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Scope

The scope of the DASH-IF InterOperability Points (IOPs) defined in this document is to provide support for
high-quality video distribution for over the top services using H.264/AVC and H.265/HEVC. Both live and
on-demand services are supported. The specified features enable relevant use cases including on-demand,
live services, ad insertion, trick modes, seek preview, content protection and subtitling. Extensions for multi-
channel audio and next generation audio with different codecs as well as extensions to video different
codecs and Ultra High Definition are defined.

Any identified bugs or missing features may be submitted through the DASH-IF issue tracker at https://gi-
treports.com/issue/Dash-Industry-Forum/DASH-IF-IOP.

Note that version 4.1 is published as an add on to v4.0, but with the next version it is expected that a either
a multipart version or a restructured version will be generated, with a major editorial updates. The new
version is expected to be available by the end of 2017.
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Disclaimer

This is a document made available by DASH-IF. The technology embodied in this document may
involve the use of intellectual property rights, including patents and patent applications owned or
controlled by any of the authors or developers of this document. No patent license, either implied
or express, is granted to you by this document. DASH-IF has made no search or investigation for
such rights and DASH-IF disclaims any duty to do so. The rights and obligations which apply to
DASH-IF documents, as such rights and obligations are set forth and defined in the DASH-IF
Bylaws and IPR Policy including, but not limited to, patent and other intellectual property license
rights and obligations. A copy of the DASH-IF Bylaws and IPR Policy can be obtained at
http://dashif.org/.

The material contained herein is provided on an "AS IS" basis and to the maximum extent per-
mitted by applicable law, this material is provided AS IS, and the authors and developers of this
material and DASH-IF hereby disclaim all other warranties and conditions, either express, implied
or statutory, including, but not limited to, any (if any) implied warranties, duties or conditions of
merchantability, of fithess for a particular purpose, of accuracy or completeness of responses, of
workmanlike effort, and of lack of negligence.

In addition, this document may include references to documents and/or technologies controlled
by third parties. Those third party documents and technologies may be subject to third party rules
and licensing terms. No intellectual property license, either implied or express, to any third party
material is granted to you by this document or DASH-IF. DASH-IF makes no any warranty what-
soever for such third party material.

Note that technologies included in this document and for which no test and conformance materi-
al is provided, are only published as a candidate technologies, and may be removed if no test
material is provided before releasing a new version of this guidelines document. For the availa-
bility of test material, please check http://www.dashif.org.
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Acronyms, abbreviations and definitions

For acronyms, abbreviations and definitions refer to ISO/IEC 23009 -1 [4]. Additional defini-
tions may be provided in the context of individual sections.

In addition, t he following abbreviations and acronyms are used in this  document:
AAC Advanced Audio Coding

AFD Active Format Description

AST Availability Start Time

AVC Advanced Video Coding

BL Base Layer

BMFF Base Media File Format

CDN Content Delivery Network

CEA Consumer Electronics Association
CT Composition Time

DECE Digital Entertainment Content  Ecosystem
DRM Digital Rights Management

DSl Decoder Specific Information

DT Decode Time

DTV Digital Television

DVB Digital Video Broadcasting

DVS Digital Video Subcommittee

ECL Entitlement Control License

EDL Encoding Decision List

EL Enhancement Layer

EME Encrypted Media Extension

EML Entitlement Management License
EPT Earliest Presentation Time

FCC Federal Communications Commission
GOP Group -of-Pictures

HD High -Definition
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HDR
HDR10
HDMI
HE -AAC
HEVC
KID
IAB
IDR
IOP
ISO
HDR
HEVC
HFR
HTTP
MBT
MHA
MPEG
MUP
NAL
oTT
PCM
PIFF
PPS
PQ
PS
PT
PTO
PVR
RFC
SAP
SAET
SAST
SBR
SCTE

High Dynamic Range

DASH -IF HDR 10 bit

High -Definiti on Multimedia Interface
High Efficiency AAC

High -Efficiency Video Coding
common Key ldentifier
International Advertising Bureau
Instantaneous Decoder Refresh
InterOperability Point
International Standards Organization
High Dynamic Range

High Efficiency Video Coding
High Frame Rate

HyperText Transport Protocol
Minimum Buffer Time

MPEG-H 3D Audio

Moving Pictures Experts Group
Minimum Update Period
Network Abstraction Layer
Over-The-Top

Pulse Code Modulation
Protected Interoperable File Format
Picture Parameter Set
Perceptual Quantization
Parametric Stereo

Presentation Time

Presentation Time Offset
Personal Video Recorder
Request for Comments

Stream Access Point

Segment Availability End Time
Segment Availability Start Time

Spectral Band Replication

Society of Cable Telecommunications Engineers
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SD
SDR
SEI
SMPTE
SPD
SPS
TSB
TT
TTML
UHD
URL
uTC
uuID
VAST
VES
VP9
VPS
VUI
WCG

Standard Definition

Standard Dynamic Range
Supplemental Enhancement Information
Society of Motion Picture and Television Engineers
Suggested Presentation Delay
Sequence Parameter Set

Time Shift Buffer depth

Timed Text

Timed Text Markup Language

Ultra -High De finitions

Universal Resource Location

Universal Time Clock

Universally Unique Identifier

Video Ad Serving Template

Video Elementary Stream

Video Project 9

Video Parameter Set

Video Usability Information

Wide Colour Gamut
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1. Introduction

This document defines DASHF's IntetOperability Points (IOPs) The document include®©Ps
for only this version of thdocumentFor earlier versions, please refer to versi¢h]and version
2 [2] of this document. DASHF recommends to deprecate #i@Psin previous versios and
deploy using one of th®Psand extensionm this document.

As a historical note he scope of thaitial DASH-AVC/264 10P, issuedwith version 1of this

©CoOo~NOOOPr_,W N B

25
26
27
28
29

documen{1] wasthe basic support highguality video distribution over the toBoth live and on
demand services are supported.

In the second version of this documgit HD video(up to 1080pkxtensions andeveramulti-
channel audi@xtensios are defined.

In this third versiorof the DASHIF IOP document, two new DASI264/AVC IOPs are defined.

Detailed refinements and improvements for DABHive services and for ad insertion were added

in these IOPs. One of these IOP is the superset sirtier one. Additionally, two corresponding

IOPs are defined to also support HEYA®]. In bothcasesAVC and HEVC, the more advanced

IOP adds additional requirements on the DASH client to support segment parsing to achieve en-
hancement of live serviceBhis structuring separates the Media Profiles from DASH feature

In the fourth version, beyond minor jmmovements, corrections and alignment with MPBE&SH

third edition, the key additions are extensions for next generation audio and UHD/HDR video.

This document defines the I0PsIliablel and Extensions iffiable2. The Implementation Guide-
' inebds ver si

on in which e @préviddd@Dfhetables. Ext ensi on
Note that all version 1 IOPs are also defined in version 2 and therefore referencing [2rision

sufficient.
Table 1 DASH-IF Interoperability Points
Interoperability Point  Identifier Ver- Refer-
sion ence
DASH-AVC/264 http://dashif.org/guidelines/dash264 1.0 [2], 6.3
DASH-AVC/264 SD http://dashif.org/guidelines/dash264#sd 1.0 [2], 7.3
DASH-AVC/264 HD http://  dashif.org/guidelines/dash264+#hd 2.0 [2], 8.3
DASH-AVC/264 main http://  dashif.org/guidelines/dash264main 3.0 8.2
DASH-AVC/264 high  http://  dashif.org/guidelines/dash264high 3.0 8.3
DASH-IF IOP simple  http://  dashif.org/guidelines/dash - if - simple 3.0 8.4
DASH-IF IOP main http://  dashif.org/guidelines/dash -if - main 3.0 8.5

Note that all extensions defined in version 2 of this document are carried over inbo \Bavih-

out any modifications. In order to maintain a single document, referencirabla2 is restricted

to this document.

Extension

Table 2 DASH-IF Interoperability Point Extensions

Identifier

DASH-IF Interoperability Points v4

Ver
sio
n

Section

[EEY



DASH-IF multichannel audio  http://  dashif.org/guidelines/dashif#ec - 20 9423
extension with Enhanced AG3 3
DASH-IF multichannel exten-  http://  dashif.org/guide- 20 9423
sion with Dolby TrueHD lines/dashif#mlipa
DASH-IF multichannel audio http:// d_ashif.org/guide- 20 9433
extension with DTS Digital lines/dashif#dtsc
Surround
DASH-IF multichannel audio http:// d_ashif.org/guide- 20 94.33
extension with DTSHD High lines/dashif#dtsh
Resolution and DTSHD Mas-
ter Audio
DASH-IF multichannel audio  http://  dashif.org/guide- 20 9433
extension with DTS Express  lines/dashif#dtse
DASH-IF multichannel exten-  http://  dashif.org/guide- 20 9.433
sion with DTS-HD Lossless (no lines/dashif#dtsl
core)
DASH-IF multichannel audio  http://  dashif.org  /guidelines/dashif#mps 2.0 9443
extension withMPEG Sur-
round
DASH-IF multichannel audio  http://dashif.org/guide- 20 9453
extension with HEAACv2 lines/dashif#heaac - mc51
level 4
DASH-IF multichannel audio http://dashif.org/guide- 20 9453
extension with HEAACv2 lines/dashif#heaac -mc71
level 6
DASH-IF multichannel exten-  http://dashif.org/guidelines/dashif#ac - 31 9423
sion with AC-4 4
DASH-IF multichannel audio http://dashif.org/guide- 32 9463
extension with MPEG-H 3D lines/dashif#mhal
Audio http://dashif.org/guide-

lines/dashiffmha2
DASH-IF UHD HEVC 4k http://dashif.org/guidelines/dash -if -uhd#4k 40 102
DASH-IF HEVC HDR PQ10 http://dashif.org/guidelines/dash i 40 103

uhd#hdr - pg10
DASH-IF UHD Dual-Stream http://dashif.org/guidelines/dash -if - 41 104
(Dolby Vision) uhd#hdr - pg10
DASH-IF VP9 HD http://dashif.org/guidelines/dashif#vp9 41 1131
DASH-IF VP9 UHD http://dashif.org/guidelines/dash -if -uhd#vp9 41 11.3.2
DASH-IF VP9 HDR http://dashif.org/guidelines/dashif#vp9 - har 41 1133

http://dashif.org/guidelines/dash
uhd#vp9 - hdr

-if -

Test cases and test vectors for DABMC/264 I0Psareprovidedin [31]. The conformance and
reference software for DASHF IOPsis providedin [32] (based on the MPEG ofbrmance soft-
ware).DASH Identifiers for different categories can be found on]88j. Note that technologies
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http://dashif.org/guidelines/dash-if-uhd#vp9-

oOo~NOoOUgh, WN B

10
11
12
13

14

15

16
17
18
19
20
21
22
23
24
25
26
27

28
29

included in this document and for which no test aadformance material is provided, are only
published as a candidate technologies, and may be removed if no test material is provided before
releasing a new version of this guidelines document.

In addition to the Interoperability poinits Table1 and extensionms Table2, this document also
definesseveral otheidentifiersand other interoperdhy valuesfor functional purposes as docu-
mented inTable3.

Table 3 Identifiers and other interoperability values defined in this Document

Identifier SENEIeS Type Section

http://dashif.org/identifiers/vast30 Defines an event for signalling Event 5.6
events of VAST3.0

http://dashif.org/guidelines/trickmode Defines a trick mode Adaptation  Functionality 3.2.9
Set.

http:/dashif.org/guidelines/clearkey Defines name space for the Laurl ¢ Namespace 7.6.2.4
ement in W3C

€2719d58 - 2985 - b3c9 - 781a - b030af78d30e UUID for W3C Clear Key with Content Pro- 7.6.2.4
DASH tection

http://dashif.org/guidelines/last -seg-  Sjgnaling last segment number Functionality 4.4.3.6

ment - number

Egﬁ:/t/iflisshif-orglguidelinesfthumb' Signalling the availability of the Functionality 6.2.6

thumbnail tile adaptation set

Note that all identifiers are collected at dritp://dashif.org/identifiersind external identifiers are
encouraged to bsubmitted for documentatiathere as wellNote also that DASHF typically
tries to avoid defining identifiers. Identifiersitalics are subject to discussion with other organi-
zations and may be deprecaiea later version.

2. Context and Conventions

2.1. Relation to MPEG-DASH and other DASH specifications

Dynamic Adaptive Streaming over HTTP (DASH) is initially defined in the first edition of
ISO/IEC 230091 which was published in April 2012 and some corrections were done ifJ013
In May 2014, ISO/IEC published the second version of ISO/IEC 23(@9that includes addi-
tional features and provide additional clarificatiofibe initial two versions of this document
where based on the first edition of ISO/IEC 23009 his version is baseddhe second edition

of ISO/IEC 230091, i.e. ISO/IEC 23004.:2014 including CoB and Amd3 [4]. This means that
also for all interoperability points that weretially defined in earlier versions of the document,
also now the second edition serves as the reference. Baekoraphtibility across different edi-
tion is handled by MPE®ASH in ISO/IEC 23004 [4]. Note that this document also refers to
technologies in draft corrigenda and draft amendments of MPEG. For this version, in particular
Draft Amd.4 of ISO/IEC 23009:2014, and Draft Cor.3 of ISO/IEC 2302014 are ofele-
vance.

This document was generated in close coordination with-DMEBH [42]. The tools and features
are aligned to the extent considered reasonable. To support implementers, this document attempts
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to highlight any differences and/or further restrictions or extensidren compared to DVB
DASH. However, as a disclaimer, this coverage is not considered complete.

2.2.
2.2.1.

Compatibility and Extensions to Earlier Versions
Summary of Version 3Modifications

Version 3 of this documeiaippliesthe followingmodificationscompared to version[2]:

T

)l
1

= =4 -4 A

= =4 4 4 A8 A8 -5 -9

T

Reference to the second edition of ISO/IEC 230@%cluding amendment 1 and cof4],
as well as well as Amendmeni{4.

Add an explicit statement in DASBG64/AVC to forbid time code wrap around
Definition on the usage of key wordsdlause2.3.

Add more constraints on the usage of Trick Modes for improved interoperabiguse
3.2.9

Add more constraints on the Representagiin one Adaptation Set alause3.2.1Q espe-
cially for the casavhen the bitstream switching is true.

Add additionaldetails orthe usage of HTTP iolause3.4.
Add H.265HEVC as a codeand create IOPs for inclusion of this codec.
Add CEA-608/708closed captioningn SEI messageas clause6.4.3

Detailed description of simple and main live operation, with the latter including segment
parsing inclause4.

Detailed description of serwased and appased ad insertion rlauseb

General ditorial updatesnd clarifications

Updates and clarification iause7 on DRM and common encryption.

Updateto references

Relaxation othe audicencodingrequirementsn clause6.3.2

Add clarification on the usage tife minimum buffer timeand bandwidth irtlause3.2.8
Add an informativeclauseon the timing model of DASH inlause3.2.7.

Relax the use dhe Imsg ' brand for signaling the last segmantlause3.6.
Simplification of thecodecs table

Version 3.1 of this document applies the following modifications compareersion 3

T

= =4 A

= =4 4 A

Further updates to references
Several editorial corrections and clarifications
Obsolete reference to RFC2616 and refer to the new set of RFCs for HTTP/1.1

A clauseis added on how to operate with transforming proxies and other adaptation mid-
dle-boxes inclause3.4.4

Considerations on how to operate at the live edge for a live service

The addition of the availability time offset to the descriptiotheflive service
Theexplicit exclusion of orrequest based xlink for dynamic services.

Clarifications of HEVC signaling for DASH imable18 based on feedback froMPEG.
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1 1 Clarify relation betweeSMPTETT andIMSCL1 inclauset.4.2and6.4.4
2 1 Add extension for audio codec AC
3 Version 3.2 of this document applies the followingdifications compared to version 3.1
4 1 Further updates to references.
5 1 Several editorial corrections and clarifications.
6 1 Small clarification updates on the timing modetiause3.2.7.
7 1 Added support for switching across Adaptation Sets, in particular for H.264/AVC and
8 H.265/HEVC switching irclause3.8.
9 1 Added a clarification orthe value of @audioSamplingRate for AAC SBR inclause
10 6.3.2
11 1 Added aclauseon the use of HTTPS with DASH tilause7.2
12 1 Moved the test DRM to the test vecttwcument.
13 1 Added support for key rotation olauser.
14 1 Add extension foMPEG-H audio inclause9.
15 Version 3.3 of this document applies the following modifications compared to version 3.2
16 1 Identifiers are summarized in th&roductionl.
17 1 References are updated
18 1 Several editorial corrections actarificationsare applied
19 1 Guidelines and permitted attributes when converitige service to oldlemand are doc-
20 umented, for details setause4.6.2
21 1 Added claification on the format of remote elements in alignment with DCOdR.3
22 ISO/IEC 230091:2014[4].
23 1 Addressedhe differentiation of different content types thgbumime types, codecs and
24 Roles rather than the uggcontentType . Seeclause3.2.13for more details.
25 1 Added guidelines on how to useal keys in the context of DASH, sdauser.7.
26 1 Provided guidkines on the timing model when using sickr subtitle files in DASHsee

27 clause6.4.4

28 1 Update period continuity to align with ISO/IEC 23002014/Amd.34].

29 1 Update the callback event to align with ISO/IEC 23002014/Amd.34].

30 1 Update the MPD anchors to align with ISO/IEC 23002014/Amd.34].

31 i Take into account the updated in ISO/IEC 23002014/DCOR.34].

32 Version4.0 of this document applies the following modifications compared to version 3.3
33 1 References are updated

34 91 Several editorial corrections and clarifications are applied

35 1 Update Adaptation Set Switching to align with ISO/IEC 2308014/Amd.J34].

36 1 Add a recommendation on the setting?efiod @start in case of multperiod content

37 in clause4.3.3.3.1
38 1 Add an external Representation Index for@mand content iolause3.2.1

DASH-IF Interoperability Points v4.1 5



1 1 Add Period connectivity to mulperiod content to align with ISO/IEC 23009
2 1:2014/Amd.34] in clause3.2.12
3 1 Add clarifications and further recommendations and restriction to the useToftbeyn-
4 chronization inclause4.7.
5 1 Align Early Terminated Period with ISO/IEC 233Q22014/Amd.34] in clause4.8.3
6 1 Removal of interoperability requirements for CEZA8 inclause6.4.3.4
7 1 References to EIDR and A for Asset Identifiers irclauses.5.1
8 1 Addition of W3C Clear Key with DASH ieglause’.6.2.4
9 1 Addition of guidelines for trick modes in live serviceslause4.10
10 1 Addition of UHD/HDR Extensions iclauselO.
11 Version 41 of this document applies the followingoaifications compared to version 4.0
12 1 Several editorial fixes and updates.
13 1 Guidelines for Robust Live Services in cladsgl
14 1 Updates to W3C Clear Key usage in claidse2.4
15 1 Addition of last segment number signaling inude4.4.3.5and4.4.3.6
16 1 Addition of Dolby Vision dual layer in clausk¥).4and referenced Annexes
17 1 Seek Preview andhumbnail Navigationn clause3.2.9and claus&.2.6
18 1 Clarification onAudioChannelConfiguration element in claus6.3.3.2
19 1 Annotation and client model for content selection defined in clai®se
20 1 Remote referencing and use of query parameters for ad insertion in 5laisé.3and
21 5.3.5 respectively.
22 91 Default KID Clarifications in clausé.5.3.4
23 1 Addition of VP9 Video to DASHF IOP in clausé 1.
24 1 Updates to the references and separation of informative and normative references.
25 1 Client and DRM System Interactions in cladsgnd in particular in clause7.9
26 2.2.2. Backward-Compatibility Considerations
27 Generally, content can b&fered such that it can be consumed by version 2 and version 3 clients.
28 In such a case the restricted authoring should be used and it should be accepted that version 2
29 clients may ignore certain Representations and Adaptation Sets. Content Authors ncay-also
30 sider the publication of two MPDs, but use the same segment formats.
31 Interms of compatibility between version 2 and version 3, the following should be considered:
32 1 The backwarecompatibility across MPEG editions is handled in the second edition of
33 ISONEC 230091 [4].
34 1 General clarifications and updates are added
35 1 Further restrictionsn content authoringompared to version 2 are:
36 o forbid time code wrap around
37 o theusage of DRM, especially the Content Protection element
38 0 constraints on trick mode usage

DASH-IF Interoperability Points v4.1 6
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36

37
38

o additional constraints on the usage of HTTP
0 Adaptation Set constraints
i Relaxations are:
o Permit usage of additional subtitling format based on ©B8/708
o the audio enading requirements for HBACv2
0 permit to notuse of thelmsg ' brand for signaling the last segment
o the ability to signal bitstream switching set to true
o the use of remote elements with Xlink

2.3. Use of Key Words

2.3.1. Background

DASH-IF generallydoes not writespecificationsbut provides and documents guidelines for im-
plementers to refer to interoperability descriptions. In doing so, the DIkSidreed to use key
words in order to support readers of the DABHIocuments to understand better how to interpret
the language. The usage of key words in this document is provided below.

2.3.2. Key Words

The key word usage is aligned with the definitionRFC 211944], namely:

1 SHALL: This wordmearsthat the definition is an absolute requirement of the specifica-
tion.

1 SHALL NOT: This phrase mearthat the definition is an absolute prohibition of the
specification.
1 SHOULD: This wordmears that there may exist valid reasons in particular circumstances

to ignore a particular item, but the full implications must be understood and carefully
weighed before choosing a different course.

1 SHOULD NOT. This phrasenears that there may exist valideasons in particular cir-
cumstances when the particular behavior is acceptable or even useful, but the full implica-
tions should be understood and the case carefully weighed before implementing any be-
havior described with this label.

1 MAY: Thiswordmearsthat an item is truly optional. One vendor may choose to include
the item because a particular marketplace requires it or because the vendor feels that it
enhances the product while another vendor may omit the same item.

These key words are attempted®used consistently in this document, but only in small letters
2.3.3. Mapping to DASH-IF Assets

If an IOP document associates such a key word from above to a content authoring statement then
the following applies:

1 SHALL: The conformance software provides afmymance check for this and issues an
error if the conformance is not fulfilled.

1 SHALL NOT: The conformance software provides a conformance check for this and issues
anerror if the conformance is not fulfilled.

DASH-IF Interoperability Points v4.1 7
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1 SHOULD: The conformance software providesomformance check for this and issues a
warningif the conformance is not fulfilled.

1 SHOULD NOT: The conformance software provides a conformance check for this and
issues avarningif the conformance is not fulfilled.
1 SHOULD and MAY: If present, the featicheck of the conformance software documents
a feature of the content.
If an IOP document associates such a key word from above to a DASH Client then the following
applies:
1 SHALL: Test content is necessarily provided with this rule and the referenceiciige-
ments the feature.
1 SHALL NOT: The reference client does not implement the feature.

1 SHOULD: Test content is provided with this rule and the reference client implements the
feature unless there is a justification for not implementing this.

1 SHOULD NOT: The reference client does not implement the feature unless there is a jus-
tification for implementing this.

1 MAY: Test content is provided and the reference client implements the feature if there is a
justification this.

2.4. Definition and Usage of Interopeability Points

2.4.1. Profile Definition in ISO/IEC 23009-1

MPEG DASH defines formats for MPDs aBdgments. In addition MPEG provides the ability to
further restrict the applied formats by the definitiofPobfilesas defined orlause8 of ISO/IEC
230091 [4]. Profiles of DASH are defined to enable interoperability and thabigy of the use
of features.

Such a profile can also be understood as permission for DASH clients that implementuties fea
required by the profile to process the Media Presentation (MPD document and Segments).

FurthermorelSO/IEC 230091 permitsexternal organizations or individuals to define restrictions,
permissions and extensions by using this profile mechanissrdtdmmended that such external
definitions be not referred to as profiles, butireroperability Points Such an interoperability
point may be signalled in th@profiles parameter once a URI is defined. The owner of the
URI is responsible to provide ffigcient semantics on the restrictions and permission of this in-
teroperability point.

This document makes use of this feature and provides a set of Interoperability Hengsore,
based on the interoperability point definition, this document may terstoodn two ways:

1 a collection ofcontent conforming points, i.e. as long as the content conforms to the re-
strictions as specified by the I0P, clients implementing the features can consume the con-
tent.

1 aclient capability points that enable contend aervice providers for flexible service pro-
visioning to clients conforming to these client capabilities.

This document provides explicit requirements, recommendations and guidelines for content au-
thoring that claims conformance to a profile (by addingdhgofiles  attribute to the MPD) as
well as for clients that are permitted to consume a media presentation that contains such a profile.

DASH-IF Interoperability Points v4.1 8
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2.4.2. Usage of Profiles
A Media Presentation may conform to one or multiple profiles/interoperability points and con-
forms toeach of the profiles indicated in tMPI@profiles  attribute is specified as follows:

WhenProfA is included in theMP@profiles  attribute, the MPD is modified into a profile
specific MPD for profile conformance checking using the following ordered steps:

1. TheMPI@profiles attribute of the profilespecific MPD contains onl@rofA .

2. An AdaptationSet  element for which@profiles  does not or is not inferred to in-
cludeProfA is removed from the profilspecific MPD.

3. A Representation element for whi@@profiles  does not or is not inferred to include
ProfA is removed from the profitepecific MPD.

4. All elements or attributes that are either (i) in this Part of ISO/IEC 23009 and explicitly
excluded byProfA , or (ii) in an extension namespace and not explicitly inaculog
ProfA , are removed from the profigpecific MPD.

5. Al'l el ements and attributes that ®®nmfAy be
are removed from the profigpecific MPD.
An MPD is conforming to profilérofA when it satisfies the followin
1. ProfA isincluded in theMP@profiles  attribute.
2. The profilespecific MPD forProfA conforms to ISO/IEC 23009
3. The profilespecific MPD forProfA conforms to the restrictions specified RrofA .
A Media Presentation is conforming to profleofA when it satisfies the following:
1. The MPD of the Media Presentation is conforming to préfilefA as specified above.
2. There is at least one Representation in each Period in the {sdibefic MPD forProfA .
3. The Segments of the Representations of th&l@+specific MPD forProfA conform to
the restrictions specified fétrofA .
2.4.3. Interoperability Points and Extensions
This document defines Interoperability Points and Extensions. Both concepts make use of the pro-
file functionality of ISO/IEC 23004.

Interoperability Points provide a basic collection of tools and features to ensure that content/service
providers and client vendors can rely to support a sufficiently good-aistial experience. Ex-
tensions enable content/service providers and client vetal@rshance the audigsual experi-

ence provided by an Interoperability Point in a conforming manner.

The only difference between Interoperability Points and Extensions is that Interoperability Points
define a full audievisual experience and Extensions amte the audiwisual experience in typi-
cally only one dimension.

Examples for the usage of th@profiles  signaling are provided in Annex @éf this document

DASH-IF Interoperability Points v4.1 9
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3. DASH-Related Aspects
3.1. Scope

DASH-IF Interoperability PointsiselSO base media file form@f] based encapsulati@mdpro-
vide significantcommorality with a supersebf the ISO BMFF OfDemandthe ISO BMFF Live
profile, and the ISO BMFF Common Profis defined in ISO/IEC 23009 [4], sections 8.38.4
and 810, respectivelyDASH-IF IOPsareintendal to provide support for edemand andive
content. The primary constraints imposed by this profile are the requiremeeathaRepresen-
tation is provided in one of the following two ways

1 as asingle SegmenthereSubsegments are aligned across Representations within an Ad-
aptation Set. This permits scalable and efficient use of HTTP servers and simplifies seam-
less switchingThis is mainly for ordemand use cases.

1 as a sequence of Segments where each Segment is addressable by adengried
URL. Content generated in this waynsinly suitable for dynamic anidze services

In both cases (Sub)Segments begin with Stréeoess Points (SAPS) of type 1 di72, i.e. regular

IDR frames in case of videdn addition, (Sub)Segments are constrained so that for switching
videoRepreserdtions within one Adaptation Set the boundaries are aligned without gaps or over-
laps in the media dat&urthermoreswitching is possible by a DASH clietitatdownload, de-
codesand presestthe media stream tfiecomefrom Representation and then swisto thego-

to Representation by downloading, decoding and priesgthie new media stream. No overlap in
downloading, decoding and presentation is required for seamless switching of Representations in
one Adaptation Set.

Additional corstraints are docuemted for bitstream switching set to true as well as special case
such as trick modes, etc.

3.2. DASH Formats

3.2.1. Introduction

This section introduces the detailed constsaifithe MPD and the DASH segments in a descrip-
tive wayreferring to ISO/IEC 23009 [4]. TheDASH-based restrictionkave significant com-
monalitywith theISO BMFF Live and OrRDemand profilefrom theMPEG-DASH specification.

Specifically:
A Segment formatarebased on ISO BMFF with fragmented moviediliee. (Sub)Segments
are encoded as movie fragments containing a track fragment as defined in ISO/IEC 14496

12 [7], plus the following constraints to make each movie fragment independently de-
codable:

1 Default parameters and flaghallbest or ed i n motthd @ &Gunag ment s

box)andnot r ac k Hrexad elrosx )( 6

T Thenoobd boxes sehxatlelr nnadt duastea defauite rbase< e s ,
is -moofé6 s hal | (akb swoviefrageent reldative addressingnd data -
offset shall be used,e. base - data - offset - present shall not be use(fol-
lows ISO/IEC 23004 [4]).

DASH-IF Interoperability Points v4.1 1C
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Alignment with ISO BMFF Live & OrDemand Profiles, i.e. within each Adaptation Set
the following applies

A Fragmented movie fileare used for encapsulation of media data
A (Sub)®gmentsare aligned to enable seamless switching

Beyond the constraints provided in the ISO BMFF profiles, the following additional restrictions
are applied.

A

A
A

IDR-like SAPs(i.e., SAPs type 2 or belovat the start of eactBb)Segment for simple
switching
Segmentsshouldhave almost equal duratiolhe maximum tolerance of segment duration
shall bex50% and the maximumaccumulated deviation over multiple segmesttall be
+50% of thesignaledsegment duratiofi.e. the@duration ). Suchfluctuations in actual
segment duration may be caused by for exaragleeplacement or specific IDR frame
placementNote that the last segment inR@&presentation may be short@rcording to
ISO/IEC 230091 [4].
Note 1: If accurate seekintp specific time is required and at the same timasa f
responseis required one may use @emand profile for VoD or thé&eg-
mentTimeline  based addressin@therwise theffsetin segment duration com-
pared to the actual media segment duration resyit in a less accuraseek posi-
tion for thedownloadrequest, resulting in some increased initial stgrt
Note 2: The maximum tolerance of segment duration is also address€1iBAS
230091:2014/Cor.34] and once approved, a reference to the specification may
replace the above text.
If the SegmentTimeline  element is used for the signaling of the Segment durdtien,
timing in the segment timeline shall bedia timeaccurate and no constraints on segment
duration deviation are added except the maximum segment duration as specified in the
MPD. However desjite the usage of ththe SegmentTimeline , it is not encouraged to
use varying Segment durations. ThegmentTimeline element should dy be used

in order to signal occasional shorter Segments (possibly caused by encoder processes) or

to signal gaps in thigme line.

only nonrmultiplexed Representatioshall be used.e. each Representation only contains
a single media component.

Addressing schemes are restricted to

A templates with numberased addressing

A templates with timéased addressing

A For ondemandprofiles, the hdexedMedia Segmenas defined in ISO/IEC 2300D
[4], clause 6.3.4.4n this caseeitherthe @indexRange attributeshallbe presenor
theRepresentationindex element shall be presefinly a singlesidx box shall
be present.
Notel: the extenal Representation Index was only added in the second €difion
If compatibility to v2.0 or earlier of this document is necessary, the external Rep-
resentation Indeghall not be used.

DASH-IF Interoperability Points v4.1 11
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Note 2: The latter restriction was introduced in version 3 ofihisiment based on
deployment experience and to enable alignment with DVB DASH.

A In case multiplevideo Adaptation Sets as defined3r2.13areoffered, exactlyone video
Adaptation &t shall besignaledasthe main oneinless different Adaptation Sets contain
the same content with different quality or different codecs. In the latter case, all Adaptation
Sets with the same content shallsignaledas the main conterfignalingas main content
shall be done by wusing the Role descriptor wit@schemeldUri ="
urn:mpeg:dash:role:2011 "and@value="main"

A Thecontent offering shall adheretite presenceulesof certain elements and attributes
definedsection3.2.4

It is expected that a cliewbnforming to such a profils able to process content offered under
these constrats. More details on client procedures are provided in se8tn

3.2.2. Media Presentation Description constraintdor v1 & v2 Clients
3.2.2.1. Definition according to ISO/IEC 230091

This section follows a description according to ISO/IEC 23D0B sction3.2.2.2 a restricted
content offering is provided that provides a conforming offering.

NOTE: The term "ignored" in the following description means, that if an MPD is provided
and a client that compliesith this interoperability pointemoves the element that may be
ignored, then the MPD is still complying with the constraints of the MRiDsegmatsas
defined in ISO/IEC 23009, section/.3.

The MPD shall conform to the ISO Base Media File Format Common profile as defined on
ISO/IEC 230091:2014/Amd.1:201%4], section 8.9, except for the following issues:

1 Representations wit@mimeTypeattributeapplication/xml+ttml shall not be ig-
nored.

In addition, theMedia Presentation Description shall conform to the following constraints

Y% Representation elements with @subsegmentStartsWithSAP  valueset to 3
may be ignored.

Y% Representation elements with @tartsWithSAP  value set to 3 may be ignored.

% If a Period contains multipl¥ideo Adaptation Sets as defined 3r2.13then at leastone
Adaptation Set shall contain a Role elemenkRole scheme I-
dUri ="urn:mpeg:dash:role:2011" value="main"> and each Adaptation Set
containing such &ole element shall provide peeptually equivalent media streams.

3.2.2.2. Simple Restricted Content Offering
A conforming MPD offering based on the ISO BMFF Live Praditall contain

1 MPDtype set tostatic  or set todynamic .
1 MP@profiles includesurn:mpeg:dash:profile:isoff - live:2011

1 One ormultiple Periods with each containing one or multiple Adaptation Sets and with
each containing one or multipRepresentations

DASH-IF Interoperability Points v4.1 12
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1 The Representations contain or inheritSagmentTemplate  with $Number$ or
$Time$ Identifier.

1 @segmentAlignment set to true for lhAdaptation Sets

A conforming MPD offering based on the ISO BMFF-Damand Profileshallcontain

1 MPDtype set tostatic
1 MP@profiles includesurn:mpeg:dash:profile:isoff - ondemand:2011

1 One or multiple Periods with each containing one or multiple Adapt&ets and with
each containing one or multiple Representations.

1 @ubSegmentAlignment set to true for all Adaptation Sets

3.2.3. Segment format constraints

Representations and Segments referred to by the Representations in thempeoifle MPD for
this profile, the following constraints shall be met:

% Representations shall comply with the formats defind8@YIEC 230091, section/.3.

% In Media Segments, all Segment Indesidk ") and Subsegment Indexsgix ') boxes if
presentshall be placed before aMovie Fragment fhoof ') boxes.

Note: DVB DASH[42] permits only one single Segment Index box (‘sidx’) for the entire Segment. As this con-
straints is not severe in the content offering, stisnglyrecommended to offer content followinggtdonstraint.

Y% If the MP@type is equal to Static " and the MP@profiles attribute includes
"urn:mpeg:dash:profile:isoff - on- demand:2011" , then

Y% Each Representation shall have one Segment that complies witidé&xedSelf-Initial-
izing Media Segment atefined in section 6.3.5.2 in ISO/IEC 23609

% Time Codes expressing presentation and decode shadkbe linearly increasing with in-
creasing Segment number in one Representation. In ordentmize the frequency of time
code wrap around 64 bit codesaynbe used or the timescale of the Representation may be
chosen as small as possiliie.order tasupport time code wrap aroundnew Period may be
added in the MP[added thainitiates a new Period in order to expresiszontinuity.

3.2.4. Presence of Attribues and Elements

Elements and attributes are expected to be present for certain Adaptation Sets and Representa
to enable suitable initial selection and switchi8gnple rules are provided in this section. A de-
tailed description of mulirack contenbffering is provided in claus&.9.

Specifically the following applies:
A For anyVideo Adaptation Sets as definedir2.13 the following attributes shall be present
o @maxWidth (or @width if all Representations have the same width)

DASH-IF Interoperability Points v4.1 13
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0 @maxHeight (or @height if all Representations have the saneggh)

0 @maxFrameRate (or @frameRate if all Representations have the saframe
rate

0 @par

Note: The attribute@maxWidth and @max Height shouldbe used such that they
describe the target display size. This means that they may exceed the actual largest size
of anycoded Representation in one Adaptation Set.

0 The attributes@minWidth and @minHeight should not be present. If present,
they may be smaller than the smallgswidth or smallest@height in the Adap-
tation Set.

A For any Representation withinvideo Adaptation Sets as defined3r2.13the following
attributes shall be present:

0 @width, if not present irAdaptationSet  element

0 @height , if not present iMdaptationSet  element

o @frameRate , if not present irAdaptationSet  element
0 @sar

Note: @width, @height , and@sar attributes should indicate the vertical and horizontal
sample count of encoded and cropped video samples, not the intended display size in pixels.

A For Adaptation Set or for any Representation withiVateo Adaptation Sets as defined
in 3.2.13the attribute@scanType shall eithemot be presentr shall be set togro-
gressive .

A For anyAudio Adaptation Sets as defined3dr2.13the following attributes shall be present
0 @lang

A For any Representation within Aadio Adaptation Sets as defined3r2.13the following
elements andttributes shall be present:

0 @audioSamplingRate , if not present irRdaptationSet  element
0 AudioChannelConfiguration , if not present iMdaptationSet  element
3.2.5. MPD DimensionConstraints

No constraintsare defined on MPD size, or @he number of elementddowever, it should be
avoided to create unnecessary large MPDs.

Note: DVB DASH[42] adds MPD dimension constrats in section 4.5 of their specification. In order to conform
to this specification, it is recommended to obey these constraints.

3.2.6. Generic Metadata

Generiametadatanay be added ®IPDs based on DASHFor this purpose, the Essential Property
Descriptor and the Supplemental Property Descriptor as defined in ISO/IEC-2300%lause
5.8.4.7and 5.8.4.8

DASH-IF Interoperability Points v4.1 14
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Metadata identifier$or content properties are provided hentp://dashif.org/ iden-
tifiers

However, it is not expected thatDASH-IF clients support all metadat at
http://dashif.org/ identifiers unless explicitlyrequired

3.2.7. DASH Timing Model
3.2.7.1. General

According to ISO/IEC 23009, DASH defines different timelines. One of the key features in
DASH is that encoded versions of different media content components sttangn®n timeline.

The presentation time of each access unit within the media content is mapped to the global com-
mon presentation timeline for synchronization of different media components and to enable seam-
less switching of different coded versions of tame media components. This timeline is referred

as Media Presentation timeline. The Media Segments themselves contain accurate Media Presen-
tation timing information enabling synchronization of components and seamless switching.

A second timeline is used ®ignal to clients the availability time of Segments at the specified
HTTP-URLs. These times are referred tocSegment availability timesand are provided in wall

clock time. Clients typically compare the walbck time to Segment availability times before
accessing the Segments at the specified HURRs in order to avoid erroneous HTTP request
responses. For static Media Presentatidresavailability times of all Segments are identical. For
dynamic Media Presentations, the availability times of segments depend on the position of the
Segment in the Media Presentation timeline, i.e. the Segments get available and unavailable over
time.

Figurel provides an overview of the different timelines in DASH and their relation. The diagram
shows three Periods, each of the Periods containgateuRepresentations (for the discussion it is
irrelevant whether these are included in the same Adaptation Set or in different ones).

Specifically, the following information is available in the MPD that relates to timing:

1 MPI@availabilityStartTime : the sart time is the anchor for the MPD in wall
clock time. The value is denoted &ST.

1 Period @start : the start time of the Period relative to the MPD availability start time.
The value is denoted &S

1 Representation  @resentationTimeOffset : the presentatiotime offset of the
Representation in the Period, i.e. it provides the media time of the Representation that is
supposed to be rendered at the start of the Period. Note that typically this time is either
earliest presentation time of the first segment ealae slightly larger in order to ensure
synchronization of different media components. If larger, this Representation is presented
with short delay with respect to the Period start.

In addition, with the use of tHieepresentation ~ @duration or Representatio  n.Seg-
mentTimeline  the MPD start time for each segment and the MPD duration for each segment
can be derived. For details refer to ISO/IEC 23008 well as sectioh

According toFigurel, the ASTis a wallclock time. It provides an anchor to all walbck time
computation in the MPD. The sum of theriod @start of the first Period and th&STprovides

the Period start timBST1value in waliclock time of the first Period.

DASH-IF Interoperability Points v4.1 15
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The media timeline origin for tracks in ISO Media files is defined to be zero. Each Representation
is assigned a presentation time offset, either by the value of the attReptesenta-

tion @resentationT  imeOffset or by default set to 0. The value of this attribute is de-
noted as PTO. It is normally the case that for complete files sequenced as Periods this value is 0.
For Apartial o ®prdsentmtionlimeQffsetyv e iadicates thenrmedia compo-
sition/presentation time of the samples that synchronize to the start of the @epi@senta-
tionTimeOffset for the live stream will usually not be zero because the encoders are usually
started prior to presentation availability, so the media timestamgeedirdt available Segments

will have increased since the encoders started. Encoding timestamps may be set to UTC (as though
the encoder was turned on 1/1/1970 at midnight). Representations in Periods of live content typi-
cally have the sam@presentationTi meOffset as long as the media is continuously en-
coded, because UTC time and media time increase at the same rate and maintain the same offset.

AST (Wall-Clock)

Period 1 Period 2 Period 3
| Period@starth
I >
PST1 PS PST3
Representation
PTO
MPDS 1 MPDS 2
M51 MS2 MS3 MS4 | srssrssnnn MS N
EPT |DUR Media

Figure 1 Overview Timing Model

Within a Representation, each Segment is assigned an MPD start time and MPD duration accord-
ing to ISO/IEC 23004 (more details for dynamic services are provided in sed)iohhese two

values can be computed from the MPD and provide approximate times for each segment that are
in particular useful for random access and seeking.

In addition, each segment has an internal saiapterrate presentation time. Thereforgleseg-
ment has a media internal earliest presentation BRiEand sampl&ccurate presentation dura-
tion DUR.

For each media segment in each Representation the MPD start time of the segment should approx-
imately beEPT - PTO. Specifically, the MPD startrtie shall be in the range &PT- PTO -
0.5*DURandEPT- PTO + 0.5*DURaccording to the requirement stated above.

Each Period is treated independently. Details on processing at Period boundaries are provided in
ISO/IEC 230091. One example is, that forte code wrajaround a new Period is expected to be
added that restarts at presentation time 0.

DASH-IF Interoperability Points v4.1 1€
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The value oPeriod @start for an ad can be chosen to coincide with an insertion point in the
live stream by settingeriod @start to a presentation time durati@gual to the UTC time
difference betwee@availabilityStartTime and the scheduled encoding time of the in-
sertion point in the live stream.

3.2.7.2. Static Media Presentations

For static media presentations, all Segments shall be available aASm&his means @t a
DASH client may use the information in the MPD in order to seek to approximate times.

3.2.7.3. Dynamic Media Presentations

For dynamic media presentations, segments get available over time. The latest time they shall be
available is at the sum of PST (whichAST+ Period @start ), MPD start time and MPD
duration. The latter is added in order to take into account that at the server a segment typically
needs to be completed prior to its availability. For details refer to sektion

3.2.8. Bandwidth and Minimum Buffer Time

The MPD contains a pair of values for a bandwidth and buffering description, namely the Mini-
mum Buffer Time MBT) expressed by the value MPI@minBufferTime and bandwidthBW
expressed by the value BEpresentation ~ @bandwidth . The following holds:

1 the value of the minimum buffer time does not provide any instructions to the client on
how long to buffer the media. The valheweverdescribes hownuch buffer a client
should have undedeal network conditions As such, MBT is not describing the burstiness
or jitter in the network, it is describing the burstiness or jitter irctiment encoding To-
gether with thdBWvalue, it is a property ohe content.Using the "leaky bucket" model,
it is the size of the bucket that mal@atrue, given the way the content is encoded.

1 The minimum buffer time provides information that for each Stream Access Point (and in
the case of DASHF therefore eachait of the Media Segment), the property of the stream:
If the Representation (starting at any segment) is delivered over a constant bitrate channel
with bitrate equal to value of the BW attribute then each presentatiofPiingeavailable
at the client latest at time with a delay of at nfést- MBT.

1 In the absence of any other guidartbe, MBT should be seto the maximum GOP size
(coded video sequence) of the content, which quite often is idetdicheé maximum
segment diration for the live profile or thenaximum subsegment durationfor the On
Demand profileTheMBT may be set to a smaller value than maxin{aoblegment du-
ration, but should not be set to a higher value.

In a simple and straightforward implementatiorDASH client decides downloading the next
segment based on the following status information:

1 the currently available buffer in the media pipelibeffer

1 the currently estimated download ratate

i the value of the attribut@minBufferTime , MBT

1 the set oWvalues of the@bandwidth attribute for each RepresentatioBV\i]
The task of the client is to select a suitable Represeniation

The relevant issue is that starting from a SAP on, the DASH client can continue to playout the
data. This means that at th@rrent time it does havrifferdata in the buffer. Based on this model

DASH-IF Interoperability Points v4.1 17
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the client can download a Representatifor whichBWi]  rat@®buffer/MBTwithout emptying
the buffer.

Note that in this model, some idealizations typically do not hold inipeasiuch as constant bitrate
channel, progressive download and playout of Segments, no blocking and congestion of other
HTTP requests, etc. Therefore, a DASH client should use these values with care to compensate
such practical circumstances; especiahyiations in download speed, latency, jitter, scheduling

of requests of media components, as well as to address other practical circumstances.

One example is if the DASH client operates on Segment granularity. As in this case, not only parts
of the Segmen(i.e., MBT) needs to be downloaded, but the entire Segment, and MBias

smaller than the Segment duration, then rather the segment duration needs to be used instead of
the MBTfor the required buffer size and the download scheduling, i.e. dowalBagresentation

i for whichBWi] rat@®buffer/max_segment_duration

3.2.9. Trick Mode Support

Trick Modes are used by DASH clients in order to support fast forward, seek, rewind and other
operations in which typically the media, especially video, is displayedspeed other than the
normal playout speed. In order to support such operations, it is recoeuintred the content
authoradds Representationat lower frame rates in order to support faster playout with the same
decoding and rendering capabilities.

However Representationsirgeted for trick modesre typicallynot be suitable for regular playout.
If the content author wants to explicitly signal that a Representation is only suitable for trick mode
cases, but not for regular playotlte following s recommended

1 addone or multipleAdaptation Setthat that only contains trick modes Representations

1 annotateeachAdaptation Set with alEssentialProperty descriptoror Supple-
mentalProperty descriptor with  URL "http://dashif.org/guide-
lines/trickmode " and the@value the value of@id attribute of the Adaptation Set

to which these trick mode Representations belong.tfitle modeRepresentations must
be timealignedwith the Representations in the m&idaptation SetThe value may also
be a whitespace gparated list of @id values. In this casettitk mode Adaptation Set is
associated to all Adaptation Sets with the vebfehe @id.

1 signal the playout capabilities with the attrib@anaxPlayoutRate for each Represen-
tation in orderto indicate the aaslerated playout that is enabled by #ignaledcodec
profile and level.

1 If the Representation is encoded without any coding dependency on the elementary stream
level, i.e. each sample is a SAP type 1, then it is recommended to getdiaengDe-
pendency attribute toFALSE

1 If multiple trick mode Adaptation Sets are present for one main Adaptation Set, then suf-
ficient signaling should be provided to differentiate the different trick mode Adaptation
Sets. Different Adaptation Sets for example may be dealias thumbnails (low spatial
resolution), for fast forward or rewind (no coding dependency @itodingDepend-
ency set to false and/or lower frame rates), longer valuegfduration to improve
download frequencies or differe@maxPlayoutRate values. No¢ also that the
@bandwidth value should be carefully documented to support faster thastimeal
download of Segments.
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If an Adaptation Set in annotated with tlessentialProperty descriptor with URI
"http://dashif.org/guidelines/trickmode then the DASHlient shall not select

any of the contained Representations for regular playout.

For trick modes for live services, the same annotation should be used. More details on service
offerings are provided in secti@gnlQ

3.2.10.  Adaptation Set Constraints
3.2.10.1.  Introduction

Content in one Adaptation Skt constrainedo enable and simplify switching across different
Representationsf the same source conte@eneral Adaptation Sebnstraints allow sequencing

of Media Segments from different Representatidnd (i ts rwa tt & prioriiog éingle audio or
video decodettypically requiringthevideodecodetto be reset to new decoding parameatthe
switch point,such as a diffemt encoded resolution or codec profile and level.
BitstreamSwitching Adaptation Set constraints allow a switched sequence of Media Setgments
be decoded without resetting the decateswitch points because the resultB®gmentstream is

a validtradk of thesourcetype, sothe decoder is not even aware of the switch. In order to signal
that the Representations in an Adaptation Set are offered under these constraints, theattribute
aptationSet ~ @bitstreamSwitching may be set totrue . When Adaptation-

Set @bitstreamSwitching attribute is set td RUE the decoder can continue decoding with-
out reinitialization. When@bitstreamSwitching is set toFALSE, seamless switching
across Representations can be achieved withitralization of the decoder. Content authors
should sefAdaptationSet ~ @bitstreamSwitching to TRUEonly if the content does not
need the decoder to beirgtialized.

In the following geerral requirements and recommendations are provided for content in an Adap-
tation Set in sectioB.2.10.2and specific requirements when the bitstream switchingti®grue
in section3.2.103.

3.2.10.2. General

General Adaptation Set constraints require a client to process an Initialization Segment prior to the
first Media Segmetrand prior to each Media Segment selected from a different Representation (a
Abitrate switcho).

Adaptation Sets shatlontain Media Segments compatible with a single decodesthitwith

SAP type 1 or 2and in time aligned Representations using theeg@timescale , when multiple
Representations are present

Edit lists in Initialization Segments intended to synchronize the presentation time of audio and
video should be identical for all Representations in an Adaptation Set.

Note Re-initialization of decoders, decryptors, and display processors on some clients during
bitrate switches may result in visible or audible artifacts. Other clients may evaluate the differences
between Initialization Segments to minimize decoder reconfiguratimd maintain seamless
presentation equal to the encoded quality.

Additional recommendati@and constraints may apply for encryption and media coding. For
details, pleaseheckthe relevant sections in this documentparticular sectios.2.5and7.7.5
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3.2.10.3. Bitstream Switching

A bitstream switching Adaptation Set iptomized for seamless decodirandlive streamghat
may change encoding parameters over tinlgitstream switching Adaptation Set may process an
Initialization Segment one time frothe highest bandwidtRepresentation in the Adaptation Set,
and then process Media Segments fesmy other Representation in the same Adaptatiowifiet

out processing another Initialization Segmerte resulting sequence of an Initialization Segment
followed by time sequendeMedia Segments results in a valid IBBIFF file with an elementary
stream similar to a transport stream.

For all Representations within an Adaptation Setv@ih i t st r eamSwi t cbi ng=06tr

© O~NO O WN -

10 1 the Track _ID shall be equal for all Representations

11 1 Each movie fagment shall contain one track fragment

12 Note Multiple Adaptation Sets may be included in an MPD that corddfarent subses of the available

13 Representations that are optimized for different decoder and screen limitatidReprésentatiomay be

14 pregent in more than one Adaptation set, for example a 720p Represetitatismpresent in a 720p Adap-
15 tation Setmay also be present m1080p Adaptation Sefthe 720pRepresentationsesthe samdnitializa-

16 tion Segments in each Adaptation,Seit the1080p Adaptation Set would require decoder and display con-
17 figuration with the 1080p Initialization Segment.

18 Additional recommendation and constraints may apply for encryption and media coding. For de-
19 tails, please see below.

20 3.2.11. Media Time Information of Segment

21 The earliest presentation time may be estimated from the MPD using the segment availability start
22  time minus the segmedtiration announced in the MPD.

23 The earliest presentation time may be accurately determined frddegimeent itself.

24 If the Segment Index is present than this time is provided ire#nkest presenta-

25 tion_time field of the Segment Index. To determine the presentation time in the Period, the
26  value of the attribut@presentationTimeOffset needs to be dedted.

27 If the Segmat Index is not present, then the earliest presentation time is deduced from the 1ISO

28 BMFF parameters, namely the movie fragment header and possibly in combination with the infor-
29 mation in the Initializatio Segment using the edit list.

30 The earliest preseation time in the Period for a Segment can be deduced from the decode time
31 taking also into account the composition time offset, edit lists asag@ltesentation time offsets.

32 Specifically the following is the case to determine the earliest preseniat®assuming that no
33 editlist is present in the Initialization Segment:

34 - Ifthe SAP type is 1, then the earliest presentation time is identical to the sum of the decode
35 time and the composition offset of the first sample. The decode time of the fidesam

36 determined by the base media decode time of the movie fragment.

37 - If the SAP type is 2, the first sample may not be the sample with the earliest presentation
38 time. In order to determine the sample with the earliest presentatiorthisieampldas

39 determined as the sample for which the sum of the decode time and the composition offset
40 is the smallest within this Segment. Then the earliest presentation time of the Segment is
41 the sum of the base media decode time and the sum of the decode time angthgtion

42 offset forthis sampleSuch an example is shown below.
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In addition, if the presentation time needs to be adjusted at the beginning of a period, then the
@presentationTimeOffset shall be used in order to set the presentation that is mapped to
the start of the period. Content authoring shall be such that if edit lists are ignored, then the client
can operate without timing and lip sync issues.In the following examples, there is a sequence of
I, P, and B frames, each with a decoding time deltB0ofThe segmentation, presentation order
and storage of the samples is shown in the table below. The samples are stored with the indicated
values for their decoding time deltas and composition time offsets (the actual CT and DT are
given for reference). Threordering occurs because the predicted P frames must be decoded
before the bdirectionally predicted B frames. The value of DT for a sample is always the sum of
the deltas of the preceding samples. Note that the total of the decoding deltas istiba dtir

the media in this track.

Example with closed GOP and SAP Type = 1:

Segment [- |- |- |- |- |- |- |- |- |- |- |- |- |-\
1 |P4 |[B2 (B3 |P7 |B5 [B6 (I8 |P1 |B9 (B1 |P1 |B1 |B13

Presenta- |==| 11 B2 B3 P4 B5 B6 P7 |==| 18 B9 B10 P11 B12 B13

tion Order P14 |==

Base media |0 70

decode time

Decode delta 10 |10 |10 |10 (10 |10 |10 |10 |10 |10 |10 (10 |10 |10

DT 0O |10 (20 |30 |40 (50 |60 |70 (80 |90 |10 |11 (12 |130

EPT 10 80

Composition 10 |30 |0 0 30 |0 0 10 |30 |O 0 30 |0 0

time offset

CT 10 |40 |20 |30 |70 |50 |60 (80 (11 |90 |10 (14 |12 |130

Example with closed GOP and SAP Type = 2:

Segment /- |- -- -- -- -\ |- |- -- -- el
13 P1| P2| P6| B4|B5 |19 |P7 |P8 |P12 (B10 |B1l1

Presenta- |==| P1 P2 13 B4 B5 P6 |==| P7 P8 19 B10 B11 P12 |==

tion Order

Base media |0 60

decode time
Decode Delta |10 (10 (10 |10 |10 (10 (10 |10 |10 |10 (10 |10
DT 0 10 |20 |30 (40 (50 (60 |70 |80 |90 (100 (110
EPT 10 70

Composition 30 |0 0 30 |0 0 30 (O 0 30 |0 0
time offset
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cT 130 |10 [20 |60 [40 |50 |90 |70 [80 [120 [100 110 |

Example withclosed GOP and SAP Type = 2 and negative composition offset:

Segment /- |- - - - -\ |- |- - - - -\
13 P1| P2| P6| B4|B5 |19 |P7 |P8 |P12 (B10 |B11

Presenta- |==| P1 P2 13 B4 B5 P6 |==| P7 P8 19 B10 B11 P12 |==

tion Order

Base media |0 60

decode time
DecodeDelta (10 |10 |10 (10 (10 |10 |10 (10 |10 |10 |10 |10
DT 0 10 (20 |30 |40 (50 |60 |70 (80 |90 |100 [110
EPT 0 60

Composition 20 |-101|-10 |20 |-10|-10 |20 |-10|-10 |20 |-10|-10
offset

CT 20 |0 10 (50 |30 |40 |80 (60 |70 |[110 (90 |100

For additional details refer to ISO/IEC 14498[7] and ISO/IEC 23004 [1].

3.2.12.  Content Offering with Periods

Content may be offered with a single Period. If content is offered with a single Period it is suitable
to set PSTART to zero, i.e. the initialization segments get available at START on the server.

However, other values for PSTART may be chosen.

Note: Thisis aligned with Amd.3 of ISO/IEC 2306R.2014[4] and may be referenced in
a future version of this document.

Content with multiple Periods may be created foredéht reasons, for example:

1 to enable splicing of content, for example for ad insertion,

1 to provide synchronization in segment numbering, e.g. compensat®nstant segment
durations

to remove or add certain Representations in an Adaptation Set,

to remowe or add certain Adaptation Sets,

to remove or add content offering on certain CDNs,

to enable signalling of shorter segments, if produced by the encoder.

for robustness reasons as documented in detail in sdc8on

=4 =4 -4 -8 -9

Periods provide opportunities for resync, for ad insertion, for adding and removing Representa-
tions. However, in certain circumstances the content across Period boundaries is coatiduous
in this case, continuous playout of the client is expected.
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In certain circumstances the Media Presentation is offered such that the next Period is a continua-
tion of the content in the previous Period, possibly in the immediately following Periodaor in
later Period (e.g after an advertisement Period had been inserted), in particular that certain media
components are continued.

The content provider may express that the media components contained in two Adaptation Sets in
two different Periods are assated by assigning equivalent Asset Identifiers to both Periods and
by identifying both Adaptation Sets with identical value for the attril@td. Association ex-
presses a logical continuation of the media component in the next Period and may for bekample
used by the client to continue playing an associated Adaptation Set in the new Period.

In addition, two Adaptation Sets in one MPD are pedodtinuous if all of the following holds:

1 The Adaptation Sets are associated.

1 The sum of the value of tl@presentationTimeOffset and the presentation dura-
tion of all Representations in one Adaptation Set are identical to the value of the @presen-
tationTimeOffset of the associated Adaptation Set in the next Period.

1 If Representations in both Adaptation Sets haveséimee value fo@id, then they shall
have functionally equivalent Initialization Segments, i.e. the Initialization Segment may
be used to continue the ptayt of the Representatiomhe concatenation of the Initiali-
zation Segment of the first Period, iflggent, 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 sequence as defined!.5.4conforming to the media type as specified in the
@mimeType attribute for the Representation in the first Periddiditionally, the
@mimeTypeattribute for the Representation in the next Period shall bgatine as one
of the first Period.

MediaPresentations should signal pericahtinuous Adaptation Sets by using a supplemental de-
scriptor on Adaptation Set level withschemeldUri set to"urn:mpeg:dash:period -
continuity:2015" with

1 the@value of the descriptor matching the value of@md of a Period that is contained
in the MPD,
1 the value of thédaptationSet ~ @id being the same in both Periods.

MPD should signal periedontinuous Adaptation Sets if the MPD contains Periods with identical
Asset Identifiers.

There exist special cases, fohigh the media in one Adaptation Set is a continuation of the pre-
vious one, but the timestamps are not continuous. Examples are timestamp wrap around, encoder
reset, splicing, or other aspects. Two Adaptation Sets in one MPD are-penioekcted if all con-

ditions from perioecontinuity from above hold, except that the timestamps across Period bound-
aries may be nenontinuous, but adjusted by the value of @presentationTimeOffset

at the Period boundary. However, for example the Initialization Segmeuiisakent within the

two Adaptation Sets. Media Presentations should signal peoiodected Adaptation Sets by us-

ing a supplemental descriptor on Adaptation Set level w@ischemeldUri set to
"urn:mpeg:dash:period - connectivity:2015".
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Note that period comtuity implies period connectivity.

The content author should use pergmhtinuity signalingor periodconnectivitysignalingif the
content follows the rules. The client should exploit such sigimalseamless user experience
across Briod boundaries.

For details on content offering with multiple Periods, please refer to the requirements and recom-
mendations in sectiofhand5.

3.2.13.  Adaptation Set Media Type

In contrast to MPEG@ASH which does not prohibit the use of multiplexed Representations, in
the DASHIF IOPs one Adaptation Set always consagxactly a single media type. The following
media types for Adaptation Sets are defined:

- Video Adaptation Set: An Adaptation Set that contains visual information for display to
the user. Such an Adaptation Set is identified@oyimeType= video/mp4 " . For
more details on the definition of media type video, refer to RFC g7 The DASHIF
IOP restrict the usage wideo/mp4 to only @codecs values as defined in this
specification.

- Audio Adaptation Set: An Adaptation Set that contains sound information to be rendered
to the user. Such an Adaptation Set is identifie@gimeType="audio /mp4" . For
more details on the definition of media typdew, refer to RFC 433B66]. The DASHIF
IOP restrict the usage afidio /mp4 to only @codecs values as defined in this
specification.

- Subtitle Adaptation Set: Andaptation Set that contaimsual overlay information to be
rendered as auxiliary or accessibility informatiSanch an Adaptation Set is identified by
@mimeType="application = /mp4" , aRole descriptor witt@schemeldUri ="
urn:mpeg:dash:role:2011 "and@value=" subtitte " and, an@codecs
parameter as defined Trable21or "application/ ttml +xml "

- Metadata Adaptation Set: An Adaptation 8ett containsnformation thais not
expected to be rendered by a specific media handler, but is interpreted by the application.
Such an Adaptation Set is identified @mimeType="application/mp4" and an
appropriate sample entry identified by @&odecs parameter

The media type is used by the DASH client in order to identify the appropriate handler for
rendering. Typically, the DASH client selects at most one Adaptation Set per media type. In
addition, the DASH client uses the string included in@wodecs paramegr in order to identify

if the underlying media playback platform can play the media contained in the Representation.

3.2.14.  Seek Preview and Thumbnail Navigation

Seek preview and thumbnail navigation provide DASH clientpdtiseibility to implement thumb-

nails for Ul scrubbing. This may be implemented using a separate video Adaptaion Set and using
trick mode features as defined in cla@s29 However, ths feature may be relatively complex to
implement in a player and requires double video decoders. In a simpler approach, a sequence of
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image tiles may be used, each with multiple thumbnails to provide such thumbnails. An interop-
erable solution is provided iclauses.2.6

3.3. Client Implementation Requirements andGuidelines
3.3.1. Overview

The DASH-related aspects of theteroperabilly point as defined isection 32 can also be un-
derstood as permission for DASH clients that only implement the features required by the descrip-
tion to process the Media Presentation (MPD document and Segnidmgjetailed DASHe-

lated client operatianarenot specified. Thefore, it is also unspecified how a DASH client ex-
actly conforms. This document however provides guidelines on what is expected for conformance
to thisinteroperabilitypoint. A minimum set of requirements collected in sectio.3.4

3.3.2. DASH Client Guidelines

The DASHrelated aspects IDASH-IF IOPsas well as for the ISO BMFF based-Oemand and
Live profiles of ISO/IEC 23004 are designed such that a client inmpémtation can rely on rela-
tively easy processes to provide an adaptive streaming service, namely:

1 selection of the appropriate AdaptatiogtsSbased on descriptors and other attributes

1 initial selection of one Bpresentation within each adaptation set
1 downroad of Sub)®gments at the appropriate time
1 synchronization of different media componeintsn different Adaptation &s
1 seamless switchingf representations within one Adaptatiogt S
Ui Number-based =
LUmber-pased . =
addressing E Subtitles E
(&
= 3
=
Time-based — . s
addressing Media o | AUJOES S
Segment - (1] s,
Download E' & E
Playlist-i .-__159.d (unmuyxed) § [T T
arldrecsing = = videoEs_ [E33
Initialization § £ B ———> [
Segment £ O @
Download g 2]
Byte-based w o
addressing A 5 g E
Index E g o
Segment Download g 50
Index =5

it

Figure 2 DASH aspects of DASH-AVC/264 client compared to a client supporting the union of DASH 1SO
BMFF live and on-demand profile.

Figure2 shows thdDASH aspects of BASH-AVC/264 client compared to a client supportial
features of the DASH ISO BMFF Live and @emand profileThe main supported features are:

1 support of HTTP GET and péal GET requests to download Segments amos8gments
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1 three different addressing schemeanber and timebased templating as well as byte
range based requests.

support of metaata as provided in the MPD and Segmeuiek

download ofMediaSegments, Initialization Segments and Segnrahx

ISO BMFF parsing

synchronized presentation of media comgrats from differenAdaptationSets
switching of video streams alosedGOP boundaries

3.3.3. Seamless switching

= =4 4 4 A

The formats defineth section3.2 are designed for providing good user experience even in case
the access bandwidth of the DASIdgment delivery or the cache varies. A key functionality is
the ability that the DASH client caeamlessly switch across different Representations of the same
media component. DASH clienttioulduse the common timeline across different Representation
representing the same media component to present one Representation up to a certain time t and
coninue presentation of another Representation from tiorevards. However, in practical im-
plementations, this operation may be complex, as switching at timag require parallel down-
load and decoding of two Representations. Therefore, providing suitebdbiag opportunities

in regular time intervals simplifies client implementations.

The formats defined in secti@?2provide suitable switching opportunitiegstib)segment bound-
aries.

3.3.4. DASH Client Requirements
In order to ensure a minimum level of interoperability, a DASHKonforming client shall at least
support the following features:

1 The DASH client, if it switches, shall provide a seamless experien@ASH shall be
able to switch seamlessly at (sub)segment boundagesrding to the definition in
ISO/IEC 230091 [4], clause 4.5.1.

1 If the scheme or the value ftire following descriptor elements are not recogniezed no
equivalent other descriptor is preséhg DASH client shalignore the parent element

o FramePacking

o Rating

o EssentialDescriptor
o ContentProtection

3.4. Transport and ProtocolRelated Issues
3.4.1. General

Servers and clients operatingtime context of the interoperability points defined in this document
shallsupport the normative parts of HTTP/1.1 as defind@RQ 723(21], RFC 723122], RFC
7232[23], RFC7233[24], and RFC 723{25].

Specific requirementand reommendationsire provided below.

Note:IETF recently obsoleted RFC 2616 and replaced it with the six RFCs referred above.
The changes are generally text clarifioa8 and in some cases, additional constraints to
address security or interoperability issues. Each new RFC contains details of the changes
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compared to RFC2616. The IETF strongly recommends to reference and use the new RFCs
that collectively replace RFC261%his version of DASHF IOP addresses this aspect.

MPEGDASH explicitly permits the use of https as a scheme and hence, HTTP over TLS as a
transport protocol as defined in RFC 28@&B]. For more details refer to secti@r

3.4.2. Server Requirements and Guidelines

HTTP Servers serving gments should support suitable responses to byte range requests (partial
GETs).
If an MPD is offered that contairRepresentations conforming to the ISO BMFF~Damand
profile, then the HTTP servers offering these Representations shall support suitadesesso
byte range requests (partial GETS).
HTTP Servers may also support the syntax using Annex E of 2BQ@¢g the syntax of the
second example in Annex E.3,

BaseURL@byteRange="$base$?$query$&range=9%first$ - $last$"

3.4.3. Client Requirements and Guideline

Clients shall support byte range requests, i.e. issue partial GETs to subsegnalefitsed in RFC

7233[24]. Range requests may also be issued by using Annex E of-23@§l8g the syntax of

the second example in Annex E.3,
BaseURL@byteRange="$base$?$query$&range=9%first$ - $last$"

Clients shall folbw the reaction to HTTP status and error codes as defined in section A.7 of
ISO/IEC 230091.

Clients shouldsupport the normative aspects of the HTTP state management mechanisms (also
known as Cookies) as defined in RFC 648 for first-party cookies

3.4.4. Transforming Proxies and Other Adaptation Middleboxes

A number of video transcoding proxies (aka "middleboxes") are already deployed on the wider
Internet may silethy transcode Representations. Specifically: a middlebox may see a video/mp4
response, transcode that video into a different format (perhaps using a lower bitrate or a different
codec), then forward the transcoded video to the DASH client. This will b&dx and/or Seg-

ment Index based byte range operations, as those ranges are generally not valid in the transcoded
video.

If such a threat is possible, one of the following approaches may be considered in order to prevent
proxies from transcoding DASH Reprasations:

1. serve Media Presentations using encryption (e.g., HTTP over TLS, segment encryption or
content protection),

2. serve Representations with Ca€b® n t noo transfofin "

In all cases the operational impacts on caching and implementations shaolasktered when
using any of the above technologies.

In order to prevent middleboxes to manipulate the MPD, e.g. removing certain Representations or
Adaptation Sets, the MPD may be securely transported by appropriate means, e.g. HTTPS.
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3.5. Synchronization Congderations

In order to properly access MPDs and Segments that are available on DASH servers, DASH serv-
ers and clientshouldsynchronize their clocks to a globally accurate time standard. Specifically it
is expected that the Segment Availability Timesasputed fronthe MPD according to ISO/IEC
230091 [4], section 5.3.9.5 and additional details in ISO/IEC 23B(8], section 6.4re accu-
ratelyannounced in the MPD.
Options to obtaitiming for a DASH client aréor example

1 Usage of NTP or SNTBs defined irRFC590540].

1 The Date generaheader field in the HTTP header (EC 7231[22] section7.1.1.2)
represents the date and time at which the message was originated, and may barmused as
indication of the actual time

Anticipated inaccuracy of the timing sourskeould be takemto account when requesting seg-
ments close to their segment availability time boundaries.

More details on advanced synchronization support is prowdsectiord.7.
3.6. Considerations for Live Services

For interoperability aspects of live services, please tefsectior.

3.7. Considerations on Ad Insertion

For interoperabity aspects for ad insertion use cases, please redecton5.
3.8. Switching across Adaptation Sets

Note: This technology is expected to be available in ISO/IEC 2300®14/Amd.4:201f4], sec-

tion 5.3.3.5. Once published by MPEG, this section is expected to be replaced by a reference to
the MPEGDASH standard.

Representations in two or more Adaptation Sets may provide thecsantent. In adition, the

content may be timaligned and may be offered such that seamless switching across Representa-
tions in different Adaptation Sets is possible. Typical examples are the offering of the same content
with different codecs, for exampl&264/AVC and H.265/HEVC and the content author wants to
provide such information to the receiver in order to seamlessly switch Represerftetidagned

in ISO/IEC 230091, clause 4.5.1)across different Adaptation Sets. Such switching permission
maybe used by advanced clients.

A content author may signal such seamless switching property across Adaptation Sets by providing
a Supplemental Descriptor along with an Adaptation Set w@lchemeldUri  set to
urn:mpeg:dash:adaptation - set - switching:20 16 and the@value is a comma
separated list of Adaptation Set IDs thay be seamlessly switched to from this Adaptation Set.

If the content author signals the ability of Adaptation Set switchimdjas@segmentAlign-

ment or @subsegmentAlignment are set td' RUEfor one Adaptation Set, the (Sub)Segment
alignment shall hold foall Representations iall Adaptation Sets for which th@id value is
included in the@value attribute of the Supplemental descriptor.
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As an example, a content author may signal therhsess switching across an H.264/AVC Adap-
tation Set withAdaptationSet @i d = 0 2 &d an HEVC Adaptation Set withdapta-
tionSet @i d 26560 is possible by adding a Supplemental Descriptor to the H.264/AVC Ad-
aptation Set with@chemeldUri  set tourn:mpeg:dash:adaptation - set - switch-

ing:20 16 and the@value= 0 2 6 %md by adding a Supplemental Descriptor to the HEVC
Adaptation Set with @chemeldUri  set to urn:mpeg:dash:adaptation - set -
switching:20 16 and the@value=02 6 4 0 .

In addition, if thecontent autbr signals the ability of Adaptation Set switchiiog

- any Video Adaptation Seas defined ir8.2.13then the parameters as defined in section
3.2.4for an Adaption Set shall also hold for all Adaptation Sets that are included in the
@value attribute.

- any AudioAdaptation Sehas defined ir8.2.13then the parameters as defined in section
3.2.4for an Adaption Set shall also hold for all Adaptation Sets that are included in the
@value attribute.

Note that this constraint may result that the switching may only be signaled with one Adaptation
Set, but not with both as for example one Adaptatidrsigealing may include all spatial resolu-
tionsof another one, whereas it is not the case the other way round.

3.9. Annotation and Client Model for Content Selection

3.9.1. Introduction

Beyond the ability to provide multiple Representations of the same media corhpoare Ad-

aptation Set, DASH MPDs also provide the functionality to annotate Adaptation Sets, such that
clients can typically select at most one Adaptation Set for each media type, based on the encoding
and description provided in the MPD. The selectobased on client capabilities, client prefer-
ences, user preferences and possibly also interactive signalling with the user. Typically, the sig-
nalling and selection is independent of the codec in use. This clause provides requirements and
recommendation®of labelling Adaptation Sets, if multiple tracks are offered. Note that there may

be cases that multiple Representations from different Adaptation Sets per media type are chosen
for playback, for example if there is a dependency across Representatmther lcases, a DASH

client may be asked to select more than one Adaptation Set per media type based on application
decisions.

Multiple Adaptation Sets may be offered to provide the same content in different encodings, for
example different codecs; or difemt source formats, for example one Adaptation Set encoded
from a standard dynamic range master and another encoded from a high dynamic range video
master. Alternatively, Adaptation Sets may describe different content, for example different lan-
guages, odifferent camera views of the same event that are provided in a synchronized presenta-
tion in one MPD.

Proper labelling of Adaptation Sets in MPDs conforming to DABHOPSs is essential in order to
enable consistent client implementations. In additadsp a model is needed on how the client
makes use of the annotation for a content authors to understand the expected effect of the labelling
on playback.
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3.9.2. Adaptation Set Labeling Options for Selection

DASH in ISO/IEC 23004 [4] provides many options for labelling Adaptation Sets. In order to
provide more consistency in the context of DABH Table4 provides a restricted subset of labels

for which DASHIF IOPS provide interoperability, i.e. on how they are expected to be used by the
content authors and how they are expected to be used by clients. The table provides information

gpecific for each media type.

It is expected that DASH clients following the DASH IOPs recognize the descriptors, elements,
and attributes as documentedlable4.

Other organizations may define additional descriptors or elements, as well as processing models

for clients.

Table 4 Adaptation Set Attributes and Elements and Usage in DASHIF IOPs (see ISO/IEC 230091 [4])

Attribute or Element

Use for
media type

Detailed Usage in DASHIF IOPs

General Attributes and Elements for any media type

@profiles

0]

See ISO/IEC 23009 [4], clause 5.3.7.2 Table 9.

If not present, it is inherited from the MPD or Period. This maj
used for example to signal extensions for new media profile
the MPD.

At least one of the vaks defined in Table 1 and Table 2 of t
document shall be present, or inferred from MPD or Pe
higherlevel.

@group

See ISO/IEC 23002 [4], clause 5.3.3.2 Table 5.

The attribute may be used and shall be different at least for d
ent media type.

If present, the value shall be greater thard.all Adaptation Set
in the sare group, the Group shall be the same.

Only one Representation in a Group is intended to be presen
a time. However, two or multiple groups of the same media
may exist, if the content author expects simultaneous presen
of two or more Reprentation of the same media type.

@selectionPriority

oD
default=1

See ISO/IEC 23009 [4], clause 5.3.7.2 Table 9.

This attribute should be used to -disibiguateAdaptation Setg
within one group for selection and expresses the preference
MPD author on selecting Adaptation Sets for which the DA
client does make a decision otherwise. Examples include
video codecs providing the same content, but oneeofvtio pro-
vides higher compression efficiency and is therefore preferre
the MPD author.

ContentProtection

See ISO/IEC 23009 [4], clause 5.3.7.2 Table 9.
If this element is present, then the content is protected.
If not present, no content protection is applied.

For details and usage please refer to clduse

DASH-IF Interoperability Points v4.1
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Attribute or Element

Use for
media type

Detailed Usage in DASHIF IOPs

EssentialProperty

o é

M

See ISO/IEC 23002 [4], clause 5.3.7.2 Table 9

specifies information about the containing element that is co
ered essential by the Media Presentation author for processil
containing element.

The following £hemes are expected to be recognized by a DA
IF client independent of the media type:

1 http://dashif.org/guidelines/trick-
mode (see claus8.2.9

Supp|ementa|Property See ISO/IEC 23002 [4], clause 5.3.7.2 Table 9
specifies information about the containing element that is co
ered supplemental by the Media Presentation author for
cessing the containing element. In no caseihformation is useq
for differentiation, the information may used by a DASH client
improved operation.
The following schemes are expected to be recognized by a b
IF client independent of the media type:
- urn:mpeg:dash:adaptation - set - switch-
ing:201 6 (see claus8.8)
- http://dashif.org/guidelines/trick-
mode (see claus8.2.9
- urn:mpeg:dash:period - continuity:2015
(see claus8.2.19)
- urn:mpeg:dash:period - connectiv-
ity:2015 (see clause 3.2.12)
Viewpoint o ¢& | Provides the ability to indicate that media differentiates by a
ferent ViewPoint.
If not present, no view point is assigned and no differentiatig
taken.
For detailed usage of this descriptor, see below.
Label 0é N | SeelSO/IEC 230049 [4], clause 5.3.7.2 Table 9.
This element enables to provide a textual description of the
tent. This element should be used if contauthor expects thg
clients supports Ul for selection. However, this element mus
be used as the sole differentiating element as atigtanb user
interaction is available.
Attributes and El ements for media type AVideoo
@mimeType M See ISO/IEC 230049 [4], clause 5.3.7.2 Table 9.
Shall be set tévideo/mp4"
@codecs M See ISO/IEC 23004 [4], clause 5.3.7.2 Table 9.

DASH-IF Interoperability Points v4.1
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Attribute or Element Use for Detailed Usage in DASHIF IOPs
media type
This provides the codec that is used for the Adaptation S
expresses the codec that is necessary to playbach
Representations in one Adaption Set.
Thefollowing codecs are expected to be recognized by a DA
IF client:
1 Codecs irTable17
1 Codecs irTable19

@par @) See ISO/IEC 23004 [4], clause 5.3.3.2 Table 5.
shall be present, if the display aspect ratio is a differentiating
rameter in the MPD.

@maxWidth o) See ISO/IEC 230069 [4], clause 5.3.3.2 Table 5.
This attribute should be present to express the maximum wig
samples after decoder sample cropping of any Representatio
tained in the Adaptation Set.
The vale should be the maximum horizontal sample count of
SPS in the contained bitstream.

@maxHeight o See ISO/IEC 230069 [4], clause 5.3.3.2 Table 5.
This attributeshould be present to express the maximum heig
pixel of any Representation contained in the Adaptation Set.
The value should be the maximum horizontal sample count o
SPS in the contained bitstream.

@maxFrameRate @) See ISO/IEC 23009 [4], clause 5.3.3.2 Table 5.
This attribute should be present to express the maximum f
rate, i.e. the maximum value of any entry in the Decoder con
ration record of theignaled frame rate, if constant frame raté
provided. contained in the Adaptation Set.

@scanType oD See ISO/IEC 23009 [4], clause 5.3.3.2 Table 5.

Default:_ This value is expected to be not present. If present, it is exp
Progressivel 14 pe set togrogressive "
EssentialProperty 0 ¢é I SeelSO/IEC 23009 [4], clause 5.3.7.2 Table 9.

specifies information about the containing element that is co
ered essential by the Media Presentation author for processil
containing element.

The following schemes are expected to be recognized by a b
IF client for video:
1 urn:mpeg:mpegB:cicp:<Parameter> as de-
fined in ISO/IEC 23008 [49] and <Parameter> one 0
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Attribute or Element

Use for
media type

Detailed Usage in DASHIF IOPs

, Transfer-
, or MatrixCoefficients

the following: ColourPrimaries
Characteristics

Accessibility

0 é |

See ISO/IEC 23004 [4], clause 5.3.7.2 Table 9.
In DASH-IF I0Ps two schemes for accessibility are defined.

- the Role scheme as defined by MRBASH should
be used as defined in ISO/IEC 236D0%.8.5.5,
urn:mpeg:dash:role:2011

The DASH role scheme and with the following value
expected to be recognized by a DASHclient for medial
type Avideoodo together wi

0 sign
0 captions

- the scheme when CEBO8 is used as defined in clau
6.4.3.3 with @schemeldURI set to
"urn:scte:dash:cc:cea - 608:2015"

Role

0o é 1

See ISO/IEC 23002 [4], clause 5.3.3.2 Table 5.

In DASH-IF IOPs only the Role scheme as defined by MPI
DASH should be used as defined in ISO/IEC 230(4], 5.8.5.5,
urn:mpeg:dash:role:2011

The DASH role scheme and with the following values is expe
to be recognized byaDASHF cl i ent for m
gether with the Role descti:

- caption

- subtitle

- main

- alternate

- supplementary
- sign

- emergency

If not present, the role is assumed tanen

Rating

0 é 1

See ISO/IEC 23009 [4], clause 5.3.3.2 Table 5.

DASH-IF I0Ps do not define a Rating scheme. If pres
Adaptation Sets using this descriptor may be ignored by
DASH-IF IOP clients.

Attributes and Elementsforme di a t

ype fAAudi oo

@mimeType

M

See ISO/IEC 23009 [4], clause 5.3.7.2 Table 9.
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Attribute or Element

Use for
media type

Detailed Usage in DASHIF IOPs

Shall set td'audio/mp4"

@codecs

See ISO/IEC 230042 [4], clause 5.3.7.2 Table 9.

This provides the codec that is used for the Adaptation S
expresses the codec that is necessary to playbach
Representations in one Adaption Set.

The following codecs are expected to be recognized by a DA
IF client:

i Codecs inTable20
Codecs inrable23
Codecs inTable24

Codecs inrable25

= = =4 =N

Codecs inTable26
i Codecs inrable27

Note: additional values need to be added with new codecs
added

@lang

See ISO/IEC 23002 [4], clause 5.3.3.2 Table 5.
The language should be present.

If not present, the language is unknown or no language appli

@audioSamplingRate

See ISO/IEQ30091 [4], clause 5.3.7.2 Table 9.

This attribute may be present to support output devices that
only be able to render specific values.

AudioChannelConfigu-
ration

See ISO/IEC 23009 [4], clause 5.3.7.2 Table 9.

specifies information about the Audio channel configuration.
following schemes are expected to be recognized by a DIKS
client for audio:

1 urn:mpeg:dash:23003:3:audio_chan-
nel_configuration:2011 as defined in
ISO/IEC 230091 [4], 5.8.5.4

1 urn:mpeg:mpegB:cicp: ChannelConfigura-
tion  as defined in ISO/IEC 23064[49]

1 tag:dolby.com,2014:dash:audio_chan-
nel_configuration:2011 as defined at
http://dashif.org/identifiers/audisourcedata/

Note: Annotation may be different for other codecs and ma
updated

EssentialProperty

M

See ISO/IEC 23009 [4], clause 5.3.7.2 Table 9.
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Attribute or Element Use for Detailed Usage in DASHIF IOPs
media type
specifies information about the containing element tha
considered essential by the Media Presentation autho
processing the containing element.
The following schemes are expected to be recognized by a b
IF clientfor audio:
1 urn:mpeg:dash:audio - receiver - mix;2014
as defined in ISO/IEC 23008, clause 5.8.5.7.
Accessibility 0 é See ISO/IEC 230069 [4], clause 5.3.3.2 Table 5.
In DASH-IF IOPs only the Role scheme as defined by MPI
DASH should be used as defined in ISO/IEC 2300%.8.5.5,
urn:mpeg:dash:role:2011
The DASH role scheme amdth the following values is expectg
to be recognized byaDASHF cl i ent for m
gether with the Accessibility descriptor:
9 description
1 enhanced - audio - intelligibility
Role 0 é See ISO/IEC 23002 [4], clause 5.3.3.2 Table 5.
In DASH-IF 10Ps only the Role scheme as defined by MP}
DASH should be used as defined in ISO/IEC 2300%.8.5.5,
urn:mpeg:dash:role:2011
The DASH role scheme and with tfilowing values is expecte
to be recognizedbya DASHF c¢cl i ent for m
gether with the Accessibility descriptor:
- main
- alternate
- supplementary
- commentary
- dub
- emergency
If not present, the role is assumed tanen
Rating 0o é See ISO/IEC 23009 [4], clause 5.3.3.2 Table 5.
DASH-IF I0Ps do not define a Rating scheme. If present, A
tation Sets using this descriptor may be ignoretheyDASHIF
IOP clients.
Attributes El ements for media type ASubtit]
@mimeType M See ISO/IEC 230049 [4], clause 5.3.7.2 Table 9.
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Attribute or Element Use for Detailed Usage in DASHIF IOPs
media type
Shall set to "application/mp4" or
"application/ttml+xml"
@codecs O See ISO/IEC 23004 [4], clause 5.3.7.2 Table 9.
This provides the codec that is used for the Adaptation S
expresses the codec that is necessary to playbach
Representations in one Adaption Set.
Thefollowing codecs are expected to be recognized by a DA
IF client:
1 Codecs irfrable21
Note: more need to be added with new codecs being added.
@lang @) See ISO/IEC 23009 [4], clause 5.3.3.2 Table 5.
The language should be present.
If not present, the language is unknown or no language appli
Accessibility 0 é See ISO/IEC 23009 [4], clause 5.3.3.2 Table 5.
In DASH-IF IOPs only the Role scheme as defined by MPI
DASH should be used as defined in ISO/IEC 2300%.8.5.5,
urn:mpeg:dash:role:2011
The DASH role scheme and with the following values is expe
to be recognized by a DASHF c¢cl i ent fsourbt
together with the Accessibility descriptor:
- caption
- sign
Role o é See ISO/IEC 23009 [4], clause 5.3.3.2 Table 5.

In DASH-IF 10Ps only the Role scheme as defined by MP}
DASH should be used as defined in ISO/IEC 2300%.8.5.5,
urn:mpeg:dash:role:2011

The DASH role scheme amdth the following values is expectg
to be recognized by a DASHF cl i ent f or 1|
together with the Accessibility descriptor:

- main

- alternate

- subtitle

- supplementary
- commentary

- dub

- description
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Attribute or Element Use for | Detailed Usage in DASHIF IOPs
media type

- emergency

If not present, the role is assunmedbemain

3.9.3. Content Model

In order to support the content author in providing content in a consistent manner, Figure 1 pro-
vides a conceptual content model for DASH content in one Period of an MPD. The content may
be described by an Asset Identifier aghele and may contain different media types, video, audio,
subtitle and application types. Signalling of media types is out of scope for this section, for details
refer to section 3.2.12.

- ption

Multiple Media
Types

-

Media Type Content Media Type Content Media Type Content Application-based
Main Alternative 1 Alternative 2 Selection

- =
I

-

| pr = ——

= Automated
Target Version 1 arge i arg i System-based
i i Selection
- - —
Dynamic
Switching

N R e ~— |

e -
Encoded Encoded Encoded
Representation 1 Representation 2 Representation 3

Figure 3 Content Model for DASH Multitrack

Within each media type, the content author may want to offer different alternative content that are
time-aligned, but each alternative represents different content. Automatic selection of the alterna-
tive content is noéxpected to be done by the DASH client as the client would not have sufficient
information to make such decisions. However, the selection is expected to be done by communi-
cation with an application or the user, typically using a user interface apprdpriagtection.

However, in the absence of this external communication, or at startup, the DASH client still needs
to playback content and therefore benefits from information of what is the default content. Such
signalling should be provided by the coritanthor. Such default content is referred to as main
content, whereas any content that is not main is referred to as alternative. There may be multiple
alternatives which may need to be distinguished. We defaia andalternativecontent. Exam-

ples for sich are synchronized camera views of one master content. The main camera view is
provided as main content, all other views as alternative content.
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Furthermore, it may be that content of different media type is linked by the content author, to
express thatvo content of different media type are preferably played together. We dsfnei-
atedcontent for this purpose. As an example, there may be a main commentator associated with
the main camera view, but for a different camera view, a different assoctatgdentary is pro-

vided.

In addition to semantical content level differentiation, each alternatimgent may be prepared

with different target versions, based on content preparation properties (downmix, subsampling,
translation, suitable for trick modetcd, client preferences (decoding or rendering preferences,
e.g. codec), client capabilities (DASH profile support, decoding capabilities, rendering capabili-
ties) or user preferences (accessibility, language, etc.). In simple AV playout and in the absence
guidance from an application, a content author expects that the DASH client selects at most one
target version for each Group taking into account its capabilities and preferences and the capabil-
ities and preferences of the media subsystem. Howevappication may obviously select mul-

tiple Groups and playout different video Adaptation Sets to support for example-cpicéure,
multi-angle and so on.

In addition, the content author may also provide priorities for target versions, if the receiper

port multiple of those. Typical examples are that the content is prepared for H.264/AVC and
H.265/HEVC capable receivers, and the content author prefers the selection of the H.265/HEVC
version as its distribution is more efficient. A device suppoiiotp decoders may then choose

the one with higher priority signalled by the content author. In a similar version, the same content
may be provided in different languages. In this case, it can still be expected that the language can
be automatically seleetl by the client, so it is assigned to a target version. Again, a content author
may express priorities on languages, for example preferring the native language over a dubbed
one. Languages may be considered as alternative content as well, but asloogpasaselection

can be provided, it may be considered as different target versions. Hence for each content of one
media type, differentarget versionsnay exist and the annotation of the content expressed that it

is expected that automated selectiom loa done. Each target version is preferably accumulated in
one Adaptation Set, with exceptions such as scalable codecs.

Finally, in the content model, each of the target version typically has multiple Representations that
are prepared to enable dynamigtshing. This aspect is outside the scope of this section as switch-

ing by the client is expected to be done independent of the media type as well as the target version,
primarily using the bandwidth and possibly abstract quality information. Howeveigtialisig

on the target versions may provide information on how to distribute the available bitrate across
different media types.

Based on this content model and the available elements, attributes and descriptdibfeoin
requirements and recommendations are provided for Adaptation Set Signalling to address main
and alternative content, associated content as well as different target versions. Based on the sig-
nalling, a client decision model is developed that may serve a content provider as a reference client
to test if the annotation provided in the MPD provides the proper results.
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3.9.4. Signalling Requirements and Recommendations
3.9.4.1. General

Assuming the content authcain map its content to the above content model, this section provides
signalling requirements and recommendations for such content, such that the content author can
expect proper playback of its content for DABHIOP clients

In general, if multiple Adagttion Sets for one media types are provided, sufficient information
should be provided such that a DASH client make proper selections, eitheratio&dly com-
municating with is platform or in communication with the application/user.

3.9.4.2. Alternative Content Signalling

If a Period containalternative content for one media tyfieen the alternatives should be differ-
entiatedln addition, one of the alternatives should be provided as main content. The main content
is intended to be selected by the client im @bbsence of any other information, e.g. at startup or if
the annotation of the content cannot be used.

Main contentis signaled by using thRole descriptor with Rolescheme as defined by MPEG
DASH in ISO/IEC 230041, 5.8.5.5urn:mpeg:dash:role:2011 with value set tamain .
Alternative contentis signaled by using thRole descriptor with Rolescheme as defined by
MPEG-DASH in ISO/IEC 23004, 5.8.5.5urn:mpeg:dash:role:2011 with value set to
alternative . If an Adaptation Set does not include either of the two signals, it is assumed to
bemain content

The alternative content may be selected by the client, if the client does have the capability to select
alternatives, typically by either communicatinglwihe application or with the user. If main and
alternative content is provided in the Media Presentation, then alternative content shall be signaled
by at least one of the two:

- aViewPoint descriptor. If ViewPoint is used for differentiation, then adst each
alternative Adaptation Set of the same media type shall inclMamndPoint  with the
same value fo@schemeldURI. The content is differentiated by different values for
the @value attribute in the descriptor for different content.

- alabel elemaent. If Label is used for differentiation, then at least each alternative Ad-
aptation Set shall includelabel with the same value fa@id. The content is differ-
entiated by different values for thabel element.

A ViewPoint descriptor is typically used # target application (identified by the the value for
@schemeldURI) is expected that can make use of the values in the ViewPoint descriptor. A
Label element is typically used if the DASH client can provide a user interaction.

3.9.4.3. Associated Content Signalling

For associated content of different media typesMieg/Point  descriptor is used. If different
media types all belong to one alternative content, they share the same View Point descriptor, i.e.
the same value fa@schemeldURI and for@value . Note also thiaeven if the DASH client

does not understand the value @schemeldURI it would stll obey the rules for associated
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selection. The DASH client may for example use the labels of different video alternatives for se-
lection, and play the audio according te@WiPoint association.

3.9.4.4. Media-type Independent Target Version Annotation

Adaptation Setsvithin one media type and alternative contamll differ by at leadty oneof the
following annotation labels

- @profiles

- ContentProtection (need to provide some details on what the options are: pre-
sent, nofpresent, different schemeS) work with content protection task force

- EssentialProperty (not-present, trickmode, a media type specific value, unknown
value, which may be extended)

- Any of those documented in section 3.10.4.5 for media type video, section 3.10.4.6 for
media type audio and 3.10.4.7 for media type subtitle.

Adaptation Sets with elemerEssentialProperty not using any of the permitted values in
this document should not be prese

In addition, Adaptation Setgithin one media type and alternative content should differ by differ-
ent values o@selectionPriority . If not present or nedifferentiating values are provided,
then the content author should expect a random selectiodayftétion Sets in case it is able to
handle multiple Adaptation Sets within one media type and alternative content.

3.9.4.5. Video Target Version Annotation

Video Adaptation Set®f one alternative conteshall differ by at leadby oneof the following
annotatioriabels:

A @codecs: specifies the codecs present within the Representation. Thespalameters
shall also include the profile and level information where applicable.

A @naxvidth and@naxHeight specifies the horizontal and vertical visual presentation
size d the video media type

A @naxFrameRate specifies thenaximum frame ratef the video media type

A EssentialProperty : specifies information about the containing element that is con-
sidered essential by the Media Presentation author selecting this component

A Thefollowing different options exist: ngtresent; generic parameters from above;
listin Table 1; unknown value, which may be extended

A Accessibilitydescriptor with
A Rolescheme as defined by MPHBASH in ISO/IEC 230041, 5.8.5.5,

urn:mpeg:.dash:role:2011 with value set tosign , caption  or sub-
title . The presence afaption or subtitle signalsopen (fiburned ino)
subtitles
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A thescheme when CE®&08 is useas defined in claus®4.3.3 with
@schemeldURI set to Urn:scte:dash:cc:cea - 608:2015 " indicating
the use of CEA08 captions carried in SEI messages.

Adaptation Sets with elemerf&ating andFramePacking as well with@scanType not set
to progressive  should not be present.

The content author should use tBeselectionPriority attribute in order to express prefer-
ence for video selection. If captions are burned in with video Adaptation Set, and other video
Adaptation Sets are available as well, the auraethor should use ti@selectionPriority

to indicate the selection priority of this Adaptation Set compared to others without burned in cap-
tions.

3.9.4.6. Audio Target Version Annotation

Audio Adaptation Set®f one alternative conteshall differ by at leasby oneof the following
annotation labels:

A @codecs: specifies the codecs present within the Representation. Thespalameters
shall also include the profile and level information where applicable.

A @lang: specifies the dominant language of the audio
A If not present, the language is unknown or no language applies

A @udioSamplingRate  specifies the maximum sampling rate of the content
A If not present, the audio sampling rate is unknown

A TheAudioChannelConfiguration specifiessupportfor output devices that iga
only be able to render specific valugis element should be present.

A If no AudioChannelConfiguration is present, then this value is unknown.

A If the codec is anyone ifiable20, Table25, Table26 or Table27, then any of the
following may be used

A urn:mpeg:dash:23003:3:audio_channel_configura-
tion:2011 asdefined in ISO/IEC 230092 [1], 5.8.5.4

A urn:mpeg:mpegB:cicp: ChannelConfiguration as defined in
ISO/IEC 230018 [49]

A If the codec is e8 or ae4 according tdable23, then the following shall be used

A tag:dolby.com,2014:dash:audio_channel_configura-
tion:2011 " as defined alttp://dashif.org/identifiers/audisourcedata/
(see section 9.2.1.2)

A If the codec is anyone ifiable24, then refer to DTS specification 9302K62400
[39]
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A EssentialProperty : specifies information about the containing element that is con-
sidered essential by the Media Presentation author selecting this component.

A The following different options exist: ngresent; generic parameters from above;
unknown value, which may be extded

A Accessibility descriptor with Role scheme as defined by MIBRGH in ISO/IEC
230091, 5.8.5.5urn:mpeg:dash:role:2011 with value set todescription
orenhanced - audio - intelligibility

Note that Adaptation Sets with elem&ating may be ignored by #hclient and should therefore
only be used if the content provider has knowledge that clients can process the applied Rating
scheme.

3.9.4.7. Subtitle Target Version Annotation

SubtitleAdaptation Setsf one alternative conteshall differ by at leadby oneof the following
annotation labels:

A @codecs: specifies the codecs present within the Representation. Thespatlameters
shall also include the profile and level information where applicable.

A @lang: specifies the language of the subtitle
A If not present, thé&anguage is unknown or no language applies

A EssentialProperty : specifies information about the containing element that is con-
sidered essential by the Media Presentation author selecting this component

A The following different options exist: ngresent; geeric parameters from above;
unknown value, which may be extended

A Accessibilitydescriptor with Rolscheme as defined by MPHTASH in ISO/IEC
230091, 5.8.5.5urn:mpeg:dash:role:2011 with value set todescription
or caption

3.9.4.8. Other Annotation, Auxiliary D ata

In addition to selection relevant data, the Adaptation Set may also signal additional auxiliary in-
formation. Auxiliary information is expressed by

- The Role descriptor witthe Role scheme as defined by MREA&SH as defined in
ISO/IEC 230091, 5.8.5.5urn:mpeg:dash:role:2011 with the following values:

0 caption
0 subtitle
0 main

o alternate

0 supplementary
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0 sign

0 emergency

o dub

- The Supplemental descriptor with t@schemeldURI and@alue pairs

o Trickmode:@schemeldURI set to"http://dashif.org/guide-

3.9.5.
3.95.1.

lines/trickmode " and the@value the value of@id attribute of the Adap-
tation Set to which these trick mode Representations belong.

Period-continuous Adaptation Sets by usihg @schemeldUri set to
"urn:mpeg:dash:period - continuity:2015" with the @value of the
descriptor matching the value of @id of aAdaptation Sethat is contained in
the MPD,

Period-connectedddaptation Sets by usirfyja @schemeldUri set to
"urn:mpeg:dash:period - con nectivity :2015" with the @value of
the descriptor matching the valokan@id of a Adaptation Sethat is contained
in the MPD,

Switching across Adaptation Se@chemeldUri  set to
urn:mpeg:dash:adaptation - set - switching:20 16 and the@value

is acommaseparated list of Adaptation Set IDs thay be seamlessly switched
to from this Adaptation Set.

Client Processing Reference Model

Introduction

The following client model serves two purposes:

- In the absence of other information, the following client model may be implemented in a

DASH client for the purpose of selectionAdaptation Set for playout

- A content author may use the model to verify that the annotation is properly done in or-

der to get the desired client behaviour.

In the model it is assumed that the client can get sufficient information on at least the following

properties:

- For each codec in th@codecs string, the DASH client can get information if the me-
dia playback platform can decode the codec as described in the string. The answer
should be yes or no.

- For each DRM system in ti@ontentProtection element &ing, the DASH client
can get information if the media playback platform can handleCihwgent Protection
schemeaas described in the string. The answer should be yes or no.

- the DASH client can get information on the media playback platform and rendering ca-

pabilities in terms of

DASH-IF Interoperability Points v4.1 43



o the maximum spatial resolution for video that can be handled
o the maximum frame rate for video that can be handled
o the audio channel configuration of the audio system
o the audio sampling rate of the audio system
the preferred language the system

- Accessibility settings for captions, subtitles, audio description, enhanced audio intelligi-
bility,

0o No o1 b~ W N Bk
1

- Potentially preferences on media playback and rendering of the platform

9 Note of any of these functionalities are not fulfilled, then it mdyts#i functional, but it may not
10 result in the full experience as provided by the content author. As an example, if the DASH client
11 cannot determine the preferred language, it may just use the selection priority for language selec-
12 tion.

13 3.9.5.2. Generic Processing Mdel

14 The DASH client uses the MPD and finds the Period that it likes to join, typically the first one for
15 On-Demand content and the one at the live edge for live content. In order to select the media to be
16 played, the DASH client assumes that the conseotfered according to the content model above.

17 1. The DASH client looks fomain contenti.e. any Adaptation Set with annotation

18 Role @schemeldURI=" urn:mpeg:dash:role:2011 " and

19 Role @alue =" alternative" is excluded initially for selection. Note that in this

20 model it is assumed that immediate startup is desired. If the DASH client wants to go

21 over the alternatives upfront before starting the service, then the sequence is slightly dif-
22 ferent, but still follows the remaining principles.

23 2. DASH Client checks eachdaptation Set fothe supportedapabilitiesof the platform

24 A Codec support

25 A DRM support

26 A Rendering capabilities

27 If any of the capabilities are not supported, then the Adaptation Set is excluded from the
28 selection process.

29 3. The DASH client checks if it suppsrfor CEA608 rendering as defined atause

30 6.4.3.3 If not supported, any accessibility descriptor witl@ischemel-

31 dURI="urn:scte:dash:cc:cea - 608:2015 " removed. Note that the Adaptation

32 Set is maintained as it may used for regular video degod

33 4. DASH Client checkss there are any specific settings for accessibitityhe user prefer-

34 ences

35 A If captions are requested by the system, the DASH client extracts
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26
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33

34
35

A all video Adaptation Sets that haveAccessibility descriptor as-
signed with either th@schemeldURI ="
urn:mpeg:dash:role:2011 and@value="caption " or
@schemeldURI=" urn:scte:dash:cc:cea - 608:2015 "
(burnedin captions and SHbased), as well as

1 all subtitle Adaptation Sethat have arccessibility de-
scriptor assigned with either ti@schemeldURI ="
urn:mpeg:dash:role:2011 and@value="caption "

1 and makes those available for Adaptation Sets that can be selected
by the DASH client for caption support.

A If multiple caption Adaptation Sets remain, the DASH client removes all
Adaptation Setsrbm the selection that are not in the preferred language, if
language settings are provided in the system. If no language settings in the
system are provided, or none of the Adaptation Sets meets the preferred
languages, none of the Adaptation Sets arevewhfrom the selection.

Any Adaptation Sets that do not contain language annotation are removed,
if any of the remaining Adaptation Sets provides proper language settings.

A If still multiple caption Adaptation Sets remain, then the ones with the
highest alue of@selectionPriority is chosen.

A I still multiple caption Adaptation Sets remain, then the DASH client
makes a random choice on which caption to enable.

else if no captions are requested

A theAccessibility element signaling captions may be removed from
the Adaptation Set before continuing the selection.

If sign language is requested

A all video Adaptation Sets that have/ecessibility descriptor as-
signed with@schemeldURI="urn:mpeg:dash:role:2011 " and
@value="sign" are made available for sign language support.

else if no sign language is requested

A the Adaptation Set signaling sign language with Aweessibility

element may be removed from the Adaptation Set before continuing the
selection.

If audio descrifions are requested

A all video Adaptation Sets that have/rcessibility descriptor as-
signed with@schemeldURI="urn:mpeg:dash:role:2011 " and
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A

A

A

@value=" description" are made available for audio description
support.

else if no audio descriptions are requested

A the Adaptation Set signaling audio descriptions with Aveessibil-
ity element may be removed from the Adaptation Set before continuing
the selection.

If enhanced audio intelligibility is requested

A all audio Adaptation Sets that haveAgtessibility desciptor as-
signed with@schemeldURI="urn:mpeg:dash:role:2011 " and
@value=" enhanced - audio - intelligibility" are made avail-
able for enhanced audio intelligibility support.

else if no enhanced audio intelligibility is requested

A theAccessibility element may beemoved from the Adaptation Set
before continuing the selection.

5. If video rendering is enabled, based on the remaining video Adaptation Sets the client se-
lects one as follows:

A

Any Adaptation Set for which an Essential Descriptor is present for which the
scheme or value is not understood by the DASH client, is excluded from the se-
lection

Any Adaptation Set for which an Essential Descriptor is present for which the
scheme i$ttp://dashif.org/guidelines/trickmode , Is excluded
from the initial selection

If still multiple video Adaptation Sets remain, then the ones with the highest value
of @selectionPriority is chosen.

If still multiple video Adaptation Sets remain, then the DASH client makes a
choicefor itself, possibly on a random basis

Note that an Adaptation Set selection may include multiple Adaptation Sets, if
Adaptation Set Switching is signaled. However, the selection is doneljooros
Adaptation Set.

6. If audio rendering is enabled, based on the remaining audio Adaptation Sets the client se-
lects one as follows:

A

Any Adaptation Set for which an Essential Descriptor is present for which the
scheme or value is not understood by theSBiclient, is excluded from the se-
lection

DASH-IF Interoperability Points v4.1 4€


http://dashif.org/guidelines/trickmode

O ~NoOouThWNE

[
= O

e
AWN

15
16

17
18
19

20
21
22
23
24
25
26

27
28

29
30

31
32
33
34
35

36
37
38

7.

8.

9.

A If multiple audio Adaptation Sets remain, the DASH client removes all Adapta-
tion Sets from the selection that are not in the preferred language, if language set-
tings are provided in the system. If no languagersgtin the system are pro-
vided, or none of the Adaptation Sets meets the preferred languages, none of the
Adaptation Sets are removed from the selection. Any Adaptation Set that does not
contain language annotation are removed, if any of the remainingaiidapSets
provides proper language settings.

A If still multiple audioAdaptation Sets remain, then the ones with the highest value
of @selectionPriority is chosen.

A If still multiple audioAdaptation Sets remain, then the DASH client makes a
choicefor itself, possibly on a random basis

A Note that an Adaptation Set may include multiple Adaptation Sets, if Adaptation
Set Switching or receiver mix is signaled. However, the selection is done for only
one Adaptation Set.

If subtitle rendering is enabled, leaison the subtitle Adaptation Sets the client selects
one as follows:

A Any Adaptation Set for which an Essential Descriptor is present for which the
scheme or value is not understood by the DASH client, is excluded from the se-
lection

A If multiple subtitle Adptation Sets remain, the DASH client removes all Adapta-
tion Sets from the selection that are not in the preferred language, if language set-
tings are provided in the system. If no language settings in the system are pro-
vided, or none of the Adaptation Seteets the preferred languages, none of the
Adaptation Sets are removed from the selection. Any Adaptation Set that does not
contain language annotation are removed, if any of the remaining Adaptation Sets
provides proper language settings.

A If still multi ple subtitleAdaptation Sets remain, then the ones with the highest
value of@selectionPriority is chosen.

A If still multiple subtitleAdaptation Sets remain, then the DASH client makes a
choicefor itself, possibly on a random basis

If the DASH client las the ability to possibly switch to alternative content, then alterna-
tive content may be selected either throughLthigel function or theViewPoint
functionality. This selection may be done dynamically during playout and the DASH cli-
ent is expected to stgh to the alternative content. Once all alternative content is se-
lected, the procedures following from step 2 onwards apply.

At Period boundary a DASH client initially looks for a Period continaitgonnectivity,
i.e. does the Period include an AdajmatSet that is a continuation of the existing dhe.
not present it will go back to step 1 and execute the decision logic.
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4. Live Services

4.1. Introduction

MPEG-DASH [1] provides several tools to support live services. $hidionprimarily provides
requirements and recommendations for both, content authoring as well as client implementations.

For this purpose, thisection

1 clarifies and refines details of interoperability points when used with the features available
in the 2012 edition of MPE®ASH with respect to different service configurations and
client implementations.

1 defines one new interoperability point in orderatibdress content authoring and client re-
guirements to support a broad set of live services based on the features defined in the sec-
ond edition (published 2014) of MPEIGASH as well certain amendments thereof.

The main features and differences of thesertwades are provided in the followifigble5:

Table 5 Main features ard differences of simple and main live services

Feature Simple Main

Support of MP®type static, dynamic static, dynamic

MPD updates yes yes

MPD updated triggered by MPD attribute minimum update p¢ by Inband Event messages in t

riod segments.

URL generation based on MPD based on MPD and segment infc
mation

Timeline gaps based on MPD and for entire content may be signalled individually fo
each Representation

Segments starts with closed GOP closed GOP

Support of Simple Live Yes No

Support of Main Live Yes Yes

To support the definition of the interoperability points, architectures and use cases were collected.
These are documentedAmnex B

4.2. Overview Dynamic and LiveMedia Presentations

DASH Media Presentations wiMPI@type set to"dynamic” enable that media is made avail-
able over time and its availability may also be removed over time. This has two major effects,
namely

1. The content creator can announce a DASH MPdasentation for which not all content
is yet available, but only gets available over time.

2. Clients are forced intatimed schedule for the playout, such that they follow the sched-
ule as desired by the content author.

Dynamic services may be used forfelient types of services:
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1. Dynamic Distribution of Available Content: Services, for which content is made avail-
able as dynamic content, but the content is entirely generated prior to distribution. In this
case the details of the Media Presentation, espetii@l Segments (duration, URLS) are
known and can be announced in a single MPD without MPD updates. This addresses use
cases 2 and 3 iannex B

2. MPD-controlled Live Service Services for which the content is typically generated on
the fly, and the MPD needs to be updated occasionally to reflect changes in the service
offerings. For such a service, the DASH client operates solely on information in the
MPD. This addrsses the use cases 4 and Brinex B

3. MPD and Segmentcontrolled Live: Services for which the content is typically gener-
ated on the fly, and the MPD may need ¢oupdated on short notice to reflect changes in
the service offerings. For such a service, the DASH client operates on information in the
MPD and is expected to parse segments to extract relevant information for proper opera-
tion. This addresses the useesd and 5, but also takes into account the advanced use
cases.

Dynamic and Live services are typically controlled by different client transactions andsde/er
signaling.

For initial access to the service and joining the service, an MPD is requipg2s May be accessed

at join time or may have been provided earlier, for example along with an Electronic Service
Guide. The initial MPD or join MPD is accessed and processed by the client and the client having
an accurate clock that is synchronized with slerver can analyze the MPD and extract suitable
information in order to initiate the service. This includes, but is not limited to:

1 identifying the currently active Periods in the service and the Period that expresses the live
edge (for more details sbelow)

1 selecting the suitable media components by selecting one or multiple Adaptation Sets.
Within each Adaptation Set selecting an appropriate Representation and identifying the
live edge segment in each Representations. The client then issues réagugssSeg-
ments.

The MPD may be updated on the server based on certain rules and clients consuming the service
are expected to update MPDs based on certain triggers. The triggers may be provided by the MPD
itself or by information included in Segmentef@2nding on the service offering, different client
operations are required as showrrigure4.
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Figure 4 Different Client Models

The basic functionef alive client describd in this document are as follows:

1. Dynamic Segment DownloadThis function creates a list of available Segments based
on a single MPD and joins the service by downloading Segments|atetieelge or may
use the Segments that are available in the time shift buffer.

Simple Live Client: This client includes the dynamic segment download function and

enables updates of the MPD based on information in the MPD in order to extend the Seg-
ment Ist at the live edge. MPDs are refetched and revalidated when the currently availa-
ble MPD expires, i.e. an expired MPD can no longer be used for Segment URL genera-

tion.

Main Live Client: This client includes all features of the simple Live DASH client. In

addition it generates Segment URLs and it updates the MPD based on information in the
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Segments if the service offering provides this feature. MPDs are refetched and revali-
dated when the currently available MPD expires based on expiry information in the Seg-
ments.

Requirements and recommendations for the dynamic segment download functions are defined in
in sectiord4.3.

Requirements and recommendations for simple kveice offerings and corresponding clients
are defined in sectiof.4.

Requirements and recommendations for main live service offerings and correspondingrelients a
defined in sectiod.5.

Requirements and recommendations when offering live servicesdentand are provided in
section4.6.

Requirements and recommendations for clssver timing synchronization are defined in sec-
tion 4.7.

Requirements and recommendations for robust servicengifeand corresponding clients are
defined in sectiod.8.

InteroperabilityAspectsare defined in sectiof.9.

4.3. Dynamic Segment Download

4.3.1. Background and Assumptions

The dynamic segment download function is a key component of live services, In addition, the
dynamic segment download function may also be used for scheduling a playbaetremainder

of this subsectionit is assumed that the client has access to desimgtance of an MPD and all
information of the entire Media Presentation is contained in the MPD.

We refer to this service as dynamic service as the main feature is that the Segments are made
available over time following the schedule of the media timeeli

Dynamic services are primarily documented in order to provide insight into the timing model of
Segment availabilities. This forms the basis for live services and explains the key concepts and
rules for Segment availabilities.

4.3.2. Preliminaries
4.3.2.1. MPD Information

If the Media Presentation is of type dynamic, then Segments have different Segment availability
times, i.e. the earliest time for which the service provider permits the DASH client to issue a re-
guest to the Segment and guarantees, under regulariopenatdes, that the client gets a 200 OK
response for the Segment. The Segment availability times for each Representation can be com-
puted based on the information in an MPD.

For a dynamic service the MPD should at least contain information as availdblel@®. Infor-
mation included there may be used to compute a list of announced Segments, Segment Availability
Times and URLSs.
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Assume that an MPD is available to the DASH client at a specificalak time NOW It is
assumed that the client and the DASH server providing the Segments are synchronized to walll
clock, either through external means or through a specific m@mer synchronization. Details

on synchronization are discussed in secfigh

Assuming synchronization, the information in the MPD can then be used by the clientNO¥he
to derive the availability (or neavailability) of Segments otie server.
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Table 6 -- Information related to Segment Information and Availability Times for a dynamic service

MPD Information
MPI@type

MP®@availabilityStartTime

MPI®mediaPresentationDuration

MPI@suggestedPresentationDelay

MPI®minBufferTime

MP@timeShiftBufferDepth

Period @start

Representation  @vailabil-

ityTimeOffset

Status

mandatory, set todynamic "

mandatory

mandatory (for the considered
use cases)

optional, but recommended

mandatory

optional, but recommended

Mandatory for thdirst Period in
the MPD

Optional default

DASH-IF Interoperability Points v4.1

Comment

the type of the Media Preser
tation is dynamic, i.eSeg-
ments get available over
time.

the start time is the anchor
for the MPD in walclock
time. The value is denoted a
AST in the following.

provides the duration of the
Media Presentation.

suggested presentation dela
as delta to segment availabi
ity start time. The value is
denoted aSPD Details on
the setting and usage of the
paraneter is provided in the
following.

minimum buffer time, used
in conjunction with the
@bandwidth attribute of
each Representation. The
value is denoted a4BT. De-
tails on the setting and usag
of the parameter is provided
in thefollowing.

time shift buffer depth of the
media presentation. The
value is denoted aBSB De-
tails on the setting and usag
of the parameter is provided
in the following.

the start time of the Period
relative to the MPD availa-
bility start time

The offset in availability time
for this Representation. It
may also be available on a
Base URL omefault For
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more details refer to section
4.3.2.25
NOTE: the value ofINF " im-

plies availability of all segments
starts aMP@availabil-

ityStartTime
SegmentTemplate @media mandatory The template for the Media
Segmenassigned to a Repre
sentation.
SegmentTemplate @startNumber optional default number of the first segment
in the Periodassigned to a
Representation
SegmentTemplate @imescale optional default timescale for this Represent.
tion.
SegmentTemplate @duration exactly one oSegmentTem- the duration of each Segmel
SegmentTemplate.SegmentTime- plate @duration or Seg- in units of a time.

line mentTemplate.Seg-
mentTimeline  must be pre-
sent per Representation.

4.3.2.2. Segment Information Derivation
4.3.2.2.1. Introduction

Based on an MPD including information as documentédhlrie6 and available at timBOWon

the server, a synchronized DASH client derives the information of the list of Segments for each
Representation in each Period. This section only describes the information that is expressed by the
values in the MPD. The generation of the informatiorttenserver and the usage of the infor-
mation in the client is discussed in sect#bB.3and4.3.4 respectively.

MPD information is provided in subsectidr8.2.2.3 The Period based information is documented
in subsection4.3.2.2.4 and the Representation information is documented inssation
4.3.2.2.5

4.3.2.2.2. Definitions
The following definitions are relevant and aligned with ISO/IEC 23D09

1 available Segment is a Segment that is accessible at its assigned MRLTFhis means
that a request with an HTTP GET to the URL of the Segment results in aofeiblg
Segment and 2xx status code.

1 valid Segment URL is an HTFBRL that is promised to reference a Segment during its
Segment availability period.

1 NOW:Is a time that is expressing the time on the content server aslockltime. All
information in theVIPD related to wailtlock is expressed as a reference to the NO&\

4.3.2.2.3. MPD Information

For a dynamic service without MPD updates, the following information shall be present and not
present in the MPD (also please refel &ble6):

1 TheMP@type shall be set todynamic ".
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1 TheMPI@®mediaPresentationDuration shall be present, or thieriod @dura-
tion of the last Period shall be present.
1 TheMP@minimumUpdatePeriod shall notbe present.

Furthermore, it is recommended to provide a valueviB@timeShiftBufferDepth and
MPI@suggestedPresentationDelay

4.3.2.2.4. Period Information

Each Period is documented bfPeriod elementin the MPD. An MPD may contain one or more
Periods. In order to document the use of multiple Periods, the sequence of Period elements is
expressed by an indéxvith i increasing by 1 for each new Period element.

Each regular Periodin the MPDis assigned a

1 Period start tim&Swdi] in wall-clock time,
1 Period end tim&Ewdi], in wall-clock time.

Note: An MPD update may extend the Period end time of thedgstarPeriod. For details refer to sectidri.

The Period start timBSwdi] for a regular Period is determined according to section 5.3.2.1 of
ISO/IEC 230091

1 If the attribute@start is present in th@eriod , thenPSwg¢i] is the sum oASTand the
value of this attribute.

1 If the @start attribute is absent, but the previd@eriod element contains @dura-
tion attribute then the start time of the Period is the sum of the start time of the previous
PeriodPSwg¢i] and the value of the attrilei@duration of the previous Period. Note
that if both are present, then tlegstart of the new Period takes precedence over the
information derived from th@&duration attribute.

The Period end timBEwdi] for a regular Periodis determined as follows:

1 If the Period is the last one in the MPRBe timePEwdi] is obtained as
o the sum ofASTand Media Presentation DuratiMdPDur, with MPDur the value
of MP@mediaPresentationDuration if present, or the sum &fSwdi] of
the last Period and the valueRxér iod @duration of the last Period.
1 else
o thetimePEwdi] is obtained as the Period start time of the next Perio®Ew(i]
= PSwd¢i+1].
4.3.2.2.5. Representation Information

Based on such an MPD at a specific tin@W, a list of Segments contained in a Represtent
in a Period with Period start tim@Swg¢i] and Period end timeEwdi] can be computed.

If the SegmentTemplate.SegmentTimeline iIs present and theSegmentTem-
plate @duration is not present, th8egmentTimeline element containdls S elements
indexed with s=1, ..Ns, then let

i tsthe value of th&@timescale attribute
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1 atois the value of th@@availabilityTimeOffset attribute, if present. Otherwise it
is zero.
t[s] be the value o@t of thes-th S element,
d[s] be the value o@dof thes-th S element
T rls] be,
o if the @rvalue is greater than or equal to zero
A one more than the value @ of thes-th S element. Note that @r is
smaller than the end of this segment timeline element, then this Represen-
tation contains gaps and ntedia is present for this gap.

= =

o else
A if t{st+1] is present, ther{s] is the ceil of {[s+1] - t[s])/d[9]
A elser[g] is the ceil of PEwdi] - PSw{i] - t[s]/ts)*t/d[9])
If the SegmentTemplate @duration is present and thé&egmentTemplate.Seg-
mentTimeline is not present, then

1 Ns=1,

1 atois the value of thé@availabilityTimeOffset attribute, if present. Otherwise it
is zero.

1 tsthe value of thé@timescale attribute

1 t[g]isO,

1 thed[g] is the value of@uration attribute

1 r[g]is the ceil of PEwdi] - PSw¢i] - t[s]/ts)*ts/d[9])
Note that the last segment may not existigsld is one less than this computation provides.
For more details, refer to claudel.3.6
4.3.2.2.6. Media Time Information of Segment
Each Media Segment at positiknl,2, ...for each Representation has assigned an earliest media

presentation tim&PT[k,r,i] and an accurate segment dura&iPUR(k,r,j], all measured in media
presentation time.

The earliest presentation time may be estimated from the MPD using the segment availability start

time minus the segment duration announced in the MPD.
The earliest pesentation time may be accurately determined from the Segment itself.

For details on the derivation of the earliest presentation time, see seetibh
4.3.2.2.7. Segmen List Parameters

For each Periodwith Period start tim&@Swg¢i] and Period end timREwdi] and each Represen-
tationr in the Period the following information can be computed:

1 the presentation time offset described in the M&]Lx;]

1 the availability tme offset of this Representation, ajo[

1 the number of the first segment described in the MPD,rk1[
1 the number of the last segment described in the MPDyKk2[

DASH-IF Interoperability Points v4.1 55



segment availability start time of the initialization segment SAS,f[
segmentvailability end time of the initialization segment SABTf]
segment availability start time of each media segment SAST[k=K1, ..., k2
segment availability end time of each media segment SKET[ k=K1, ..., k2
adjusted segment availabilittast time ASASTD,i,r], k=0, k1, ..., k2
segment duration of each media segmenk$p)| k=k1, ..., k2

= =4 A4 A4 A -2

0o N o o B~ 0N B

11
12

13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29

30

31
32
33
34
35
36
37
38
39
40

1 the URL of each of the segments, URLLf]

In addition,

1 the latest available PeriofNOW and the latest segment available at the seniOKf|
canbe computedThis segment is also referred tolias edge segment

1 the earliest available Perial[NOW and the earliest segment available at the server

k* NOW can be computed.

Based on the above information, for each Representatioa Period, the segment availability
start timeSASTK,i,r], thesegment availability end time of each segnhETK,i,r], the segment
duration of each segme80k,i,r], and the URL of each of the segmed&L{k,i,r] within one
Periodi be derived as follows uginthe URL Template functiodlRLTemplate (Replace-

mentString , Address) as documented in subsecdd2.2.8
1 k=0
1 SASTO,i,r] = PSwdi]
1 ASASTO,i,r] = PSwg¢i] - ato
1 fors=1, .. N[i,r]
o k=k+1
0 SASTK,i,r] = PSwgi] + (t[s,i,r] + d[s,i,r] - ofi,r])/ts
0 ASASTK,i,r] = SASTK,i,r] T ato
o SOKk,ir] =d[s,i,r]/ts
0 SAETK,i,r] = SASTL,i,r] + TSB+ d[s,i,f]/ts
o if SegmentTemplate @mediacontainsfNumber$
A Address@startNumber
A URLK,i,r] = URLTemplate ($Number$, Addres}
else
A Address=t[s,i,]
A URLUK,i,r] = URLTemplate ($Time$ , Addres3
o forj=1,..r[s,il]

A k=k+1

A SASTK,ir] = SAST-1,i,r] + d[s,i,fl/ts

A ASASTK,i,r] = SASTK,i,r] i ato

A SAETK,ir] = SASTK,i,r] + TSB+d[s,i,f] /ts

A SDk,ir] = d[s,if /ts
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A if SegmentTemplate @mediacontains$Number$
A Address Addresst 1
A URLLK,i,r] = URLTemplate ($Number$, Addres}
else
A Address = Address dfs,iI]
A URLK,i,r] = URLTemplate ($Time$ , Addres$
1 Kk2[ir]=k
1 SAETO,i,r] = SAETK2[i,r],ir]
Note that not all segments documented above may necessarily be accessible@w¥jrbat only
thosethat are within the segment availability time window.

Hence, the number of the first media segment described in the MPD for this Perigll,i&1he
smallesk=1, 2, ... for whicl5SASTK,i,r] >= NOW

The latest available PeriofNOW is the Period with the largesPEwdi] andPEwdi] is smaller
than or equal ttNOW,

The latest available segmddiNOW] available for a Representation of PeripdOW (also the
live edge segment} the segment with the largést0,1,2,... such tha&8ASTK,i,r] is smaler than

or equal tdNOW. Note that this contains the Initialization Segment i@ as not necessarily any
media segment may yet be available for PeiiddlOW. In this case, last media segment
k2[i[NOW-1r], i.e., the last media segment of the previBesiod is the latest accessible media
Segment.

However, if the@availabilityTimeOffset is present, then the segmefdr this Represen-
tationare available earlier than the nominal segment availability start time, nam&RA&fK,i,r].

4.3.2.2.8. URL Generation with Segment Template

The functionURL Template functiolrJRLTemplate (ReplacementString , Address) gen-

erates a URL. For details refer to ISO/IEC 2300Q], sectim 5.3.9.4. Once the Segment is gen-
erated, processing of the Base URLSs that apply on this segment level is done as defined in ISO/IEC
230091, section 5.6.

4.3.2.2.9. Synchronized Playout and Seamless Switching

In order to achieve synchronized playout across difféepresentations, typically from different
Adaptation Sets, the different Representations are synchronized according to the presentation time
in the Period. Specifically, the earliest presentation time of each Segment according to section
4.3.2.2.6determines the playout of the Segment in the Period and therefore enables synchronized
playout of different media components as well as seamless switching within oneamedanent.

4.3.3. Service Offering Requirements and Guidelines
4.3.3.1. General Service Offering Requirements

For dynamic service offerings, the MPD shall conform to DASHOP as defined in sectio8
and shall at least contain the mandatory information as documenitatlle®t.

If such an MPD is acesible at timéNOWat the locatioMPD Location , then
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1 all Segments for all Representations in all Periods as announced in an MPD shall be
available latest at the announced segment availability star6i&dk,i,r] at all
URUk,i,r] as derived in sectiof.32.2

1 all Segments for all Representations in all Periods as announced in an MPD shall at least
be available until the announced segment availability endSAeEd[k,i,r] at all
URLk,i,r] as derived in sectiof.3.2.2

1 for all Media Segments for all Representations in all Periods as announced in an MPD the
Segment in thi®eriod is available prior to the sum of Period start, earliest presentation
time and segment duration, i®ASTK,i,r] <= PSw¢i] + SOKk,r,i] + EPTk,r,i];

1 if a Media Segments with segment numkées delivered over a constant bitrate channel
with bitrate equal to value of th@bandwidth attribute then each presentation tiRie
is available at the client latest at time with a delay of at lA@st MBT.

4.3.3.2. Dynamic Service Offering Guidelines
4.3.3.2.1. Introduction

In order to offer a simple dynamic service for which the following details are known in advance,

1 start at walclock timeSTART,
1 exact duration of media presentatlPBURATION

1 location of the segments for each Representationtetp://example.com/$Rep-
resentationID$/ $Numbers$" ,

a service provide may offer an MPD as follows:

Table 71 Basic Service Offering

MPD Information Value
MPIDtype dynamic
MP@availabilityStartTime START
MPI@mediaPresentationDuration PDURATION
MPI@suggestedPresentationDelay SPD
MPI@minBufferTime MBT
MP@timeShiftBufferDepth TSB
MPDBaseURL "http://example.com/"
Period @start PSTART
Representation @bandwidth BW
SegmentTemplate @media " $RepresentationID$/ $Num-
ber$"
SegmentTemplate @startNumber 1
SegmentTemplate @duration SDURATION

Note that the setting of capitalized parameters is discussed in se&idr2.2
According to the worlow shown inAnnex B

DASH-IF Interoperability Points v4.1 58



O 0o N O WNPRE

1 the MPD is generated and published prior to t&T&RTsuch that DASH clients may
access it prior to the start of the Media Presentation.

no redundant tools are considered.

the encoder and the segmenter generate segments of d@BtitRATIONand publish
those on the origin server, such that they are available atkJRigst at their announced
segment availability start time SAK]|[

= =4

Based orthe details in sectiof.3.2.2 the Segment Information is derived as:

1 ki1=1
1 k2 =ceilPDURATION/SDURATION)
1 fork=1,..,k2
0 SAST[K = START+ PSTART+ k* SDURAION
0 SAETIK] = SASTK] + TSB+ SDURATION
0 SDIK] = SDURATION
0 URLJ[K] = http://example.com/$Representation|D$/k
1 The segment availability times of the Initialization Segment are as follows:
0 SASTI[0] = START+ PSTART
0 SAETI[0] = SAET[K2]

4.3.3.2.2. Basic Parameter Settings
In the following recommendations are provided for the

1 Time Shift Buffer DepthTSB):

o If the content should be consumed at the live edge, then the time shift buffer depth
should be set short. However, @B should not be smaller than the recommended
value of 4*SDURATIONand 6 seconds in media time in order for the client to do
some prebuffering in more difficult network conditions.

o If no restrictions on the accessibility of the content are provided, tharsBenay
be set to a large value that eveneadsPDURATION

1 Suggested Presentation Del®&pPO

o If synchronized playput with other devices adhering to the same rule is desired
and/or the service provider wants to define the typical live edge of the program,
then this value should be provided. Beevice provider should set the value taking
into account at least the following:

A the desired entb-end latency

A the typical required buffering in the client, for example based on the net-
work condition

A the segment duraticBDURATION

A the time shift buffer dpthTSB

0 A reasonable value may be 2 to 4 times of the segment duBDORATION but
the time should not be smaller than 4 seconds in order for the client to maintain
some buffering.

1 Segment DurationrSDURATION

o The segment duration typically influencdse endto-end latency, but also the

switching and random access granularity as in DABH/AVC each segment
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starts with a stream access point which can also be used as s switch point. The
service provider should set the value taking into account atthesagillowing:
A the desired entb-end latency
the desired compression efficiency
the startup latency
the desired switching granularity
the desired amount of HTTP requests per second
the variability of the expected network conditions
o0 Reasonable values feegment durations are between 1 second and 10 seconds.
1 Minimum Buffer Time MBT) and bandwidth§W

o the value of the minimum buffer tinrgloes not provide any instructions to the
client on how long to buffer the media This aspect is covered #3.4.4 The
value describes how much buffer a client should have uddatnetwork condi-
tions. As such,MBTis not describing the burstiness or jitter in the network, it is
describing the burstess or jitter in theontent encoding Together with tha8W
value, it is a property of the conteniising the "leaky bucket" model, it is the size
of the bucket that maké&Mrue, given the way the content is encoded.

o The minimum buffer time providesformation that for each Stream Access Point
(and in the case of DASHF therefore each start of the Media Segment), the prop-
erty of the stream: If the Representation (starting at any segment) is delivered over
a constant bitrate channel with bitrate eqoalalue of theBWattribute then each
presentation tim@T is available at the client latest at time with a delay of at most
PT+ MBT.

o Inthe absence of any other guidartbe,MBTshould be seto the maximum GOP
size (coded video sequence) of the contevhich quite often is identicab the
maximum segment duration TheMBT may be set to a smaller value than maxi-
mum segment duration, but should not be set to a higher value.

> > > >

In a simple and straightforward implementation, a DASH client decides dovimjotte next
segment based on the following status information:

1 the currently available buffer in the media pipelibeffer

1 the currently estimated download raiate

1 the value of the attribut@minBufferTime , MBT

1 the set of values of th@bandwidth attribute for each RepresentatioBV\i]

The task of the client is to select a suitable Represeniation

The relevant issue is that starting from a SAP on, the DASH client can continue to playout the
data. This means that at the current time it does afferdata in the buffer. Based on this model

the client can download a Representatitor whichBWi] rat@buffer/MBTwithout emptying

the buffer.

Note that in this model, some idealizations typically do not hold in practice, such as coitrstent
channel, progressive download and playout of Segments, no blocking and congestion of other
HTTP requests, etc. Therefore, a DASH client should use these values with care to compensate
such practical circumstances; especially variations in dowrdpedd, latency, jitter, scheduling

of requests of media components, as well as to address other practical circumstances.
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One example is if the DASH client operates on Segment granularity. As in this case, not only parts
of the Segment (i.eMBT) needs tdoe downloaded, but the entire Segment, and iMB is

smaller than the Segment duration, then rather the segment duration needs to be used instead of
the MBTfor the required buffer size and the download scheduling, i.e. download a Representation

i for whichBWi] rat@®buffer/max_segment_duration
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For low latency cases, the above parameters may be different.

4.3.3.2.3. Example

Assume a simple example according able10.

Table 81 Basic Service Offering

MPD Information Value
MP@type dynamic
MP@availabilityStartTime START
MPI@mediaPresentationDuration 43sec
MPI®suggestedPresentationDelay 15sec
MPI@minBufferTime 5sec
MP@timeShiftBufferDepth 25sec
MPDBaseURL "http://example.com/"
Period @start 0
SegmentTemplate @media "$Representation|D$/SNum-

ber$"

SegmentTemplate @startNumber 1
SegmentTemplate @duration 5sec

Based on the derivation in sectiér8.3.2.1 the following holds:

7 k1=1,k2=9
1 fork=1,.., k2
0 SASTIK] = START+ k*5sec
0 SAET[K] = SASTK] + 30sec
0 URL[K] = http://lexample.com/1/k
1 The segment availability times of thatialization Segment are as follows:
0 SASTI[0] = START
0 SAET[0] =START + 75 sec

Figure5 shows the availability of segments on Hezverfor different times NOW. In particular,
before START no segment is available, but the segment URLs are valid. With@kvadvanc-
ing, segmers get available.
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Figure 5 Segment Availability on the Server for different time NOW (blue = valid but not yet available seg-
ment, green = available Segment, red = unavailable Segment)

4.3.3.3. Content Offering with Periods

4.3.3.3.1. General

For conent offered within a Period, and especially when offered in multiple Periods, then the
content provider should offer the content such that actual media presentation time is as close as

possible to the actual Period duration. It is recommended that tloel Flaration is the maximum
of the presentation duration of all Representations contained in the Period.

A typical Multi-Period Offering is shown ifable9. This may ér example represent a service
offering where main content provided in Period 1 and Period 3 are interrupted by an inserted Period
2.

Table 9 Multi -Period Service Offering

MPD Information Value
MPL@type dynamic
MPI@availabilityStartTime START
MPI®mediaPresentationDuration PDURATION
MP®@suggestedPresentationDelay SPD
MPI® minBufferTime MBT
MPD@timeShiftBufferDepth TSB
MPD.BaseURL "http://example.com/"
Period @start PSTART

SegmentTemplate @media " 1/ $RepresentationID$/$Number$"”

DASH-IF Interoperability Points v4.1 62





































































































































































































































































































































































































































































