none free box

skip X ISOAEC14496-12 none skip bex

moof 1 ISO/IEC 14496-12 DASH/CMAF Movie Fragment box and the boxes it
constraints contains

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

Cardinality 0/1 means that at most one needs to be present, * means that any number or none of those are

present.

NL refers to the nesting level, all boxes are on level 0.
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For ISO BMFF based Resynchronization Point, the properties are defined as follows

— The index Index is defined as the byte offset of the first octet of the constrained ISO BMFF
Segment.

— The earliest presentation time Time is defined as the smallest time of the combination of the
decode time, the composition offset and the edit list, of any sample in this ISO BMFF Segment.

— The SAP type is defined according to subclause 4.5.2.

— Ifthe 'styp"' is present and the box following the 'styp' is one of the following 'prft', 'emsqg’,

6.3.3 In

The Initi

The Initi
boxes. It]

samples

box is thjus small.

NOT|

befo

The "mv,

fragme

The Initi

content,
’lmo OV"

NOT
MPL

6.34 M

6.3.4.1 (

Media §

Random
Media Sq

All Medi
constrai

Further
7.3.

provided in Table 51 is fulfilled then the marker is present.

free', 'skip', 'moof', and the cardinality and ordinality of the Resynchronization Point)4

ftialization Segment format
alization Segment shall conform to the ISO base media file format.

alization Segment shall contain an "ftyp" box, and a “moov” box. It shall not €dntain any "moof
may contain other boxes, such as the "pdin" box. The tracks in the "moos*’ box shall contain n|

non

(i.e. the entry_countin the "stts", "stsc", and "stco" boxes shall be setto 0), and the "moov

re any Media Segment can be processed.

S.

alization Segment provides the client with the metadata that describes the encoding of the medi

hox to identify the available media content-¢omponents and their characteristics.
E 2 It is expected that the media engine in the DASH Clients does not require any information in th

for successful decoding and presentation of the contained media streams.

pdia Segment types

Feneral

Access Media Segments, Switching Media Segments, Indexed Media Segments, Sub-Indexe
bgments.

n Segments\shall conform to the general definitions in subclause 6.3.4.2. Additional type-specifi
hts are provided further below in subclause 6.3.4.

O

E 1  This canreduce the start-up time significantly as the Initialization.Segment needs to be downloaded

ex" box shall be contained in the "moov" box to indicate that the client has to expect mov:E
fragme:lts. The "mvex" box also sets default values for the tracks and samples of the following movi

specifically of the Representation. The media’engine in the client uses the information in thie

egments can be of different types: Delivery Unit Media Segments, simple Media Segments

jon

rulés on Media Segments in combination with certain MPD attributes are provided in subclause

S

9]

(@)

Media Segments may conform to multiple types. Conformance can be expressed by adding the brand(s)
to the 'styp' box as a compatible brand and, if applicable, as the major brand.

Unless explicitly mentioned differently, the boxes referred in subclause 6.3.4 are specified in

ISO/IEC

14496-12.

6.3.4.2 Delivery Unit Media Segment

A Media

164

Segment conforming to the Media Segment Format is defined as follows:
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Each Media Segment shall contain one or more whole self-contained movie fragments. A whole, self-
contained movie fragment is a movie fragment ('moof ') box and a media data ('mdat ') box that
contains all the media samples that do not use external data references referenced by the track runs
in the movie fragment box.

Each 'moof' box shall contain at least one track fragment.

The 'moof' boxes shall not use external data references, the flag 'default-base-is-moof’
shall be set, and data-offset shall be used, i.e. '"base-data-offset-present"' shall not be

= O

.3.4.3 Simple format type

Media Segment conforming to the Simple Media Segment Format for DASH is defined as follows:

4.3.4.4Indexed Media Segment

used. This combination of settings is referred to as movie-fragment relative addressing for media
data.

Absolute byte-offsets shall not be used for this media data. In a movie fragment, the durption by
which each track extends should be as close to equal as practical. In particulaf;\as movie fragments
are accumulated, the track durations should remain close to each other and there should be no 'drift'.

Each Media Segment may carry 'dums ' in the Segment Type box (' gtyp ') as a compatible brand.
The conformance requirements of this brand are defined in this subclatse.

It shall conform to the Delivery Unit Media Segment format as specified in subclause 6.3.4.2
Each 'traf' boxshall containa 'tfdt' box.

NOTE The track fragment adjustmentbox 't fad' as defined in 3GPP TS26.244 can also b¢ present.
DASH Clients are discouraged to apply'both the alignment established by the 't fdt' and the time-
shifting implied by the ' t fad ', which'would result in a double correction.

Each Simple Media Segment may contain one or more 'sidx' boxes. If present, the first|' sidx"'
box shall be placed before any.'moof ' box and the first Segment Index box shall document the entire
Segment.

For the purpose of determining overlapping and non-overlapping segments, redundant sapnples as
defined in ISO/IEC 14496-12 shall be ignored. In other words, the earliest presentation tinje of any
access unit in the-stream shall be computed without taking redundant samples into account,

Each Medja-Segment may contain a 'styp' box and if present shall carry 'msdh' as a compatible
brand-The conformance requirement of this brand is defined in this subclause.

Meédia Qngmnnf conforming tothe Indexed Media Qngmnnf Eormatis defined-asfollows:
o

Each Media Segment shall comply with the Delivery Unit Media Segment as defined in subclause
6.3.4.2 and in addition in each self-contained movie fragment, the movie fragment ('moof ') box is
immediately followed by its corresponding media data ('mdat").

Each Media Segment shall contain one or more 'sidx' boxes. The first ' sidx ' box shall be placed
before any 'moof' box and shall document Subsegments that span the composition time of the
entire Segment.
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— Each Media Segment shall carry 'msix' as a compatible brand. The conformance requirements of
this brand are defined in this subclause.

6.3.4.5 Sub-Indexed Media Segment

A Media Segment conforming to the Sub-Indexed Media Segment Format is defined as follows:

— It shall conform to the indexed Media Segment format as specified in subclause 6.3.4.3.

— The Subsegment Index box (' ssix ') shall be present and shall follow immediately the 'sidx"' box

that documents the same Subsegment. This immediately preceding 'sidx"' shall only index Medi
Subfegments.

[Y)

— Itshall carry 'sims' in the Segment Type box (' styp ') as a compatible brand. The conformande
requiirements of this brand are defined in this subclause.

6.3.4.6 Random Access Media Segment
A Media|Segment conforming to the Random Access Media Segment Format is defined as follows:
— It sHall conform to the Simple format as specified in subclause 6.3.4.3.

— Thelfirst access unit in each movie fragment in a Random Access Media Segment shall correspond tp
the [sau of a SAP of type 1, 2, or 3.

— The|media segment shall carry sufficient information to“access the media in the stream, e.g. a]l
nec¢ssary encryption in combination with the Initialization Segment, if available.

6.3.5 Sellf-Initializing Media Segment formats

6.3.5.1 General format type

The SelffInitializing Media Segment is conformant with the ISO base media file format and defines thie
DASH Sqlf-Initializing Media Segment ' dsms™ brand.

The SelfiInitializing Media Segment isiconformant with the ISO base media file format.

NOTE Since one Representation only contains one self-initializing Media Segment, switching is expected
to happen within the Segment,‘eg. at a Subsegment that contains a SAP.

6.3.5.2 Indexed self-initializing Media Segment

(s

The Indéxed Self-Initializing Media Segment conforms to the concatenation of an Initialization Segmer]
and a single Indexed Media Segment without the 'styp' box preceding the Media Segment and sha
carry 'dash' assa’compatible brand.

—

The format’of the Indexed self-initializing Media Segment is a conforming ISO base media file format fil1e
and defihes’the 'dash' brand

6.4 Segment formats for MPEG-2 transport streams

6.4.1 General

This subclause introduces Segment formats that are suitable to be used if Media Segments are valid
MPEG-2 TS, conforming to ISO/IEC 13818-1.

NOTE It is possible to encapsulate MPEG-2 TS formatted media within an ISO base media file format. This
mode of operation is not discussed in this subclause. If MPEG-2 TS formatted media is encapsulated in an
ISO base media file format, then the rules as defined in subclause 6.3 apply.
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Refinements on generic concepts are introduced in subclause 6.4.2. Segment formats are defined for
Initialization Segments (see subclause 6.4.3), Media Segments (see 6.4.4), Bitstream Switching Segments
(see subclause 6.4.5) and Index Segments (see subclause 6.4.6). MPEG-2 TS specific box structures are

defined in subclause 6.4.7.
6.4.2 Preliminaries: Refinements of generic concepts

6.4.2.1 Subsegment

In the context of MPEG-2 TS based delivery formats, a Subsegment is defined as an indexed set of access

units consecutive in decode order. A subsegment shall contain complete access units for the
hedia stream (i.e. stream for which reference ID equals PID); however, it may contain |iig
ES packets from other media streams.

1
H
These access units are encapsulated in one or more PES packets. Each PES packet is.encapsuls
gne or more TS packets with the same PID value.

(@1}

.4.2.2 Media stream access points

Hor the case of MPEG-2 TS, a media stream is equivalent to an Eleméentary Stream as dd
50/1EC 13818-1.

Different types of stream access points are defined in ISO/IEC 14496-12. The same type definiti
apply for the MPEG-2 TS. More specifically, in the case of MPEG-2TS, a SAP corresponds to an Ele
tream Random Access Point, as defined in ISO/IEC 13818-1-€onsequently, Isay is the position of
sync) byte of a TS packet with PID assigned to this Elementary Stream. This TS packet contains|
yte of a PES packet, which, in turn, contains the Elementary Stream Access Point. PES packet st
tau shall contain only an integral number of access units and shall contain a PTS.

et

— O N

NOTE 1  Isau generally corresponds to the start'efa TS packet with PID value for one Elementary St
payload unit start indicatorfieldsetto'l’,adaptation field control settd
the random access indicator fieldin the Adaptation Field is set to '1". For SAP typeg
random_access_indicator fieldin the Adaptation Field is commonly set to '1' (this is the ca
no PES payload bytes are found within the packet payload).

NOTE 2  Following the definitiohs in this subclause, the first packet of the PCR PID is present at o
the TS packet at smallest Isap, If'PCRs are carried on a media PID, the first packet of this PID is the fi

implementer is able to/choose adding a packet carrying only adaptation field with a PCR, but no pay’
packet is placed prionto the smallest Isau of any stream in this Representation.

NOTE 3  IfIhdex Segment is provided, and the 'pcrb' box is present, PCR can be inferred from t

€4.4.2.3 Segnient Index

indexed
omplete

ited into

fined in

bns shall
mentary
the first
the first
arting at

ream, the
'11', and
1-3, the
se unless

I prior to
st packet

following the initializatipn,'data, and carries a PCR. In order to avoid changing the underlying comtent, the

oad. This

his box.

If the Segment Index is provided, the Segment Index (' sidx ') box in ISO/IEC 14496-12 shall|be used
for Segment Indexing. In addition to these definitions, the following conditions shall be met for a fegment
Index used to describe MPEG-2 TS based Media Segment:
— reference IDfieldof 'sidx' boxshall be the PID value of the indexed stream.
— All media offsets within ' sidx' boxes shall be to the first (sync) byte of a TS packet.
NOTE Times within ' sidx ' boxes are expressed in units of the t imescale field, rather than in 90 kHz
clock ticks.
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6.4.2.4 Subsegment Index

If the Subsegment Index is provided, the Subsegment Index (' ssix') box in ISO/IEC 14496-12 shall be
used for indexing byte ranges within a subsegment. In addition to these definitions, the following
conditions shall be met for a Segment Index used to describe MPEG-2 TS based Media Segment.

— All media offsets within 'ssix' boxes shall be to the first (sync) byte of a TS packet.

6.4.3 Initialization Segment types and formats

6.4.3.1 Initialization information

[¢)

Initialization information is any information necessary to enable the media engine to start decoding’th|
payload|of any TS packet belonging to any media stream within a (Sub)Segment.

Untimed initialization information includes PAT, CAT, PMT, EMM, and any other PSI information possiblly
included by the Media Presentation author. Any additional information that does naot‘alter the Media
Presentation timeline is allowed.

(s

Time-vafying initialization information is information that is required for the suc€eessful start of playoy
but is different for at least two Subsegments or Segments within a Representation.

Mandatqry initialization information summarizes information that shall be-present prior to any medji
data to [enable decoding and presentation. As a consequence, mandatory initialization informatio
includeg at least the following information, in this order:

=Y

— PAT] (untimed, unless changes within the Representation);
— PMT (untimed, unless changes within the Representation);
— PCR (time-varying).

If MPEG{2 Conditional Access is used, ECM is considered mandatory untimed initialization information |f

it does not change for the whole duration of the Period; otherwise it is considered mandatory timg
varying |nitialization information.

6.4.3.2 Initialization Segment
An Initidlization Segment shall be @ valid MPEG-2 TS, conforming to ISO/IEC 13818-1.

The congatenation of an Initialization Segment with any Media Segment shall have the same presentatio
duratioy] as the original Media Segment.

—

The Initjalization Segment shall contain mandatory untimed initialization information as defined i
subclauge 6.4.3.1. Tim€-varying initialization information shall not be present in the Initializatio
Segment, i.e.

==

— PCRi-bearing packets shall not be present in the Initialization Segment;

— ECM.may be present as long as it does not change within the entire Representation;

— Any PSI table may be present as long as it does not change within the entire Representation.

The Initialization Segment shall contain only complete sections.

Initialization Segment may or may not be present. If it is not present for a given Representation, all Media
Segments belonging to this Representation shall be self-initializing. Also, if an Initialization Segment is
used, not all initialization information needs to reside in the Initialization Segment, only presence of
complete initialization information in the concatenation of Initialization Segment and Media Segment is
required.
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6.4.4 Media Segment types and formats
6.4.4.1 General

All Media Segments shall conform to the basic Media Segment in subclause 6.4.4.2.

Further rules on Media Segments in combination with certain MPD attributes are provided in subclause
7.4.

6.4.4.2 Basic Media Segment
A Media Segment shall be a valid MPEG-2 TS, conforming to ISO/IEC 13818-1.

As a consequence of the requirement in subclause 5.3.5.1, the concatenation of cons€cutive Media
Segments of the same Representation shall also yield a valid MPEG-2 TS conforming to [SO/IEC 13818-1.

[

h addition, the following conditions shall be met:

—+ Media Segments shall contain complete MPEG-2 TS packets,
—+ Media Segments shall contain exactly one program,

—+ All time-varying initialization information shall be present between‘Isap and Isay and/or in the Index
Segment, if present,

—+ No Media Segment shall depend on initialization informiation appearing in any preceding Media
Segment.

Media Segments should contain only complete PES packets and sections. Each PES packet should be
domprised of one or more complete access unitsin-each packet. Media Segments should contain only
omplete access units.

(@)

4.4.3 Content Protection

1l information necessary for decrypting; or locating information required to decrypt, the encrypted TS
ackets in a (Sub)Segment shall be.pfesent before the encrypted packet(s) to which they apply, gither in
he same (Sub)Segment, and/or in_the Initialization Segment (if used). As an example, this requiires the
resence of the ECM necessary for decrypting the first encrypted packet of the (Sub)Segment 1s within
he (Sub)Segment before suchra packet. A Subsegment may not have an ECM preceding the first epcrypted
acket if the location of this ECM can be determined using an Index Segment.

o Tl ol nile il ~-Sle.\

NOTE Sub-Representations can be arranged such that information such as ECM is included in all Sub-
Representations.that need them, for example by assigning the ECM an individual level and add depenjdency on
all relevant Sub=Representations on this level.

€4.4.4.4 Selfsinitializing Media Segment

A Selfiinitializing Media Segment conforms to the basic Media Segment as defined in subclausg 6.4.4.2
nd-in addition shall contain at least all mandatory untimed and timed initialization informjation as

o 1 - 1 1 Py, e T |
UTIITICU IIT SUDTIdUSt 0. 4.0 1.

All required initialization information as defined in subclause 6.4.3.1 should be present prior to any
media data.

6.4.5 Bitstream Switching Segment
A Bitstream Switching Segment shall be a valid MPEG-2 TS, conforming to ISO/IEC 13818-1.

A Bitstream Switching Segment, when concatenated with any Media Segment, shall not alter the Media
Presentation timeline for the corresponding Media Segment.
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If initialization information is carried within a Bitstream Switching Segment, it shall be identical to the
one in the Initialization Segment, if present, of the Representation.

NOTE Authors are encouraged to use Bitstream Switching Segments when there is a reasonable
expectation of non-conforming behaviour (such as continuity counter errors, etc.) at the concatenation point
of two consecutive Media Segments from different Representation, lack of correct initialization information
(two Representations with different initialization information).

6.4.6 Index Segment

6.4.6.1 (zeneral
Index Segments consist of a sequence of ISO BMFF-box-structures.

Index Sggments may either be associated to a single Media Segment as specified in subclause 6.4.6.2 g
may be gssociated to all Media Segments in one Representation as specified in subclause 6.4:6.3. An Inde
Segment may also contain a Subsegment Index as specified in subclause 6.4.6.4 and-any other boxeg
defined |n subclause 6.4.7.

n X =

It is recqmmended that Index Segments be at least provided for one media streamnx

NOTE1  Although the Media Segments are MPEG-2 TS based, Index Segments are reusing ISO BMFF-box
strugtures. This allows the DASH access client in the model of Figure 2 to be universal and independent of th
Medja Format.

[¢)

NOTE 2 Index Segments are not valid ISO BMFF files, and complete implementation of ISO BMFF is ng
necgssary to utilize indexes in a MPEG-2 TS based client. A partial implementation would suffice, since only fey
ISO BMFF boxes, suchas 'styp"', 'sidx',and 'ssix', arerequired in order to parse an MPEG-2 TS Indd
Segment.

X<

Other box types may be present in an MPEG-2 TS Index Segment, but, if present, they shall not contaip
information required to interpret the 'styp', 'sid&" or 'ssix' boxes.

6.4.6.2 Single Index Segment

A Single|Index Segment indexes exactly one:Media Segment and is defined as follows:

[

— Each Single Index Segment shall bégin with a 'styp' box, and the brand 'sisx' shall be presen
inthe 'styp' box. The conformance requirement of the brand 'sisx"' is defined in this subclaus¢.

T

— Each Single Index Segmexnit'shall contain one or more ' sidx' boxes which index one Media Segmen

—

— A Single Index Segniént may contain one or multiple 'ssix' boxes. If present, the 'ssix' sha
follgw the ' sid&’ box that documents the same Subsegment without any other 'sidx' preceding
the ' ssix",

— A Sipgle Index Segment may contain one or multiple 'pcrb' boxes as defined in subclause 6.4.7.2.
If présent, 'pcrb' shall follow the 'sidx' box that documents the same Subsegments, i.e. p
'pcrb ' box provides PCR information for every subsegment indexed in the last 'sidx "' box.

6.4.6.3 Representation Index Segment

A Representation Index Segment indexes all Media Segments of one Representation and is defined as
follows:

— Each Representation Index Segment shall begin with an 'styp"' box, and the brand 'risx' shall
be presentinthe 'styp' box. The conformance requirement of the brand ' risx"' is defined by this
subclause;
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— Each Media Segment is indexed by one or more Segment Index box(es); the boxes for a given Media

Segment are contiguous;

— Each Segment Index box may be followed by an 'ssix' and/or 'pcrb' box;

— The Segment Index for each Media Segments is concatenated in order, preceded by a single Segment
Index box that indexes the Index Segment. This initial Segment Index box shall have one entry in its

loop for each Media Segment, and each entry refers to the Segment Index information for
Media Segment.

Figure 6 — Structure of Representation Segment Index

6.4.6.4 Subsegment Index Segment

a single

e where
efficient
indexed

The structure of a Representation Index Segment is shown in Figure 6. This figure illustrates.alcds
aRepresentation Index Segment is provided and the Subsegment Index is used in order to‘énable
trick mode operation. The figure shows four consecutive Subsegments, SO, S1, S2, and S3, each
Hy an 'sidx' box, and two temporal layers within a video stream, I frames (L0Jand P frames (L1),
indexed by an 'ssix' box.
Index file _ Media segmen\Q/\/
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ssix L1
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&ix
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o 2

A Subsegment Index Segment shall conform to an Index Segment and shall also include a Subsegment

Index. A Subsegment Index Segment is defined as follows:

— It shall be either a Single Index Segment or a Representation Index Segment.

— The Subsegment Index box (' ssix') shall be present and shall follow immediately the 'si

dx"' box

that documents the same Subsegment. The value of the reference type field shall be equal to 0
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for this Subsegment in this immediately preceding Segment Index (' sidx ') box. If the "pcrb ' box
is present, it shall follow 'ssix"'.

— Itshall carry 'ssss' in the Segment Type box (' styp') as a compatible brand. The conformance
requirement of this brand is defined in this subclause.

6.4.7 Boxes used with MPEG-2 TS Index Segments
6.4.7.1 General

Index S¢gments may contain additional auxiliary information contained in boxes conforming te thle
ISO basq media file format boxes. Boxes exclusively relevant for the MPEG-2 TS Media Segments”are
documented in subclause 6.4.7.

6.4.7.2 MPEG-2 TS PCR information box

6.4.7.2.1 Definition

Box Typg: 'pcrb'
Containgr: File
Mandatqgry: No
Quantity: Zero or one

Signals the PCR information for MPEG-2 TS.
6.4.7.2.2 Syntax

aligned|(8) class MPEG2TSPCRInfoBox extends Box ('pcrb'"N"0) {

uhsigned int (32) subsegment count;
fpr( i=1; i <= subsegment count; i++) {
unsigned int (42) pcr;
unsigned int (6) pad = 0;

6.4.7.2.3 Semantics

— suldsegment count is a positive integer specifying the number of Subsegments for which partigl
Subsegment information js‘specified in this box. subsegment count shall be equal t
reflerence count in the last Segment Index box.

@]

[¢’)

— pecrfor each iterationrof the loop indicates the MPEG-2 TS PCR corresponding to the first (sync) byt
of the first MPEG~2"TS packet in the media Subsegment corresponding to the current iteration. If thi
TS packet carfies a PCR, its value will be different from the one specified in this field, sing
ISOfIEC 13818-1 defines PCR as relative to the byte containing the last bit of th
prggramyclock reference base field.

® (d wn

7 Combined semantics of MPD and Segment formats

7.1 Overview

An MPD and the referenced Segments comprise a Media Presentation. The formats for these two key
components of a DASH-compatible Media Presentation are defined in Clauses 5 and 5.15. In this clause,
Media Presentation authoring rules are provided on how the MPD and different Segment formats may be
combined to establish a complete Media Presentation.
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Specifically, aspects are addressed that deal with the Segment, that have special alignment with the
Segments of other Representations to enable and simplify seamless switching and joint presentation.

General Media Presentation authoring rules are provided in subclause 7.2 and specific ones for each
media format are provided in the remainder of Clause 7. Specifically, rules when using the ISO base media
file format are provided in subclause 7.3 and the rules when using the MPEG-2 TS are provided in
subclause 7.4. Guidelines for other formats are provided in Annex F.

NOTE Representation metadata present in the MPD can also be repeated in the media streams, e.g. in an
Initialization Segment or a Media Segment. The Media Presentation is expected be provided such that no
mismatch between these two values occurs. IT it does, the value in the media stream itsell takes precedence
over values expressed in the MPD, especially when used in the media decoding process. In additiqn, it is is
important to consider that metadata in the MPD is primarily used for selection of Representations by the DASH
Client, whereas data in the media stream is used by the media decoder in order to establish'the decading and
rendering process. Metadata in the MPD is preferably added if the Media Presentation author expects that the
DASH Client can make use of this information in the selection process.

.2 General

~1

.2.1 Media Presentation timeline

ne of the key features in DASH is that encoded versions of different media components share a fommon
meline. The presentation time of access unit within the media centent is mapped to the global fommon
resentation timeline for synchronization of different media components and to enable geamless
witching of different coded versions of the same media components.

177 M o Ml dil e MR |

he presentation times within each Period are relative.to the PeriodStart time of the Period niinus the
alue of the @presentationTimeOffset, To, of,the containing Representation. This mearjs for an
ccess unit with a presentation time Tp signalled‘in the media stream, the Media Presentatjon time
elative to the PeriodStart is Tu=Tpr-To.

Representation should cover all presentation times Tp that are greater than and equal to the|value of
he @presentationTimeOffset, Toxlf'smaller values are present, i.e. the value of the @epthelta is
egative, then presentation of the Media Segment is expected to only take place for presentatipn times
reater than or equal to To.

h case the @duration attribute is used for the signalling of the duration of Segments, then the MPD
tart times as defined in subglause 5.3.9.5.3 should provide an approximation of the Media Presentation
me TM within the Period.Specifically, the difference between MPD start time and presentation time TP
hall not exceed 50% bfvalue of @duration divided by the value of the @t imescale attributg. In case
he Segment Timeline’is used for the signalling of the duration of Segments, then the MPD startftimes as
efined in subclause 5.3.9.5.3 shall provide exactly the Media Presentation time Tw within the Pg¢riod, i.e.
he MPD starttime is the earliest presentation time of the Segment.

t the start/of a new Period, the playout procedure of the media content components may need to be
djusted-at the end of the preceding Period to match the PeriodStart time of the new Period as tHere may
e,small overlaps or gaps with a Representation at the end of the preceding Period. Overlaps (respectively

pS-may-Fesd o Media-Segments—with-actual-presentation-duration—ef-the-me cia eatnh longer
(respectively shorter) than indicated by the Period duration.

OO0 s Qo wn o n o — qog o= s 8 < ]

There may be cases where the Media Presentation author observes issues in generating media, especially
for live services. This can be because the input signal to the encoder is not available or the encoder is
down. Generally, the Media Presentation author should address these issues by providing redundant
architectures or by the use of specific outage or blackout signals. Also, if the format in use permits, empty
Segments or zero duration Segments may be used.
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However, if such remedies are not available, the Media Presentation author may signal gaps in the
timeline. If the Segment Timeline is in use as defined in subclause 5.3.9.6, the gaps in the timeline may be
explicitly signalled. Alternatively, gaps in the segment timeline may be signalled by leaving gaps.

If no such means are available, early termination Periods may be used as defined in subclause 5.3.2. In
this case, the gaps at the end of the Period may be longer than indicated above. A client is expected to
overcome such outages and continue the Media Presentation with the availability of a new Period.

For the case when MPD@type is "dynamic" and the attribute
MPD@suggestedPresentationDelay is present, then the sum of value of the
MPDQRavlailibilityStartTime, the PeriodStart value, the presentation time within the Period ofjah
access ynit, Ty, and the value of the attribute MPD@suggestedPresentationDelay provides j
mapping of the presentation time of each access unit to the wall-clock time, for example to express
synchronization with a content internal time or for other reasons to enable synchrenization qf
presentdtion to the wall-clock.

Further media format specific definitions of presentation time may be defined.

7.2.2 Segment Index

If a Segment Index is present in a Media Segment of one Representation within an Adaptation Set, thep
the following shall hold:

— the jorder of Segment Index boxes for multiple media streams induces an ordering on the medi
confent components equal to the order in which a Segment Inidex box for a media stream for eac
component first appears. This ordering shall be the same for<all Segments of all Representations
an Adaptation Set. As a consequence, if there is a Segment\Index for a media content component i
one|Segment, there shall be a Segment Index for that,media component in all Segments in thij
Adaptation Set.

770 = R~ i ¥

— nontindexed media streams in all Representations of an Adaptation Set shall have the same access
unitfduration.

7.2.3 Segment alignment
The requliirements stated in subclause.5.3.3.2 shall apply.

7.2.4 Subsegment alignment

The requiirements stated in sibclause 5.3.3.2 shall apply.
7.3 Medlia Presentation based on the ISO base media file format

7.3.1 General

The Media Presentation as introduced in 5 and 5.15 is instantiated in this subclause using the ISO bas
media file format as defined in ISO/IEC 14496-12 as Segment formats.

An ISO BMFF-based DASH Media Presentation is described by an MPD as specified in subclause 5.1. Thie
MIME type of the MPD shall be as defined in Annex C.

D

The general rules defined in subclause 7.2 shall apply.

The @mimeType attribute of each Representation shall be provided according to IETF RFC 4337.
Additional parameters may be added according to IETF RFC 6381.

If present, the @SegmentProfiles shall provide a whitespace-separated list of the individual Segment
profile identifiers.

The following Segment types and formats may be used:
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— Initialization Segments complying with formats as defined in subclause 6.3.3.
— Media Segments complying with formats as defined in subclause 6.3.4.2.
— Self-Initializing Media Segments complying with formats as defined in subclause 6.3.5.

For ISO BMFF-based Media Presentation, the following applies:

1) Inall cases for which a Representation contains more than one Media Segment, the following applies:

i) The Initialization Segment as defined in subclause 6.3.3 shall be present.

ii) Media Segments shall not be self-initializing. The Media Segment format is defined in s
6.3.4.

iii) If the Media Segment is the last Media Segment in the Representation, this Media Segnj
carry the ' lmsg' compatibility brand. If the Media Segment is not the last Media Segme
Representation, the '1msg' compatibility brand shall not be/present. The '1msg
defined in this subclause.

]

) Incase a Representation contains only a single Media Segment, then one of the following twd
are valid.

— One Initialization Segment as defined in subclause 6.3.3 and one Media Segment as d
subclause 6.3.4 that is not self-initializing.

— One Self-Initializing Media Segment as defined in subclause 6.3.5.

—

hdex Segments may be present.

he content authoring rules for the Media’Segments in combination with certain MPD attribute
MFF-based DASH are provided in subclause 7.3.2.

o=

—

n case Sub-Representations are used, the rules in subclause 7.3.4 shall apply.

.3.2 Media presentation timeline

hall be relative to themovie timeline, i.e. they are composition times after the application of any

7
The presentation time T§ internal in the media that maps the media to the Media Presentation
S
for the track using\'sidx', as defined in ISO/IEC 14496-12.

It is recommended that the @timescale attribute in the MPD matches the timescale fie

edia Header*Box of a present track. If the Segment Index ('sidx ') box is present, then it i
recommended that the track for which the Segment Index ('sidx') box appears first in th
egmentiis the track defining the value of the @t imescale attribute.

Ibclause

ent may
ntin the

type is

options

bfined in

s for ISO

timeline
r edit list

d in the
further
e Media

7.3.3.1 Segments starting with media stream access points

No additional requirements beyond those stated in subclauses 5.3.3.2 and 6.3.2.2 are defined.

7.3.3.2 Bitstream switching

If the @bitstreamSwitchingissetto 'true' for a set of Representations within an Adaptation Set,
the conditions stated in subclause 5.3.3.2 shall be satisfied and the Bitstream Switching Segment shall not

be present.

© IS0 2022 - All rights reserved

175


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

As aconsequence of @bitstreamSwitching beingsetto 'true’', atleast the following conditions are
satisfied:

— The track IDs for the same media content component are identical for each Representation in each
Adaptation Set.

— The conditions required for setting the @segmentAlignment attribute to 'true' for the
Adaptation Set are fulfilled.

or (i) the conditions required for all Representations within the Adaptation Set to share the sa
valye of @mediaStreamStructureld and setting the @startWithSAP attribute to 3~for th
Adaptation Set, are fulfilled.

7.3.4 Sub-Representations

If a SubbRepresentation element is present in a Representation in the MPD ahd the attribut
SubRepresentation@level is present, then the Media Segments in thi§, Representation sha
conform to a Sub-Indexed Media Segment as defined in subclause 6.3.4.4. The Initialization Segment sha
contain the Level Assignment (' leva') box.

— —

The attrjbute @1level specifies the level to which the described Sub-Répresentation is associated to ip
the Subgsegment Index. The information in Representation, Sub-Representation and in the Leve
Assignmlent (' leva') box contains information on the assignmeft of media data to levels.

Yt

Media dpta should be ordered such that each level providesian enhancement compared to the lowe
levels.

—

7.3.5 Segment Timeline without Segment Index

If the Segment Timeline is in use and the $Time$ templating is applied and no Segment Index (' sidx ")
box is ptiesent in the Media Segment, then:

— asingle track shall be present in the Media Segment;

— asingle movie fragment header shall be present in the Media Segment;

=

— the |baseMediaDecodeTimg in the 'tfdt' of the first movie fragment shall be the earlies
pregentation time of the Segment and may be used for generating the URL for this segment;

Pt

— the fum of all sampie’ duration of track run boxes (' trun') of the only track fragment box sha
be the presentatien'duration of the Segment and may therefore be used to derive the address of th
next Media Segment from the actual Media Segment without requiring an updated MPD.

)

7.4 MediaPresentation based on MPEG-2 TS

7.4.1 General

In this subclause, a Media Presentation is instantiated based on Media Segment Formats using the MPEG-
2 TS as defined in ISO/IEC 13818-1. A MPEG-2 TS-based DASH Media Presentation is described by an
MPD as specified in subclause 5.2. The MIME type of the MPD shall be as defined in Annex C.

The general rules defined in subclause 7.2 shall apply.
The @mimeType attribute of each Representation shall be "video/mp2t".

The following Segment types and formats may be used:
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— Initialization Segments complying with formats as defined in subclause 6.4.3,

— Media Segments complying with formats as defined in subclause 6.4.4,

— Bitstream Switching Segments complying with formats as defined in subclause 6.4.5,

— Index Segments complying with formats as defined in subclause 6.4.6.

The @segmentProfiles attribute may be absent. If present, it is expected to be ignored.

I
s
4
T
S

F the Segment Timeline is in use and the $Time$ templating is applied, the Segment Index
resent.

4.2 Media presentation timeline

he presentation time T: internal in the media that maps the media to the Media-Presentation
hall be the one defined by the PTS in the MPEG-2 TS.

S|

Q 3 =~

o

N
4

Q_CT":S'—:

ore specifically, for one Representation, let PTS (1) be the PTS of the it access unit in th
ream. Furthermore, let PTS, (1) be PTS (i) adjusted for 33-bit rolloyers, i.e. calculated as if
n infinite amount of bits.

[ calculation is based on differences between PTS«(%) and PTS(0), and t
> (1) =[PTSa (1) -PTSo]*S/90 000 with PTS, typically‘PTS (0). With appropriate scalir
an be derived from the value of @presentationTimeQfHfigset attribute.

NOTE If Index Segment is used, S is provided by inthe't imescale field of the ' sidx' box.
a media stream contains a discontinuity, the*PTSa (i) calculation assumes relative t
haintained. Therefore, PTSa (1) is adjusted byithe difference between the value of PCR of the fi

earing packet after the discontinuity and~its interpolated PCR value (calculated using
iscontinuity PCR rate).

h case of discontinuities, it is. cécommended to add a new Period to reset the ¥
presentationTimeOffset.

L is recommended that the. @timescale attribute in the MPD match the clock frequency

he media stream for whieh the Segment Index (' sidx ') box that appears first in the Index Se
he elementary stream-defining the value of the @t imescale attribute.

4.3 Authoring rules for specific MPD attributes

.4.3.1 Segments starting with Media stream access points

o additional requirements beyond those stated in subclauses 5.3.3.2 and 6.4.2.2 are defined.

4:3.2 Segment alignment

shall be

timeline

e media
PTS had

herefore
g, PTSo

ming is
rst PCR-
the pre-

ralue of

S of the

lementary streams. If the Segment Index (' sidx ') box is present, then it is further recommended that

oment is

If the @segmentAlignment attribute is set to 'true’, the requirements stated in subclauses 5.3.2
and 5.3.3.2 shall be met. In addition, the Media Segment shall contain only complete PES packets and
sections and only complete access units for each PID, and the first PES packet shall contain a PTS
timestamp.

7.4.3.3 Subsegment alignment

If the @subsegmentAlignment flag is not set to 'false"', the semantics as defined in subclause
5.3.3.2 shall apply. In particular, for an MPEG-2 TS-based Media Presentation, a Subsegment shall contain
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only complete PES packets and sections for each PID, and the first PES packet from each elementary
stream shall contain a PTS.

7.4.3.4 Bitstream switching

If @bitstreamSwitching flagissetto 'true' for a set of Representations within an Adaptation Set,
then the conditions stated in subclause 5.3.3.2 shall be satisfied. In addition, the conditions in subclause
5.3.3.2 shall not only hold for the entire sequence from i=1,..,M, but for any consecutive sequence of
segments with any start index is=1,..,M and any end index ig=is,..., M.

If @bitfEreamSwitching flag IS set to 'true ', the BItstream SWILChING Segment may be presen
indicatefl by BitstreamSwitching in the Segment Information. In this case, for any’|tw
Represeptations, X and Y, within the same Adaptation Set, concatenation of Media Segment)i-of X,
Bitstrean Switching Segment of Representation Y, and Media Segment i+1 of Representation Y'shall be
MPEG-2|TS conforming to ISO/IEC 13818-1.

-

[=)

23]

As a comsequence of the conformance rule as stated in 5.3.3.2, at least the following) conditions are
satisfied|if @bitstreamSwitching flagissetto 'true':

— The|conditions required for setting the @startWithSAP attribute to 2 for'the Adaptation Set, 9
the fonditions required for all Representations within the Adaptation Set.sharing the same value d
@mgdiaStreamStructureId and setting the @startWithSAP attribute of the Adaptation Set 3,
are fulfilled.

—_

— The|conditions required for setting the @segmentAlignmént attribute set to 'true' for thee
Adaptation Set are fulfilled.

— PCR|shall be present in the Segment prior to the first-byte of a TS packet payload containing medip
datd, and not inferred from the 'pcrb' box.

7.4.4 Sub-Representations

If a SybRepresentation element is-present in a Representation in the MPD and the
SubRepresentation@level is present,then an Index Segment shall be present and shall conform tp
the fornlat defined in 6.4.6.4.

-

The Syibsegment Index box( )shall contain at least one entry for the value d
SubRepresentation@level and for each value provided in thie
SubRepresentation@dependencylLevel. The remaining attributes of the SubRepresentatio
element|should provide sufficient information such that the data contained in the Sub-Representatio
can be differentiated fronr'the containing Representation as for the MPEG-2 TS no inband assignment (
levels isprovided.

===

If Subsegment Index is used for extraction of temporal subsequences, PCR should precede the first byt
of medig within'the range indicated in the Subsegment index. Also, encryption keys (if used) should nd
change yithin the duration of a Subsegment.

-+

8 Profiles

8.1 Definition
Profiles of DASH are defined so as to enable interoperability and the signalling of the use of features.

A profile imposes a set of specific restrictions. Those restrictions are typically on features of the Media
Presentation Description (MPD) document and on Segment formats, but may also be on content delivered
within Segments, such as on media content types, media format(s), codec(s), and protection formats, or
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on quantitative measures such as bit-rates, Segment durations and sizes, as well as horizontal and vertical
visual presentation size. Profiles defined in this document define restrictions on features of this document
and on Segment formats only (e.g. not codec types). Externally defined profiles may additionally impose

restrictions on other aspects.

NOTE1 A profile can also be understood as permission for DASH Clients that only implement the features
required by the profile to process the Media Presentation (MPD document and Segments). However, as DASH
Client operation is not specified normatively in this document, it is also unspecified how a DASH Client

conforms to a particular profile. Hence, profiles merely specify restrictions on MPD and Segments ra
DASH Client behaviour.

ther than

profile has an identifier, which is a URI. The identifier of a profile shall not contain any.com
rofiles with which an MPD complies are indicated in the MPD@profiles attribute|as a

onform to IETF RFC 8141. Externally defined profiles may use profile identifiers thatare URNs
Vhen a URL is used, it should also contain a month-date in the form mmyyyy; theyassignment of]
hust have been authorized by the owner of the domain name in that URL on or very close to tha
void problems when domain names change ownership.

n MPD is conforming when it satisfies the following:

=S~ e el o T 72 B o e~

) The MPD is valid in terms of the schema defined in Annex B.

DN

) The MPD conforms to the requirements defined in this decument.

3) The MPD conforms to each of the profiles indicated.in the MPD@profiles attribute as {
below.

<

Vhen ProfA is included in the MPD@profiles attribute, the MPD is modified into a profile-sped
br profile conformance checking using the following ordered steps:

o)

1) TheMPD@profiles attribute of the(profile-specific MPD contains only ProfA.

) AnAdaptationSet elementfor'which @profiles does not or is not inferred to include
removed from the profile-speecific MPD.

3) ARepresentation element for which @profiles does not or is not inferred to include
removed from the prefile-specific MPD.

4) All elements prattributes that are either (i) in this document and explicitly excluded by Prof
in an extension namespace and not explicitly included by ProfA, are removed from the profilg
MPD.

§) Allelements and attributes that “may be ignored” according to the specification of ProfA are 1
from the profile-specific MPD.

ma. The
comma-

eparated list of profile identifiers. Profile identifiers defined in this document are ‘URNs and shall

or URLs.
the URL
C date, to

pecified

ific MPD

ProfA is

ProfA is

A, or (ii)
-specific

emoved

An MPD is conforming to profile ProfA when it satisfies the following:

1) ProfAisincluded in the MPD@profiles attribute.

2) The profile-specific MPD for ProfA is valid in terms of the schema defined in Annex B.

3) The profile-specific MPD for ProfA conforms to the normative semantics defined in this document.

4) The profile-specific MPD for ProfA conforms to the restrictions specified for ProfA.
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A Media Presentation is conforming to profile ProfA when it satisfies the following:

1) The MPD of the Media Presentation is conforming to profile ProfA as specified above.
2) There is at least one Representation in each Period in the profile-specific MPD for ProfA.

3) The Segments of the Representations of the profile-specific MPD for ProfA conform to the restrictions
specified for ProfA.

Representations in the specified profiles. For example, it can be required that there is at leastlon
Representation for each media type that contains or is inferred to have the profile identifier of a specifig profil

This doqument defines several profiles.

External organizations or individuals may define restrictions, permissions and extensions by using this
profile mechanism. It is recommended that such external definitions be not referred to‘as profiles, but ds
Interoperability Points. Such an interoperability points may be signalled in the @profiles parametgr
once a URI is defined. The owner of the URI is responsible to provide sufficient semantics on the
restrictipns and permission of this interoperability point.

Several profiles are defined relying on the ISO base media FF as Segmenf formats.
Several pther profiles are defined for MPEG-2 TS based Media Segment formats.

All profiles are a subset of the full profile is defined in subclause8.2.
8.2 Full profile
8.2.1 General

The full profile includes all features and Segment Types defined in this document.

The full profile is identified by the URN "urngmpeg:dash:profile:full:2011".

8.2.2 Media Presentation Description'constraints
The Media Presentation Descriptionsshall conform to the following constraints:

— Thejrules for the MPD as defined in subclause 7.3 or 7.4 shall apply.

— Thelelements and attribttes listed in subclause 5.2.3.2 may be ignored.

8.2.3 Segment format-constraints
Represeptations@and Segment formats shall conform to the following constraints:

— Representations shall comply either with the formats defined in subclause 7.3, referring to thie
Segmént formats in subclause 6.3, or to the formats defined in subclause 7.4, referring to the Segment
fornTats Imsubctause 6:4-

8.3 ISO Base media file format On Demand profile

8.3.1 General

This profile is intended to provide basic support for On-Demand content. The primary constraints
imposed by this profile are the requirement that each Representation is provided as a single Segment,
that Subsegments are aligned across Representations within an Adaptation Set and that Subsegments
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begin with Stream Access Points. This permits scalable and efficient use of HTTP servers and simplifies
seamless switching.

The On-Demand profile is identified by the URN "urn:mpeg:dash:profile:isoff-on-
demand:2011".

8.3.2 Media Presentation Description constraints

The Media Presentation Description shall conform to the following constraints:

The rules for the MPD and the segments as defined in subclanse 7.3 shall qpply

Representations not inferred to have @profiles equal to the profile identifier @sidgfined in

subclause 8.3.1 may be ignored.

NOTE A condition to comply with the restrictions defined in subclause 7.3 i§that the @mimeType

equals video/mp4, audio/mp4, or application/mp4.
The elements and attributes listed in subclause 5.2.3.2 may be ignored.
MPD@type shall be "static".
The Subset element may be ignored.

Neither the Period. SegmentList element nor thé Pé€riod. SegmentTemplate elem
be present.

For Adaptation Sets conforming to this profiles

ent shall

— if either the AdaptationSet.SegmentList or the AdaptationSet.SegmentTemplate

element is present in an AdaptationSet element then this AdaptationSet
may be ignored;

— if either the Representation.SegmentList or

element

the

Representation:SegmentTemplate element is present in a Representation

element then this Representation element may be ignored;

— if the Representation element does not contain a BaseURL element then this

Repréesentation element may be ignored;

— AdaptationSet elements with AdaptationSet@subsegmentAlignment not present or

setto ' false' may be ignored;

< Representation elements with a @subsegmentStartsWithSAP value absent
greater than 3 may be ignored;

Zero or

— Representation elements with @subsegmentStartsWithSAP value equal to 3 may be

ignored if both the following conditions hold:
— the containing Adaptation Set contains more than one Representation, and

— no other Representation has the same value for @mediaStreamStructureId.
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— Elements using the @x1ink:href attribute may be ignored from the MPD. The Representations
conforming to this profile are those not accessed through an Adaptation Set that uses an
@xlink:href.

8.3.3 Segment format constraints

For Representations and Segments referred to by the Representations in the profile-specific MPD for this
profile, the following constraints shall be met:

formats in subclause 6.3.

[

— Each Representation shall have one Segment that complies with the Self-Initializing Media Segmer
as defined in subclause 6.3.5.2.

— All $egment Index ('sidx') and Subsegment Index ('ssix') boxes shall be plaeed before any
Movie Fragment ('moof ') boxes.

— Indéx Segments shall not be present. However, a RepresentationIndex element or
@indexRange attribute may be present to signal the byte range for Ségment Index within a Medi
Segment.

[S

8.4 ISO(Base media file format live profile

8.4.1 General

This prdfile is optimized for live encoding and may achieve latency of a few seconds by encoding an
immediate delivery of short Segments consisting of one-or more movie fragments of ISO file forma
typically with relatively short duration. Each movie fragment may be requested as soon as available usin|
atemplate generated URL, so it is not normally necessary to request an MPD update prior to each Segmer
request.|Segments are constrained so that accessing Representations at Segment boundaries is enable
and seamless switching within one Adaptation Set may be performed by first processin
(i.e. downloading, decoding and presenting) the come-from Representations and then processing the gg
to Reprgsentation. Although the profileis optimized for live services, the MPD@ t ype attribute may be s¢
to 'staltic' to distribute non-liveleontent, for example in case a live Media Presentation is terminatec
but keptjavailable as On-Demand setvice.

L ="

—+ 09

T+ 1 09 &

The ISO [Live profile is identified by the URN "urn:mpeg:dash:profile:isoff-1ive:2011".

8.4.2 Media Presentation Description constraints
The Media Presentation Description shall conform to the following constraints:

— Thelrules for.the MPD and segments as defined in subclause 7.3 shall apply.

— Thelelements and attributes listed in subclause 5.2.3.2 may be ignored.

— Representations not inferred to have @profiles equal to the profile identifier as defined in
subclause 8.4.1 may be ignored.

— In addition, Representation elements contained in an AdaptationSet element complying to
this profile shall have the following constraints:

— Representationelements with @startWithSAP value (either supplied directly or inherited
from the containing AdaptationSet) equal to 3 may be ignored if both the following
conditions hold:
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— the containing Adaptation Set contains more than one Representation, and
— no other Representation has the same value for @mediaStreamStructureId.

— The SegmentTemplate element shall be present on at least one of the three levels, the Period
level containing the Representation, the Adaptation Set containing the Representation, or on
Representation level itself.

— Representation elements with a @startWithSAP value (either supplied directly or
inherited from the containing) absent, zero or greater than 3 may be ignored.

— AdaptationSet elements with a @segmentAlignment value 'false' or‘absent may be
ignored.

— Representationelements with @startWithSAP value (either supplied directly or inherited
from the containing Adaptation Set) equal to 3 may be ignoredlif both of the fpllowing
conditions hold:

— the containing Adaptation Set contains more than one Representation, and
— no other Representation has the same value for @mediaStreamStructureId.

-+ Subset elements may be ignored.

—+ Elements using the @xlink:href attribute may. be ignored from the MPD. The Representations
conforming to this profile are those not accessed through an Adaptation Set that juses an
@xlink:href.

—+ When the MPD is updated, the value of MPDRavailabilityStartTime shall be the same in the
original and the updated MPD.

4.3 Segment format constraints

or Representations and Segments referred to by the Representations in the profile-specific MPI) for this
rofile, the following constraints shall be met:

= T 0

- Representations_shall comply with the formats defined in subclause 7.3, referring to the Segment
formats in subelause 6.3.

—+ Each Repfeséntation shall have one Initialization Segment and at least one Media Segment.

—+ Media\Segments containing multiple Media Components shall comply with the formats de¢fined in
subelause 6.3.4.3, i.e. the brand 'msix"'.

— i Media Segmrents,; att-Segment fmdex {stdx*)anmd Subsegment fmdex {*sstx*)boxes shall be
placed before any Movie Fragment ('moof ') boxes.

— Index Segments shall not be present.

8.5 ISO Base media file format main profile

8.5.1 General
This profile is identified by the URN "urn:mpeg:dash:profile:isoff-main:2011".
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8.5.2 Media Presentation Description constraints

The Media Presentation Description shall conform to the following constraints:

— The

— The

rules for the MPD and segments as defined in subclause 7.3 shall apply.

elements and attributes listed in subclause 5.2.3.2 may be ignored.

— Representations not inferred to have @profiles equal to the profile identifier as defined in
subclause 8.5.1 may be ignored.

— The

— Elerpents using the @x1ink:href attribute may be ignored from the MPD. The Representation

con
@x1

— For|Adaptation Sets conforming to this profile:

8.5.3 Se
For Rep}

profile, the following constraints shall be met:

Subset element may be ignored.

orming to this profile are those not accessed through an Adaptation Set that uses a
ink:href.

Representation elements with a @startWithSAP value greater than 3 or contained in a

be ignored.

IfMPD@type is 'dynamic’',

be ignored;

— Representation elements with a @étartWithSAP value (either supplied directly g
inherited from the containingAdaptationSet) absent or zero may be ignored.

Representation elements with @startWithSAP value (either supplied directly or inherite
conditions hold:
— the containing Adaptation Set contains more than one Representation, and

— no other Representation has the same value for @mediaStreamStructureId.

gment format-constraints

resentations and Segments referred to by the Representations in the profile-specific MPD for thi

AdaptationSet element with @subsegmentStartsWithSAP value greater than 3 may

— AdaptationSet elements with a @segmentATignment value 'false' or absent mafy

from the containing AdaptationSet) equal to 3 may be ignored if both the following

[72)

=}

—

(oW

[

— Rep

résentations shall comply with the formats defined in subclause 7.3, referring to the Segmer

formats 1n subclause 6.3.

— Atleast one SAP of type 1 to 3, inclusive, shall be present for each track in each Subsegment.

— In Media Segments, all Segment Index ('sidx') and Subsegment Index ('ssix') boxes shall be

plac

184

ed before any Movie Fragment ('moof ') boxes.
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— Each Media Segment of the Representations not having @startWithSAP present or having
@startWithSAP value 0 or greater than 3 shall comply with the formats defined in subclause
6.3.4.3,i.e.thebrand 'msix"’.

8.6 MPEG-2 TS main profile

8.6.1 General

This profile imposes little constraint on the Media Segment format for MPEG-2 Transport Stream content.

This profile is identified by the URN "urn:mpeg:dash:profile:mp2t-main:2011".

8.6.2 Media Presentation Description constraints
The Media Presentation Description shall conform to the following constraints:

-+ The rules for the MPD as defined in subclause 7.4 shall apply.
-+ The elements and attributes listed in subclause 5.2.3.2 may be ignored.

-+ Representations not complying with the restrictions defined in subcdlause 7.4 or not inferred to have
@profiles equal to the profile identifier as defined in subclause’8.6.1 may be ignored.

-+ Representations not in group 0 may be ignored.
-+ Subset may be ignored.
-+ Representations containing the SegmentTimeXine element may be ignored.

—+ It shall be possible to present a presentation conforming to this profile without resolving
@xlink:href in AdaptationSet -or" SegmentList elements. Any initial Period ¢lements
using @xlink:href may be ignored, and the first non-excluded Period shall have an| explicit
@start attribute. After the first non-excluded Period, there shall be no Period using @x1ink:href.

-+ When the MPD is updated, the value of MPD@availabilityStartTime shall be the same in the
original and the updated"MPD.

.6.3 Segment format constraints

or Representations.and Segments referred to by the Representations in the profile-specific MPID for this
rofile, the following constraints shall be met:

= 0 0

- Representations shall comply with the formats defined in subclause 7.4, referring to the Segment
formats in subclause 6.4.

§8.6.4 Comments and recommendations

The following may be used, if desired:

— Representations not complying with the restrictions defined in subclause 7.4 may still be present,
but the presentation should be presentable if they are ignored;

— Both SegmentTemplate or SegmentList elements may be used; the normal case is the use of
SegmentList elements; however, clients should be capable of handling SegmentTemplate
elements.

For Representations conforming to this profile:
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— Index Segments should be supplied.

— AdaptationSet elements containing Representations conforming to this profile should not set the
value of the @segmentAlignment attribute (either supplied directly or inherited from the
containing MPD) to ' false'.

— Representations conforming to this profile should set the value of the @startWithSAP to 1 or 2.
@startWithSAP may be set to 3 if @mediaStreamStructureId is identical across
Representations

8.7 MPEG-2 TS simple profile
8.7.1 General

This prafile is a subset of MPEG-2 TS main profile as defined in subclause 8.6. It poses more restrictions
on contgnt encoding and multiplexing in order to allow simple implementation of seamless switching.
This is achieved by guaranteeing that a media engine conforming to ISO/IEC 13818-1 can play an|
bitstream generated by concatenation of consecutive segments from any Representation within the samle
Adaptatjon Set.

<

This profile is identified by the URN "urn:mpeg:dash:profile:mp2t=Simple:2011".

8.7.2 Media Presentation Description constraints
The Media Presentation Description shall conform to the following constraints:

— All MPD constraints of MPEG-2 TS Main Profile as defined.in subclause 8.6.2 shall be obeyed.
— Thelelements and attributes listed in subclause 5.2.3.2 may be ignored.

— Repfesentations not complying with the restrietions defined in subclause 7.4 or not inferred to have
@profiles equal to the profile identifier as-defined in subclause 8.7.1 may be ignored.

— If an Index Segment is provided, any' Adaptation Set with @subsegmentAlignment set tp
' fglse' may beignored.

— Any| Adaptation Set which contains more than one Representation and hds
@biltstreamSwitchingnotsetto 'true' may be ignored.

— Wh¢n the MPD is updated, the value of MPD@availabilityStartTime shall be the same in thie
original and the updated MPD.

8.7.3 Segment format constraints

For Represéntations and Segments referred to by the Representations in the profile-specific MPD for this
profile, thefollowing constraints shall be met:

— Representations shall comply with the formats defined in subclause 7.4, referring to the Segment
formats in subclause 6.4.

— All Media Segment constraints of MPEG-2 TS main profile as defined in subclause 8.6.3 shall be
obeyed.

— PSI information, including versions, shall be identical within all Representations contained in an
AdaptationSet.
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— If MPEG-2 Conditional Access framework is used, the same ECM shall be valid for th
Subsegment, or for the whole Segment if Index Segment is not present.

— Foran Index Segment, any single Segment Index (' sidx ') box may either reference media,
'sidx "', butthe same 'sidx' box may not reference both.

8.7.4 Recommendations

For Representations conforming to this profile, it is recommended that:

e whole

or other

— Index Segments be supplied,

-+ SegmentTemplate elements be used.

8.8 ISO Base media file format extended live profile

.8.1 General

ocument. The main extensions are non-exclusion of remote elemernts)and features introduce

g
This profile is largely an extension of ISO BMFF Live profile as deseribed in subclause 8.4
d
second edition of this document, such as events.

This profile also imposes additional restrictions on MPD and.Segment format in order to
implementations.

The [SO-Base media file format extended live profile is identified by the followin
"urn:mpeg:dash:profile:isoff-ext-1ive:2014".

§.8.2 Media Presentation Description constraints

8.8.2.1 General

—

he Media Presentation Description shalllconform to the following constraints:

— The rules for the MPD and the Segments as defined in subclause 7.3 shall apply.

— Periods which do not conform to the constraints in subclause 8.8.2.2 may not be presented.

- Representations not~inferred to have @profiles equal to the profile identifier as de
subclause 8.8.1 may, be ignored.

§.8.2.2 Constraints on Period elements

+ The Subset element may be ignored.

4+ ThePeriod.SegmentList element shall not be present.

| of this
d in the

simplify

g URN:

fined in

If a Period contains multiple Adaptation Sets with @contentType="video" then atl

past one

Adaptation Set shall contain a Role element
@schemeIdUri="urn:mpeg:dash:role:2011" and @value="main" and each Ad
Set containing such a Role element shall provide perceptually equivalent media streams.

— AdaptationsSet elements that do not conform to subclause 8.8.2.3 may be ignored.
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8.8.2.3 Constraints on AdaptationSet elements

— AdaptationSet element can be ignored unless AdaptationSet.SegmentTemplate is
present and/or for each Representation within this Adaptation Set
Representation.SegmentTemplate elementis present;

— AdaptationSet element that contains more than one Representation can be ignored unless all of
the following hold:

L] . T - + 1.1 1 Vol I 1
— RAdaptationSettScumentatTormerrt s presentand ias vatue ot true;

— |AdaptationSet@startsWithSAP is present and has value of 1 or 2;

— Refdresentation elements that do not conform to subclause 8.8.2.4 may be ignored.

8.8.2.4 Constraints on Representation elements

— Representations with value of the @mimeType attribute other than videa/mp4, audio/mp4}
apglication/mp4, or text/mp4 may be ignored. Additional ;profile or codec specifi
pargmeters may be added to the value of the MIME type attribute.

(@)

— IfRepresentation. InbandEventStreamor SubRepresentation. InbandEventStrea:
are present, this Representation can be ignored.

=

8.8.3 Segment format constraints
Represeptations and Segments complying to this profile shall meet the following constraints:
— Representations shall comply with the formats defined in subclause 7.3.

— In Media Segments, all Segment Index (' sidx ') and Subsegment Index (' ssix ') boxes, if present,
shall be placed before any Movie Fragment ('moof ') boxes.

— Indg¢x Segments shall not be present.

8.8.4 Inpand Events

If an AdaptationSet elemént inferred to have this profile within contains an InbandEventStream
element| and InbandEventStream@schemeIdUri has value "urn:mpeg:dash:event:2012"}
all representations within-this adaptation set shall contain aligned inband events.

(i

NOTE1  MPDgwalidity expiration inband events (see subclause 5.10.4.2) are essential for corre
presentation.of content formatted for the ISO BMFF Extended Live profile.

O

NOTE 24, ‘The author can assume that, for each value of MPD@publishTime they announce using MP
validity expiration event(s), the DASH Client receives and processes at least one Event Message ('emsg') bd
with this value in course of normal playback of this Period.

B

8.9 ISO Base media file format extended On Demand profile

8.9.1 General

This profile is largely an extension of [ISO BMFF On Demand profile as described in subclause 8.3. The
main extensions are non-exclusion of remote elements and features introduced in the second edition of
this document.
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This profile also imposes additional restrictions on MPD and Segment format in order to simplify
implementations.

The ISO-Base media file format extended On Demand profile is identified by the following URN:
"urn:mpeg:dash:profile:isoff-ext-on-demand:2014".

8.9.2 Media Presentation Description constraints

8.9.2.1 General

ThaMadiaPracantation Nacoyinti o chall ~on o +0 +hn o1l i g oo ctnatndc,
e reata T e Stheato e SCH P o Samr oo ot TorOWi g CottStratiesT

-+ The rules for the MPD and the Segments as defined in subclause 7.3 shall apply.
-+ Periods which do not conform to the constraints in subclause 8.9.2.2 may not be presented.

-+ Representations not inferred to have @profiles equal to the profile identifier as dgfined in
subclause 8.9.1 may be ignored.

-+ MPD@type shallbe "static".

§8.9.2.2 Constraints on Period elements

-+ The Subset element may be ignored.

+ Neither the Period. SegmentList element nor the‘Period. SegmentTemplate elemgnt shall
be present.

-+ If a Period contains multiple Adaptation Sets with @contentType="video" then at lgast one
Adaptation Set shall eontain a Role element with
@schemeIdUri="urn:mpeg:dash:xole:2011" and @value="main" and each Adaptation
Set containing such a Role element$hall provide perceptually equivalent media streams.

-+ AdaptationSet elements that‘do not conform to subclause 8.9.2.3 may be ignored.

8.9.2.3 Constraints on AdaptationSet elements

4+ AdaptationSet element can be ignored unless for each Representation within this Adaptation Set
Representation'.BaseURL is present.

+ If either théy’AdaptationSet.SegmentList or the AdaptationSet.SegmentTemplate
element. is present in an AdaptationSet element then this AdaptationSet element may be
ignored.

-+ /f an AdaptationSet element contains more than one Representation element, then this
AdaptationSet element can be ignored unless AdaptationSet@subsegmentAlignment is
present and has value of 'true’; and AdaptationSet@subsegmentStartsWithSAP is present
and has value of 1 or 2.

— Representation elements that do not conform to subclause 8.9.2.4 may be ignored.
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8.9.2.4 Constraints on Representation elements

— Rep

resentations with value of the @mimeType attribute other than video/mp4, audio/mp4,

application/mp4, or text/mp4 may be ignored. Additional profile or codec specific
parameters may be added to the value of the MIME type attribute.

— Ifei

ther the Representation.SegmentList or the Representation.SegmentTemplate

element is present in a Representation element then this Representation element may be

ignored.

— If the Representation element does not contain a BaseURL element then this
Regdresentation element may be ignored.

— IfR¢presentation consists of a single Segment that complies with Indexed Media Segmehtjor Indexefd
SelfiInitializing Media Segment, this Representation element can be_fghored unlegs
SegmentBase(lindexRange is present.

8.9.3 Segment format constraints

Represeptations and Segments complying to this profile shall meet the following constraints:

— Repfesentations shall comply with the formats defined in subclause'7.3, referring to the Segmerit
formats in subclause 6.3.

— Each Representation shall have one Segment that either (i) complies with the Indexed Self-
Initializing Media Segment as defined in subclause 6.3.52-or (ii) complies with the Self-Initializing

Med

— For

('s

— Eve

8.101IS

8.10.1 ¢

This prd
profile i

The IS

"urn:m

8.10.2 Media Presentation Description constraints

8.10.2.1

ia Segment as defined in subclause 6.3.5.1 and the-Index Segment is present.

>

Indexed Self-Initializing Media Segments all>Segment Index ('sidx') and Subsegment Inde|
51x ') boxes shall be placed before any Movie Fragment (' moof ') boxes.

ht Message ('emsg ') boxes shall nat be present.

D Base media file format common profile

Freneral

file is a restricted gombination of both extended profiles described in 8.8 and 8.9. Use of this
mplies that one canhave a mix of two profiles in a single MPD, but not within the same Period.

D-Base media/ file format common profile is identified by the following URN:
peg:dashrprofile:isoff-common:2014".

General

The Media Presentation Description shall conform to the following constraints:

— The

— Peri

rules for the MPD and the Segments as defined in subclause 7.3 shall apply.

ods which do not conform to the constraints in subclause 8.10.2.2 may not be presented.

— MPD@profiles shall contain "urn:mpeg:dash:profile:isoff-common:2014".

190
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8.10.2.2 Constraints on Period elements

— Each Period shall conform either to constraints in subclause 8.8.2.2 or to constraints in subclause

8.9.2.2.

8.10.3 Segment format constraints

Segments referred from Periods complying to constraints in subclause 8.8.2.2 shall conform to subclause

8.8.3.

PSP~ W W |

g.9.3.

o0

.11 ISO Base media file format broadcast TV profile

.11.1 General

his profile provides a restricted profile primarily for distributing broadcast TV over broad
roadband services, including service offerings for combined unicast and broadcast services. T
5 based on ISO BMFF. In order to enable those advanced use cases, this profile introduces
estrictions that follow compared to the extended live profile:

ol oull— Bl o)

- Useasingle @timescale for all Representations in one Adaptation Set.
—+ Use Segment Timeline for signalling of segment durations:
— The timing of the segments in the MPD is accurate.

— The Segment Timeline may be on Represerntation level to allow different segment dur
different Representations. However, it may be defaulted on Adaptation Set level.

— The Segment Timeline may use open ended @r (-1) or closed @r (>=0).
— The Segment Timeline may use Segment sequences and Hierarchical Templating.

—+ Each Representation shall provide at least one RandomAccess element.

be present.

-+ Segment alighment and start with SAP signalling may be used for backward compatible depl
but should generally not be used.

—+ DatalURLs as defined in IETF RFC 2397 may be used for Initialization Segments.

The”\ISO-Base media file format broadcast TV profile is identified by the followin

nbclause

rast and
e profile
he main

htions in

—+ Ifan Adaptation contains more than one Representation, then at least one Switching elemlent shall

byments

g URN:

"weh:mpeg:dash:profile:isoff-broadcast:2015"

8.11.2 Media Presentation Description constraints

8.11.2.1 General
The Media Presentation Description shall conform to the following constraints:

— The rules for the MPD as defined in subclause 7.3 shall apply.

— The rules for the Segments as defined in subclause 7.3.5 shall apply.
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Periods which do not conform to the constraints in subclause 8.11.2.2 may not be presented

Representations not inferred to have @profiles equal to the profile identifier as defined in

subclause 8.11.1 may be ignored

8.11.2.2 Constraints on Period elements

The Subset element may be ignored.

The[Periocd. SegmentList eiement snait not be present.

AdaptationSet elements that do not conform to subclause 8.11.2.3 may be ignored.

8.11.2.3 Constraints on AdaptationSet elements

AdaptationSet element may be ignored unless AdaptationSet.SegmentTemplate
pregent and/or for each Representation within this Adaptation
Representation.SegmentTemplate elementis present;

AdaptationSet element may be ignored unless AdaptationSet.RandomAccess is presert
andjor for each Representation within this Adaptation Set Representation.RandomAccess

element is present;

Ad
elements conform to subclause 8.11.2.5;
InHandEventStream shall only be used on Adaptation Set level;

Regresentation elements that do not'conform to subclause 8.11.2.4 may be ignored.

8.11.2.4 Constraints on Representation elements

192

Representations with value of the @mimeType attribute other than video/mp4, audio/mp4)
apglication/mp4, or “text/mp4 may be ignored. Additional profile or codec specifi

pargmeters may be added-to the value of the MIME type attribute.

Representation elements may be ignored if Representation.RandomAccess element is nd

pregent and also'ic AdaptationSet.RandomAccess element is present.

InBandEveéntStream shall not be present on Representation level.

Seginent Timeline shall be used for signalling of segment durations and the following restriction|

AdaptationSet element that contains more than one:Répresentation may be ignored unlegs
jﬁtationSet .Switching is present and/or for éach Representation within this Adaptatiop
Set | Representation.Switching element is.present and all the SegmentTemplate

i
Se

~+

(@)

[

[72)

shall apply:
— The timing of the segments in the MPD shall be accurate.

— The Segment Timeline may be open ended @r (-1) or closed @r (>=0).

— The Segment Timeline may contain Segment Sequences as defined in subclause 5.3.9.6.4 and

Hierarchical Templating as defined in subclause 5.3.9.6.5.
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— The Segment Timeline may be on Representation level to allow different segment durations in
different Representations. However, it may be defaulted on Adaptation Set level.

8.11.2.5 Constraints on SegmentTemplate elements

— (@initialization attribute may include data URLs as defined in IETF RFC 2397.

8.11.3 Segment format constraints

-+ Representations shall comply with the formats defined in subclause 7.3.5.

-+ If Segment Sequences as defined in subclause 5.3.9.6.4 and Hierarchical Templating as d¢fined in
subclause 5.3.9.6.5 are used, then the first Segment of a Segment Sequence shall'not carry [' dums '
brand in the Segment Type box ('styp') as major brand and all other Segments of the fegment
Sequence shall carry 'dums ' brand in the Segment Type box (' styp ') ds/major brand.

§.11.4 MPD Updates and Inband Event Streams

[l

h order for a DASH Client to operate without frequent MPD requests’and use the information contained
h Inband Event Streams, the content authoring needs to obey certain rules.

—-

Yt

h case of MPD@type="dynamic" and the MPD indicates that.one or several Representation(s) contain
an inband event stream in order to signal MPD validity expirations, then the following applies:

— The MPD@publishTime shall be present.
-+ TheMPD@minimumUpdatePeriod should be set to a small number, preferably 0.

-+ For each newly published MPD that inclitdes changes that are not restricted to any of the fpllowing
(e.g. anew Period):

— The value of the MPD@minimumUpdatePeriod is changed,

— The value of a SegmentTimeline. S@r has changed,

— Anew SegmentTimeline. S element is added, and

— Any information that is no longer in the availability time window.
The following shall be done:

— <a'new MPD shall be published with a new publish time MPD@publishTime;

1- an 'emsg' box shall be added to each segment of each Representation that confains an
InbandEventStream element with

— scheme id uri="urn:mpeg:dash:event:2012",
— (@value either setto 1 or setto 3,

— the value of the MPD@publishTime of the previous MPD as the message data.
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8.12 DASH profile for CMAF content

8.12.1 General

1SO/IEC

23000-19 defines the common media application format for segmented media. The CMAF

addressable media objects, also known as resources, may be delivered in a DASH Media Presentation.

Common Media Application Format (CMAF) specifies content formats independently of any manifest
format and defines the structural format of CMAF Tracks and relationships between these tracks. CMAF

isbuilto

n the ISO Base Media File Format (BMFF) as defined in ISO/IEC 14496-12 and its Segments follow

the ISO BMFF Segment constraints as defined in subclause 6.Z.

In ordey to distribute CMAF content in DASH, two profiles are defined in the following, providing

prescri
mapping
distribu

Two prd

m

1

m

q

In order]
and higl
commol]
consider

Exampld

While th
DASH, it

The pro

for example for the exchange of CMAF. Such an MPD may also be used to describe the relationship (

stored C
8.12.2 (

8.12.2.1

This suh
CMATF cq

The CM/

permissive on timeline mapping and addresses cases for which splicing of content from differen
gources need to happen. In this case it is not always practical and feasible to map a CMA]
Presentation exactly on a DASH Period.

9]

ive mapping of CMAF structures and timelines to DASH structures and timelines. Applying thi
F enables content to conform to both CMAF constraints and DASH requirements as-well as tp
e CMAF generated content with DASH.

[72)

files are defined:

'he DASH core profile for CMAF Content is defined in subclause 8.12.5. This’profile addresses p
estrictive mapping of CMAF Presentation timelines to DASH Media Preseritations.

'he DASH extended profile for CMAF Content is defined in subclausé 8.12.6. This profile is mon

I1 —~+

to introduce the CMAF Mapping to DASH, a CMAF content model introduced in subclause 8.12.p
1-level mapping considerations are provided in(subclause 8.12.3. Subclause 8.12.4 provides

constraints for the DASH profile for media, content. Finally, some conformance checkinjg
ations are provided in subclause 8.12.6.

MPDs for this profile are provided in Annex G.

e mappings defined by these profiles;may not be the only possible mapping of CMAF content tp
is intended to enable the distribution of CMAF generated content in DASH in a consistent mannef.

files may also be used to provide a simple and well-defined manifest format for CMAF conten

—_ <

MAF Resources.
[MAF content model for DASH profile definition

Overview

clause introduces the main features of CMAF and defines the relevant terms in order to map
ntent to-DASH Segments and provide the relevant MPD information.

\E-content model is shown in Figure 7 with a very principle mapping to DASH.
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Figure 7 — CMAF Content.Model
§.12.2.2 CMAF Addressable Objects

MAF, as defined in ISO/IEC 23000-19, provides thefollowing addressable objects:
— CMAF Track File

[an)

— CMAF Chunk
— CMAF Segment

or details, please refer to the CMAF specification in ISO/IEC 23000-19.

H

(MAF Fragments and CMAF-Chunks may be embedded in DASH Segments. In the context of this standard,
)ASH Segments are the addressable units, i.e. units with an assigned URL.

\

ote that in practical applications,
— CMAF Track Files are analogous to DASH Self-Initializing Media Segments

— CMAF-Headers are analogous to DASH Initialization Segments

—5CMAF Segments (consisting of one or more CMAF Fragments or CMAF Chunks) are analpgous to
DASH Media Segments.

8.12.2.3 CMAF Track Data Model

In the context of this document, the following definitions are relevant for CMAF Tracks as defined in
ISO/IEC 23000-19. For each CMAF Track k (k=1, .., K) in a CMAF Switching Set, the following features
are defined:

— CMAF Header CH[k], k=1,..,K

— CMAF Fragments CF [k, i], i = 1,2,3,.. N,with
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— The position in the CMAF track i
— The earliest presentation time: t £ [k, i]

— The CMAF Fragment duration: df [k, 1] = tf[k,i+1]

- tflk,1]

— Optionally, wall-clock time assigned to the earliest presentation time of CMAF

Fragment: twc [k, i]

— One or possibly more CMAF Chunks CC [k, 1,31, J =
— Number of chunks in a fragment C [ 1]
— Position in the fragment 7
— Earliest decode time tc [k, i, J]
— Chunk duration in decode times dc [k, i, J]
— The earliest presentation time of the first fragment, i.e. t £ [k, i=]
— The duration of the CMAF Track is defined as dt [k]
— The CMAF Track has an assigned media profile, which includes:
— CMAF media profile brand
— Suitable MIME Type string providing
— Media type
— Codecs parameter

— Profiles parameter

.

— The CMAF Track has-samples sample[k,s] with s=1,.., S, each with presentation timge

Tlk,s].

8.12.2.4 CMAF Switching Set Model for this Specification

From the constrainfs on a CMAF Switching Set as defined in ISO/IEC 23000-19, the following holds:

— All CMAF Tracks in a Switching Set conform to one media profile.

1,2,3,.., C[1i]

— OneCMAF headerisidentified-to-bethe "CMAF Principal Header"which-hasthe highest decodin

................... ghest decodin
requirements and as such can initialize a media pipeline for decoding any other track in the

Switching Set. This header referred as CMAF Principal Header CH*.

— The CMAF Header for each CMAF Track in a Switching Set is defined such that appending it to the
track buffer does not result in a reinitialization of the decoding and rendering pipeline.

— Each CMAF Track in a Switching Set has the same number of CMAF Fragments.
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The earliest decoding times of the CMAF Fragments at a position i in different CMAF Tracks of a

CMAF Switching Set are identical.

The earliest presentation times of the CMAF Fragments at a position i in different CMAF Tracks
of a CMAF Switching Set are identical, ie the value of t f [k, 1] is the same for all k in the switching

set.

The fragment duration of the CMAF Fragments at a position i in different CMAF Tracks of a CMAF

Switching Set are identical, ie the value of df [k, i ] is the same for all k in the switchin

set.

—

et

The duration of each CMAF track dt [k] is identical and defines the durationc~ofth
Switching Set dt.

ote that the equalities above only hold for CMAF Fragments, not necessarily for CMAF Chunks.

.12.2.5 CMAF presentation timing model

here are multiple timelines involved in the authoring, playout, and refidering CMAF tracks
resentation:

— Eachtrackis a sequence of timed samples sample [k, s] with’s=1, ..., S, each with pres

time T [k, s]. Each sample has a decode time and duration and may also have a com
(display) time offset. Edit lists may be used to overridg the implicit direct mapping of t
timeline, into the timeline of the overall movie. Th&movie timeline is used to synchroni
Tracks in a CMAF presentation and also serves as'the synchronization source for playba
DASH player, or in an HTML 5 media element and media source.

Movie timelines are aligned between all CMAF Tracks in a CMAF presentation, but in co
ISO BMFF files the isn’t required to befat a presentation time 0.

In addition, each CMAF Track may’have assigned an anchor wall-clock time (e.g. UTC tiJ
wall clock time may be used-to relate a presentation time of the track to wall-clock

e CMAF

within a

entation
position
e media
ve CMAF
ck -ina

ntrast to

me). The
fime, for

example expressing the (time when the corresponding sample was captured, enc¢ded, or

packaged.

.12.3 CMAF to DASH Mapping Principles
.12.3.1 General

his subclause~decuments some high-level considerations on how to map and delive
resentationsinDASH. It addresses both time mapping and structural mapping.

.12.3.2-\Timing Model Mapping
heACMAF mapping principles and timing model mapping for DASH and ISO BMFF is expl

r CMAF

ained in

507IEC 23000-19. References are provided in the following and their mapping to DASH is expl3

ined.

In the context of this profile, the CMAF presentation time equal to zero as defined in ISO/IEC 23000-19 is
mapped to the start of a DASH Period. As a consequence of this,

— Each CMAF Track is mapped to a DASH Representation r.

— the start of a Period is also aligned with the earliest video media sample presentation time.

— The presentation time offset in DASH is identical to the earliest video media sample presentation

time. The earliest video media sample presentation time is derived as the movie time of the track
according to regular file format principles taking into account the baseMediaDecodeTime and, if
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present, the composition offset, and the track edit list (in the track header). Note that the earliest
presentation time of a CMAF Fragment may not be the presentation time of the first sample in
decode time of the CMAF Fragment.

The presentation time offset is mapped to a DASH MPD by the value of the
@presentationTimeOffset.

The mapping of non-video tracks to DASH Periods is such that the media samples in audio and
subtitle CMAF tracks whose durations overlap the earliest video media sample presentation time
ill only be partially presented, starting at the earliest video media sample presentation time:

0 maintain synchronization of all tracks of a single CMAF Presentation within a DASH Periodl,
he presentation time offset of every CMAF switching set from the same CMAF Presentatein needs
0 be equivalent, which means equal presentation time offsets, but possibly different integdr
alues and timescales per CMAF switching set. However, DASH permits to map.multiple CMA
resentations to one Period (for example a main content and an alternative content). Hencg,
MAF Tracks in one Period belonging to different CMAF Presentations are preferabl
ifferentiated accordingly.

or the mapping a CMAF Presentation to a DASH Period, the video-track is assumed to be th|
rimary track and hence, the Period duration is determined bythe duration of the CMAF vide
rack.

[©2¢)

In certain cases, only a time span of a CMAF Presentation may be mapped to single Period, or p
[MAF Presentation is provided in multiple DASH Petieds. In the context of this profile, a time
g4pan of a CMAF Presentation mapped to a DASH Period also needs to conform to a CMAF
Iresentation. For this to hold, only specific time spans of a CMAF Presentation can be mapped,
amely

|

[he start of the Period needs to coincide with the start of a CMAF video fragment.

The end of a Period needs to coincide with the end of a CMAF video fragment in case of the DASH
[MAF core profile.

$equential and continueus’playback of independent CMAF Presentations in DASH can b
adccomplished by each-CMAF Presentation being mapped to a single Period and playing back
gequence of Periods.;Specifically, it is assumed that the CMAF Presentations are played i
gequence as follows:

- 25

For any CMAE Presentation contained in a Period p=1, .., P, the Period starttime PST [p]
feflects .¢he actual time that elapses after playing the media of all prior CMA
Presentations/Periods in the sequence of these presentations relative to the PST [1] of the firs
[MAFE Presentation/Period in the sequence.

—+ 1]

The Period extends until the PST of the next Period/CMAF Presentation, or until the end of the
sequenced presentation in the case of the last Period/CMAF Presentation.

The difference between the PST [p] of a Period/CMAF Presentation and the PST [p+1] time of
the following Period/CMAF Presentation, is the Period/CMAF Presentation duration PD[p] in
Media Presentation time of the media content represented, i.e. PD[p]= PST[p+1]- PSTI[p].

Period boundaries permit playback of content for timeline continuous CMAF Presentations or for
timeline discontinuity. Continuity can be considered in different domains:
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Continuity in terms that the presentation time is continuous across Period boundaries. DASH
permits both, timeline continuity and discontinuity.

Continuity in terms of remaining in the Initialization of a single CMAF Switching Set/DASH
Adaptation Set, or to terminate and re-initialize. DASH again permits both, continuation with the
same Initialization or changing the Initialization.

Whereas CMAF does not provide any specific support in cases where a decode time discontinuity,
for example resulting from one or more missing or damaged CMAF fragments in a continuous

L MO0 N S s B o o]

.12.3.3 Mapping of CMAF Structures

CMAF presentation, DASH supports the signalling of such gaps and the maintenande of the
timelines. For example, these can be split into multiple periods, or the DASH Segment Timeline
functionality can be used.

ifferent mappings of CMAF Presentations and structures to DASH MPDs may-exist. This profil¢ defines
consistent mapping of CMAF Presentations and structures to a DASH Media Presentation.

pecifically, the DASH profiles for CMAF content as defined in this subclause address and define the
bllowing:

The mapping of a single CMAF Presentation to a single DASH Period.

The mapping of multiple independent CMAF Presentations into a single DASH Period in|order to
allow the client to select a CMAF Presentation for<playback, e.g. in case a main contenf and an
alternative content is provided.

The mapping of a single CMAF Switching:Set to a single DASH Adaptation Set. This includes the
signalling of CMAF Principal Header infgrmation in DASH MPD Adaptation Set parametes.

The mapping of a single CMAF Track to a single DASH Representation. This includes the sjgnalling
of CMAF Header information in. DASH MPD Representation parameters.

The exact time mapping of.a’CMAF Presentation to a DASH Period and the relevant Period related
MPD signalling parameéters.

The creation of multiple Periods from a single CMAF Presentation and the appropriate MPD and
cross-Period sighalling.

The sequencing of multiple independent CMAF Presentations into a DASH Media Presenthtion for
continuous playback and the relevant signalling.

The’ insertion of an independent CMAF Presentation into the middle of another CMAF
Presentation as part of DASH Media Presentation and the relevant signalling.

A e 1 : A | 4o
AUUIUIAl ITIdpPpPITy COIISITUTT AU UTLS.

In the context of this profile, CMAF Switching Sets support seamless switching as defined in subclause
4.5. Seamless switching can be achieved in DASH operations as follows:

1)

2)

The content author provides the Representations A and B as referred in subclause 4.5 being
conformant to a CMAF Track that is part of the same CMAF Switching Set.

The client can switch at the start of DASH Segment or Subsegment (as long as the associated SAP
Type is 1 or 2), i.e. at presentation times that coincide with the start of a CMAF Fragment.
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8.12.3.4 Mapping of CMAF Addressable Objects

CMAF Addressable Objects may be mapped directly to DASH Segments. The profile defined in this
subclause provides a consistent mapping to CMAF Addressable Resources to DASH Segments.

Specifically,
— CMAF Headers are directly mapped to DASH Initialization Segments.

— CMAF Segments and CMAF Chunks are directly mapped to DASH Media Segments.

— (CMAF Segments are directly mapped to DASH Media Segments.

— (CMAF Chunks may mapped to DASH Media Segments. In addition, the presence of CMAF chunkis
in CMAF Segments may be signalled in the DASH MPD.

— (CMAF Track files are directly mapped to DASH Self-Initializing Segments.

The profile also provides the information how the DASH Representation information (URLs, timing
information) is obtained for CMAF Addressable Resources.

8.12.3.5 Mapping of Media, Encryption and CMAF Header Information-to MPD

CMAF introduces the concept of media profiles. A CMAF media profile is’ defined in ISO/IEC 23000-19.
Based on the definitions and alignment defined in the DASH profiles'for CMAF content in this subclaus|
8.12, it is considered sufficient a for a media codec to be delivered and integrated in DASH as long as
defines § CMAF media profile is defined and one of these defined profiles is used.

[ )

In order to integrate the media profile in DASH, for ea¢h media profile the essential and relevarit
information in a DASH MPD can be documented. This DASH profile defines some generic media profil
indepenflent requirements and recommendations for;the mapping of CMAF Header information into t
MPD.

For a media codec to be used together with the DASH profile for DASH-based profile, the following
information needs to be provided:

— A CMAF media profile definition with all the requirements according to ISO/IEC 23000-19 for p
edia profile.
— The static mapping ofparameters to a DASH MPD, in particular to the MPD parameters, such as
imimeType, @codéecs, @containerProfiles, etc.
— The dynamic miapping of parameters to a DASH MPD from a CMAF Principal Header, in particula
lo the MPD pdrameters, such as @maxWidth, @maxHeight, etc.

[

Similar 3spects apply for encryption and DRM information, for which an adequate mapping is provided

8.12.4 DASH profiles for CMAF content - Common constraints

8.12.4.1 General

This subclause 8.12.4 defines detailed requirements and recommendations for the mapping of CMAF
Presentations to DASH Media Presentations. According to the definition and usage of DASH profiles, the
constraints may also apply to subsets of Media Presentations for example to Representations, Adaptation
Sets or Periods.

In the remainder of the subclause 8.12.4, the constraints are summarized as DASH profile for CMAF
content constraints.
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8.12.4.2 Segment and Representation Constraints

If the DASH profile for CMAF content constraints apply to a DASH Representation, then the following holds
for this Representation:

Each Media Segment of the Representation shall conform to a CMAF Addressable Media Object as
defined in ISO/IEC 23000-19.

NOTE1 By conforming to a CMAF Addressable Media Object the Media Segment automatically also
conforms to a DASH Delivery Unit Media Segment as defined in subclause 6.3.4.2.

The Initialization Segment, if present, shall conform to a CMAF Header asndefined in
ISO/IEC 23000-19.

NOTE 2 By conforming to a a CMAF Header the Initialization Segment automatically also confprms to a
DASH Initialization Segment as defined in subclause 6.3.3.

The Representation shall conform to a CMAF Track as defined in ISO/IEC 23000-19 as well as to
a DASH Representation as defined in subclause 5.3.5.

The @timecale shall be set to the timescale of the Media Hedder Box ('mdhd') of the CMAF
track.

If every DASH Segment conforms to CMAF Fragmént constraints and if @startWithSAP is
present, it shall be set to value 1 or 2.

If the SegmentTimeline element is present for this Representation, then the following holds:

— For every CMAF Fragment i, with i = 1,2,3,.. N, an entry in an S element shall be
present with

— @t setto earliest presentation time: tf [k, i]
— @d set to CMAF Fragment duration: df [k, i]

— Ifeach CMAF'Chunk is an addressable media object, then @k shall be set to the nymber of
chunks inthis CMAF Fragment C [k, 1] according to the Segment Sequence defipition in
subclause 5.3.9.6.4.

— dfconsecutive CMAF Fragments have the same duration, their corresponding S|element
should be combined to a single S element.

If‘the @duration attribute is present for this Representation and the value of the attribute is
referred to as dur, then

— the following shall hold for each CMAF Fragment i,withi = 1,2, 3, .. N, the following
shall hold:

((i-1)+0.5)*dur <= (tflk,i+1]-tf[k,1]) <= (i+0.5) *dur,

— the Representation shall have assigned a @startWithSAP attribute with the value set
to1lor?2.

If the Representation is a Self-Initializing Media Segment, then
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— the Representation shall have assigned a @subsegmentStartsWithSAP attribute with
the value set to 1 or 2.

— the Representation shall conform to a CMAF Track file;

— the Representation shall conform to the Indexed self-initializing Media Segment as
defined in subclause 6.3.5.2 and exactly one Segment Index ('sidx ') box shall be used
and shall be placed before any Movie Fragment ('moof ') boxes.

— The following applies for the Segment Index (' sidx"')
— The reference ID shall bethe trackID of the CMAF Track

— The timescale shall be identical to the timescale of the MediaHeader Box
("'mdhd") of the CMAF track.

— the earliest_presentation_time shall be set to tf[k,1].

— reference count shall be set to the number of-CMAF Fragments, N, in thie
CMAF Track

— Each CMAF Fragment shall be mapped to exaetly one Subsegment as follows
— The reference_ type shall beiset to 0.
— The referenced sizejissset to accordingly, with value being at leag

the size of the CMAF Fragment but may be larger if additional data is
included in the track.

—t

— starts_with SAP shall besetto 1.

— The subskegment durationissettodf[k,1i].
— SAP~Etype shall be setto 1 or 2.

—( SAP delta_ time shall be setto 0.

— If multiple CMAF-Chunks are present in Media Segments, Resynchronization Points should b
gignaled as defined in subclause 5.3.13.

[}

Event message streams may be signalled with InbandEventStreamelements. If Event messag
gtreanis- are relevant for client processing, they should be signalled using the wit]
InmbandEventStream elements. For details on signalling and the placement of Event Messag]
boxes, pteasereferto subctause 5.10:

o=

8.12.4.3 Adaptation Set Constraints

If the DASH profile for CMAF content constraints apply to an Adaptation Set, then the following holds for
this Adaptation Set:

— Each Representation shall conform to the Representation constraints as defined in 8.12.4.2.

— All Representations in the Adaptation Set shall conform to the CMAF Track requirements for a
CMAF Switching Set as defined in ISO/IEC 23000-19.
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A CMAF Principal Header should be provided by one of the two following means:

AnQ@initializationSetRef attribute that references an Initialization Set that itself

contains

a@initialization attribute. The value of this attribute references a CMAF Principal Header

for the Adaptation Set.

An @initializationPrincipal attribute that references a CMAF Principal Heade
Adaptation Set.

r for the

NOTE1 If no CMAF Principal Header is explicitly signalled, the Initialization Segmer
Representation with the highest value for the @bandwidth attribute can serve as CMAF Prihc¢ip3

The @contentType shall be set according to the hd1r type of the CMAF Principal Head
Switching Set, i.e. to

— videtovideo,
— sountoaudio,
— subttoapplication
— texttotext
The @mimeType shall be setto "<contentTypa>/mp4".
NOTE 2  Setting @mimeType to "<contentType>/mp4, profiles='cmfc'" is correc
result that the media stream is not recognized. Hence, conformance to the CMAF profile is p

documented by the @containerProfiles signalling.

The @containerProfiles parameter should be present. If present, it shall include at |
profile string, namely a structural brand being either 'cmfc' or 'cmf2'. In addition, 1
include a CMAF media profile brand.

NOTE3 A CMAF Media profile brand is not required as conformance to a structural CMAF bra
sufficient.

The @codegs\parameter shall be set to according to the sample entry codingname fie
CMAF Principal Header.

NOTE4~ By doing so, it is expected that this parameter is sufficient for capability exchange a
pipeline initialization. Representations can potentially signal different values for the @codecs p

@segmentProfiles may be present to signal the conformance to CMAF addressab

t of the
1 Header.

er of the

[, but can
referably

east one
t should

nd can be

Id of the

nd media
hrameter.

e media

object types.

If the content in an Adaptation Set is protected, the following applies:
— the common encryption requirements in ISO/IEC 23000-19 shall apply,

— the ContentProtection element shall be present and shall be set as follows:

— A ContentProtection element with @schemeIdUri equal to

"urn:mpeg:dash:mpdprotection:2011" and @value equal to an en
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—f the @contentType is video, then the following apply

scheme defined in ISO/IEC 23001-7. It may containa @cenc:default KID attribute. If
present, the value of this attribute shall match the 'tenc' box default KID value.

— At least one ContentProtection element with @schemeIdUri equal to a UUID,
according to IETF RFC 4122, value that signals that content keys can be obtained with a
DRM system identified by the UUID, according to IETF RFC 4122. It may contain a
@cenc:default KID attribute and a cenc:pssh element. If present, the values shall
match the tenc boxdefault KID value and the moov box pssh value respectively.

— Either @width and @height or @maxWidth and @maxHeight shall be present.

— @maxWidth or @width shall be set to the width in the CMAF TrackHeadeTrBox of thie
CMAF Principal Header.

— (@maxHeight or @height shall be settothe height inthe CMAF TrackHeaderBox df
the CMAF Principal Header.

NOTES5 The encoded/decoded picture size may be slightly larger than the one signalled in the abovie
parameters.

(i

NOTE 6  Using the maximum values instead of @width and@héight allows to take into account thg
the Adaptation Set itself may have different encoded resolutions.

l f rameRate should be present. If present, it shall.be set as follows:

— If the values moov/mvex/trex/default_sample_duration is not set to 0 and the
moov/trak/mdia/mdhd/timescaleis present, then

— Getmoov/mvex/trex/default sample duration (e.g. 1001) from CMAF
Principal Header

— Get moov/t¥xak/mdia/mdhd/timescale (e.g. 24000) from CMAF Principal
Header

— Thedvalue shall is set as "timescale/default sample duration" (e.
24600/1001)

CA S

-

— elsetMedia Profile specific settings may apply, for example in the Decoder Configuratio
Record such as the SPS data.

=" Media profile specific MPD settings may apply.

— Ifthe @contentType is audio, then the following applies

204

— @lang shall set as follows:

— Ifan ExtendedLanguageBox (elng) in the MediaHeaderBox (mdia) of the
CMAF Principal Header is present in the TrackBox, then it is set of the content of
the extended language field
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— otherwise, as the language field in the MediaHeaderBox of the CMAF Header is
present, but neither of the following applies: (i) the language field in the
MediaHeaderBox of the CMAF header is set to 'und' (undetermined), and (ii) the
language field in the MediaHeaderBox of the CMAF header is set to 'mul ' (multiple),
it is set of the value of the 1anguage field.

— Media Profile specific MPD settings may apply, for example the usage of Preselections if
'mul' is signalled and the available languages are signalled in the codec-specific

A1l Somolaollnt iz
MMMMM e oSy

— If the CMAF Principal Header contains one or more KindBox ('kind') in the(UserDataBox
("udta') of the TrackBox with one or more instantiations where the schemeUR] field is
"urn:mpeg:dash:role:2011", then for each instantiation a Role descriptor should be
present with @schemeIdURI field set to "urn:mpeg:dash:role:2011" and the @value
field set to the value field of the instantiation.

NOTE 7 There are cases where the Role was set in the encoded bitstr‘eam on a best knowledlge basis,
but when multiple encodings are combined in single MPD, the directusage of the role defined in the media
is not suitable in the MPD. In such cases the Role could be omitted erset differently.

NOTE8 The role could be set in the MPD even if not rele-is defined in the media. In ordeif to avoid
contradicting or non-matching Roles in the media and the'MPD, the encoder is preferably not adding a role

if it is unsure on an appropriate setting.

— Ifthe @bitstreamSwitching is set to trué\for this Adaptation Set, then the includ¢d CMAF
Switching Set shall follow the "CMAF switching set single initialization constraints” as defined in

ISO/IEC 23000-19.

— Either the @segmentAlignment Or @subsegmentAlignment shall be set to true.

— Event Message Streams in_the CMAF Track may be signalled with InbandEventiStream
elements if processing by(the receiving DASH client is expected.

8.12.4.4 Period Constraints

[l

Fthe DASH profile for CMAF content constraints apply to a Period, then the following holds for thi$ Period:

— A Period may_¢ontain one or multiple CMAF Presentations.

NOTEL Multiple independent CMAF Presentations could be added into a single DASH Period in order
to allow the client to select a CMAF Presentation for playback, e.g. in case a main content and an alternative
content is provided.

. 'CMAF Presentations in one Period are differentiated by different DASH Subsets. Eagh CMAF
Presentation is mqpppd to mmrﬂy ane DASH Subset as defined in subclanse 53 8 Ifthe Subset

element is not present, the Period contains exactly one CMAF Presentation.

NOTE 2  DASH Subset signaling could be ignored according to certain DASH profiles. However, ignoring
this signaling in the client does not impact the processing. Subset signaling is only necessary for
consistently documenting CMAF Presentations from an MPD.

— Each Switching Set of each CMAF Presentation shall be mapped to exactly one Adaptation Set in
the Period according to the DASH profile for CMAF content constraints for an Adaptation Set as
defined in subclause 8.12.4.3.
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— All CMAF Switching Sets/Adaptation Sets within one Subset shall conform to CMAF Presentation
requirements as defined in ISO/IEC 23000-19 and shall have the same normalized value of the
@presentationTimeOffset, PTO. The normalized value PTO refers to the division of the
value of the @presentationTimeOf fset with value of @timescale attribute.

— All Adaptation Sets set to the same integer value for @segmentAlignment or
@subsegmentAlignment shall conform to aligned CMAF Switching Set constraints as defined
in ISO/IEC 23000-19.

— FKor each of the CMAF Presentations (i.e. for each DASH Subset) mapped to a regular Period with
Period duration signalled in the MPD as defined in subclause 5.3.2.1, the following applies:

— The normalized value PTO (i.e, PTO divided by the timescale) defines the CMA]
presentation time zero, i.e. the time of the CMAF Track’s presentation time that'is assigne
to the start of the CMAF Presentation.

[S"Iey]

— FKor each video CMAF Switching Sets/Adaptation Sets, the following applies:

— Ifthe Period is not a Partially Unavailable Period as defined in\subclause 5.3.2.5, then thie
normalized value of the earliest presentation time of each"CMAF Track/Representation
shall be identical to the value of PTO and shall conincide with the start of a CMAF Fragment.
Specifically,

— The value of @eptDelta shall be 0 and the attribute may be absent.

— If the SegmentTimeline element is present for this Representation, then the nominal
value of the first S@t element shall be identical to the value of PTO.

—

— If the media is contained in a Self-Initializing Media Segment, the value of PTO and sha
conincide with the start of a Subsegment.

— For each non-video CMAF Switching'Sets/Adaptation Sets, the following applies:

— The mapping of CMAF:Switching Sets/Adaptation Sets to DASH Periods is such that t
media samples imthe contained CMAF Tracks which presentation time is earlier than th
earliest presentation time of the video or later than the latest presentation time of th|
video are expected to not be presented, or only be partially presented, starting at the valul
of PTO anid ending at the Period duration.

— However, there are cases for which gaps at the start or end of the Period are permissiblé.
Sufficient information in the MPD should be provided to identify such a potential overlap
at the start or the end of the Period. Details are provided in subclause 8.12.4.5.

— I‘arly terminated Periads as defined in subclause 5§53 2.1 are pprmiﬁ'pd but should be avoided i
general and only be used for error cases. If used, the Period@duration shall signal the
duration of the shortest CMAF Track in the Period.

8.12.4.5 Multi-Period and Media Presentation Constraints
If the DASH profile for CMAF content constraints apply to a Media Presentation, then the following holds:

— Each Period in the MPD shall conform to the Period constraints in subclause 8.12.4.4.
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— If an Adaptation Set in Period i includes a period-connectivity or period-continuity signal as

defined in subclause 5.2.3.4 for any preceding Period j < i and an Adaptation Set with t

he same

value of the AdaptationSet@id exists in this preceding Period j, then each Initialization
Segment of the Adaptation Set with the same value of the AdaptationSet@id in the preceding
Period shall be a compatible CMAF Header for a CMAF Track for CMAF Switching Set that is

represented by the Adaptation Set that includes period-connectivity signalling.

— Ifan Adaptation Set in Period i includes a period-continuity signal as defined in subclaus
for any preceding Period j < i and an Adaptation Set with the same value
AdaptationSet@id exists in this preceding Period j, and the Adaptation Set in Peri
includes a Representation with the same @1id value as a Representation in the Adaptati
Period i, then the concatenation of the two Representations without the Initializatien Se
the Representation in Period P2 shall be a conforming CMAF Track.

— Ifanon-video Adaptation Set in Period i includes a period-continuity signalas defined in s{
5.2.3.4 for the preceding Period i-1 and an Adaptation Set with ithe same valug
AdaptationSet@id exists in this preceding Period i-1 then

identical to the value of @eptDelta in the Adaptdtion Set in the following Perio
— The absolute values for both attributes should\be kept as small as possible.
— Positive values of GeptDelta as well,as\niegative values of @pdDelta shall be s

signalled as they provide an indication for an overlap at the Period boundary.

NOTE The setting of the values being positive or negative could be decided, for example, wh
Period is used as a splice-in or splice-out point.

else

— Ifthe Period is.not a Partially Unavailable Period as defined in subclause 5.3.2.5,

and the value of @eptDeltaisnot0, then GeptDelta shall be present 3
be negative (indicating an overlap at the start of the Period).

— if the SegmentTimeline element is present for this Representation,
nominal value of the first S@t element shall not be larger than the value

— Ifthe Period is not a Live-Edge Period as defined in subclause 5.3.2.5, then

e5.2.34

of the
bd j also
bn Set in
pment of

ibclause
b of the

— The value of @pdDelta in the Adaptation Set of the.preceding Period i-1 sha]l be the

d i.

ignalled

in the MPD as they indicate a gap at the Period boundary. Negative values should be

ether the

then

— if@Juration signalling is used or a Self-Initializing Media Segment is provided,

ind shall

then the
bf PTO.

£o cignallinagicncad ar o CAlf Tt 1ot o NMAad
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the value of @pdDelta is not 0, then @pdDelta shall be present and
positive (indicating an overlap at the end of the Period).

shall be

— Ifthe SegmentTimeline element is present for this Representation and the @r
attribute of the last S element is non-negative, and if the value of @pdDelta is

different than be the difference between @t + (@r-1) *@d of the last S

element

minus the value of the @presentationTimeOffset and the Period duration
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normalized with the value of @t imescale, then then @pdDelta shall be present
and shall be positive (indicating an overlap at the end of the Period).

8.12.5 DASH CMAF Core Profile

The DASH core profile for CMAF Content addresses a restrictive mapping of CMAF Presentation timelines
to DASH Media Presentations.

The DASH core  profile for CMAF Content is identified by the URN
"urn:nMpeg:dasn:prorile:cmar: 2019, 1Ne profiles parameter may be present on different
levels in|the MPD.

For the DASH CMAF Core Profile, all requirements in clause 8.12.4 shall apply.
In addition, as the Period boundaries coincide with CMAF video tracks, the following restrictions apply

— Tror each of the CMAF Presentations (i.e. for each Subset) mapped to a regularReriod with Period
duration signalled in the MPD as defined in subclause 5.3.2.1, the following@pplies:

— FKor each video CMAF Switching Sets/Adaptation Sets, the following applies:

— Ifthe Period is not a Live-Edge Period as defined in subclatise 5.3.2.5, then the media time
duration (normalized by the value of the @timescale attribute) of each CMAF
Track/Representation shall be identical to the Peridd duration. Specifically,

— The value of @pdDe1 ta shall be 0 and.the attribute may be absent.

— Ifthe SegmentTimeline element is present for this Representation and the @
attribute of the last S element.is hon-negative, then the value of @pdDelta shall
be the difference between @t (@r-1) *@d of the last S element minus the valule
of the @presentationTimeOf fset and the Period duration normalized with
the value of @timesegale.

o

— If the media is contained in a Self-Initializing Media Segment, the last include
Subsegmentshall extend exactly until Period duration normalized by the value ¢
the @timescale.

—n

8.12.6 DASH CMAF Extended Profile

==

The DAYH extended profile for CMAF Content is more permissive on timeline mapping than the DAS
CMAF Cpre Profile.and addresses cases for which splicing of content from different sources need 4
happen.|In this casg'it is not always practical and feasible to map a CMAF Presentation exactly on a DAS
Period.

The IDASH- extended profile for CMAF Content is identified by the URN
"urn: PTo crastr .J:JJ_ufJ'_lc emafexterdes 2619 Thc Pt uﬁ]u:a pat ametet nmay bc Pt esehto

different levels in the MPD.

—_— O

For the DASH CMAF Extended Profile, all requirements in clause 8.12.4 shall apply. No other restrictions
apply.

8.12.7 Conformance Checking Considerations
If DASH content conforming to any of these CMAF media profiles is to be checked for compliance:

— The DASH content is checked against the format requirements for the defined DASH profile.
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— Inaddition, the DASH content is also checked against CMAF conformance for the DASH CMAF Core
Profile or DASH CMAF Extended Profile using the requirements as defined in subclause 8.12.5
and 8.12.6, respectively.

NOTE Content conforming to this profile is expected to conform to both, the DASH content constraints as
well as the to the CMAF constraints.

© IS0 2022 - All rights reserved 209


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

A.1 Gdneral

The infofmation on client behaviour is purely informative and does not imply any normative procedurs
on DASH Client implementations. However, this information may serve as a guidelineto bettd
understand certain features of the formats in the normative parts of this document.

A.2 Overview

A DASH]| Client is guided by the information provided in the MPD. This example assumes that the
MPD@type is 'dynamic'. The behaviour in case MPD@type being 'sta€4c' is basically a subset qf
the descfiption here.

The des¢ription in this annex assumes that the client has access to the:MIPD at time FetchTime, at its initial
location| if no MPD.Location element is present, or at &) location specified in any present
MPD.Ldcation element (see Annex A.11 for details). FetchTime is defined as the time at which thie
server processes the request for the MPD from the client. The-client typically should not use the time gt
which itlactually successfully received the MPD but should-take into account delay due to MPD delivery
and progessing. The fetch is considered successful eitherif the client obtains an updated MPD or if thie
client verifies that the MPD has not been updated since the previous fetching.

The follgwing example client behaviour may provide a continuous streaming experience to the user:

1)

2)

3)

4)

210

Annex A
(informative)

Example DASH Client behaviour

= W

jom

The|client parses the MPD, selects a colleéction of Adaptation Sets suitable for its environment base
on ihformation provided in each of the)AdaptationSet elements. The selection of Adaptation Set
may also take into account information provided by the AdaptationSet@group attribute and anjy
constraints of a possibly present'Subset element.

[72)

Within each Adaptation(Sgt, it selects one Representation, typically based on the value of thle
@bgndwidth attribute;but also taking into account client decoding and rendering capabilities. The
the client creates atist'of accessible Segments for each Representation for the actual client-local timle
NOW measured in-wall-clock time taking into account the procedures introduced in A.3.

—

—

The|client accesses the content by requesting entire Segments or byte ranges of Segments. The clier]
requests Media Segments of the selected Representation by using the generated Segment list.

The clientbufferssufficient mediaimorder toanticipate continuous ptayoutamd mmay use he vatue of
@minBufferTime attribute, the associated @bandwidth value and the measured access bitrate to
determine a sufficiently large buffer before starting the presentation. Then, once it has identified a
Stream Access Point (SAP) for each of the media streams in the different Representations, it starts
rendering (in wall-clock-time) of this SAP not before
MPDQRavailabilityStartTime + PeriodStart + Tsap and not after
MPD@availabilityStartTime + PeriodStart +Tsap + @timeShiftBufferDepth provided the
observed throughput remains at or above the sum of the @bandwidth attributes of the selected
Representations (if not, longer buffering may be needed). For services with
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MPD@type="dynamic’', rendering the SAP at the sum of
MPDRavailabilityStartTime + PeriodStart + Tsap and the value of
MPD@suggestedPresentationDelay is recommended, especially if synchronized play-out with
other devices adhering to the same rule is desired.

5) Once the presentation has started, the client continues consuming the media content by continuously
requesting Media Segments or parts of Media Segments. The client may switch Representations
taking into account updated MPD information and/or updated information from its environment, e.g.
change of observed throughput. With any request for a Media Segment containing a stream access
point, the client may switch to a different Representation. Seamless switching can be achieved, as the
different Representations are time-aligned. Advantageous switching points are announcdd in the
MPD and/or in the Segment Index, if provided.

€4) With the wall-clock time NOW advancing, the client consumes the available\Segments. As NOW
advances, the client possibly expands the list of available Segments for-each Representation
according to the procedures specified in A.3 If the following conditions are both true, an fupdated
MPD should be fetched:

i) ifthe attribute MPD@minimumUpdatePeriod is present, and

ii) the current playback time gets within a threshold (typically described by at least the sym of the
value of the @minBufferTime attribute) and the-value of the @duration attribute (or the
equivalent value in case the SegmentTimelinefis used) of the media described in the(MPD for
any consuming or to be consumed Representation.

7) If the conditions in 6) are true, the client should fetch a new MPD, and update FetchTime. Once
received, the client takes into account the\possibly updated MPD and the new FetchTime in the
regeneration of the accessible Segment list for each Representation.

Ih the following clauses a brief overview is provided of Segment list generation, seeking, support|for trick

modes, switching Representations,réaction to error codes, encoder clock drift control, playbadk across

pgeriod boundaries, usage of bandwidth and buffer time in the DASH Client, as well as location and
reference resolution are provided.

A.3 Segment list generation

A.3.1 General

Assume that the DASH Client has access to an MPD. This clause describes how a client may generate a

Segment {ist' for one Representation as shown in Table A.1 from an MPD obtained at FetchTime at a

specificclient-local time NOW. In this description, the term NOW is used to refer to “the currentjvalue of

the ¢lock at the reference client when performing the construction of an MPD Instance from an|MPD”. A

client that is not synchronized with a DASH server, which is in turn is expected to be synchrdnized to

UTC, may experience issues in accessing Segments as the Segment availability times provided by the
server and the local time NOW may not be synchronized. Therefore, DASH Clients are expected to
synchronize their clocks to a globally accurate time standard.
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Table A.1 Segment list in example client

Parameter Name Cardinality | Description
Segments 1 Provides the Segment URL list.
InitializationSegment 0,1 Describes the Initialization Segment. If not present, each Media
Segment is self-initializing.
URL 1 The URL where to access the Initialization Segment (the client
may add a byte range to the URL request if one is provided in
the MPD).
MediaSegment 1..N Describes the accessible Media Segments.
startTime 1 The MPD start time of the Media Segment in the Period relative
to the start time of Period.
duration 1 The MPD duration for the Segment
URL 1 The URL where to access the Media Segmént, possibly
combined with a byte range.
Ind¢xSegment 1..N Describes the accessible Index Segments, if present.
URL 1 The URL where to access the Index Segment, possibly combined
with a byte range.
According to subclause 5.3.9, there are three different ways to describe and generate a Segment List. Thils
descriptjon focuses on the first two where either a Segmentliist element or a SegmentTemplatE
element|is present. The case with a single Media Segment using BaseURL element and SegmentBas

element

Segment
is smallg

Furtherinore, assume that for a Representation‘iira Period, the Segment list is indexed with i=1, ..., N.

A3.2 P

Assume

the
MPD
Peri

the
MPI

the
for {

is considered straightforward.

s are available at their assigned URL if at wall-clock time NOW the Segment availability start tim
r than or equal to NOW and the Segment availability end time is larger than or equal to NOW.

[

eriod Start and End Times

that for an MPD with fetch time FetchTime:

=

value
sum

the
the

either
or

MediaPresentationDuration is provided
@mediaPresentationDuration if present,
pdStart + Period@dyiration of the last Period.

as
as

q

Period start time is provided as PeriodStart according to subclause 5.3.2.1 for any Period in thee
.

Period.end time referred as PeriodEnd is determined as follows: for any Period in the MPD except

last

heTast one, the PeriodEnd is obtained as the value of the PeriodStart of the next Period. For th|e
Period in the MPD:

212

if the MPD@minimumUpdatePeriod attribute is not present, then PeriodEnd is defined as the
end time of the Media Presentation, ie.
MPDRavailabilityStartTime + MediaPresentationDuration .

if the MPD@minimumUpdatePeriod attribute is present, then PeriodEnd is defined as the

smaller value of FetchTime + MPD@minimumUpdatePeriod and
MPD@availabilityStartTime + MediaPresentationDuration .
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A.3.3 Start Time and Duration

In case the Segment base information contains the @duration attribute, then

the regular duration d is obtained as d=@duration/@timescale,

the MPD start time MediaSegment[i].startTime is obtained as (i-1)*d,

— the MPD duration MediaSegment[i].duration is obtained as d unless this Segment is the last Segment
1n f—]rn's Dav nr'] than flna ]\/lcnr*] ACSagmantlil diration }S n]r\f-‘\ e as

—

CITT CITCTT T e T T eI e T SR

PeriodEnd- MedlaSegment StartTime[i].

h case the Segment base information contains a SegmentTimeline element with' Ns S glements
eferred as s=1, .., Ns, then

the t[s] is the value of @t of the s-th S element divided by the value of the @gimescale attfibute,

the o is the value of @presentationTimeOffset for this Representation divided by the|value of

the @timescale attribute,
the d[s] is the value of @d of the s-th S element divided by the.value of the @t imescale att
if the value of @r is greater than or equal to 0,
— the r[s] is one more than the value of @r of the $-th S element, and
— N=0
for s=1,... Ns
— N=N+1
— MediaSegment[N].startTime=t[s]-o
— MediaSegment[N].duration=d|s]
— forj=1,.., r[s]
— N=N&1
— MediaSegment[N].startTime=MediaSegment[N- 1].startTime + d[s]
= MediaSegment[N].duration=d([s]

else

ribute,

— the MPD duration MediaSegment][i].duration is obtained as d[0] unless this Segment is the last

Segment in this Period, then the MediaSegment[i].duration is obtai
PeriodEnd-MediaSegment.StartTime[i].

If neither the @duration nor the SegmentTimeline element is given, then

N=1,

MediaSegment.startTime[1]=0,
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— MediaSegment.duration[1]=PeriodEnd - PeriodStart.

If the Representation contains or inherits one or more SegmentList elements, providing a set of explicit
URL(s) for Media Segments, then all N Segment URLs are provided.

If the Representation contains or inherits a SegmentTemplate element with §Number$ then the URL
of the Media Segment i, MediaSegment.URL[i], is obtained by replacing the $Number$ identifier by
i-1+ @startNumber in the SegmentTemplate@media string.

If the Representation contains or inherits a SegmentTemplate element with $Time$ then the URL of
the Medlia Segment i, MediaSegment.URL[i], is obtained by replacing the $Time$ identifier bly
MediaSedgment[i].startTime in the SegmentTemplate@media string, as described in subclause
5.3.9.5.3

A.3.4 Media Segment list restrictions

The Media Segment List is restricted to a list of accessible Media Segments, which may)be a subset of thE
Media S¢gments of the complete Media Presentation. The construction is governed by the current valu
of the clpck at the client NOW which is greater than or equal to the FetchTime of\the MPD.

Segments may only be accessed during their Segment availability times. Generally, Any Segment may onl
be avpilable for any time NOW  between MPDQRavaidabilityStartTime an
MPD@avlailabilityEndTime. For times NOW outside this window; ne’Segments are available.

o)

"

Assume|the parameter availabilityTimeOffset is determined as the sum of all values ¢
@availlabilityTimeOffset on all levels that are processéd in determining the URL for the
corresp¢nding segment. If the attribute GavailabilityT¥meOffset is not present, the value is ¢
availabilityTimeOffset is 0. Then for services\with MPD@type='dynamic', the Segmer]
availability start time Taa[i] for a Segment i “in a specific Period is determined 4
MPD@avlailabilityStartTime + PeriodStart + MediaSegment[i].startTime
MediaSegment[i].duration - availabilityTimeOffset and the Segment availability end time i
determined as MPDQRavailabilityStartTime + PeriodStart + MediaSegment[i].startTime
@timeshiftBufferDepth + 2*MediaSegment[i].duration..

+F v + NN ~+ -

In case qf MPD updates, assume the variable CheckTime associated to an MPD with FetchTime is definefd
as the|sum of the fetch time-\of this operating MPD and the value of the attribute
MPD@mijnimumUpdatePeriod; ie. CheckTime = FetchTime + MPD@minimumUpdatePeriod. The
CheckTime is defined on the MRD=documented media time axis; when the client's playback time reaches
CheckTime - MPD@minBuf ferTime, it should fetch a new MPD.

Therefore, based on am MPD that was fetched at fetch time FetchTime and has associated a check timje
CheckTimne, the largéestindex imax that is accessible at time NOW for the last Period in the MPD is imax
maxi { Thvail[[] <=amih(CheckTime, NOW) }.

A.4 Seeking

Assume that a client attempts to seek to a specific Media Presentation time Ty in a Representation relative
to the PeriodStart time. According to subclause 7.2.1, the presentation times within each Period are
relative to the PeriodStart time of the Period minus the value of the @presentationTimeOffset, To,
of the containing Representation.

Based on the MPD, the client has access to the MPD start time and Media Segment URL of each Segment
in the Representation, along with Index Segment URL, if present. The Segment number of the Segment
most likely to contain media samples for Media Presentation time Ty is obtained as the maximum
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Segment index i* for which the start time MediaSegment[/].startTime is smaller than or equal to the T.
The Segment URL is obtained as MediaSegment[i*].URL.

Timing information in the MPD may be approximate due to issues related to placement of Stream Access
Points, alignment of media tracks and media timing drift. As a result, the Segment identified by the
procedure above may begin at a time slightly after Tw and the media data for presentation time may be
in the previous Media Segment. In case of seeking, either the seek time may be updated to equal the first
sample time of the retrieved Media Segment, or the preceding Media Segment may be retrieved instead.
However, during continuous playout, including cases where there is a switch between alternative
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vailable.

or accurate seeking to a presentation time Ty, the DASH Client needs to access Stream| Accegs Points
SAP). To determine the SAP in a Media Segment in case of DASH, the client may, for,example| use the
hformation in the Segment Index, if present, to locate the stream access points and-the corregponding
resentation time in the Media Presentation.

h the case that the Media Presentation is based on the ISO base media file format and a Segment is a
hovie fragment, it is also possible for the client to use information within the,"moof ' and 'mdat]' boxes,
br example, to locate Stream Access Points in the media and obtain theiecessary presentation time from
he information in the movie fragment and the Segment start time derived from the MPD. If no §AP with
resentation time before the requested presentation time T is ayailable, the client may either a¢cess the
revious Segment or may just use the first SAP as the seek result. When Media Segments start with a SAP,
hese procedures are simplified.

[l @ s o TR s il il Tl il Bl et cn N | L <

h the case that the Media Presentation is based on MPEG-2 TS, the presentation units corresponding to
he desired presentation time Twm can be identified by using the indexing information, if present, in
onjunction with the differential value of the presentation time stamps (PTS) within the Media §egment.
or example, if Tw,s denotes the presentation time corresponding to the last SAP leading the dersjred seek
me tp, with a corresponding PTS denoted as/PTSs, then the desired seek position within the mledia has
PTS expressed as: [(Tm—Twms)*timescale + PTSs%233].

Iso, not necessarily all information.of the Media Segment needs to be downloaded to acfess the
resentation time Tw. The client may-for example initially request the Segment Index from the bgginning
f the Media Segment using partial HTTP GET. By use of the Segment Index, Segment timing can be
happed to byte ranges of the.Segment. By continuously using partial HTTP GET requests, pnly the
elevant parts of the Media Segment may be accessed for improved user experience and low|start-up
elays.

Q. = S o000 3N QO & 0o o =

Y

1.5 Supportfor trick modes

The client may pause or stop a Media Presentation. In this case, the client simply stops requesting Media
Segments.or parts thereof. To resume, the client sends requests to Media Segments, starting with|the next
Jubsegment after the last requested Subsegment.

If alspecific Representation or SubRepresentation element includes the @maxPlayoutRate
attribute, then the corresponding Representation or Sub-Representation may be used for the fast-
forward trick mode. The client may play the Representation or Sub-Representation with any speed up to
the regular speed times the specified @maxPlayoutRate attribute with the same decoder profile and
level requirements as the normal playout rate. If a specific Representation or SubRepresentation
element includes the @codingDependency attribute with value set to 'false', then the
corresponding Representation or Sub-Representation may be used for both fast-forward and fast-rewind
trick modes.

Sub-Representations in combination with Index Segments and Subsegment Index boxes may be used for
efficient trick mode implementation. Given a Sub-Representation with the desired @maxPlayoutRate,
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ranges corresponding  to SubRepresentation@level all level values from
SubRepresentation@dependencylLevel may be extracted via byte ranges constructed from the
information in Subsegment Index Box. These ranges can be used to construct more compact HTTP GET
request.

A.6 Switching Representations

Based on updated information during an ongoing Media Presentation, a client may decide to switch
Represe 15, S g f Representatior § TiTg Imor g §
Represeptation from the time point where the "old" Representation has been presented. Once switching
is desired, the client should seek to a SAP for each media stream in the “new” Representation at a-desired

»
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switchirlg.

If @segpentAlignment is set to true and the @startWithSAP is set to 1 or,2-then the client may
switch af any Segment boundary

— by juist concatenating Segments with consecutive Segment numbers from’ different Representations,
if @pitstreamSwitching flagis set to true on the parent Adaptation Set, or

— by Ipading the Initialization Segment or Bitstream Switching,Segment for the new Representatio
befdre processing the new Segment.

-

No overlap downloading and decoding is required.

If @segmentAlignment is set to true and the Q@startWithSAP is set to 3 and t:E
Represjentation@mediaStreamStructureIdis identical for the two Representations, then t

client mpy switch at any Segment boundary by just concatenating Segments with consecutive Segmer]
numbers from different Representations, “without re-initialization of the media decodetf.
@bitstlreamSwitching should be set tetriie in this case.

[

The samie can be achieved on Subsegment level with @subsegmentAlignment set to true anfd
@subsegmentStartsWithSAP thie'same values and conditions as above.

A.7 Reaction to error,codes

The DASH access client provides a streaming service to the user by issuing HTTP requests for Segments
at appropriate times.The DASH access client may also update the MPD by using HTTP requests. In regular
operatign mode, the'server typically responds to such requests with status code 200 OK (for regular GET))
or status code<206 Partial Content (for partial GET) and the entity corresponding to the requested
resource. Other Successful 2xx or Redirection 3xx status codes may be returned.

HTTP regues o Az racuy I 3 o Clhinnt Dwrne Aoy o r Cayyrng Errar Doy ctatine ~ndn Copan o d
CqutstoThay TeSurt I a Sttt o OT - T OT O CT v e ST OT o Statas—toat—o0mC—gurt

provided in this subclause as to how an HTTP client may react to such error codes.

If the DASH access client receives an HTTP client or server error (i.e. messages with 4xx or 5xx error
code), the client should respond appropriately (e.g. as indicated in IETF RFC 7231) to the error code. In
particular, clients should handle redirections (such as 301 and 307) as these may be used as part of
normal operation.

If the DASH access client receives a repeated HTTP error for the request of an MPD, the appropriate
response may involve terminating the streaming service.
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If the DASH access client receives an HTTP client error (i.e. messages with 4xx error code) for the request
of an Initialization Segment, the Period containing the Initialization Segment may not be available
anymore or may not be available yet.

Similarly, if the DASH access client receives an HTTP client error (i.e. messages with 4xx error code) for
the request of a Media Segment, the requested Media Segment may not be available anymore or may not
be available yet. In both cases, the client should check if the precision of the time synchronization to a
globally accurate time standard is sufficiently accurate. If the clock is believed accurate, or the error re-
occurs after any correction, the client should check for an update of the MPD.

Upon receiving server errors (i.e. messages with 5xx error code), the client should check for an,update of
the MPD. If multiple BaseURL elements are available, the client may also check for alternative‘instances
df the same content that are hosted on a different server.

NS

1.8 Encoder clock drift control

on-alignment between the end of a Representation in one Period and the(start time of the next Period
hay be caused by encoder clock inaccuracy. The client should align the Media Presentation time at each
eriod start. In addition, significant deviations of the start time of Segments to the media time should be
etected and drift-compensating measures may be applied even before the start of the next Period is
pached.

ver a longer operation time, a difference in clock accuracy-of the encoder and decoder may cpuse the
layback to lag behind real-time or to interrupt temporarily due to the client trying to access data faster
han real-time.

or ISO base media file format based, clients may avoid these anomalies by using the Producer Reference
ime boxes as follows. The pace r; of the encoder’elock in relation to the UTC is recovered from Froducer
eference Time boxes. If the relative pace r; isjJess than 1, equal to 1, or greater than 1, the encoder clock
uns more slowly than the UTC, at an identical pace compared to the UTC, or faster than the UTC,
espectively. The pace r; of the receiver playout clock in relation to UTC is created by accessing a UTC
ource. A timescale multiplication factor c is equal to ri/r2. A presentation time on a timeline of the
eceiver playout clock is derived foreach sample or access unit by multiplying the composition time of
he sample (as indicated by the“file format structures) or the presentation time of the acdess unit
bs indicated by the respective Program Elementary Stream header) by the timescale multiplication
hctor c.

s Wann N il B 72 Ml Tl Tl vl — o) [millsolillan) = Q. T3 =z

et

h case of MPEG-2 TS segments, PCR-based drift control may be used.

a8

1.9 Playbackacross Period boundaries

Hrom a client perspective, Period boundaries may require processing that makes fully continuoug playout
impossible or at last practically complex. For example, the content may be offered with different codecs,
different language attributes, different protection and so on. The client is expected to play the content
continuously across Periods, but there may be implications in terms of implementation to provide fully
continuous and seamless playout. It may be the case that at Period boundaries, the presentation engine
needs to be reinitialised, for example due to changes in formats, codecs or other properties. This may
result in a re-initialisation delay. Such a re-initialisation delay should be minimized.

If the client presents media components of a certain Adaptation Set with a specific value foo for the
AdaptationSet@idinone Period, and if the following Period has assigned an identical Asset Identifier,
then the client is suggested to identify an associated Period and, in the absence of other information,
continue playing the content in the associated Adaptation Set, i.e the Adaptation Set with value foo for
the AdaptationSet@id.
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If the client presents media components of a certain Sub-Representation in one Period, and if the
following Period has assigned an identical Sub-Asset Identifier, then the client is suggested to identify an
associated Period and, in the absence of other information, continue playing the content in the associated
Sub-Representation.

If furthermore the Adaptation Sets are period-continuous or period-connected as defined in subclause
5.3.2.4, i.e. the presentation times are continuous and this is signalled in the MPD, then the client is
expected to seamlessly play (as defined in subclause 4.5.1) the content across the Period boundary. Most
suitably the client may continue playing the Representation in the Adaptation Set with the same @1d, but
thereis T TOTT] T ; T . i i
switch (jas defined in subclause 4.5.1) to any other Representation in the Adaptation Set. If period
continuity is signalled and if continuously playing, then the client should ignore the value,of the
@presegntationTimeOffset attribute and just continue processing the incoming Segments. 1f period
connectjvity is signalled and if continuously playing, then the client is expected to inforimnthe media
decoder|on a timeline discontinuity obeying the value of @presentationTimeOf fs&t dttribute, byt
it may cgntinue processing the incoming Segments without for example re-initializingthe’'media decodet.

A.10 Usage of Bandwidth and Min Buffer Time in DASH Client

In a simple and straightforward implementation, a DASH Client decides downloading the next segmerlt
based on the following status information:

— the furrently available buffer in the media pipeline, buffer,

— the turrently estimated download rate, rate,

— the yalue of the attribute @minBuf ferTime, MBT,

— the pet of values of the @bandwidth attribute.for each Representation i, BW[i].

The tasH of the client is to select a suitable Representation i.

The relevant issue is that starting from d SAP on, the DASH Client can continue to playout the data. Thi
means that, at the current time, it does have buffer data in the buffer. Based on this model, the client ca
downlodd a Representation i for which BW[i] < rate*buffer/MBT without emptying the buffer.

- n

In this model, some idealizations typically do not hold in practice, such as constant bitrate channel],
progresgive download and playout of Segments, no blocking and congestion of other HTTP requests, etg.
Therefore, a DASH Clientshould use these values with care to compensate such practical circumstancesg;
especially variations in. download speed, latency, jitter, scheduling of requests of media components, as
well as tp address other practical circumstances.

One example is if the DASH Client operates on Segment granularity. As in this case, not only parts of th
Segment (i.e. YBT) need to be downloaded, but the entire Segment, and if the MBT is smaller than t
Segment duration, then rather the segment duration needs to be used instead of the MBT for the require
buffer size and the downioad scheduling, 1.e. download a Representation 1 for which
BWIi] < rate*buffer/max_segment_duration.

A.11 Location and reference resolution

This document defines several functionalities in order to provide a consistent set of URLs for MPD
updates, DASH segments and other resources in the MPD.

Specifically, in subclause 5.3.1.2, the MPD . Location element is defined and rules for MPD updates using
this element are defined in subclause 5.4.1. In subclause 5.6.4, reference resolution is defined, i.e. the
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usage of MPD URLs as well BaseURL elements on different levels. Subclause 5.6.5 defines the
multiple BaseURL elements.

usage of

Based on these descriptions, a DASH Client operating on MPD updates and segment requests is expected

to operate as follows:

— For MPD update requests (when due) according to clause 5.4, the DASH Client requests the MPD

according to the following priority

— Ifatleast one MPD.Location element is present,

— else

— If the HTTP request results in an HTTP redirect using a 3xx.response g
redirected URL replaces the original manifest URL,

— Else
— If present and known, the original manifest’URL is used for updaf
— else updates cannot be done, and clienttmay terminate the servic
— In addition, the manifest URL as derived above provides an implicit base URI
— Any present BaseURL element does not applyto MPD updates

— Based on the knowledge of the MPD request URL d¢cording to the previous algorithm, t
Client requests Segments according to the following priority

— If present, any absolute base URL or an absolute URL is used,
— Else
— If the base URL is known

— the base URL from the above MPD request URL provides the base
the relative base URL is used for the segment requests

— else

—=‘the service may be terminated.

>

.12 Resynchronization and Early Access to Segments

A.12.1 General

0]

everal cases are identified when Resynchronization within a Segment is important and bg
xamples:include:

wal

= 'Low latency streaming and fast access to the service

— the value of any MPD . Location element is used as the MPD request URL

ode, the

9%

he DASH

URL and

bneficial.

— Fast channel acquisition 1n broadcast services

— Low latency streaming and resynchronization after losses or buffer underruns or in advance of a

potential stall.
— Fast down-switching in the face of imminent stall

— Fast and efficient seeking to time (e.g. better seek-to accuracy).

© IS0 2022 - All rights reserved

219


https://standardsiso.com/api/?name=21af44d1a4f788ca824235ef3dc0d1f8

ISO/IEC 23009-1:2022(E)

Resynchronization and restart of playback in the case of the ISO BMFF Segments requires multiple
processes:

1. Finding the box structure within the Segment

2. Finding a proper Resynchronization Point including with all relevant information that is needed
to start parsing and decoding

3. Finding the earliest presentation time that is presented

4. Processing of Event messages, if applicable

5. OQbtaining all decryption relevant information, if applicable
6. $tart decoding on elementary stream level

In addition, a DASH client is preferably aware of the availability of Resynchronization Points;

This subiclause also addresses the issues on the early availability and accessibility of initial parts of
Segments.

The Resynchronization Point feature as defined in subclause 5.3.13 supports fastresynchronization. This
subclauge provides a few client implementation guidelines for fast Resynchronization in the client.

o
)
>
wn
=
= 9
wn S
S 3
C"i
(@]
~+ @
g <
@ 5
w S
< =
a o
=
T §
goi=4
® o
5 5
3@
Q
S
wn B
73
S =
Q
&5
‘<f‘?
-~ @
28
<
5"{
nm
58
(o
= 2
N ®
L5
&=
=pi=)
/D
o<
— O
Z 2
© &
X
.5
)
- 2
=1
[¢]
05.33
o =
2 2
4 g
g <
Qﬂ
o
= 0q
S B
a =S
— 04

If the Segment Index is provided, then resynchronization can be done at presentation times anfd
byte offsets. However, a Segment Index is typically not available for dynamic services.

2. If a timed metadata track is provided, then Tesynchronization can be done at presentation times
and byte offsets. This may apply for regular live services, but not be suitable in case of low-latency.

3. Ifthe start of the Segment is accessible, the Segment can be downloaded from the beginning anfd
be parsed until the proper Index’and Time is found. However, such downloading consumes
additional unnecessary bandwidth or may not be fast enough to be useful.

4. A resynchronization information is provided by the underlying protocol, that for example
provides the Index to/€ach Resynchronization Point and this information is passed to the DASH
¢lient

5. [If the start of the"Segment is not available, then finding a Resynchronization Point based on p

done at the specified Index and Time values, taking into account the type of the Resynchronization
Point.

If the client wants to resynchronize to a Time within a Segment and does not have any information of the
Index or a supplementary protocol on the Index within the Segment that corresponds to the time, the
client may resync by parsing the Segment.

Before parsing the Segment, it is recommended to download only a part of the Segment that will include
the Resynchronization Point. For this purpose, the information in the Resync@dT, Resync@dMax and
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Resync@dMin can be used. If the Resync@marker is set, then the client can parse the byte stream as

follows to find the Index of the next Resynchronization Point:

1. Find an occurrence of the 'styp' byte string in a segment, say at byte offset B*.

2. Verify against a random emulation as follows: the next box type is compared against the list of

any of the expected box types: 'styp', 'prft’', 'emsg’', 'moof', 'mdat"’, 'free’,

'skip'.

3. If one of the known box types is found, byte offset B*—4 octets is the Index of the

Resynchronization Point.

4. If this is not one of the known box types noted before, this occurrence of 'styp
considered an invalid Resynchronization Point and ignored. Restart from step 1 above:.

(nce found, the remaining issue is the determination of:

— the earliest presentation time Time of the Resynchronization Point. This. is easily accor]
by the use of the 't £dt ' and other information in the movie fragment header.

— the type of the Resynchronization Point. Several options exist:
— A detection based on the information in the 'moof"'.

— The use of compatibility brands for SAP types. If GMAF is in use as defined in
23000-19, the following can be deduced

— 'cmff ':indicates that the SAP is 1 a2
— 'cmfl '":indicates that the SAP is\0
— 'cmfr ':indicates that the SAPis 1,2 or 3

[an)

nce proper Time and Index is found, an early\Resynchronization the media pipeline can be in

oY

.12.4 Early availability and access of Segments

v u]

or a Representation that includes ann@avvailabilityTimeOffset, the following client beh
xpected:

@

— Ifno Resync with @dT'and @dImin is present and the @availabilityTimeComp]]
to FALSE, then

— clients are.éxpected to not access the Segment with byte range requests,

— clients)cannot expect to receive any Segment data prior to Segment availability st
even if a request for Segment is issued.

— Ifa Résync element is present Resync with @dT and @dImin,

the Segment is issued.

" box is

nplished

1SO/IEC

itiated.

hviour is

lete set

art time,

~— clients can expect that available Segment data will be received over time, if a request for

— clients are expected to not access the Segments with byte range requests that ar

e not yet

available.

— If furthermore @rangeAccess on BaseURL attribute associated to the Repres
is set to true

— The clients are permitted to access byte range requests that are availab
current time NOW.
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A.13 Timing, processing, and client reference model for DASH Event streams and
timed metadata tracks

A.13.1 General

This annex describes DASH events and timed metadata track timing and processing. It describes the
timing models for MPD and inband event streams, as well as the timing of timed metadata tracks. This
subclause also outlines the DASH player’s reference architecture for processing DASH event streams as
well as timed metadata tracks. Specifically, two possible dispatch modes of events are introduced. Finally,
it definef a reference API for an application to subscribe to Event streams and/or timed metadata trackfs
as well s an API for dispatching event instances and metadata samples.

A server/application provider should consider the information provided in this annex for ‘buildinig
interactive applications as the timing and processing model of Event streams and timed metadata tracks.

A.13.2 DASH Player architecture for processing DASH events and timed metadata tracks

oW

Figure A.1demonstrates a generic architecture of DASH Player including the DASH Event stream an
timed metadata track processing.

Applidation
ki T
v n
A TT T TS s | Subscrlbel Event/
: DASH Client’s Control, Selection & Heuristic Logic < RASHEvents & I Metjadata
. Metadata ! API
___________________________________ !
|
i
Manifest MPD i
Parser Events |
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Events +
E t/Metadat
Timed, Timed Metadata Event and Timed vent/ e.a ad
=Y Synchronizer &
Metadata Track Parser Metadata Buffer .
DASH Inband Dispatcher
Event &
Acceps (umpp ‘oo
AP]
Parseér. Media
> Media Buffer =) Media Decoder
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|
Y
HTTP —>» Event/T. Metadata dataflow
Stack ==p Media dataflow
—..» Control/Synchronization

Figure A.1 DASH Player architecture including the Event Stream timed metadata track
handling
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In Figure A.1the following applies:

— The DASH Player processes the received MPD. For every Period, the MPD may include one or
multiple (Inband-)Event Streams (each scoped by a scheme/value pair), and Adaptation Sets that
carry Representations/tracks for timed metadata. Some or all of these event streams/timed
metadata tracks may be suitable for consumption by the application. In this subclause, we refer
to any of these streams/tracks as application event or metadata streams (AEMS).

— The Application subscribes to all AEMSs of interest and also specifies the desired dispatch mode

TOT COCIT I YL IvVIY

— If the MPD includes any MPD Event streams, the DASH Player parses each Event'in the Event
Stream accordingly and appends the relevant to the Event & Timed Metadata Buffer, hased on
their presentation time.

— Based on the information in the MPD, the DASH Player selects and schediles the fetching pf Media
Segments and appends them to the Media Buffer. This is typically dehe to maintain|a stable
playback buffer, but media segments are typically only parsed <lose to the time befgre their
playback is scheduled. Parsing a Segment includes:

— Parsing high-level boxes such as Segment Index¢("sidx"'), Event Message ('kemsg"'),
Producer Reference Time ('prft'), movie/fragment header ('moof') bokes, and
interpreting the information in the DASH cliént.

— For inband event streams, the 'emsg!.and typically the 'moof ' need to be parsed. The
DASH client then uses this information and appends the relevant data to the [Event &
Timed Metadata Buffer.

— For an Application-related timed meétadata track, the entire Representation/track i§ parsed
including the Initialization Segment (i.e. track header) as well as the Media Segments| (i.e. the
movie fragments and media data containers). The DASH client then uses this information and
appends the relevant data to-the Event & Timed Metadata Buffer.

— Event & Metadata Buffer passes the events and timed metadata samples to Event & Nletadata
Synchronizer and Dispatcher function. An example of the Buffer’s data object is dgfined in
subclause A.13.11.

— The DASH. Player-specific Events are dispatched to DASH Player’s Control, Selection & Heuristic
Logic, while the Application-related Events and timed metadata track samples are dispdtched to
the application as the following. If an Application is subscribed to a specific AEMS, dispatch the
corrgsponding event instances or timed metadata samples, according to the dispatch made:

— For on-receive dispatch mode, dispatch the entire event or timed metadata infgrmation
as soon as they are appended to the Event and Timed Metadata Buffer.

— For on-start dispatch mode, dispatch the message data of the event their associated
presentation time or latest before the event duration has ceased, or timed metadata
samples at their presentation time using the synchronization signal from the media
decoder.

NOTE The metadata buffer maintains a sequence of events and timed metadata samples. The maintain
and purging management of this buffer is synchronized with the Media buffer management.
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A.13.3

Inband Event timing parameters

Figure A.2 presents the timing of an inband Events along the media timeline:

Event Start Time (ST)

Segment Earliest Presentation Time =
Event Latest Arrival Time (LAT)

Event Duration (DU)

Y

|
|
I
|
|
|
|
|
|
|
e
|
|
v

|
|
I
|
L 4

Media timelinje

As shown in Figure A.2, every inband Event can be described‘by three timing parameters on the medi
timeline

224

Srn-1 S(n) S(n+1) S(n+2) S(n+3) ® 0 0 Segmd

Figure A.2 Inband event timing parameter, on the media timeline

Assuming an inband Event is inserted at the beginning of a Segment. Then the Event Latest Arrivz
Time (LAT) is defined as the earliest presentation time of the Segment containing the Even
Message box. Since each Media Segment has the earliest presentation time equal to (LAT), LAT (
the Segment carrying the Event Message box can be considered as the time instance of that bo
n the media timeline. The DASH-Player is expected to fetch and parse the Segment before or 2

in the client no later than EPT.@f the carrying Segment on the media timeline. Therefore, the Ever
inserted in a Segment will'be ready to be processed and fetched no later than LAT on the medi
imeline. In the case in.which the event is inserted at the beginning of a movie fragment that i
not coinciding with¢the’start of a Media Segment, and the movie fragments are delivered in loy
latency mode, i.e¢HTTP chunked encoding mode is used, then the LAT is the earliest presentatio
time of the corfesponding movie fragment.

iE earliest presentation time. Therefore, an Event inserted in a Segment with EPT will be available

Event Présentation/Start Time (ST) which is the moment in the media timeline that the Even

¢an‘be'calculated using the parameters included in the DashEventMessageBox.

becomeésactive. ST is the moment in the media timeline that the Event becomes active. This valule

1
t
f

X
t
t

a
S
v
n

t

Event duration (DU): the duration for which the Event is active. DU is signalled in the Event

Message box using a specific value.
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A.13.4Event message box format and event timing parameters

The event presentation time ST of an event can be calculated using the values in the corresponding
'emsqg' box of subclause 5.10.3.3.1:

0 LAT + TS for version 0

st=ps- T
=BT er ; -~
TS or version

where:

— PSTis the Period start time of the Period containing the event stream.

— PTO is the presentation time offset of the Event Stream carrying Representation in the Period
provided by SegmentBaselpresentationTimeoffset.

— PTD is the value of the event message box’s field emsg.presentation time dplta in
version 0 of the event message box.

— TS is the value of the event message box’s field emsg. timesdale.
— PT s the value of the event message box’s field emsg.presentationtime in version [l.
— LAT is the earliest presentation time of the Segment eontaining the Event Message box.
NOTE1 ST is always equal to or larger than LAT in beth versions of 'emsg'.

NOTE 2  Since the media sample timescales might be different from the 'emsg'’s timescale, ST might not
line up exactly with a media sample presentation' time if different timescales are used.

sl

h addition, the following common variable names are introduced instead of some of above varjables to
harmonize parameters between Inband events, MPD events, and timed metadata samples:

— scheme_id = scheme_id_uni

— value = value

— presentation_time= ST

— duration £eyvent_duration/timescale
— message_data =message datal]

A.13.5MPD Events timing model

MPD Events follow an equivalent data model to inband Events but are carried in the MPD jwithin a
Period element. Each Period event can have one or multiple EventStream elements, defining the
EventStream@schemeIdUri, EventStream@value, EventStream@timescale, and contained
sequences of Event elements. Each event may have Event@presentationTime, Event@duration,
Event@id, and Event@messageData attributes as specified in subclause 5.10.2. As is shown in
Figure A.3, each MPD Event has three timing parameters along the media timeline:

— The PeriodStart Time (LAT) of the Period element containing the EventStream element.
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— Event Start Time (ST): the moment in the media timeline that a given MPD Event becomes active
and can be calculated from the attributeEvent@presentationTime.

— Event duration (DU): the duration for which the event is active that can be calculated from the
attribute Event@duration.

Note that the first parameter is inherited from the Period containing the Events and only the 2nd and 3rd
parameters are explicitly included in the Event element. Each EventStream also has
EventStream@timescale to scale the above parameters

Figure A.3 demonstrates these parameters in the media timeline.

Event Start Time (ST)

Period Start Time =
Event Earliest Arrival Time (LAT)

Event Duration (DU)

Media timelin

S S
IR AU
(¢}

|
|
|
|
|
|
|
¢

oo P(n-1 P(n) P(n+1) ® @ @ Periods

Figure A.3 MPD:events timing model

The ST Tf an MPD event, relative to period starttime of Period containing the Event, can be calculated
using values in its EventStream and Eventlelements:

PT — PTO

T"= PST
S ST + TS

where:

— PSTis the Period starttime of the Period containing the event stream.

— PTO is the _Cpresentation time offset of the Event Stream provided by
EventStream@presentationTimeoffset.

— TSis thewvalue of EventStream@timescale.

— PTFisthe value of EventStream@presentationTime.

In this Annex, we use the following common variable names instead of some of above variables to
harmonize parameters between Inband events, MPD events, and timed metadata samples:

— scheme_id = EventStream@schemeIdUri
— value = EventStream@value

— presentation_time = ST
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— duration = Eventlduration/Event

— id=Event@id

Stream@timescale

— message_data[] = decode64(Event@messageData)

in which decode () function is:

(x

ISO/IEC 23009-1:2022(E)

Event@contentEncoding not present

afla)
7 |base64 decoding of (x)

Note that the Event duration may be unknown.

0

50/1EC 14496-12:

URIBox to signal that scheme.

contains metadata

— The null media header ' nmhd"' is used

o wl

Segment Earliest Presentation Time =
Sample Iatest Arrival Time (LAT)

Event@contentEncoding = basebp4

A.13.6 Timed metadata sample timing model

inthe 'minf"' box

Sample Presentation Time (ST)

Sample Duration (DU)

)\ 4

igure A.4 shows the timing modél for a simple ISOBMFF timed metadata sample.

Note that the DASH client is expected to Base 64 decode the Event@messageData value ifthe received
Bvent@contentEncoding valueis base64.

n alternative way to convey information synchronized to a media is using’timed metadata tracks. Timed
hetadata tracks are ISOBMFF formatted tracks that obey the following characteristics according to

— The sample description box 'stsd' in the MovieBox,contains a sampleEntry that is a
URIMetaSampleEntry, to signal that the media samples contain metadata based on ajURI in a

— The Handler Box 'hdlr' has handler type set to meta to signal the fact that the track

— Contain metadata (non-media data relating to presentation) is embedded in ISOBMFF sgmples

|
|
|
|
|
|
|
|
|
|
I
|
|
A 4

D G

Media timeline

soe S(n-1)

S(n)

S(n+1)

® O 0 Segments

Figure A4 Timing parameters of a timed metadata sample on the media timeline
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As shown in Figure A.4, the metadata sample timing includes metadata sample presentation time (ST)
and metadata sample duration (DU). Also, one or more metadata samples are included in a segment with
the Segment’s earliest presentation time (LAT).

Note that the metadata sample duration cannot go beyond DASH Segments/ISOBMFF fragment duration
that carries the sample for fragmented metadata tracks, i.e. to the next fragment.

In this document, we use the following variable names instead of some of the above variables to
harmonize parameters between Inband events, MPD events, and timed metadata samples used in the
dispatch process:

—| scheme_id = track URI , signalled in URIBox in URIMetaSampleEntry
—| timescale = track timescale in 'mdhd"' box.

— | presentation_time = sample presentation time/timescale

— | duration = sample duration /timescale

— | message_data = sample data (extracted from 'mdat')

A.13.7 Events and timed metadata sample dispatch timing modes

Figure A.5 shows two possible dispatch timing models for DASH events and\timed metadata samples.

On-receive On-start

digpatch mode dispatch mode

=

Dispatch Time

Dispatch Time

»
L

|
|
|
|
!
Start Time (ST

i
| |
Latest Arrival Time (LAT) : Duration (DU)
.
I

A
\ 4

I

I

I I

I I

I I

i ¢ Media timeline

Figure A,5.7 The Application events and timed metadata dispatch modes

In Figure A.5, the following two modes are shown:

— on-receive Dispatch Mode: Dispatching at LAT or at the earliest time possible. Since the segmer]t
arrying an 'emsg'/metadata sample has to be parsed at or before LAT on the media timeline, thie
event/metadata sample shall be dispatched at or before this time to the Application in this mode.
The Application has a duration of ST-LAT for preparing for the event. In this mode, the DASH
Player doesn’t need to maintain the state of Application events or metadata samples. Applications
must maintain the state for any event/metadata sample, its ST and DU, and monitor its activation
duration if they need these parameters. Applications may also need to schedule each
event/sample at its ST.
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— on-start Dispatch Mode: Dispatching exactly at ST, which is the start/presentation time of the
event/metadata sample. The DASH player shall dispatch the event to the application at the
presentation time of the corresponding media sample, or in the case of the start of playback after
that moment and during the event duration, at the earliest time within the event duration. In this
mode, since Applications receives the event/sample at its start/presentation time, it may need to
act on the received data immediately.

NOTE According to ISO/IEC 23009-1, the parameter duration has a different meaning in each dispatch
mode. In the case of on-start, duration defines the duration starting from ST in which DASH Player is expected
to dispatch the Event exactly once. In the normal playback, the player dispatches the Event at ST. Hdwever, if
the DASH Player, for instance, seeks to a moment after ST and during the above duration, then itds expected to
dispatch the Eventimmediately. In the case of on-receive, duration is a property of event instance and {s defined
by the scheme id owner.

A.13.8 The Dispatch Processing Model

—

Fis assumed that the application is subscribed to a specific event stream identified by a (schempg/value)
gair with a specific dispatch mode, either on-start or on-receive, as déscribed in subclause A.13.7.

=

he processing model varies depending on dispatch_mode.

— Common process
— The DASH Player implements the following process:
— Parse the 'emsg' /timed metadata sample and retrieve scheme_uri/(valye).

— If Application is not subscribed to the scheme_uri/(value) pair, end the prpcessing
of this 'emsqg".

— on-receive processing
— The DASH Player implements the following process when dispatch_mode = on_receive:

— Dispateh ‘the event/timed metadata, including ST, id, DU, timescgle, and
message_data as described in subclause A.13.6.

— on-start proceSsing
— TheDASH Player sets up an Active Event Table for each subscribed scheme_uri/(palue) in
the case of dispatch_mode = on_start. The Active Event Table maintains a single list of

'emsqg' ids that have been dispatched.

— The DASH Player implements the following process when dispatch_mode = on_start:

Prettvethe-erentrstatee e trdatrsamphe s
— Ifthe current media presentation time value is smaller than ST, then go to step v.
— Derive the ending time ET= ST + DU.
— Ifthe current presentation time value is greater than ET, then end processing.
— In the case of event: Compare the event’s id with the entries of the Active Event

Table of the same scheme_uri/(value) pair:
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— Ifan entry with the identical id value exists, end processing;
— Ifnot, add 'emsg'’s id to the corresponding the Active Event Table.

— Dispatch the event/metadata message_data at time ST, or immediately if the
current presentation time is larger than ST, as described in subclause A.13.6.

A.13.9The event/metadata buffer model

Along wfith the media samples, the event instances and timed metadata samples are buffered. The
event/mnjetadata buffer should be managed with the same scheme as the media buffer, i.e. as long as’a
media sample exists in the media buffer, the corresponding events and/or metadata samples showld be
maintained in the event/metadata buffer.

A.13.10 Prose description of APIs

=}

The event/timed metadata API is an interface defined between a DASH client and a.device application i
the exclange of subscription data and dispatch/transfer of matching DASH Evént’or timed metadat]
informafion between these entities. The Event/timed metadata API is shown in'\Figure A.1.

o3

NOTE 1 In this Annex, the term "DASH Player" is used.

The destription of the API below is strictly functional, i.e. implementation-agnostic. For example, t
subscrlibeEvent () method as defined below may-Sbe mapped to the existi
on (type, listener, scope) method as defined for the dash.jssunder MediaPlayerEvents.

o

As part ¢f this API and before any operations, the DASH Player provides a list of scheme_id/(value) liste
in the MPD when it receives it. This list includes all MPD(and inband events as well as scheme_id of a
timed mnjetadata tracks. At this point, the Application\is aware of the possible events and metadat
deliverable by the DASH Player.

O =

The subsgcription state diagram of a DASH Playerlassociated with the API is shown below in Figure A.6.

Call Listener_x

| subscribe_first(Listener_1...)

< UNSUBSCRIBED > ( SUBSCRIBED

u

unsubscribe_last()
or when Media Presentation has

ended subscribe

) (Listener_n...)
unsubscribe

Figllrp A6 State ningram of DASH Playpr forthe nvpnf/ﬁmpd metadata API

The scope of the above state diagram is the entire set of applicable events/timed metadata streams being
subscribed /unsubscribed, i.e. it is not indicating the state model of DASH Player in the context of a single
Event/timed metadata stream subscription/un-subscription.

The application subscribes to the reception of the desired event/timed metadata and associated
information by the subscribeEvent () method. The parameters to be passed in this method are:

— scheme_uri - The scheme identifier for the event stream being subscribed to. This must be one
returned by the list of events the DASH player supplied. By setting this value to
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urn:mpeg:dash:event:catchall:2020, the Application may subscribe to all existing events and

metadata schemes described in the MPD. In this case, the value of value is irrelevant.

— value - A value of the event or timed metadata stream within the scope of the above scheme_uri,
optional to include. When not present, no default value is defined - i.e., no filtering criterion is

associated with the Event scheme identification.

— dispatch_mode - Indicates when the event handler function identified in the callback_function

argument should be called:

— dispatch_mode = on_receive - provide the event/timed metadata sample data to thé Ap
as soon as it is detected by DASH Player;

— dispatch_mode = on_start - provide the event/timed metadata sample)data to t
the start time of Event message or at the presentation time of timed metadata sa

— The default mode for dispatch_mode should be set to on_receéive, i.e. if the dispat
is not passed during the subscribe_first operation, ~\DASH Player should
dispatch_mode = on_receive for that specific subscription.

— callback_handler - the name of the function to be f(asynchronously) called for 3
corresponding to the specified scheme_uri/(value). The callback function is invoked
arguments described below.

timed metadata track. In the current design, the Application relays its desired dispatch mode to DAS
when it subscribes to an event stream or timed mietadata track. In this approach, the scheme own
consider the dispatch mode as part of the scheme\design and define whether any specific dispatch mo
be selected during the design of the scheme;

pon successful execution of the event/timed metadata subscription call, the DASH Player shall
he source of potential Event stream.information, i.e., the MPD or incoming DASH Segments, for 1
alues of the subscribed scheme_uri/(value). The parentheses around value are because this p3
hay be absent in the event/timed metadata subscription call. When a matching event/metadati
5 detected, DASH Player invokes the function specified in the callback Function argument
bllowing parameters. It should additionally provide to the Application the current presentatioi
ASH Player when performing the dispatch action. The parameters to be passed in this method ar
h Table A.2.

il e B N =il = D B = Ml e

plication

e App at
ple.

th_mode

assume

n event
with the

NOTE 2  This document does not include any explicit)signalling for the desired dispatch mode if MPD or

bH Player
br should
le should

monitor
hatching
rameter
h sample
with the
0 time at
e shown
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Table A.2 Event/timed metadata API parameters and datatypes

API Inband Data ‘on- ‘on-
MPD event |, . Metadata ., ,
Parameter emsg Type receive start
EventStrea scheme id timed Y Y
scheme id | m@schemeId uri metadata string
Uri - track URI
EventStrea . Y Y
value B value string
T Valuc
timed unsigned Y N
Event int (64
pré¢sentati v (?pre§ presentat metadata n ,( )
, entationTi : . sample in
on time ion time . , ,
o me - presentati | millisec
on time onds
. unsigned Y N
timed int (g32 )
. Event@dura | event dur metadata .
dliration ) . in
tion ation sample R
. millisec
duration
onds
. . . unsigned Y N
d Event@id d .
* e * in€(32)
timed . Y Y
tadata unsigned
megsage da | Eventl@mess | message d me int (8) x
ta ageData ata[]i sampl& messages
data‘in .
1ze
mdat
Y= Yes, N= NO, O= Optional

When the duration of the event is unknown, the variable duration shall be set to its maximum valule
(XFFFFFFFF = 4,294,967,295),

NOT[E3 Inthe case of 'emsg { vVersion 0, DASH Player is expected to calculate presentation time fromm
prepentation time delfta.

To remqgve a listener the unstbscribeEvent () function is called with the following arguments:

— 4cheme_uri - Ayunique identifier scheme for the associated DASH Event stream of interest to thie
Applicationt

— value

— «aallback handler

If a specific listener is given in the callback_function argument, then only that listener is removed for the
specified scheme_uri/(value). Omitting or passing null to the callback_function argument would remove
all event listeners for the specified scheme_uri/(value).

A.13.11 Detailed processing
As shown in Figure A.1, the event/metadata buffer holds the events or metadata samples to be processed.

We assume that this buffer has the same data structure to hold events or metadata. Table A.3 is used to
define this Event/Metadata Internal Object (EMIO).
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Table A.3 The Event/Metadata Internal Object (EMIO)

event-metadata-internal-object {
string scheme id uri;
string value;
unsigned int(32) presentation time;

unsigned int (32) duration;

NS Igned tnt(32) 14,
unsigned int (8) message data();

}

he process for converting the received event/metadata sample to EMIO is as following:
1. For MPD event
a. For each period
i. Parse each EventStream
ii. Get Eventstreamcommon parameters
iii. For each Event Stream:
1. Parse each event

2. Foreach event
a. Calculate presentationtime and event duration

b. Add itto EMIO

—

2. Forinband event
a. For each Segment
i. Parse event boxes as wella§ " moof"’
ii. Calculate EPT of segment
iii. For each event:
1. Map 'emsg,' box parameters to EMIO
3. For simple metadata samples
a. For each Segment
i. Parse "moof'
ii. For each.sample:
1.) " Parse the format
2. map the data to EMIO

A.13.12 Recommended dispatch modes for DASH-specific events

[l

b use theconreceive dispatch mode.

—t

h subclause 5¢10.4, several DASH-specific events are defined. For all DASH-specific events, it is p

roposed
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Annex B
(normative)

MPD schema

The schema of the MPD for this document is provided at https://standards.iso.org/iso-

iec/23

009/-1/ed-5/en

(DASH-MPD. xsd).

234
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Annex C
(normative)

MIME type registration for MPD and other resources

(.1 General

—

his annex provides the formal MIME type registration for the MPD and other resources/Itis re
fom the registry at http://www.iana.org/.

fer)

=

.2 MIME type and subtype

The MIME Type and Subtype are defined as follows:
— MIME media type name: application
— MIME subtype name: dash+xml
— Required parameters: None
— Optional parameters: The 'profides' parameter as documented in Ann
— Encoding considerations: UTF-8

ferenced

px C.3.
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C3

— Security considerations:

The MPD is a Media Presentation Description and contains
references to other resources. It is coded in XML, and there
are risks that deliberately malformed XML can cause security
issues. In addition, an MPD can be authored that causes
receiving clients to access other resources; if widely
distributed, this can be used to cause a denial-of-service
attack.

The Media Presentation Description (MPD) format does not

—| Interoperability
considerations:

—| Published specification:

—| Applications which use this

media type:
—| Additional information:
— File extension(s):

— Intended usage:

—| Other information/general

comment:

ncorporate any active or executable content. However, othdr
forms of material from outside sources can be referenced by
an MPD, and this material can contain active or executable
content. Such material is expected to be identified by its own
MIME type, and the security considerations of that format
should be taken into account.

If operating in an insecure environmentand/required by the
content/service provider, elements and attributes of MPD
may be encrypted to protect their confidentiality by using the
syntax and processing rules specified in the W3C
Recommendation “XML Encryption Syntax and Processing”.

If operating in an insecurée.environment and required by the
content/service provider,the digital signing and verification
procedures specifiedin'the W3C Recommendation “XML

Signature Syntax and Processing” may be used to protect data
origin authenticity and integrity of the MPD.

The specification defines a platform-independent expression
of a presentation, and it is intended that wide interoperability
can be-achieved.

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

Various

mpd
common

None

— Author/Change controller:

Profiles parameters

Parameter name: profiles

236

ISO/IEC JTC1/SC29 (MPEG)
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Parameter value: The 'profiles' parameter is an optional parameter that indicates one or more
profiles to which the file claims conformance. The contents of this attribute shall

conform to either the pro-simple or pro-fancy productions of

IETF RFC 6381:2011, subclause 4.5. The profile identifiers reported in the MIME

type parameter should match identically the profiles reported in the pro
attribute in the MPD itself (see Clause 8).

EXAMPLE
application/dash+xml;profiles="urn:mpeg:dash:profile:full:2011,urn:3

files

GPP:P

q4S:profile:DASHIQ"

(.4 MPD Anchors

o

4.1 General

resentation at a given time and a given state.

U

P

An MPD anchor is a set of Representations being presented and a timie-offset from the start of a p
the media timeline. These are expressed using URI fragment syfitax. This annex defines one t
parameter, position, and two context parameters, state and seleetion, in order to express the 3
DASH media presentation.

U

RI fragment starts with the '#' character, and is a stringterminating the URL. MPD fragments sh
ampersand-separated list of key=value pairs, with synitax and semantics of key and value pa
defined in Table C.1 of C.4.2.

(.4.2 Parameters

RIs for resources with MIME type application/dash+xml may use URlfragment syntax to start a

eriod on
emporal
tate of a

all be an
ameters
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Table C.1 — Parameters for MPD Anchors

Key Value Semantics
T Time or time range which shall be in If the parameter starts from an integer, it signifies the
the same format as defined in W3C time since the beginning of the period indicated by the
Media Fragments URI 1.0 (basic) period parameter.
including validity rule-zs and If the t parameter is not present, its default value is
recommended behaviour. ] L .
t=0 (i.e. start from the beginning of the Period).
Cptiuuq}}_y, }]1 CfiACI:‘l \.Ulllllld'bcpdl atcd N N
pair of numbers. See C.4.4 for validity NOTE Hpgr%odpéanwmrmrmtmewntﬂw
rules and recommended behaviour. default Pgrlod is the first period of the
presentation.
If the parameter starts from prefix pos i xgyit signifies
the absolute time range defined in seconds)of
Coordinated Universal Time (ITU-R TF460-6). This is
the number of seconds since 01-01-1970 00:00:00
UTC. Fractions of seconds may Be‘eptionally specified
down to the millisecond level:
The posix notation docduments the absolute time in
the MPD.
This notation shallonly be used if
MPD(@availgbi¥lityStartTime is present.
This t=pqsix : xxx notation parameter shall not be
used if a;period parameter is used. In addition, at
mostone of the two parameters, periodand t shall
betpresent in an anchor.
A special value "now' indicates the latest available
segment, i.e. "live edge".
period String Value of a Period parameter Period@id.If period
parameter is not present, the default value of the @id
attribute value of the Period with the earliest
PeriodStart.
track string Value of a single AdaptationSet@id
group string Value of a single AdaptationSet@group
Percent foding, definied in IETF RFC 5986, shall be used for all reserved characters in parameter values
NOTEE Ability to address elements in the MPD depends on the Period@id, AdaptationSet@if
and AdaptationSetl@group. Hence MPD authors are encouraged to put these attributes explicitly into

the MPDif they intend to make MFPDs addressable.

C.4.3 Examples

42nd second of Period1l my .mpd#t=42&period=Periodl

my.mpd#t=42&period=Periodl

42nd second from the start of the presentation, English 5.1 audio and video

my.mpd#t=42&track=enblé&track=vid

238
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A range from 60s to 180s of the presentation
my .mpd#t=60,180

Start a live stream at Wed, 21 Jan 2015 20:04:05 GMT
my.mpd#t=posix:1421870645

Start a live stream at Wed, 21 Jan 2015 20:04:05 GMT, English 5.1 audio and video
my.mpd#t=posix:1421870645&track=enbl&track=vid

Alive stream range from Wed, 21 Jan 2015 20:04:05 GMT to Wed, 21 Jan 2015 23:44:33 GMT
my.mpd#t=posix:1421870645,1421883873

law]

lay the stream from the latest available segment to Wed, 21 Jan 2015 23:44:33 GMT
my .mpd#t=posix:now, 1421883873

]

lay the stream from the earliest available segment to Wed, 21 Jan 2015:23/44:33 GMT
my .mpd#t=posix:0,1421883873

(.4.4 Handling UTC parameter

—

he following notation is used in this clause:

-+ Nis the UTC time at the moment the URL is requésted;

-+ Eis the earliest available segment time in the‘current presentation at time N;
-+ Fisthe latest availability segment time inhthe current presentation;

—+ Sis the start time in the posix anchor;

—+ Tis the end time in the posix-anchor.

el

[ T is not specified, or largerthan F, its value shall be considered to be equal to F.

[l

F S is not specified, its'value shall be considered to be equal to E. If S is “now”, its value is N.

(.5 MPD patch’'MIME type

%> MIME media type name: application

—  MIME subtype name: Sersh—partehtemt

— Required parameters: None

— Optional parameters: None

— Encoding considerations: 8 bit. This media type always uses UTF-8.

© IS0 2022 - All rights reserved
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— Security considerations:

MPD patches are based on the Patch Operations Framework
defined in RFC 5261 and thus inherit the security
considerations of that framework.

In addition, the MPD patch is a patch to Media Presentation
Description document and contains references to other
resources. It is coded in XML, and there are risks that
deliberately malformed XML can cause security issues. In
addition, an MPD can be authored that causes receiving

—| Interoperability
considerations:

—| Published specification:

ClTents to access other resources; 1f widely distributed, this
can be used to cause a denial-of-service attack.

The MPD patch format does not incorporate any active-or
executable content. However, other forms of material from
outside sources can be referenced by an MPD,.and this
material can contain active or executable content. Such
material is expected to be identified by its own MIME type,
and the security considerations of that format should be tak
into account.

1)
=

If operating in an insecure environment and required by the
content/service provider, elements and attributes of MPD
may be encrypted to protéet their confidentiality by using tHe
syntax and processingrules specified in the W3C

Recommendation “XML Encryption Syntax and Processing”.

If operating in an,insecure environment and required by the
content/service'provider, the digital signing and verificatior
proceduressspecified in the W3C Recommendation “XML
Signaturie!Syntax and Processing” may be used to protect data
origin-authenticity and integrity of the MPD.

The-MPD Patch schema allow the inclusion elements and
attributes from other namespaces. Additionally, a patch could
be used to introduce material in other namespaces into the
MPD itself. Such material, if processed as part of the patch or
MPD, raises additional security considerations.

The specification defines a platform-independent expression
of a presentation, and it is intended that wide interoperability
can be achieved.

ISO/IEC 23009-1, Information technology — Dynamic adaptjve
streaming over HTTP (DASH) — Part 1: Media presentation
description and segment formats

—| Applications which use this Various
media-type:
— Additional information:
File extension(s): mpp
Intended usage: common

240
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— Other information/general None
comment:
— Author/Change controller: ISO/IEC JTC1/SC29 (MPEG)
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D.1 Gdneral

This anrlex defines the ISO/IEC 23009-1 DASH Metrics. The normative aspects of the annex are"definefd
in D.4, j\amely the semantics of the metrics and the associated keys to be used for requesting the

collecti
backgro

D.2 D/

The DAY
as defing

HTTP R
DASH

HTTP R
DASH §

The DAY
HTTP r¢
Segment
referred|

Furthermore, the~-DASH Client delivers encoded media samples to the DASH-enabled application fd

further
Client to

Annex D
(normative)

DASH Metrics

n of the metrics. The client reference model in D.2 and the observation points intD.3 serve as

ind information.
\SH-Metrics client reference model
H-Metrics client reference model is depicted in highlighting so-calledobservation points (OPq)
bd in D.3.
pquest for
begments DASH:enabled ]
PEBMEN™ < . e vl Media
| DASH Client plication
esponse: Output
pegments
Observation Observation Observation
Point 1 Roint 2 Point 3
Figure D.1 =~ DASH-Metrics client reference model
H access client as defined in 4.2 issues HTTP requests (for DASH data structures), and receives

quest responses (Centaining DASH data structures). Data structures may typically be MPDs,
s or partial Segmenits. This input/output interface from the network towards the DASH Client j
to as observation point 1 (OP1).

[72)

—

processing and may receive also commands from it. This input/output interface of the DASH
wardsthe DASH-enabled application is referred to as observation point 2 (OP2).

NOT

E Further processing can include de-multiplexing (of audio/video) and/or decoding potentially

invo
Finally,

displays
(OP3).

242

lving several buffers.

the DASH-enabled application delivers decoded media samples to the media output, which
the media to the user. This output interface towards the user is referred to as observation point 3
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D.3 Definition of observation points

D.3.1 General

This clause defines the observation points as depicted in Figure D.1.

D.3.2 Observation point 1

The observation point 1 (OP1) is defined as:

times;

—+ asequence of transmitted HTTP requests, each defined by its transmission time, lcontents
TCP connection on which it is sent; and

—+ for each HTTP response, the reception time and contents of the responseheader and the r
time of each byte of the response body.

NOTE The contents of the response body is fully defined by the ¢ontents of the request and
headers.

I).3.3 Observation point 2

—

he observation point 2 (OP2) consists of encoded media samples. Each encoded media sample is
as:

media type;
-+ decoding time;
- presentation time;

—+ the @id of the Representationp-fitom which the sample is taken; and

the delivery time.
D).3.4 Observation point 3

The observation peint’3 (OP3) consists of decoded media samples. Each decoded media sample is
as:

the media-type;

-+ thepresentation timestamp of the sample (media time);

— a set of TCP connections each defined by Its destination IF address, 1nitiation, connect and close

and the

pception

response

defined

defined

-+ ~the actual presentation time of the cqmp]p (rp;ﬂ ‘rimp); and

— the @id of the Representation from which the sample is taken (the highest dependency level if the

sample was constructed from multiple Representations).

© IS0 2022 - All rights reserved
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D.4 Semantics of the DASH metrics

D.4.1 G

This sub

eneral

clause provides the general QoE metric definitions and measurement framework.

The semantics are defined using an abstract syntax. [tems in this abstract syntax have one of the following
primitive types (Integer, Real, Boolean, Enum, String) or one of the following compound types:

— 0bj

ects: an unordered sequence of (key, value) pairs, where the key always has string type and

is uhique within the sequence.

— 1Lis
— Set
Additior]

Time an

Where |
contain

Each me

entire Media Presentation. Reporting of these lists, whether done attlfe end of the Media Presentation g

increme
D.4.2 T

Table D.
refer to

t:an ordered list of items.
: an unordered set of items.

ally, there are two kinds of timestamp defined, i.e. real time (wall-clock time)|with type Realf
d media time with type Media-Time.

[72)

sts are defined, the name 'entry' is used to define the format of"each entry, but since list
innamed entries, this name would not appear in any concrete syntax)

tric is defined as a named list of entries that logically contain$_the metric information for thie

=

htally during the Media Presentation, is outside the scopé.of'this document.
CP connections

1 contains the metric defining the list of TCP conhections. The key in Table D.1 shall be used tp
'he metric as defined in Table D.1.

Table D.1 — List of TCP connections

Key Type Description
TcpList List List of HTTP request/response transactions
Entry Objeet An entry for a single HTTP request/response
tcpid Ihteger Identifier of the TCP connection on which the HTTP request
was sent.
dest String IP Address of the interface over which the client is receiving the
TCP data.
topen Real-Time The time at which the connection was opened (sending time of

the initial SYN or connect socket operation).

tclose Real-Time The time at which the connection was closed (sending or
reception time of FIN or RST or close socket operation).

tconnect Integer Connect time in ms (time from sending the initial synchronize
message (SYN) to receiving the acknowledgement (ACK) or
completion of the connect socket operation).

D.4.3 HTTP request/response transactions

Table D.2 contains the metric defining the List of HTTP Request/Response Transactions. The key in
Table D.2 shall be used to refer to the metric as defined in Table D.2.

244
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Table D.2 — List of HTTP request/response transactions

Key Type Description
HttpList List List of HTTP request/response transactions
Entry Object An entry for a single HTTP request/response

tcpid Integer Identifier of the TCP connection on which the HTTP request
was sent.

TYpe Enum ThiS 1S an optional parameter and should not be includefl in
HTTP request/response transactions for progressive
download.

The type of the request:

— MPD

— XLink expansion

— Initialization Segment

— Index Segment

— Media Segment

— Bitstream'Switching Segment
— Remote xlink element

— \MPD patch

— other

url Strindg The original URL (before any redirects or failures)

actualurl String The actual URL requested, if different from above

range String The contents of the byte-range-spec part of the HTTP
Range header.

trequest Real-Time | The real time at which the request was sent.

tresponse Real-Time | The real time at which the first byte of the response was
received.

reésponsecod | Integer The HTTP response code.

e

interval Integer The duration of the throughput trace intervals (ms), for
successful requests only

trace List Throughput trace, for successful requests only.

Entry Object A single throughput measurement entry.
S Real-Time | Measurement period start.
Integer Measurement period duration (ms).
List List of integers counting the bytes received in each trace
interval within the measurement period.

© IS0 2022 - All rights reserved
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NOTE1 Information additional to that specified in the type can be returned, for example if a client makes a
request for a initialization information from a self-initializing Media Segment then Segment Index may also be
received.

NOTE 2  All entries for a given object have the same URL and range and so can easily be correlated. If there
were redirects or failures, there would be one entry for each redirect/failure. The redirect-to URL or alternative
url (where multiple have been provided in the MPD) appears as the actualurl of the next entry with the

same url value.

NOT;

E3 Thevneriodsin - Entru ara evnected to bethose pneriodswhere the client wwas activelu raading fro
P hal v 1 3 s | hal M J (=

the TCP connections (i.e. they are expected to not include periods where the TCP connection is idle due to.zero

rece

The end

responsg¢ was received.

The ing
The key

n ms and type is one of MPD, XLinkExpansion, InitializationSegment, MediaSegment

IndexS
transact

ve window).

of the last measurement period in the trace shall be the time at which the last byte of thie

erval and trace shall be absent for redirect and failure records.

Httplist (n, type) where nis a positive integer is defined for an HttpList with an interval qf

egment BitstreamSwitchingSegment or other. If typeCis”not present, all HTT
ons are requested to be collected. If type is present, it specifies ‘that the HTTP transaction|

— »n O <

concerning a resource equal to type are requested to be collected. Multiple keys HttpList(n, type
with different values of n and type may be present for a single @mé&tirics attribute value.
An HTTP transaction that is not finished within a QoE metric collection period shall not be included in
the mettics.
D.4.4 Representation switch events
Table D.B defines the metric for Representation switch events. The key in Table D.3 shall be used to refdr
to the metric as defined in Table D.3.
Table D.3 — List of Representation switch events
Key Type Description
RepSwjiitchList List List of Representation switch events (a switch
event is the time at which the first HTTP request
for a new Representation, that is later presented, is
sent)
Entry Object A Representation switch event.
t Real-Time Time of the switch event.
mt Media-Time The media presentation time of the earliest access
unit (out of all media content components) played
out from the “to” Representation.
to String value of Representation(@id identifying the
switch-to Representation.
lto Integer If not present, this metrics concerns the
Representation as a whole. If present, 1to
indicates the value of
SubRepresentation@level within
Representation identifying the switch-to level of
the Representation.
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D.4.5 Buffer level

Table D.4 defines the metric for buffer level status events. The key in Table D.4 shall be used to refer to

the metric as defined in Table D.4.
Table D.4 — List of buffer level

Key Type Description

BufferlLevel List List of buffer occupancy level measurements during

playout at normal speed.

Entry Object One buffer level measurement.

t Real-Time Time of the measurement of the buffer level.

level Integer Level of the buffer in millisecondS:\Indicates thd
playout duration for which media data of all act

current playout time.

media components is available starting from the

ive

b

The key is Buf ferLevel (n), where n is a positive integer defined to.refer to the metric in W
Huffer level is recorded every n ms.

D.4.6 Play list

ecoded samples are generally rendered in presentation time sequence, each at or close to its {
resentation time. A compact Representation of the information flow can thus be constructed fr
f time periods during which samples of a single Repfesentation were continuously rendered, 3
ach was presented at its specified presentation timéto some specific level of accuracy (e.g. +10

layout stops either due to a user action, the end of the content, or a permanent failure.

able D.5 defines the play list event metric. The key in Table D.5 shall be used to refer to the 1

I
B
g
e
Such a sequence of periods of continuous delivery is started by a user action that requests pl
H
¢
T
defined in Table D.5.

Table D.5 — Play list

hich the

pecified
om a list
uch that
ms).

ayout to

egin at a specified media time (this can hé<a "play", "seek" or "resume" action) and continties until

hetric as

Key Type Description
PlayList List Alist of playback periods. A playback period is the time
interval between a user action and whichever ocgurs
soonest of the next user action, the end of playbagck or a
failure that stops playback.
Entry. Object A record of a single playback period.
start Real-Time Timestamp of the user action that starts the playpack
period.
mstart Media-Time | The presentation time at which playout was requested
by the user action.
starttype Enum Type of user action which triggered playout:
© 1S0 2022 - All rights reserved 247
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Key Type Description

— NewPlayout - New playout request (initial
playout)

— UserSeek - User seekrequest
— Resume - Resume from pause

— OtherRequest - Other user request (e.g. user-
requested quality change)

— StartOfCollection - Start of a metrics
collection period (hence earlier entries in the
play list not collected)

— SpeedChange - User-requested change in
playspeed, other than resume frem_paused

frace List List of periods of continuous rendering of decoded
samples.
Entry Objects Single entry in the list.
representatio | String The value of the Representation@id of the
nid Representation froi which the samples were taken.
subreplevel Integer If not present, this metrics concerns the Representation

as a whole, Ifpresent, subreplevel indicates the
greatest yalue of any
Subrepresentation@level being rendered.

start Real-Time The'time at which the first sample was rendered.
mstart Media-Time~| The presentation time of the first sample rendered.
duration Integer The duration of the continuously presented samples

(which is the same in real time and media time).
“Continuously presented” means that the media clock
continued to advance at the playout speed throughout
the interval.

playbackspeed.'Real The playback speed relative to normal playback speed
(i.e.normal forward playback speed is 1.0).

stopreason Enum The reason why continuous presentation of this
Representation was stopped. Either:
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Key Type Description

— RepresentationSwitch - Represent
download)
— Rebuffering - Rebuffering

— UserRequest - User request

switch (not relevant in case of progressive

ation

— EndOfPeriod - End of Period
— EndOfContent - End of content

— EndOfCollection - EndoPa metrics
collection period

— Failure - Failure

change inplayback (e.g. seek or change i
playspeed), other than pausing to rebuffi

— ClientPléybackAction - Client-it'tiated

er

NOTE The trace can include entries for differentq:epresentations that overlap in time, because
representations are being rendered simultaneously, for'example one audio and one video Represent:

| e

).4.7 Device information

This metric contains information about the' displayed video resolution as well as the physic3
dharacteristics. If the video is rendered in full-screen mode, the video resolution usually coinci
t
C

haracteristics of the actual video.window shown are logged.

el

F known by the DASH Clientsthe physical screen width and the horizontal field-of-view are logg

he metric is logged at the,start of each QoE reporting period, and whenever the characteristic
uring the session (fof instance if the device is rotated from horizontal to vertical orientation,
ubwindow size is changed).

. Qo -

able D.6 definés)the device information metrics. If an individual metric cannot be logged, its va
b 0 (zero).

o

multiple
htion.

1 screen
des with

he characteristics of the full physi¢al display. If the video is rendered in a smaller subwinglow, the

ed.

5 change
or if the

ue is set

© IS0 2022 - All rights reserved
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Table D.6 - Device information

Key Type Description
DeviceInformationList |[List A list of device information objects.
Entry Object A single object containing new device information.
start Real-Time |Timestamp when the device information was logged.
mstart Media-Time |The presentation time at which the device information was logged.
videoWidth Integer The width of the displayed video, in screen pixels (not encoded video pixels).
videoHeight Integer The height of the displaved video, in screen pixels (not encoded video pixels
s¢reenWidth Integer The total width of the screen, in screen pixels
s¢reenHeight Integer The total height of the screen, in screen pixels
plxelWidth Real The width of a screen pixel, in millimetres
plxelHeight Real The height of a screen pixel, in millimetres
fleldOfView Real The actual or estimated horizontal angle subtended at theceyeby the screen

measured in degrees.
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Annex E
(normative)

Byte range requests with regular HTTP GET methods

o

.1 background

here are deployment environments where HTTP partial GET is not supported, or results’ih the return
f the entire, rather than partial target. This represents a problem for DASH Clients. It\is expedted that
hese problems gradually disappear, but until this will be the case, a method is previded to nof exclude
ASH Clients operating in these environments and service providers wanting to-support such cljents are
xcluded from using this DASH standard to deploy media streaming servicesfusing the formatq defined
h this document.

= 0 o O ]

o address these requirements, the BaseURL@byteRange attribute\may be present. If present, it
rovides indication that resources offered in the MPD that are (requested by a HTTP partial GET
p.g. Segments for which HTTP-URLs contain byte ranges or Subsegments) may also be requested using
regular HTTP GET and mapping the information that is otherwise added in the Range headef in case
fa HTTP partial GET into the request URI of a regular HTTRGET request. It is expected that DASH Clients
nly use this method if HTTP partial GET requests fail, f DASH Clients only have this alternpative to
equest segments or Subsegments, then it is expectedythat they request single units of segments or
ubsegments.

LS O 0O O AT

-y

.2 Construction rule

he BaseURLG@byteRange attribute represents a template that may be used to construdgt a URL
equesting a byte range (a “byte range,URL”) from a resource, given the original URL of the resofirce and
he required byte range. The result of issuing a GET request to this byte range URL without inclyding the
[TTP Range header should be.identical to the result of requesting the original URL with the byte range
pecified in the HTTP Range-header.

172 B s e |

he BaseURL@byteRange contains a template string that contains one or more of the identifiers as
sted in Table E.1. The-string shall contain identifiers $first$ and $1lasts$ as specified in Tablle E.1.

= ]

he byte range UR1/shall be constructed from the template string by substituting the identifiers gpecified
h the first column of Table E.1 with the values specified in the second column of Table EJ1. If the
query$ identifier is not present in the template and the query portion of the original URL ag defined
n [IETF-REC 3986 is not empty, then the string “?” query shall be appended to the constructed URL.

i o |

(el

F the.template string contains unrecognized identifiers, then the result of the URL constr

unsnpe d_In th ase N ed th he DASH en onQre he en e containing B

element and the processing of the MPD continues as if this ByteRange element was not present.

Strings outside identifiers shall only contain characters that permit to form a valid HTTP-URL according
to IETF RFC 3986.
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Table E.1 — Identifiers for Byte Range Templates

$<Identifier>$ Substitution parameter

$S [s an escape sequence, i.e. "$$" is replaced with a single "$"

Sbase$ The identifier shall be substituted by the scheme ":" hier-part of the original
URL as defined in IETF RFC 3986.

Squery$ The identifier shall be substituted by the query part of the original URL as defined in
IETE REC 3986 If the quiery part of the original IRl is empty then inclusion of thig
identifier in the template shall cause removal of the separator character immediately,
preceding the Squerys$ identifier in the template string if that character is not the *?"
character, or, otherwise, the separator character immediately following the Squery$
identifier if present.

Sfirgts The identifier shall be substituted by the byte offset of the first byte in a4 range and shall
be identical to the value of 'first-byte-pos' of 'bytervange-spec'
ofIETF RFC 7231:2014, 2.1, if this request would be executed using a partial GET
request.

Slastls The identifier is substituted by the byte offset of the last-byte in the range; that is, the
byte positions specified are inclusive. It shall be identieal to the value of 'last-
byte-pos' of 'byte-range-spec' of IETF REC 7231:2014, 2.1, if this request
would be executed using a partial GET request.

E.3 Examples
NOTE The URL examples below are intentionally not valid, resolable URLs and are just examples.
Origingl URL http://cdn.example.com/movies/134532/audio/en/aachb
4. mp4?token=8787r08£2g£087g28g£926

Byte Rqnge 1876-23456

BaseU|RL@byteRange Sbase$/frange/$first$-$last$

Byte ralnge URL httpt//cdn.example.com/movies/134532/audio/en/aac6

4 pd/range/1876-
2345672token=8787r08£2gf0879g28g£926

Origingl URL http://cdn.example.com/movies/134532/audio/en/aac6

4 .mp4
Byte Range 1876-23456
BaseU|RL@byteRange SbaseS$?SqueryS&range=s$first$-$lasts
[
Byte range URL http://cdn.example.com/movies/134532/audio/en/aacbo
4 .mp4?range=1876-23456
252 © IS0 2022 - All rights reserved
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Original URL http://cdn.example.com/movies/134532/audio/en/aac6
4 .mp4?token=8787r08£2gf087g28g£926

Byte Range 1876-23456

BaseURL(@byteRange SbaseS$?SqueryS&range=$first$-Slasts$s

Byte range URL http://cdn.example.com/movies/134532/audio/en/aac6b
4. mpd4?2token=8787r08£2gf087g28gf926&range=1876-
23456
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Annex F
(informative)

Guidelines for extending DASH with other delivery formats

F.1 Adfing delivery formats to DASH

In order

playback of any portion of the media can be achieved using a subset of the media that is only a.constar

amount

For exar
followed
given o
in this

Segment and a contiguous byte range of a Segment for which no overlap,_insboth dimensions with an

other S

Additior]
range w

unit is the indexing of Subsegments. It should be possible to discover the position in the Segment of th

index w
MPD or

Subseg
may be

F.2 Me

A specif]rc‘ation for how to use a media container format with DASH should include:

— Defi

— Des
and

In addition, the specification may further define:

— Indg

— Bits

to support use with DASH, a delivery format should have the property that decoding anfd

—

Jarger than the portion of the media to be played.

=

nple, a delivery format following this property is one for which the media is stored as a heads
by a sequence of small blocks, with the property that any block can be decoded and played oy
ly that block and the header. The definition of these blocks and the mappingto the Subsegment
ocument are encouraged. A Subsegment may be defined as a contiguous time interval of

[

<

segment in the Segment exists.

ally, it is desirable that the delivery format supports some kind of “index” which enables the byte
thin the Segment corresponding to any given time rangeto-be efficiently discovered. A suitabl

thout downloading the whole Segment. The position<of the index may also be advertised in th
the index may be provided as a separate Index'Segment. The Segment Index ('sidx"') dr
r

entIndex (' ssix’ ), both defined in ISO/IEC 14496-12, may serve as a starting point and/d
irectly applied to any other media format.

dia Presentation authoring rules

ition of the MIME type for-the Representation as a concatenation of Segments.

—

Cription of either a self=initializing Media Segment or the combination of an Initialization Segmer
a Media Segment férmat.

X Segments;

fream(switching segments;

— Inte

rpretation or a stream access point (SAF ), potentially different types as delined 1n subclause 4.5.

in the context of the media container format. (The SAP types are fully defined in ISO/IEC 14496-12

and

should not be re-defined, but the interpretation of those definitions in media-container-specific

language may be necessary);

— Container-format-specific semantics for the @bitstreamSwitching, @segmentAlignment and
@subsegmentAlignment. These should align with the definitions in this document.
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Representation attributes present in the MPD may also be repeated in the media itself, e.g. in an
Initialization Segment or a Media Segment. The media content should be provided such that no mismatch
between these two values occurs. If it does, the value in the media itself is expected to take precedence
over values expressed in the MPD, especially when used in the media decoding process.
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Annex G
(informative)

MPD Examples and MPD Usage

All examples documented in this annex are provided at https://standards.iso.org/iso-

iec/23

009/-1/ed-5/en with the following file naming convention:

eXdg

G.1 Ex

This subl
multiplé
content
of 64 kb
betweerl

The Med
subclaus

mple-G<subsection>[<order in subsection>].mpd

ample MPD for ISO Base media file format On Demand profile

clause provides a simple example for a static presentation with self-initializing Media Segments,
languages, subtitles, content protection and multiple base URLs. This MPD_document describes
hvailable from two sources (cdnl and cdn2) that has audio available in English or French at rates
its and 32 kbits and subtitles in German. Six versions of the video_are provided at bitrates
256 kbit/s and 2 Mbit/s in different spatial resolutions. Content proetection is applied.

lia Presentation complies with the ISO Base media file format On Demand profile as defined ip
e 8.3.

<?xml
<MPD
Xy

XS

ty
me

<Ba|
<B3|

<Pe|

subseg

inBufferTime="PT1.23"

ersion="1.0" encoding="UTF-8"?>

lns:xsi="http://www.w3.0rg/2001/XMLSchema-instance}
lns="urn:mpeg:dash:schema:mpd:2011"
i:schemalocation="urn:mpeg:dash:schema:mpd: 200\ DASH-MPD.xsd"
pe="static"

ldiaPresentationDuration="PT3256S"

ofiles="urn:mpeg:dash:profile:isoffa\gr-demand:2011">

seURL>http://cdnl.example.com/</ABdseURL>

seURL>http://cdn2.example.com/%</BaseURL>

riod>

<!-- English Audio -->

<AdaptationSet mimePywpe="audio/mp4" codecs="mp4a.40" lang="en" subsegmentAlignment="true"
entStartsWithSAP="¢gL>

<ContentProtedfion schemeldUri="urn:uuid:706D6953-656C-5244-4D48-656164657221"/>
<Representdtion id="1" bandwidth="64000">
<BaGeURL>7657412348 .mp4</BaseURL>
</Rephgséntation>
<Représentation id="2" bandwidth="32000">
<BaseURL>3463646346.mp4</BaseURL>
¥/Representation>
s/ AdaptationSet>
/- French Audio -->

subsegm

<AdaptationSet mimeType="audio/mp4" codecs="mp4a.40.2" lang="fr"
entAlignment="true" subsegmentStartsWithSAP="1">
<ContentProtection schemeIdUri="urn:uuid:706D6953-656C-5244-4D48-656164657221"/>
<Role schemeIdUri="urn:mpeg:dash:role:2011" value="dub"/>
<Representation id="3" bandwidth="64000">
<BaseURL>3463275477 .mp4</BaseURL>
</Representation>
<Representation id="4" bandwidth="32000">
<BaseURL>5685763463.mp4</BaseURL>
</Representation>
</AdaptationSet>
<!-- Timed text -->
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