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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, content protection and subtitling. Extensions for multi-channel audio
and Ultra High Definition video 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.
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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.
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In addition, t he following abbreviations and acronyms are used in this

Federal Communications Commission

AAC Advanced Audio Coding

AFD Active Format Description

AST Availability Start Time

AVC Advanced Video Coding

BMFF Base Media File Format

CDN Content Delivery Network

CEA Consumer El ectronics Association
CT Composition Time

DRM Digital Rights Management

DT Decode Time

DTV Digital Television

DvB Digital Video Broadcasting

DVS Digital Video Subcommittee
EDL Encoding Decision List

EME Encrypted Media Extension
EPT Earliest Prese ntation Time
FCC

GOP Group -of-Pictures

HD High -Definition

HDR High Dynamic Range

HDMI High -Definition Multimedia Interface
HE-AAC High Efficiency AAC

HEVC High -Efficiency Video Coding
KID common Key ldentifier

IAB International Advertising Bureau
IDR Instantaneous Decoder Refresh
IOP InterOperability Point

ISO International Standards Organization
HEVC High Efficiency Video Coding
HTTP HyperText Transport Protocol
MBT Minimum Buffer Time

MHA MPEGH 3D Audio

MPEG

Moving Pictures Experts Group
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Society of Motion Picture and Television Engineers

MUP Minimum Update Period

NAL Network Abstraction Layer
oTT Over-The-Top

PCM Pulse Code Modulation

PPS Picture Parameter Set

PQ Perceptual Quantization

PS Parametric Stereo

PT Presentation Time

PTO Presentation Time Offset
PVR Personal Video Recorder

RFC Request for Comments

SAP Stream Access Point

SAET Segment Availability End Time
SAST Segment Availability Start Time
SBR Spectral Band Replication
SCTE Society of Cable Telecommunications Engineers
SD Standard Definition

SEI Supplemental Enhancement Information
SMPTE

SPD Suggested Presentation Delay
SPS Sequence Parameter Set

TSB Time Shift Buffer depth

TT Timed Text

TTML Timed Text Markup Language
UHD Ultra -High Definitions

URL Universal Resource Location
uTC Universal Time Clock

uuID Universally Unigque Identifier
VAST Video Ad Serving Template
VPS Video Parameter Set

VUI Video Usability Information
WCG Wide Colour Gamut
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1. Introduction

This document defines DASHF's IntetOperability Points (IOPs) The document includd®©Ps
for only this version of thdocumentFor earlier versions, please refer to versi¢h]land version
2 [2] of this document. DASHF recommends to deprecate ti@Psin previous versios and
deploy using one of th®Psand extensionm this document.
As a historical note hie scope of theitial DASH-AVC/264 I0P, issuedwith version 1of this
documen{1] wasthe basic support higguality video distribution over the toBothlive and on
demand services are supported.
In the second version of this documglt, HD video(up to 1080pkxtensions andeveraimulti-
channel audi@xtensionsare defined.
In this third versiorof the DASHIF IOP document, two new DASI264/AVC IOPs are defined.

Detailed refimments and improvements for DASHIIive services and for ad insertion were added

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

IOPs are defined to also support HEYXS]. 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 serviceshis structuring separates the Media Profiles from DASH feature
In the fourth version, beyond minor improvements, corrections and alignment with {dRSHE

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

This documat defines the IOPs ifablel and Extensions ifiable2. The Implementation Guide-
' ineds ver si

Note that all version 1 IOPs are also defined in version 2 and therefore referencing [\2rision

sufficient.

Interoperability Point

DASH-AVC/264
DASH-AVC/264 SD
DASH-AVC/264 HD
DASH-AVC/264 main
DASH-AVC/264 high
DASH-IF I0P simple
DASH-IF IOP main

on in which ea

ch | OP

Table 1 DASH-IF Interoperability Points

Identifier

http://dashif.org/guidelines/dash264
http://dashif.org/guidelines/dash264+#sd

http://
http://
http://
http://
http://

dashif.org/guidelines/dash264#hd
dashif.org/guidelines/dash264main
dashif.org/guidelines/dash264high
dashif.org/guidelines/dash
dashif.org/guidelines/dash

- if - simple
-if - main

or

1.0
1.0
2.0
3.0
3.0
3.0
3.0

Extensi

[2], 6.3
[2], 7.3
[2], 8.3
8.2
8.3
8.4
8.5

Note that all extensions defined in version 2 of this document are carried over inbo Bavith-
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 v3.0

Ver
sio
n

Section

on



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://  dashif.org/guide- 2.0 9433
extension with DTS Digital lines/dashif#dtsc
Surround
DASH-IF multichannel audio http://  dashif.org/guide- 2.0 9433
extension with DTSHD High lines/das hif#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 9.4.33
sion with DTS-HD Lossless (no lines/dashif#dtsl
core)
DASH-IF multichannel audio  http://  dashif.org/guidelines/dashif#mps 20 9.4.43
extension withMPEG Sur-
round
DASH-IF multichannel audio http://dashif.org/guide- 20 9453
extension withHE-AACv2 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 9.4.23
sion with AC-4 4 _ _
DASH-IF multichannel audio ~ Htp-#/dashitorg/guide—— 32 9463
F f lnes/dashi#mhal——

extension with MPEG-H 3D
Audio http://dashif.org/guide-

lines/dashif#mhal

http://dashif.org/guide-

lines/dashif#mha2
DASH-IF UHD HEVC 4k http://dashif.org/guidelines/dash -if_-uhd#4k 4.0 102
DASH-IF HEVC HDR PQ10 http:/dashif.org/guidelines/dash -if - 40 103

uhd#hdr - pq10
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Test cases and test vectors for DABMC/264 I0Psareprovidedin [31]. The conformance and
reference software for DASHF I0Psis providedin [32] (based on the MPEG oformance soft-
waref6}).). DASH ldentifiers for different categories can be found onl@8}.. Note thattechnol-
ogies includedn this documeniand for which no test and conformance material is provided, are
only published as a candidaechnologiesand may beemoved if no test material is provided
before releasing a new version of thigdelines document.

In addition to the Interoperability poiniis Tablel and extensions Table2, this document also
definesseveral otherdentifiersand other interoperability valuésr functional purposes as docu-
mented inTable3.
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Table 3 Identifiers and other interoperability values defined in this Document

Identifier Semantics Type Section

hﬁp#dm% Defines an event for signalling Event 5.6

ersivast30 p://dasnir.org/identif-

ereivast30 events of VAST3.0

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

Set.

http:/dashif.org/guidelines/ Adapta— Defines-a-method-to-signalthat  Functionali- 3.87.6.2

Clearkey switching-across-Adaptation-Sets i tyNamespace .4

possibleDefines name space ftire
Laurl element in W3C

€2719d58 - 2985 - b3c9 - 781a - b030af78d30e UUID for W3C Clear Key with Content Pro- 7.6.24
DASH tection

Note that all identifiers are collected at amith://dashit-erg/identifierbittp://dashif.org/identifi-
ers/and external identifiers are encouraged teugemittedfor documentatiorthere as wellNote
also that DASHIF typically tries to avoid defining identifiers. Identifiersitalics are subject to
discussion with other organizations and may be deprecatethter 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 ifZ013

In May 2014, ISO/IEC published the second version of ISO/IEC 2338Y4] that includes ad-
ditional featues and provide additional clarificatioriBhe initial two versions of this document
where based on the first edition of ISO/IEC 23009 his version is based on the second edition
of ISO/IEC 230091, i.e. ISO/IEC 23004.:2014 including Co23 and Amd23 {5}[4]. This means
that also for all interoperability points that were initially defined in earlier versions of the docu-
ment, also now the second edition serveseasdference. Backwartbmpatibility across different
edition is handled by MPE®ASH in ISO/IEC 23009 {5}[4]. Note that this document also
refers to technologies idraft corrigenda and draft amendments of MPEG. For this version, in
particular Draft Amd3-efHSOHAEC-23009L:2014, Draft- Amdd of ISO/IEC 230091:2014, and
Draft Cor.3 of ISO/IEC 23009:2014 are of relevance.

This document was generated in close coordination with IDMESH [42]. The tools and features

are aligned to the extent considered reasonable. To support implementers, this document attempts
to highlight any differences and/or further restrinoor extensions when compared to DVB
DASH. However, as a disclaimer, this coverage is not considered complete.

2.2. Compatibility and Extensions to Earlier Versions
2.2.1. Summary of Version 3Modifications

Version 3 of this documeiippliesthe followingmodificationscomparedo version Z2]:

1 Reference to the second edition of ISO/IEC 230@%luding amendment 1 and cof4l,
as well as well as Amendmeni{4.
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Add an explicit statement in DASB64/AVC to forbid time code wrap around
Definition on the usage of key words in sectibn

Add more constraints on the usage of Trick Modes for improved interoperability in section
3.2.9

Add more constraints on the Represdions in one Adaptation Set in secti®2.1Q es-
peciallyfor the casavhen the bitstream switching is true.

Add additionaldetails orthe usage of HTTP in secti@¥.
Add H.265HEVC as a codeand create IOPs for inclusion of this codec.
Add CEA-608/708closed captioningh SEI messageas sectio 6.4.3

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

Detailed description of sern#iased and appased ad insertion in sectién

General ditorial updatesnd clarifcations

Updates and clarification to sectidgron DRM and common encryption

Updateto references

Relaxation othe audicencodingrequirementsn section6.3.2

Add clarification on the usage tife minimum buffer timeand bandwidth in sectich 2.8
Add an informative section on the timing model of DASH in sec8dh7.

Relax the use dhe Imsg ' brand for signaling thiast segmenn section3.6.
Simplification of thecodecs table

Version 31 of this document applies the following modifications compaoegersion 3

T

= =4 A

= =4 4 4 A

T

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

A section is added on how to operate with transforming proxies and other adaptation mid-
dle-boxes in sectio.4.4

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

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

Clarifications of HEVC signaling for DASH imable17 based on feedback from MPEG.
Clarify relationbetweerSMPTETT andIMSC1 in sectior6.4.2and6.4.4

Add extension foaudio codec A&.

Version 32 of this document applies the following modifications compdoeeersion 3.1

1
1
T

Further updates to references
Several editoriatorrections and clarifications.
Small clarification updates on the timing model in sec8c¢h?.
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Added support for switching across Adaptation Sets, in particular for H.264/AVC and
H.265/HEVC switching in sectiod.

Added a clarification othe value of @audioSamplingRate for AAC SBR in section
6.3.2

Added a section on the use of HTTPS with DASH in secti@n
Moved the test DRM to the test vectiocument.

Added support for key rotation in sectién

Add extensio for MPEGH audio in sectio®.

Version 33 of this document applies the following modifications compaoegkrsion 3.2

l

1
1
1

= =

= =4 4

T

Identifiers are summarized in tih&roductionl.
References are updated
Several editorial corrections and clarificatiars applied

Guidelines and permitted attributes when converditige service to omlemand are doc-
umented, for details see sect6.2

Added clarification on the format aemote elements in alignment with DCORo8
ISO/IEC 230091:2014[4].

Addressedhe differentiation of different content types thgbumime types, codecs and
Roles rather than the uggcontentType . See sectio3.2.13for more details.

Added guidelines on how to useat keys in the context ofABH, see sectiom.7.

Provided guidelines on the timing model when using-satesubtitle files in DASHsee
section6.4.4

Update period continuity to align with ISO/IEC 23602014/Amd.J34].
Update the callback event to aligntiviSO/IEC 230091:2014/Amd.34].
Update the MPD anchors to align with ISO/IEC 23002014/Amd.J4].
Take into account the upddten ISO/IEC 230091:2014/DCOR.34].

Version4.0 of this document applies the following modifications compared to version 3.3

1

References are updated

Several editnal corrections and clarifications are applied

Update Adaptation Set Switching to align with ISO/IEC 23008014/Amd.J4].

|
1
|

Add a recommendation on the settindPefriod @start in case of multiperiod content

=]

in sectior4.3.3.3.1
Add an external Representation Index fordmand content in secti@2.1

=)

Add Period connectity to multi-period content to align with ISO/IEC 23009

1:2014/Amd.J4] in section3.2.12
Add clarifications and further recommendations and restriction to the use of the Time Syn-

chronization in sectiod.7.
Align Early Terminated Period with ISO/IEC 230Q2014/Amd.34] in sectior4.8.3

Removal of interoperability requirements for CEZA8 in sectior6.4.3.4

DASH-IF Interoperability Points v3.3 5



1 1 __Reference$o EIDR and AdID for Asset Identifiers in sectioh.5.1
2 91 __Addition of W3C Clear Key with DASH in sectioh6.2.4
3 1__Addition of guidelines for trick modes in live services in sectdt(.
4 91 __Addition of UHD/HDR Extensions in sectiodO.
5 222 Backward-Compatibility Considerations
6 Generally, content can be offered such that it can be consumed by version 2 and version 3 clients.
7 In such a case the restricted authoring should be used and it should be accepted that version 2
8 clients may ignore certain Representations and Adaptatian Sehtent Authors may also con-
9 sider the publication of two MPDs, but use the same segment formats.
10 In terms of compatibility between version 2 and version 3, the following should be considered:
11 1 The backwarecompatibility across MPEG editions is handledtle second edition of
| 12 ISO/IEC 230091 {5}[4].
13 1 General clarifications and updates are added
14 1 Further restrictionen content authoringompared to version 2 are:
15 o forbidtime code wrap around
16 o the usage of DRM, especially the Content Protection element
17 0 constraints on trick mode usage
18 o additional constraints on the usage of HTTP
19 0 Adaptation Set constraints
20 1 Relaxations are:
21 o Permit usage of additional subtitling format baseC&#”-608/708
22 o the audicencodingrequirement$or HE-AACv2
23 0 permit to notuse ofthe Imsg ' brand for signaling the last segment
24 o the ability to signal bitstream switching set to true
| 25 0 the use of remote elements with Xlink
26

27 2.3. Use of Key Words

28 2.3.1. Background

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

33 23.2 Key Words
34  The key word usage is aligned with the definition&®FC 211944], namely:

35 1 SHALL: This wordmears that the definition is an absolute requirement of the specifica-
36 tion.

37 1 SHALL NOT: This phrase meathat the definition is an absolute prohibition of the
38 specification.

DASH-IF Interoperability Points v3.3 6
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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 phraseanears 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.

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 referenntiniige-
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 Interoperallity 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 appléeformats by the definition d?rofilesas defined on section 8 of ISO/IEC

DASH-IF Interoperability Points v3.3 7
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230091 {51[4]. Profiles of DASH are defined to enable interoperability and theasiitg of the
use of features.

Such a profile can also be understood as permission foHA8Nts that implement the features
required by the profile to process the Media Presentation (MPD document and Segments).

FurthermorelSO/IEC 230091 permitsexternal organizations or individuaisdefine restrictions,
permissions and extensions byngsthis profile mechanism. It is recommended that such external
definitions be not referred to as profiles, butireroperability PointsSuch an interoperability
point may be signalled in th@profiles  parameter once a URI is defined. The owner of the
URI is responsible to provide sufficient semantics on the restrictions and permission of this in-
teroperability point.

This document makes use of this feature and provides a set of Interoperability Hune$ore,
based on the interoperability point definitiohis documeninay be understoad two ways:

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

1 aclient capability points that enable content and service providers for flexible service pro-
visioning to clients conforming to these client capabilities

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

2.4.2. Usage of Profiles
A Media Presentation may conform to one or multiple profiles/interoperability pointsamnd
forms to each of the profiles indicated in M@@profiles  attributeis specifiedas follows:

WhenProfA is included in theMIP@profiles  attribute, the MPD is mofied 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/ZBQ09 and explicitly
excluded byProfA , or (ii) in an extension namespace and not explicitly included by
ProfA , are removed from the profigpecific MPD.

5 Al | el ements and attributes that ®mfAy be
are removedrom the profilespecific MPD.

An MPD is conforming to profilérofA when it satisfies the following:

1. ProfA isincluded in theMP@profiles  attribute.

2. The profilespecific MPD forProfA conforms to ISO/IEC 23002

3. The profilespecific MPD forProfA confommns to the restrictions specified fBrofA .
A Media Presentation is conforming to profileofA when it satisfies the following:

DASH-IF Interoperability Points v3.3 8
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1. The MPD of the Media Presentation is conforming to préfilefA as specified above.
2. There is at least one Representation cheeriod in the profilspecific MPD forProfA .

3. The Segments of the Representations of the prgfieeific MPD forProfA conform to
the restrictions specified fétrofA .

2.4.3. Interoperability Points and Extensions

This document defines Interoperability Poiatsl 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 suffigigg@bd audievisual experience. Ex-
tensions enable content/service providers and client vendors to enhance thasuadiexperi-

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 enhance the aglial experience in typi-
cally only one dimension.

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

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 OrDemandthe 1ISO BMFF Live
profile, and the ISO BMFF Common Profies defined in ISO/IEC 2300B[4], sections 8.38.4

and 810, respectivelyDASH-IF IOPsareintendal to provide support for edemand andive
content. The primary constraints imposed by gnfile are the requirement that each Represen-
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 senetssraplifies seam-
less switchingThis is mainly for ordemand use cases.

1 as a sequence of Segments where each Segment is addressable by adengiaed
URL. Content generated in this waynmainly suitable for dynamic ankive services

In both case€SubhSegments begin with Stream Access Points (SAPg)pe 1 or 47],i.e. regular

IDR frames in case of videdn addition, (Sub)Segments are constrained ab fibr switching
videoRepresentations 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 swésto thego-

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

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

DASH-IF Interoperability Points v3.3 9



1 3.2. DASH Formats
2 3.2.1. Introduction
3 This section introduces the detailed constsahthe MPD and the DASH segments in a descrip-
4  tive wayreferring to ISO/IEC 23004 [4]. The DASH-based restrictionkave significant com-
5 monalitywith theISO BMFF Live and OrDemand profilefrom theMPEG-DASH specifi@ation.
6 Specifically:
7 A Segment formatarebased on ISO BMFF with fragmented moviedijliee. (Sub)Segments
8 are encoded as movie fragments containing a track fragment as defined in ISO/IEC 14496
9 12 [7], plus the following constraints to make each movie fragment independently de-
10 codable:
11 1 Default parameters and flaghallbest or ed i n motfhd & &unadd ment s
12 box) and notrack heade streX 6 b o x )
13 T Thenoobd boxes shall not use defauller-bagel- dat a
14 is -moofé6 s hal | (akbmoviefrageens reldative addressingnd data -
15 offset shall be used,e. base - data - offset - present shall not be use(fol-
16 lows ISOIEC 230091 [4]).
17 A Alignment with ISO BMFF Live & OrDemand Profiles, i.e. within each Adaptation Set
18 the following applies
19 A Fragmented movie fileare used for encapsulation of media data
20 A (Sub)®gmentsare aligned to enable seamless switching

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

23 A IDR-like SAPs(i.e., SAPstype 2 or belowpt thestart of eachSub)Segment for simple
24 switching
25 A Segmentshouldhave almost equal duratioThe maximum tolerance of segment duration
26 shall bext50% and the maximuraccumulated deviation over multiple segmesitall be
27 +50% of thesignaledsegment duratiofi.e. the@duration ). Suchfluctuations in actual
28 segment duration may be caused by for exarapleeplacement or specific IDR frame
29 placementNote that the last segment inR@presentation may be shor@ecording to
30 ISO/IEC 230091 [4].
31 Note 1. If accurate seekintp specific time is required and at the same timasa f
32 responses required one may use €emand profile for VoD or the&eg-
33 mentTimeline  based addressin@therwise theffset in segment duration com-
34 pared to the actual media segment duration reayit in a less accuraseek posi-
35 tion for thedownloadrequest, resulting in some increased initial st@rt
36 Note 2: Themaximum tolerance of segment duratisnalso addressed in ISO/IEC

| 37 230091:2014/Cor.3#4[4] and once approved, a reference to the specification may
38 replace the above text.
39 A If the SegmentTimeline  element is used for the signaling of the Segment duratien,
40 timing in the segment timeline shall beedia timeaccurate and no constraints on segment
41 duration deviation are addexkcept the maximum segment duration as specifieitie
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MPD. However,despite the usage of ttiee SegmentTimeline , it is not encouraged to
use varying Segment durations. TBegmentTimeline element should dy be used
in order to signal occasional shorter Segments (possibly caused by encoder processes)
to signal gaps in the time line.
A onlynonmultiplexed Representatioshall be used.e. each Representation only contains
a single media component.

A Addressing schemes are restricted to
A templates with numberased addressing
A templates with timdasedaddressing
A SubsegmentsvithFor ondemand profiles, thentdexedMedia Segmenttrdexas de-
fined in ISO/IEC 23004 [4], clause 6.3.4.4In this caseeitherthe @indexRange
attributeshallbe presentr theRepresentationindex element shall be present
Only a singlesidx box shall be present.
Notel: the extenal Representation Index was only added in the second €dition
If compatibility to v2.0 or earlier of this document is necessary, the external Rep-
resentation Indeghall not be used.

Note 2: The latter restriction was introduced in version 3 of thisrdeat based on
deployment experience and to enable alignment with DVB DASH.

A In case multiple/ideo 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 shalkignaledas the main contertsignalingas main content
shall be done by wusing the Role descriptor wit@schemeldUri ="
urn:mpeg:dash:role:2011 "and@value="main"

A Thecontent offering shall adheretive presencrulesof certain elements and attributes
definedsection3.2.4

It is expected that a cliewbnforming to such a profiles able to process content offered under
these constiats. More details on client procedures are provided in se8tin

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 2300 sectior3.2.2.2 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 compliegith this interoperability pointemoves the element that may be
ignored, then the MPD is still complying with the constraints of the MRDsegmentsas
defined in ISO/IEC 23009, section/.3.
The MPD shall conform to th&SO Base Media File Format Common profde 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 notbe ig-
nored

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

DASH-IF Interoperability Points v3.3 11
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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 Prasitellcontain

1 MPDtype set tostatic  or set tadynamic .
1 MPO@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

1 The Representations contain or inheritSagmentTemplate  with $Number$ or
$Time$ Identifier.

1 @segmentAlignment set to true for all Adaptation 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 onenaltiple Adaptation Sets 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 Representationgrofiteespecific MPD for
this profile, the following constraints shall be met:

Yo

Yo

Yo

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

In Media Segments, all Segment Indestdx ') and Subsegment Indexgix ') boxes if
preent,shall be placed before any Movie Fragmemi@f ') boxes.

Note: DVB DASH[42] permits only one single Segment Index box ('sidx’) for the eBgmgment. As this con-
straints is not severe in the content offering, $tienglyrecommended to offer content following this constraint.

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

DASH-IF Interoperability Points v3.3 12
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% Each Representation shall have one Segment that complies wittdéxedSelf-Initial-
izing Media Segment as defined in section 6.3.5.2 in ISO/IEC 28009

% Time Codes expressing presentation and decode shadkbe linearly increasing with in-
creasing Segment number in one Representation. In ordantmize the frequency of time
code wrap around 64 bit codes may be used or the timescale of the Representation may be
chosen as small as possilie.order tasuppot time code wrap around,reewPeriod may be
added in the MP&dded thainitiates a new Period in order to expresiszontinuity.

3.2.4. Presence of Attributes and Elements

Elements and attributes are expected to be present for certain Adaptation Sets esefeprs
to enable suitable initial selection and switching.

Specifically the following applies:
A For anyideo Adaptation Sets as definedBi2.13 the following attributes shall be present
0 @maxWidth (or @width if all Representations have the same width)
0 @maxHeight (or @height if all Representations have the saneggh)

o0 @maxFrameRate (or @frameRate if all Representations have the saframe
rate

0 @par

Note: The attributeg@mxWidth and @maxHeight shouldbe used such that they
describe the target display size. This means that they may exceed the actual largest size
of any coded Representation in one Adaptation Set.

A For any Representation within ¥ideo Adaptation Sets as defined3ir2.13the following
attributes shall be present:

o0 @width, if not present irAdaptationSet  element

0 @height , if not present irAdaptationSet  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 intésmlay size in pixels.

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

A For anyAudio Adaptation Sets as defined3r2.13the following attributes shall be present
0 @lang

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

0 @audioSamplingRate , if not present ilrAdaptationSet  element

DASH-IF Interoperability Points v3.3 13
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o 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 constrata 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

Genericmetadata may be added\i®Ds based on DASHFor this purpose, the Essential Property
Descriptor and the Supplemental Property Descriptor as defined in ISO/IEC-2380Zlause
5.8.4.7 and 5.8.4.8

Metadda identifiersfor content properties are provided hemntetp://dashif.org/ iden-
tifiers

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

3.2.7. DASH Timing Model
3.2.7.1. General
Accordingto ISO/IEC 230091, DASH defines different timelines. One of the key features in

DASH is that encoded versions of different media content components share a common timeline.

The presentation time of each access unit within the media content is mappedltb#i com-

mon presentation timeline for synchronization of different media components and to enable seam-
less switching of different coded versions of the same media components. This timeline is referred

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

A second timeline is used to signal to clients the availability time of Segments at the specified

HTTP-URLs. These times arefegred to asSegment 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

respmses. For static Media Presentations, the availability 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 Segmerdasajktbleand unavailablever
time.

Figurel provides an overview of the different timelines in DASH and their relation. The diagram

shows three Paxds, each of the Periods contains multiple Representations (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 MBiat relates taming:
1 MPI@availabilityStartTime : the start 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

DASH-IF Interoperability Points v3.3 14
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1 Representation  @resentationTimeOffset : the presentation time 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 preentation time of the first segment or a value 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 tHReepresentation =~ @duration or Representation.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 toFigure 1, the ASTis a walklclock time. It provides an anchor to all walbck time
computation in the MPDIhe sum of th®eriod @start of the first Period and th&STprovides
the Period start timBST1value in waltclock time of the first Period.

The media timeline origin for tracks in ISO Media files is definebeg@ero. Each Representation

is assigned a presentation time offset, either by the value of the attRlepiesenta-

tion @resentationTimeOffset or by default set to 0. The value of thitribute is de-

noted as PTO. It isarmally the cas¢hat forcomplete files sequenced as Peritids value is 0

For fApartiab files or live streams@presentationTimeOffset indicates the media compo-
sition/presentation time of the samples thatchroniz to thestart of the Periad@presenta-
tionTimeOffset for the live stream will usually not be zero because the encoders are usually
started prior to presentation availability, so the media timestamps on the first available Segments
will have increased siecthe encoders started. Encoding timestamps may be set to UTC (as though
the encoder was turned on 1/1/1970 at midnidkepresentations iReriodsof live content typi-

cally have the sam@presentationTimeOffset as long as the media is continuously en-
codal, 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
1
PST1 PS PST3
Representation
PTO
MPDS 1 MPDS 2
MS1 MS2 MS3 MS4 | srresnssans MS N
EPT DUR Media

Figure 1 Overview Timing Model
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Within a Representation, each Segment is assigned an MPD start time and MPD duration accord-
ing to ISO/IEC 30091 (more details for dynamic services are provided in sed)iohhese two

values can be computed from the MPD and provide approximate times for each sbgiemt

in particular useful for random access and seeking.

In addition, each segment has an internal saiapbeirate presentation time. Therefore, each seg-
ment has a media internal earliest presentation BERiEand sampleaccurate 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 start time shall be in the rangdBfT - PTO -
0.5*DURandEPT- PTO+ 0.5*DUR according 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 for time code wepund a new Period is expected to be
added that restartg presentation time O.

The value ofPeriod @start for an ad can be chosen to coincide with an insertion point in the
live stream by settinfPeriod @start to a presentation time duration equal to the UTC time
difference betwee@availabilityStartTime and thescheduled 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 aASim@his means that a
DASH client may use the information in the MPD in order to seapproximate 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 &ST (which isAST+ Period @start ), MPD start time and MPD
duration. The latter is aed 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 settion

3.2.8. Bandwidth and Minimum Buffer Time

The MPD contains a pair of values for a bandwidth and buffering description, nameWirihe
mum Buffer Time MBT) expressed by the value P minBufferTime and bandwidth§W
expressed by the value Representation  @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 how much buffer a client
should have undédeal network conditions As such, MBT is nbdescribing the burstiness
or jitter in the network, it is describing the burstiness or jitter irctment encoding To-
gether with theBWvalue, it is a property of the conteritising 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 each start of the Media Segment), the property of the stream:
If the Representation (stargjrat any segment) is delivered over a constant bitrate channel
with bitrate equal to value of the BW attribute then each presentatiofriingeavailable
at the client latest at time with a delay of at nfét- MBT.

1 In the absence of any other guidaribe, MBT should be seto the maximum GOP size
(coded video sequence) of the content, which quite often is idetdiché maximum
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1 segment durationfor the live profile or thenaximum subsegment durationfor the On
2 Demand profile TheMBT may be set to a smaller value than maxin{saoblegment du-
3 ration, but should not be set to a higher value.
4 In a simple and straightforward implementation, a DASH client decides downloading the next
5 segment based on the following statufsrmation:
6 1 the currently available buffer in the media pipelibeffer
7 1 the currently estimated download raiate
8 1 the value of the attribut@minBufferTime , MBT
9 1 the set of values of th@bandwidth attribute for each RepresentatioBV\i]
10 The task bthe client is to select a suitable Representation
11 The relevant issue is that starting from a SAP on, the DASH client can continue to playout the
12  data. This means that at the current time it does Iafferdata in the buffer. Based on this model
13 theclient can download a Representatidor whichBWi] rat&@buffer/MBT without emptying
14  the buffer.
15 Note that in this model, some idealizations typically do not hold in practice, such as constant bitrate
16 channel, progressive download and playout ofns&gs, no blocking and congestion of other
17 HTTP requests, etc. Therefore, a DASH client should use these values with care to compensate
18 such practical circumstances; especially variations in download speed, latency, jitter, scheduling
19 of requests of medieomponents, as well as to address other practical circumstances.
20 One example is if the DASH client operates on Segment granularity. As in this case, not only parts
21 of the Segment (i.eMBT) needs to be downloaded, but the entire Segment, and MBigs
22 smaller than the Segment duration, then rather the segment duration needs to be used instead of
23 theMBTTfor the required buffer size and the download scheduling, i.e. download a Representation
24  ifor whichBWi] rat@®buffer/max_segment_duration
25 3.2.9. Trick Mode Support
26  Trick Modes are used by DASH clients in order to support fast forward, seek, rewind and other
27 operations in which typically the media, especially video, is displayed in a speed other than the
28 normal playout speed. In order to support such aifmers, it is recommered that the content
29 authoradds Representationat lower frame rates in order to support faster playout with the same
30 decoding and rendering capabilities.
31 HoweverRepresentatiortargeted for trick modeare typicallynot be suitable for regular playout.
32 If the content author wants to explicitly signal that a Representation is only suitable for trick mode
33 cases, but not for regular playoithe following is recommended
34 1 addarone or multipleAdaptationSeSes that that ony contains trick modes Representa-
35 tions
| 36 1 annotatehecachAdaptation Set with aikssentialProperty descriptoror Supple-
37 mentalProperty descriptor with URL "http://dashif.org/guide-
38 lines/trickmode " and the@value the value of@id attribute of the Adaptation Set
39 to which these trick mode Representations belong.tiitle modeRepresentations must
40 be timealignedwith the Representations in the m&idaptation SetThe value may also
41 be a whitespace separated list of @id values. In this castitk mode Adaptation Set is
42 associated to all Adaptation Sets with the vabfehe @id.
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1 signal the playout capabilities with the attrib@enaxPlayoutRate for each Represen-
tation in orderto indicate the accelerated playout that is enabled byitfreded codec
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 g@tdaingDe-
pendency attribute toFALSE

91 __If multiple trick mode Alaptation 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 provided as thumbnails (low spatial
resolution), fo fast forward or rewind (no coding dependency v@kodingDepend-
ency set to false and/or lower frame rates), longer valuegfduration to improve
download frequencies or differe@maxPlayoutRate values. Note also that the
@bandwidth value should be cafully documented to support faster than 4taake
download of Segments.

If an Adaptation Set in annotated with tlessentialProperty descriptor with URI
"http://dashif.org/guidelines/trickmode then the DASH client shall not select
any of the containeRepresentations for regular playout.

For trick modes for live services, the same annotation should be used. More details on service
offerings are provided in sectign1Q

3.2.10.  Adaptation Set Constraints
3.2.10.1.  Introduction

Content in one Adaptation Set constrainedo enable and simplify switching across different
Representationsf the same source conte@eneral Adaptation Set constraints allow sequencing
of Media Segmentsom different Representation8 @ i tsrwa tt & prioriiog sigle audio or
video decodettypically requiringthevideodecodeto be reset to new decoding parameatthe
switch point,such as a different encoded resolution or codec profile and level.
BitstreamSwitching Adaptation Set constraints allow a switched sequence of Media Setpnents
be decoded without resetting the decateswitch points because the resultB®gmenstrean is

a validtrackof 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, theAatttribute
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
acrossRepresentations can be achieved withinigalization of thedecoder. Content authors
should sefAdaptationSet ~ @bitstreamSwitching to TRUEonly if the content does not
need the decoder to beiratialized.

In the following general requirements and recommendations are provided for content in an Adap-
tation Set in sdn 3.2.10.2and specific requirements when the bitstream switching is set to true
in section3.2.10.3
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3.2.10.2. Gengal

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

Adaptation Sets shatlontain MediaSegments compatible with a single decoder sttt with
SAP type 1 or 2and in time aligned Representations using the €atimaescale , when multiple
Representations are present

Edit lists in Initialization Segments intended to synchronize the présentane 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 artifactee®tlients may evaluate the differences
between Initialization Segments to minimize decoder reconfiguration and maintain seamless
presentation equal to the encoded quality.

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

A bitstream switching Adaptation Set is optimized for seandles®dirg, andlive streamghat
may change encoding parameters over tivigitstream switching Adaptation Set may process an
Initialization Segment one time frothe highest bandwidtRepresentation in the Adaptation Set,
and then process Media Segmentsrfany other Representation in the same Adaptatiowifet

out processing another Initialization Segmérhe resulting sequence of an Initialization Segment
followed by time sequenced Media Segments results in a vali@MEF file with an elementary
stream similar to a transport stream.

For all Representations within an Adaptation Set\@th i t st r eamSwi t cbBbi ng=06tr 1
1 the Track_ID shall be equal for all Representations

1 Each movie fragment shall contain one track fragment

Note Multiple Adaptation Sets may be included in an MPD that corddfarent subses of the available
Representations that are optimized for different decoder and screen limitatidReprésentatiomay be
present in more than one Adaptation set, for example a R2ppesentatiothatis present in a 720p Adap-
tation Setmay also be present m1080p Adaptation Sefthe 720pRepresentationsesthe samdnitializa-

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

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

3.2.11. Media Time Information of Segment

The earliest presentation time may be estimated frenMiAD using the segment availability start
time minus the segmeduration announced in the MPD.

The earliest presentation time may be accurately determined frddegmeent itself.

If the Segment Index is present than this time is providethe earlies t_presenta-
tion_time field of the Segment Index. To determine the presentation time in the Period, the
value of the attribut@ presentationTimeOffset needs to be dedted.
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If the Segment Index is not present, then the earliest presentation time is diedocéte 1SO
BMFF parameters, namely the movie fragment header and possibly in combination with the infor-
mation in the Initializatio Segment using the edit list.

The earliest presentation time in the Period for a Segment can be deduced from the ahecode ti
taking also into account the composition time offset, edit lists asaggltesentation time offsets.

Specifically the following is the case to determine the earliest presentation time assuming that no
edit list is present in the InitializatidBegment:

- Ifthe SAP type is 1, then the earliest presentation time is identical to the sum of the decode
time and the composition offset of the first sample. The decode time of the first sample is
determined by the base media decode time of the movie éraigm

- If the SAP type is 2, the first sample may not be the sample with the earliest presentation
time. In order to determine the sample with the earliest presentatiorthisieampléas
determined as the sample for which the sum of the decode timeeacmhtiposition offset
is the smallest within this Segment. Then the earliest presentation time of the Segment is
the sum of the base media decode time and the sum of the decode time and the composition
offset forthis sampleSuch an example is shown below.

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 ifstsl 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
delta of 10. The segmentation, presentation order and storage of thessiaraptavn in the table

below. The samples are stored with the indicated values for their decoding time deltas and com-
position time offsets (the actual CT and DT are given for reference). Tdrdegng occurs be-

cause the predicted P frames must be detbd&ore 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 is the duration of the media in this track.

Example with closed GOP and SAkpe = 1:

Segment - - - |- |- |- |- - |- |- |- |- |- |-\
I1 |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
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Composition 10 (30 (O |O |30 |[O (O (10 |30 |0 |O (30 |0 |O

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 /- |- -- -- -- -\ /- |- -- -- - |-\
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 10 70

Composition 30 (O 0 30 |0 0 30 [0 0 30 |O 0

time offset

CT 30 |10 |20 (60 |40 |50 |90 |70 |80 (120 |100 |110

Example with closed 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

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 0 60

Composition 20 |-10|-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].
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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 mbg chosen.

Note: This is aligned with Amd.3 of ISO/IEC 23602014{5}[4] and may be referenced
in a future version of this document.

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

1 to enable splicing of content, for example foriaskrtion,

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

to remove or add certain Representations in an Adaptation Set,

to remove or add certain Adaptation Sets,

to remove or add content offering on cert@inNs,

to enable signalling of shorter segments, if produced by the encoder.
for robustness reasons as documented in detail in sdc8ion

E ]

Periodsprovide opportunities for resync, for ad insertion, for adding and removing Representa-
tions. However, in certain circumstances the content across Period boundaries is continuous and
in this case, continuous playout of the client is expected.

In certain cicumstances 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 Period or in a
later Period (e.g after an advertisement Period had been inserted)idnlaatihat certain media
components are continued.

The content provider may express that the media components contained in two Adaptation Sets in
two different Periods are associated by assigning equivalent Asset Identifiers to both Periods and
by identfying both Adaptation Sets with identical value for the attrib@tel. Association ex-
presses a logical continuation of the media component in the next Period and may for example be
used by the client to continue playing an associated Adaptation Setevitiéeriod.

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

1 The Adaptation Sets are associated.

1 The sum of the value of th@presentationTimeOffset and the presentation dura-
tion of all Representations in oAglaptation 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 have the same val@idpthen they shall
have functionally equivalent Initializam Segments, i.e. the Initialization Segment may
be used to continue the playt of the Representatiofhe concatenation of the Initiali-
zation Segment of the first Period, if present, and all consecutive Media Segments in the
Representation in the firBeriod and subsequently the concatenation with all consecutive
Media Segments in the Representation of the second Period shall represent a conforming
Segment sequence as defined in 4cadforming to the media type as specified in the

DASH-IF Interoperability Points v3.3 22



1 @mimeType attribute for the Representation in the first Perioldditionally, the
2 @mimeTypeattribute for the Representation in the next Period shall beetine as one
3 of the first Period.
4  Media Presentations should signal peroashtinuous Adaptation Sets by using a supplemental de-
5 scriptor on Adaptation Set level witschemeldUri set to"urn:mpeg:dash:period -
6 continuity:2015" with
7 1 the@value of the descriptor matching the value of@nd of a Period that is contained
8 in the MPD,
9 1 the value of théddaptationSet =~ @id being the same in both Periods.
10 MPD should signal periedontinuous Adaptation Sets if the MPD contains Periods with identical
11 Asset Identifiers.
12 There exist special cases, fohish the media in one Adaptation Set is a continuation of the pre-
13 vious one, but the timestamps are not continuous. Examples are timestamp wrap around, encoder
14  reset, splicing, or other aspects. Two Adaptation Sets in one MPD are-pemniogicted if all con-
15 ditions from perioecontinuity from above hold, except that the timestamps across Period bound-
16 aries may be nenontinuous, but adjusted by the value of @presentationTimeOffset
17 at the Period boundary. However, for example the Initialization Segmeoutiisgaéent within the
18 two Adaptation Sets. Media Presentations should signal peoimdected Adaptation Sets by us-
19 ing a supplemental descriptor on Adaptation Set level w@lschemeldUri set to
20 "urn:mpeg:dash:period - connectivity:2015".
21 Note that period coirtuity implies period connectivity.
22 The content author should use peramhtinuity signalingor periodconnectivitysignalingif the
23 content follows the rules. The client should exploit such sigimslseamless user experience
24  across Briod boundaries.
25 For details on content offering with multiple Periods, please refer to the requirements and recom-
26 ~mendations in sectiohand5.
27 3.2.13. Adaptation Set Media Type
28 In contrast to MPE&@ASH which does not prohibit the use of multiplexed Representations, in
29 the DASHIF IOPs one Adaptation Set alway@ntains exactly a single media type. The following
30 media types for Adaptation Sets are defined:
31 - Video Adaptation Set: An Adaptation Set that contains visual information for display to
32 the user. Such an Adaptation Set is identified@@oypimeType= video/mp4 " . For
33 more details on the definition of media type video, refer to RFC @37 The DASHIF
34 IOP restrict the usage wvideo/mp4 to only @codecs values as definei this
35 specification.
36 - Audio Adaptation Set: An Adaptation Set that contains sound information to be rendered
37 to the user. Such an Adaptation Set is identifiedbyimeType="audio /mp4" . For
38 more details on the definition of media type video, refer to RE&7 §56]. The DASHIF
39 IOP restrict the usage afidio /mp4 to only @codecs values as defined in this
40 specification.
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- Subtitle Adaptation Set: An Adaptation Set thahtainsvisual overlay information to be
rendered as auxiliary or accessibility informatiSuch an Adaptation Set is identified by
@mimeType="application =~ /mp4" , aRole descriptor witt@schemeldUri ="
urn:mpeg:dash:role:2011 "and@value=" subtitle " and, an@codecs
parameter as defined ireble4-Table20or "application/ ttml  +xml ",

- Metadata Adaptation Set: An Adaptation 8eit containsnformation that is 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 parametem order to identify

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

3.3. Client Implementation Requirements andGuidelines

3.3.1. Overview

The DASH-related aspects of theteroperabiliy point as defined in sectionZcan 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 Segnidrgjetailed DASHe-

lated client operatiaarenot specified. Thereforet 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 implementaten rely on rela-
tively easy processes to provide an adaptive streaming service, namely:

1 selection of the appropriate AdaptatiostSbased on descriptors and other attributes
initial selection of one Bpresentation within each adaptation set

download of(Sub)S®gments at the appropriate time

synchronization of different media componeintsn different Adaptation &s

seamless switchingf representations within one Adaptatiogt S

= =4 4 A
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Figure 2 DASH aspects of &ASH-AVC/264 client compared to a client supporting the union of DASH 1SO
BMFF live and on-demand profile.

Figure2 shows theDASH aspects of BASH-AVC/264 client compared to dient supportingall
features of the DASH ISO BMFF Live and @®emand profileThe main supported features are:

1 support of HTTP GET and p#al GET requests to download Segments amos8gments

1 three different addressing schemaamber and timdased temiating as well as byte
range based requests.

support of metaata as provided in the MPD and Segmeiielx

download ofMediaSegments, Initialization Segments and Segneate

ISO BMFF parsing

synchronized presentation of media components from différdaptationSets
switching of video streams aelosedGOP boundaries

3.3.3. Seamless switching

= =4 4 4 A

The formats defiadin section3.2 are designed for provigg good user expeghce even in case

the access bandwidth of the DASSdgment delivery or the cache varies. A key functionality is

the ability that the DASH client can seamlessly switch across different Representations of the same
media component. DASH cliergfioulduse thecommon timeline across different Representation
representing the same media component to present one Representation up to a certain time t and
continue presentation of another Representation fromttionevards. However, in practical im-
plementations, thisperation may be complex, as switching at ttmeay require parallel down-

load and decoding of two Representations. Therefore, providing suitable switching opportunities
in regular time intervals simplifies client implementations.

The formats defied in sectior3.2provide suitable switching opportunities at (sub)segment bound-
aries.

DASH-IF Interoperability Points v3.3 25



©O© oo~N OOk WN B

el
N — O

=
w

|_\
o

e
~N oo

=
o

NNNDN PP
WNPEFE O

N
~

NN
o U1

N
-~

W WWw WWwWwWwWw NN
O bW NMNFLP O ©0®

w
(0]

W ww
© 0~

3.3.4. DASH Client Requirements

In order to ensure a minimum lealinteroperability, a DASHF conforming client shall at least
support the following features:

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

1 If the scheme or the value for the following descriptements are not recognizadd no
equivalent other descriptor is preseéhge DASH clientshallignore 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 defindRR& 723(021], RFC7231[22], RFC
7232[23], RFC7233[24], and RFC 723425].

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 cl@ations and in some cases, additional constraints to
address security or interoperability issues. Each new RFC contains details of the changes
compared to RFC2616. The IETF strongly recommends to reference and use the new RFCs
that collectively replace REX516. This version of DASHF IOP addresses this aspect.

MPEG-DASH explicitly permits the use of https as a scheme and hence, HTTP over TLS as a
transport protocol as defined in RFC 2§&8]. For more details refer to sectidr2

3.4.2. Server Requirements and Guidelines
HTTP Servers serving segmestwouldsupport suitable responses to byte range requests (partial
GETSs).

If an MPD is offered that contairfRepresentationsoaforming to the ISO BMFF Obemand
profile, then the HTTP servers offering these Representationsssipglort suitable responses to
byte range requests (partial GETS)

HTTP Servers may also support the syntax using Annex E of 2BQ@$g the syntax dhe
second example in Annex E.3,

BaseURL@byteRange="$base$?$query$&range=3%first$ - $last$”
3.4.3. Client Requirements and Guidelines

Clientsshallsupport byte range requests, i.e. issue partial GETs to subsegsdefsed ilRFC
7233[24]. Range requests may also be issued by using Annex E of-230§lfig the syntax of
the second example in Annex E.3,
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BaseURL@byteRange="$base$?$query$& range=%first$ - $last$”

Clients shall follow the reaction tdHTTP status anerror codesas definedn section A.7 of
ISO/IEC 230091.

Clients shouldsupport the normative aspects of tHETP statemanagementmechanismgalso
known as Cookies) as defined in RFC 62468 for first-party cookies

3.4.4. Transforming Proxies and Other Adaptation Middleboxes

A number of video transcoding proxies (aka "middleboxes"a&eady deployed on the wider
Internetmay silently transcodRepresentationsSpecifically: a middlebox may see a video/mp4
response, transcode that videto a different format (perhaps using a lower bitrate or a different
codec), then forward theanscoded video to the DASH cliefithis will breakMPD and/orSeg-
ment Indexbasedbyte range operationas those rangesegenerally nowalid in the transoded
video.

If such a threat is possiblene of the followingapproaches may be considered in ordgarevent
proxiesfrom transcodindASH Representations:

1. serveMedia Presentationssing encryption (e.g., HTTP over TLS, segmentryptionor
content preection),

2. serveRepresentationsith CacheControl: fino- transform

In all cases the operational impacts on caching and implementations should be considered when

using any of the above technologies.

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

In order to properly access MPDs and Segments that are available on DASH 8ek@&ttserv-
ers anctlientsshouldsynchronize their clocks to a globally accurate time stan&meLifically it
is expected that the Segment Availability Times as computettire MPD according to ISO/IEC
230091 {5}[4], section 5.3.9.5 and additional details in ISO/IEC 23B(§}, section 6.4re ac-
curatelyannounced in the MPD.

Options to obtaitiming for a DASH client aréor example
1 Usage of NTP or SNTBs defined irRFC590540].

1 The Date generaheader fieldin the HTTP headefseeRFC 7231[22] section7.1.1.2)
represents the date and time at which the message was origarateday be used as
indication of the actual time

Anticipated inaccuracy of the timing sourskould be takeimto account when requesting seg-
ments close to their segment availabititpe boundaries.

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

For interoperability aspects biwe services, please refar sectior.

3.7. Considerations on Ad Insertion

For interoperability aspects for ad insertion use cases, please redetitms.
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3.8. Switching across Adaptation Sets

Note: This technology is expected to be available in ISO/IEC 23@®14/Amd.4:20166}{4],
section 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 thecsant@nt. 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 Represergtetidatned

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 @tiemeldURI-schemeldUri

set to urn:mpeg:dash:adaptation - set - switching:20 16 and the @value is a
commaseparated list of Adaptation Set IDs thaty be seamlessly switched to from this Adapta-

tion Set.

If the content author signals the ability of Adaptation Set switchimt)as@segmentAlign-

ment or @subsegmentAlignment are set t&' 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.

As an example, a content author may signal therngess switching across an H.264/AVC Adap-
tation Set withAdaptationSet @i d = 0 h Zaled4e HEVC Adaptation Set withdapta-
tionSet @i d =28630 is possible by adding a Supplemental Descriptor to the H.264/AVC Ad-
aptation Set with@ehemelddRl-schemeldUri  set tourn:mpeg:dash:adaptation -

set - switching:20 16 andthe@value= 0 h 2 6&nadby adding a Supplemental Descriptor
to the HEVC Adaptation Set with @chemeldUdRlI-schemeldUri set to
urn:mpeg:dash:adaptation - set - switching:20 16 andthe@value=0 h 2 6 4 0 .

In addition, if thecontent athor signals the ability of Adaptation Set switchfiog

- 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 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.

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 Adaptatidrsig@aling may include all spatial resolu-
tionsof another one, whereas it is not the case the other way round.
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4. Live Services
4.1. Introduction

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

For this purpose, thisection

1 clarifies and refines details of interopeiapipoints 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 order to address 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 these two modes are provided in the follablad:

Table 4 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 pe¢ 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 for
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 witMPI@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 MPdésentation 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 forfeient 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, espethial Segments (duration, URLS) are
known and can be announced in a single MPD without MPD updates. This addresses use
cases 2 and 3 ilnnex 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 Segmenicontrolled Live: Services for which the content is typically gener-
ated on the fly, and the MPD may needbéoupdated 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 ussesi4 and 5, but also takes into account the advanced use
cases.

Dynamic and Live services are typically controlled by different client transactions and sideser
signaling.

For initial access to the service and joining the service, an MPD is redUP&% 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 server 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 rémuibssSeg-
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 SegmenBepending on the service offering, different client
operations are required as showrrigure3.
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Figure 3 Different Client Models

The basic functions a live clients describes 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 atdleeie 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 lig 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 sectio4.3.

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

Requirements and recommendations for main live service offerings and corresponding clients are
defined in sectiod.5.

Requirements and remmendations when offering live services asdlemand are provided in
section4.6.

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

Requirements and recommendations for robust service offenmysorresponding 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 playbetremainder

of this subsectionit is assumed that the client has access to a single instance 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 featuratithe Segments are made
available over time following the schedule of the media timeline.

Dynamic services are primarily documented in order to provide insight into the timing model of
Segment availabilities. This forms the basis for live services apldies 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 psriinég DASH client to issue a re-

guest to the Segment and guarantees, under regular operation modes, 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®PD.

For a dynamic service the MPD should at least contain information as availdblel@b. Infor-
mation included there may be used to compute a latimbunced Segments, Segment Availability
Times and URLs.
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Assume that an MPD is available to the DASH client at a specificohatk timeNOW It is
assumed that the client and the DASH server providing the Segments are synchronized to wall
clock, either hirough external means or through a specific clgamver synchronization. Details

on synchronization are discussed in secfigh

Assuming synchronization, tieformation in the MPD can then be used by the client at@e/
to derive the availability (or neavailability) of Segments on the server.

Table 5 -- Information related to Segment Information and Availability Times for a dynamic service

MPD Information Status Comment

MPIDtype mandatory, set todynamic " the type of the Media Preser
tation is dynamic, i.e. Seg-
ments get available over
time.

MPI@availabilityStartTime mandatory the start time is the anchor
for the MPD in waliclock
time. The value is denoted a
AST in the following.

MPI®mediaPresentationDuration mandatory (for the considered = provides the duration of the
use cases) Media Presentation.
MPI®@suggestedPresentationD elay  optional, but recommended suggested presentation dela

as delta to segment availabi
ity start time. The value is
denoted a$PD. Details on
the setting and usage of the
parameter is provided in the
following.

MPI®minBufferTime mandatory minimum buffer time, used
in conjunction with the
@bandwidth attribute of
each Representation. The
value is denoted a84BT. De-
tails on the setting and usag
of the parameter is provided
in the following.

MPI®@timeShiftBufferDepth optional, but recommended 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.

Period @start Mandatory for the first Period in the start time of the Period
the MPD relative tothe MPD availa-
bility start time
Representation  @vailabil- Optional default The offset in availability time
ityTimeOffset for this Representation. It

may also be available on a
Base URL or defaultFor
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more details refer to section
43.2.2.5

NOTE: the value ofINF " im-
plies availability of all segments
starts aMP@availabil-

ityStartTime
SegmentTemplate @media mandatory The template for th¥ledia
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 Segmet
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 documentéithisie5 and available at timROWon

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 subsection 4.3.2.2.4 and the Representation information is documented insseation
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 MRLTF his means
that a request with an HTTP GET to the URL of the Segment results in a feply o
Segment and 2xx status code.

T wvalid Segment URL is an HTFBRL that is promised to reference a Segment during its
Segment availability period.

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

4.3.2.2.3. MPD Information

For a dynamic service without MPD updates, the following infélonashall be present and not
present in the MPD (also please refeT &ble5):

1 TheMPtype shall be set todynamic ".
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1 TheMPI@mediaPresentationDuration shall be pesent, or th@eriod @dura-
tion of the last Period shall be present.
1 TheMPI@minimumUpdatePeriod shall not be present.

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

4.3.2.2.4. Period Information

Each Period is documented biariod element in 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 indexvith i increasing by 1 for each new Period eletnen

Each regular Periodin the MPD is 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 sectidni.

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 , thenPSwgi] 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 attribut®duration of the previous Period. Note
that if both are present, then tt@estart of the new Period takes precedence over the
information derived from th@duration attribute.

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

1 If the Period is the last one in the MPBe timePEwdi] is obtained as
o the sum ofASTand Media Presentation DuratiMPDur, with MPDur the value
of MP@mediaPresentationDuration if present, or the sum &fSw¢i] of
the last Period and the valueRériod @duration of the last Period.
1 else
o thetimePEwdi] is obtained as the Period start time of the next Perio®Ewdi]
= PSwd¢i+1].

4.3.2.2.5. Representation Information

Based on such an MPD at a specific tiN@W, alist of Segments contained in a Representation
in a Period with Period start tim&@Sw¢i] and Period end timeEwdi] can be computed.

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

i tsthe value of the@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@tof thes-th S element,

d[s] be the value o@dof thes-th S element

r[s be,

o if the @rvalue is greater than or equal to zero
A one more than the value @ of thesth S element. Note that @®r is

smaller than the end of this segment timeline element, theRépiesen-
tation contains gaps and no media is present for this gap.

= =4 =

o else
A if t{st+1] is present, ther[s] is the ceil of {{s+1] - t[])/d[9]
A elser[g] is the ceil of PEwdi] - PSw¢i] - t[s]/ts)*tdd[5])
If the SegmentTemplate @duration is present and the&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[gisO,

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

1 r[9] is the ceil of PEwdi] - PSw¢i] - t[s]/ts)*tg/d[9])
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&iUR[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 presentation time may be accuratetgrmined from the Segment itself.

For details on the derivation of the earliest presentation time, see s&etibh
4.3.2.2.7. Segment List Parameters

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

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

the availability time offset of this Representatiom[dt

the number of the first segment described in the MPD,rk1[

the number of the last segment described in the MPDyKk2[
segment availability start time of the initialization segment SAJ,f|

= =4 A4 4 -

segment availability end time of the initializatisegment SAET],i,r]
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segment availability start time of each media segment SAGT[k=Kk1, ..., k2
segment availability end time of each media segment SKRET[ k=K1, ..., k2
adjusted segment availability start time ASASf], k=0, k1, ..., k2

= =2 =2 =2

segment duration of each media segmenk3)| k=k1, ..., k2
1 the URL of each of the segments, URLf]
In addition,

1 the latest available PeriopfNOW and the latest segment available at the seniOk||
can be computed:his segment is also refed¢o adive edge segment

1 the earliest available Periad[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 segn®&RETK,i,r], the segment
duration of each segme80k,i,r], and the URL of each of the segmetd&L[k,i,r] within one
Periodi be derived as follows using the URL Template funcldlRLTemplate (Replace-
mentString , Address) as documented in subsectih2.2.8

k=0
SASTO,i,r] = PSwdi]
ASASTO,i,r] = PSwg¢i] - ato
fors=1, ... N5 [i,r]
o k=k+1
SASTK,i,r] = PSw¢i] + ([s,i,r] + d[s,i,f] - ofi,r])/ts
ASASTK,i,r] = SASTK,i,r] T ato
SOk,i,r] = d[s,i,r/ts
SAETK,i,r] = SASTK,i,r] + TSB+ d[s,i,1]/ts
if SegmentTemplate @mediacontainssNumber$
A Address@startNumber
A URLK,i,r] = URLTemplate ($Number$, Addres3
else
A Address=t[s,i,N]
A URLK,i,r] = URLTemplate ($Time$ , Addres}
o forj=1,..r[s,I]
A k=k+1
A SASTK,ir] = SASTk-1,i,r] + d[s,i,f/ts
A ASASTK,ir] = SASTK,ir] i ato

1
1
1
1

O O0OO0OO0Oo

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

A sOk,ir] =d[s,i,] /ts
A if SegmentTemplate @mediacontainsSNumber$
A Addresss Addresst+ 1
A URLKk,i,r] = URLTemplate ($Number$, Addres$
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else
A Address = Address ds,i,I]
A URL[k,i,r] = URLTemplate ($Time$ , Address
1 K2[ir]=k
1 SAETO,i,r] = SAETK2[i,r],ir]
Note that not all segments documented above may necessarily be accessible@wrbat only
those that are within the segment availability time window.

Hence, the number of the first media segment described in the MPD for this Perigdl,i&the
smallestk=1, 2, ... for whict 5ASTK,i,r] >= NOW

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

The latest available segmagtNOW] available for a Representation of PeripdOW (also the

live edge segment} the segment with the largést0,1,2,... such tha&ASTK,i,r] is smaller than

or equal tdANOW. Note that this contains the Initialization Segment i@ as not necessarily any
media segment may yet be available for PeiiddOW. In this case, last media segment
k2[i[NOW-1yr], i.e., the last media segment of the previous Period 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&AS(k,i,r].

4.3.2.2.8. URL Generation with Segment Template

The functionURL Template functioltJRLTemplate (ReplacementString , Address) gen-
erates a URL. For details refer to ISO/IEC 23A09], section 5.3.9.4. Once the Segment is gen-
erated, processing of the Base URLSs that apply oségment 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 different Representations, typically from different
Adaptation Sets, the different Representations are synchronized according to the presentation time
in the Period. Specifically, the earliest presentatiametof 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 mediaomponents as well as seamless switching within one media component.

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 sectioB

and shall at least contain the mandatory information as documerniat|eb.
If such an MPD is accessible at tim&®Wat the locatioMPD .Location , then

1 all Segments for all Representations in all Periods as announced in an MPD shall be
available latest at the announced segment availability starS#&dk,i,r] at all
URLk,i,r] as derived in sectioh.3.2.2
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1 all Segments for all Representations in all Periods as announced in an MPD shall at least
be available until the announced segmenailability end timeSAETK,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 RDathé
Segment in this Period is available prior to the sum of Period start, earliest presentation
time and segment duration, i®ASTK,i,r] <= PSw¢i] + SOK,r,i] + EPTK,r,i];

1 if a Media Segments with segment numkes delivered over a constant bitachannel
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 iA®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 presentatlBURATION

1 location of the segments for each Representationtetp://example.com/$Rep-
resentation|D$/ $Number$" ,

a service provide may offer an MPD as follows:

Table 61 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&id2.2
According to the worlow shown inAnnex B

1 the MPD is generated and published prior to tlB/&ARTsuch that DASH clients may
access it prior to the start of the Media Presentation.
1 noredundant tools are considered.
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1 the encoder and the segmenter generate segments of d@BtHRATIONand publish
those on the origin server, such that they are available atd)RLgst at their announced
segment availability start time SAXK][

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

7 ki=1
1 k2 =ceil(PDURATION/SDURATION)
M1 fork=1, .., k2
0 SAST] = START+ PSTART+ k* SDURATION
0 SAETIK] = SASTK] + TSB+ SDURATION
0 SD[k] = SDURATION
0 URL[K] = http://example.com/$Representation|D$/k
1 The segment availability times of the Initialization Segment are as follows:
0 SAST[0] = START+ PSTART
0 SAETI[0] = SAET[K2]

4.3.3.2.2. Basic ParameterSettings
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 recoemded
value of 4SDURATIONand 6 seconds in media time in order for the client to do
some prebuffering in more difficult network conditions.
o If norestrictions on the accessibility of the content are provided, tharsBenay
be set to a large value traten exceedBDURATION

1 Suggested Presentation Del&PDO
o If synchronized playout 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 provitlelhe service 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 deptiSB
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 DurationSDURATION
o The segment duratiotypically influences the en-end latency, but also the
switching and random access granularity as in DABKM/AVC each segment
starts with a stream access point which can also be used as s switch point. The
service provider should set the value takimg account at least the following:
A the desired entb-end latency
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the desired compression efficiency
the starup latency
the desired switching granularity
the desired amount of HTTP requests per second
the variability of the expected network conditions
0 Reasonable values for segment durations are between 1 second and 10 seconds.
1 Minimum Buffer Time MBT) and bandwidthB§W

o the value of the minimum buffer tinrgboes 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 theusstiness or jitter in the network, it is
describing the burstiness or jitter in tbentent 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 thavay the content is encoded.

0 The minimum buffer time provides information 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 segiseiat)vered over
a constant bitrate channel with bitrate equal to value oBWattribute 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 besetto the maximum GOP
size (coded video sequence) of the content, which quite often is identitted
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 ad straightforward implementation, a DASH 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

1 the value of the attbute @minBufferTime , MBT

1 the set of values of th@bandwidth attribute for each RepresentatioBi\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 datplasy
data. This means that at the current time it does Iafferdata 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, sondealizations typically do not hold in practice, such 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 ciempensa
such practical circumstances; especially variations 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 granulasiiy. tAis case, not only parts
of the Segment (i.eMBT) needs to be downloaded, but the entire Segment, and MBTas
smaller than the Segment duration, then rather the segment duration needs to be used instead of
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the MBTfor the required buffer sizend the download scheduling, i.e. download a Representation

i for whichBWi] rat@®buffer/max_segment_duration

For low latency cases, the above parameters may be different.
4.3.3.2.3. Example

Assume a simple example according able9.

Table 71 Basic Service Offering

MPD Information Value
MPI@type dynamic
MP@availabilityStartTime START
MPI@mediaPresentationDuration 43sec
MP@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:

T ki=1,k2=9
1 fork=1,.., k2
0 SASTIK] = START+ k*5sec
0 SAET[K] = SASTK] + 30sec
0 URLJ[K] = http://example.com/1/k
1 The segment availability times of the Initialization Segment are as follows:
0 SAST[0] = START
0 SAET[0] =START + 75 sec

Figure4 shows the availability of segments on deverfor different times NOW. In particular,
before START no segment is available, but the segment URLs are valid. With@kvadvanc-
ing, segmerd get available.
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NOW < START

O N N N N N S S e B3

START <= NOW < START + SDURATION
] 6 N N
START +3*SDURATION <= NOW < START + 4*SDURATION

6 B N
START +7*SDURATION <= NOW < START + 8*SDURATION
N X

START +10*SDURATION <= NOW < START + 11*SDURATION
NOW > START + 15*SDURATION
0| e 6 N EX

Figure 4 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.
4.3.3.3.1.

For content 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 thBetied duration is the maximum

of the presentation duration of all Representations contained in the Period.

Content Offering with Periods
General

A typical Multi-Period Offering is shown iifable 8. This may for example represent a service
offering where main content provided in Period 1 and Period 3 are interrupted by an inserted Period
2.

Table 8 Multi -Period Service Offering

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

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

SegmentTemplate @duration SDURATION

Period @start PSTART2
Representation  @availabil- ATO2
ityTimeOffset

SegmentTemplate @media

" 2/ $Representation|D$/$SNumbers"

SegmentTemplate @startNumber 1

SegmentTemplate @duration SDURATION

Period @start PSTARTB

SegmentTemplate @media

" 1/ $RepresentationID$/$SNumber$"

SegmentTemplate @startNumber STARTNUMBER2

SegmentTemplate @duration SDURATION

SegmentTemplate @presenta-
tionTimeOffset

PTO

The work flow for such a service offering is expected to be similar to the one in se&tidr2.1
Based on the details in sectidr8.2.2 the Segment Information is derived as:

1 Period 1

(0]

O O 0O

(0]
(0]

PSwc[l] =START+ PSTART
PEwc[1] =START+ PSTART
ki=1
k2 =ceil( (PSTART2 PSTART1)/SDURATION)
fork=1, .., k2
A SASTIK] = PSwc[1] +k* SDURATION
A SAETIK = SASTK] + TSB+ SDURATION
A SD[K] = SDURATION
A URL[K] = http://example.com/1/$RepresentationID$/k
SASTI[0] = PSwc[1]
SAET[0] = SAET[k2]

M1 Period 2

0]

O O Oo0Oo

PSwc[2] =START+ PSTARD

PEwc[2] =START+ PSTARB

ki=1

k2 =ceil( (PSTART3 PSTART2)/SDURATION2)
fork=1, ..., k2

A SASTIK] = PSwc[2] +k*SDURATIOR
ASASTIK] = SASTK] i ATO2

SAET[K] = SASTK] + TSB+ SDURATIONR
SD[k] = SDURATIOR

URL[K] = http://example.com/2/$RepresentationID$/k
SAST[0] = PSwc][2]

SAET[0] = SAET[k2]

> > > >
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M1 Period 3
0 PSwc[3] =START+ PSTART

o PEwc[3] =START+ PDURATION

o ki=1

o k2=ceil(( PSTART3-PDURATIONPSTART3/SDURATION1)
o fork=1, ..., k2

A SASTI] = PSwc[3] +k* SDURATION
A SAETIK = SASTK] + TSB+ SDURATION
A SD[K = SDURATION
A URL[K] = " http://lexample.com/1/$Representa-
tionID$/(k+STARTNUMBER2 - 1)"
0 SAST[0] = PSwc[3]
0 SAET[0] = SAET[k2]

Note that the numbéde describes position in the Period. The actual number used in the segment
template increased by the one less than the actual start number.

In order to ensurthat the attribut®eriod @start canaccuratelydocument the duration of the
previous Period and to avoid that the player may fall into a loop segridr a £gment in the
wrong Period, it is recommeéed to accurately document tReriod @start time. In order to

fulfill this, it is recommended to use video track time scale to document the exact duration of the
Period.A media time scale of at most 90 kHz is recommended and may be represetited by
xs:duration typeof Period @start .

4.3.3.3.2. Continuous Period Offering

Continuous Period offering as defined in secoh.12may be used. If multiple periods are of-
fered primarily for robustness or MPD clggs, the continuous period should be used by the con-
tent author to provide seamless experiences for the ltgee. condition of continuous timelines

is not fulfilled, but all other conditions, then perteadnnectivity may be used as defined in section
3.2.12

4.3.3.4. Content Offering with Segment Timeline
4.3.3.4.1. Basic Operation
In order to offer a dynamic service that takes into account

1 variable segment durations
1 gaps in the ggment timeline of one Representation,

the Segment timeline as defined in ISO/IEC 23@08ection 5.3.9.6 may be used as an alternative
to the@duration attribute as shown in sectidn3.3.2

Table 91 Service Offering with Segment Timeline

MPD Information Value
MP®type dynamic
MP@availabilityStartTime START
MPI®mediaPresentationDuration PDURATION
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MPI@suggestedPresentationDelay SPD
MPI@minBufferTime MBT
MP@timeShiftBufferDepth TSB
MPDBaseURL "http://example.com/"
Period @start PSTART
SegmentTemplate @media " $RepresentationID$/ $Num-
ber$"
SegmentTemplate @startNumber 1
SegmentTemplate . SegmentTimeline t[i], n[i], d[i], r[i]

According to the worklow shown inAnnex B

1 the MPD is generated and published prior to t®1ARTsuch that DASH clients may
access it prior to the start of tMedia Presentation.

no redundant tools are considered.

the encoder and the segmenter generally should generate segments of constant duration
SDURATIONand publish those on the origin server, such that they are available d&URL][
latest at their announcedgment availability start time SASJ[However, the server may

offer occasional shorter segments for encoding optimizations, e.g. at scene changes, or
segment gaps (for details see section 6). If such an irregular segment is published the MPD
needs to doument this by a ne® element in the segment timeline.

1
1

If the segment timeline is used and $¥éme$ template is used, then the times in the MPD shall
accurately present media internal presentation times.

If the segment timeline is and tB&lumber$ template is used, then the MPD times shall at most
deviate from the earliest presentation time documented in the MPD by 0.5sec.

Based on these considerations, it is not feasible to operate with a single MPD if the content is not
yet known in advance. Hower, preprepared content based on the segment timeline may be of-
fered in a dynamic fashion. The use of the Segment Timeline is most suitable for the case where
the MPD can be updated. For details refer to sedtidn

4.3.3.4.2. Basic Parameter Settings

The parameters farSB andSPDshould be set according to sect#B.3.2.2 Thesegment dura-
tion SDURATIONmMay be set according to sectiér8.3.2.2 but it should be considered that the
service provider can offer shorter segments occasionally.

4.3.35. Joining Recommendation

By default, an MPD witiMPI®type="dynamic" suggests that the client would want to join
the stream at the live edge, therefore to download the latest available segment (or close to, depend-
ing on the buffering model), and then stdaymg from that segment onwards.

However there are circumstances where a dynamic MPD might be used with content intended for
playback from the start, or from another position. For example, when a content provider offers
0start agai n olivefpwogram, theoimeation i$ tg makeotiie cantent available as an
on-demand program, but not all the segments will be available immediately.
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This may be signalled to the DASH client by including an MPD Anchor, with either

1 thet parameter, or
1 both theperiod andt parameter, in the MPD URL provided to the DASH client, or
1 thePOSIX parameter, for details refer to Amd.3 of ISO/IEC 23002014{5}-[4][4].

The format and behaviour of MPD Anchors is defined in section C.4 of ISO/IEC -A3&)$ecif-
ically thePOSIX parameter is defined in Amd.3 of ISO/IEC 236D92014{5}-[4].

For example to start from the beginning of the MPD the following would be added ¢odhef
the MPD URL provided to the DASH client:

#t=0
Or to start from somewhere other than the start, in this case 50 minutes from the beginning of the
peri od wi tphogrde mparto2do 1 D A

#period =program_part 2&t=50:00

Starting from a given UTC time can be achieved using the POSIX clock with t parameter. For
example, starting playback froied, 08 Jun 2016 17:29:06 GMiould be expressed as

#t=posix: 1465406946

~

#t=posix:now stands for dAlive edge"”
Notes:

1 as per section C.4 of ISO/IEC 23009he time indicated using the t parameter is as per
the field definition of the W3C Media Fragments Recommendation v1.0 section 4.2.1.

1 the period ID has to be URL encoded/decoded as necessary and needs to matttieone of
Period @id fields in the MPD.

Where an MPD Anchor is used it should refer to a time for which segments are currently available
in the MPD.

4.3.4. Client Operation, Requirements and Guidelines
4.3.4.1. Basic Operation for Single Period

A DASH client is guided by thenformation provided in the MPD. A simple client model is shown
in Figureb.

Media
DDwnIIDad Buffer Decode
Engine and
Rendering

Figure 5 Simple Client Model

Assume that the client has accesan MPD and the MPD contains the parametefabieb, i.e.
it consumes a dynamic service with fixed media presentation duration.
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In addition in the following fosimplicity it is assumed that the MPD only contains a single Period
with period start timéSw¢i] and the MPBURL does not include any fragment parameters ac-
cording to sectiod.3.3.5

The following example clieriehaviormay provide a continuous streaming experience to the user:

1)

2)

3)

4)

5)

6)

The client parses the MPD, selects a collection of Adaptation Sets suitable for its environ-
ment based on information provided in each ofAbaptationSet  elements.

Within each Adaptation Set it selects one Representation, typically based on the value of
the @bandwidth attribute, but also taking into account client decoding and rendering
capabilities.

The client creates a list of accessible Segments at least for each selected Representation
taking into account the information in the MPD as documentdalote5 and the current

time JOINin the client and in particular the segment closest to the live edge referred to the
live edge segmerittor details refer to sectigh3.4.2

The client downloads the initialization segment of the selected Representations and then
accesses the content by requesting entire Segments or byteohSggsnents. Typically

at any timethe clientdownload the next segment at the larger of the two: (i) completion

of download of current segment or (ii) the Segment Availability Start Time of the next
segmentNote that if the@availability TimeOffset is present, then theegments

may be downloaded earlier, namely at the adfuségment availability start tim&ased

on the buffer fullness and other criteria, rate adaptation is considered. Typically the first
media segment that is downloaded is lilie edge segmenbut other decisions may be
taken in order to minimize stamp latency. For details on initial buffering, refer to section
4.3.4.4

According toFigure5 media is fed into buffer and at some point in time, the decoding and
rendering of the media is kicked off. The downloading and presentation is done for the
selectel Representation of each selected Adaptation. The synchronization is done using
the presentation time in the Period as documented in sec8dh29. For synchroized
playout, the exact presentation times in the media shall be used.

Once presentation has started, the playout process is continuous. The playout process ex-
pects media to be present in the buffer continuously. IMRE® suggestedPresen-
tationDelay is present, then this value may be used as the presentatiorP@elHy

the MP@suggestedPresentationDelay is not present, but the client is expected

to consume the service at the live edge, then a suitable presentation delay should be se-
lected, typically between the value of@minBufferTime and the value of
@timeShiftBufferDepth . It is recommended that the client starts rendering the first
sample of the downloaded media segmientith earliest presentation time ERKJ (at

PSw¢i] + (EPTK) - o[r,i]) + PD. For details on selecting and minimizing etoeend la-

tency as well as the starp latency, see secti@gn3.4.4

The client may request Media Segments of thecsetl Representations by using the gen-
erated Segment list during the availability time window.
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7)

8)

9)

4.3.4.2.

Once the presentation has started, the client continues consuming the media content by
continuously requesting Media Segments or parts of Media Segments ang ptaytent

that according to the media presentation timeline. The client may switch Representations
taking into updated information from its environment, e.g. change of observed throughput.
In a straightforward implementation, with any request for a Me8egment starting with

a stream access point, the client may switch to a different Representation. If switching at
a stream access point, the client shall switch seamlessly at such a stream access point.
With the walkclock timeNOWadvancing, the client consumes the available Segments. As
NOWadvances the client possibly expands the listvailable Segments for each Repre-
sentation in the Period according to the procedures speciféed.h?2

Once the client is consuming media contained in the Segments towards the end of the
announced media in the Representation, then either the Media Presentation is terminated,
a new Period is startede@ subsectiod.3.4.3 or the MPD needs to be refetched. For
details on MPD updates and refetching, please refer to sdction

Determining the Segment List

For a single Period content the client determines the available Segment ListNDWaecording
to sectiond.3.2.2.taking into account the simplified offering Trable6 as

= =4 8 -4 -4 98 -8 -2 -9

=

ki=1

k2 =ceil(PDURATION/SDURATION)

SASTIK] = START+ PSTART + k*SDURATIONor k=0, 1, ..., k2
ASAST[K] = SAST[] - ATO

SAET[K = SASTK] + TSB+ SDURATIONork =1, ..., k2

SAET[0] = SAET[K2]

SD[K = SDURATION

URL[K] = http://example.com/$RepresentationID$/k

KINOW = MIN(floor  ((NOW- START- PSTART/SDURATION, k2)

K[ NOW = MAX(K1, floor ((NOW- START- PSTART- TSB)/SDURATION

Note that if KNOW is 0, then only the Initialization Segment is availafilee live edge segment
if provided as KNOW,. If the @availabilityTimeOffset is present, then the segments for
this Representation may be downloaded from ASABdifiwards.

4.3.4.3.

Multi -Period Content

In an extension to the description in sect®b8.4.1assume now that the client has access to an
MPD and the MPD contains content with multiple Periods, for example following the parameters
in Table8. The startime of each Period is computed as period start B®e¢i]. and the MPD

URL does not include any fragment parameters according to sdc3@b

In an extension of bullet 3 in sectidi3.4.1

the client creates a list of accessible Segments at least for each selected Representation
taking into account the information in the MPD as documentdaiote5 andthe current

time NOWin the client and in particular the segment closest to the live edge referred to the
live edge segment
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For this it needs to take into account the latest Pefid@W. The latest Period and the
latest segment are obtained as follavith i* the index of the last Period.:

T if NOW<= PSwc[1]
0 no segment is yet available
1 else ifNOW> PSwc[i*]
o the last one and the latest segment is available is k2[i*]
1 else ifNOW> PSwc[i*] + TSB
0 no segment is available any more
1 else if PSwc[1l] NOW<= PEwc][i*]
A i* the such that PSwi< NOW<= PEwc|]
A KkINOW = MIN(floor ((NOW- PEwc]]- PSwc|])/SDURATIONT ),
k2)
1 Note again that if KIOW is 0, then only the Initialization Segment is available. If
the Period is not the first one, then the kagailable Media Segment is the last
Media Segment of the previous Period.

In an extension of bullet 9 in sectidrB.4.1

the client consumes media in one Period. Once the client is consuming media contained in
the Segments towards the end of the announced media in the Representation, and the Rep-
resentation is contained not in the last Period, then the DASH clients geneedy to
reselect the Adaptation Sets and a Representation in same manner as described in bullet 1
and 2 in sectiod.3.4.1 Also steps 3, 4, 5 and 6 need to beied out at the transition of

a Period. Generally, audio/video switching across period boundaries may not be seamless.
According to ISO/IEC 23009, section 7.2.1, at the start of a new Period, the playout
procedure of the media content components mag teebe adjusted at the end of the pre-
ceding Period to match thiReriodStarttime of the new Period as there may be small over-

laps or gaps with the Representation at the end of the preceding Period. Overlaps (respec-
tively gaps) may result from Media Segrtewith actual presentation duration of the me-

dia stream longer (respectively shorter) than indicated by the Period duration. Also in the
beginning of a Period, if the earliest presentation time of any access unit of a Representa-
tion is not equal to the psentation time offset signalled in ti@presentation-

TimeOffset |, then the playout procedures need to be adjusted accordingly.

The client should play the content continuously across Periods, but there may be implica-
tions in terms of implementation to proeidully continuous and seamless playout. It may

be the case that at Period boundaries, the presentation engine needs to be reinitialized, for
example due to changes in formats, codecs or other properties. This may resu# in a re
initialization delay. Sucha reinitialization delay should be minimized. If the Media
Presentation is of type dynamic, the addition of theitealisation delay to the playout

may result in drift between the encoder and the presentation engine. Therefore, the playout
should be gdsted at the end of each Period to provide a continuous presentation without
adding drift between the time documented in the MPD and the actual playout, i.e. the dif-
ference between the actual playout time and the Period start time should remain constant.
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If the client presents media components of a certain Adaptation Set in one Period, and if
the following Period has assigned an identical Asset Identifier, then the client should iden-
tify an associated Period and, in the absence of other informatiomuwemntiaying the
content in the associated Adaptation Set.

If furthermore the Adaptation Sets are peramhtinuous, i.e. the presentation times are
continuous and this is signalled in the MPD, then the client shall seamlessly play the con-
tent across the Fed boundary under the constraints in secidh3.3.2 The presentation

time offset should be ignoreMost suitably the client may continue playing the Represen-
tation in the Adaptation Set with the sa@ad, but there is no guarantee that this Repre-
sentation is available. In this case the client shall seamlessly switch to any other Represen-
tation in the Adaptation Set.

If otherwisethe Adaptation Sets are periodnnectednd this isignaledn the MPD, then
the clientshould avoid rénitializing media decoderg.he client should inform the media
decoder on a timeline discontinuity obeying the valu@giresentationTimeOff-

set attribute, but it may continugrocessing the incoming Segments withouinrgaliz-
ing the media decodefhe presentation time offset should be usesetmlessly play the
content across the Period boundary under the constraints in e8ti®s3.2

4.3.4.4. Joining, Initial Buffering and Playout Recommendations
4.3.4.4.1. General
A DASH client should start playout from:

1 The time indicated by the MPD Anchor, if one is present
1 The live edge, if there is no MPD Anchor avié@type="dynamic"

4.3.4.4.2. Joining at the live edge
For joining at the live edge there are basically two Héylel strategies:

A Every client participating in the service commits to the same presentation delayléRD) re
tive to the announced segment availability start time atgpa#and in continuous presen-
tation, possible using one suggested by the Content Provider and then attempts to minimise
startup latency and maintain the buffer. The content provider may haxedpd the
MPI®suggestedPresentationDelay (SPD or may have provided this value by
other means outside the DASH formd&tie content author should be aware that the client
may ignore the presence P @suggestedPresentationDelay and may choose
its own suitable playout scheduling.

A The client individually picks the presentation delay (PD) in order to maximize stable qual-
ity and does this dependent on its access, user preferences and other considerations.

In both cases the clieneads to decide, which segment to download first and when to schedule
the playout of the segment based on the committed PD.

A DASH client would download an available segment and typically render the earliest presentation
time EPTK) of the segment aPSw¢i] + (EPTK) - o[r,i]) + PD. As PD may be quite large, for
example in order to provision for downloading in varying bitrate conditions, and if a segment is
downloaded that was just made available it may result in larger start up delay.
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Therefore, a couplof strategies may be considered as a tradeoff of forugialelay, presentation
delay and sufficient buffer at the beginning of the service, when joining at the live edge:

1. The client downloads the next available segment and schedules playout wittPBelay
This maximizes the initial buffer prior to playout, but typically results in undesired long
startup delay.

2. The client downloads the latest available segment and schedules playout witPdelay
This provides large initial buffer prior to playout, kypically results in undesired long
startup delay.

3. The client downloads the earliest available segment that can be downloaded to schedules
playout with delayPD. This provides a smaller initial prior to playout, but results in rea-
sonable startip delay.The buffer may be filled gradually by downloading later segments
faster than their media playout rate, i.e. by initially choosing Representations that have
lower bitrate than the access bandwidth.

In advanced strategies the client may apply also one @& afidhe following:

1. Actual rendering may start not with the sample of the earliest presentation time, but the
one that matches as closely as posst8e/¢i] + (PT- o[r,i]) + PD equal toNOW.
2. The client may start rendering even if only a segment is aded partially.

Also if the @availability TimeOffset is present and the segment has an adjusted segment
availability start time, then the segments may be downloaded earlier.

4.3.4.5. Requirements and Recommendations
In summary, a client that access a dynamic MRBII at least obey the following rules:

1 The client shall be able to consume single Period and-Peittod content
1 If multi-period content is offered in a seamless manner, the client shall play seamlessly
across Period boundaries.

4.3.5. Additional DVB -DASH alignment aspects
For alignment with DVBDASH [42], the following should be considered:

1 Reasonable requirements on players around responding to response coc®esdee in
DVB DASH in section 10.8.6.
1 Further guidelines on live edge aspects are provided in DVB DASH section 10.9.2.

DVB DASH also provides recommendations in order to apply weights and priorities to different
networks in a multi Base URL offering incg®n 10.8.2.1.

4.3.6. Considerations on live edge

Detecting the live edge segment in DASH as well as providing a sanity check for the MPD author
on the correctness of the offering may be achieved for example by the following means:

1 If the MPD contains @publish Time attribute with valud?UBT, then at the publication
of the MPD all Segments according to the computation in seét®d.2and4.3.4.3with
NOWSset toPUBTshall be available.

DASH-IF Interoperability Points v3.3 52



O©CoOoO~NO O WNLPE

36

1 If the MPD contains &@publishTime attribute with valuePUBTand a Representation
contains a Segment timeline with ti@r attributed of the las$ element being nenega-
tive, thenthe last Segment describetins Segment timeline shall have a Segment availa-
bility start time smaller thaRUBTand the sum of the segment duration and the segment
availability start time shall be larger thRWBT.

A DASH client should avoid being too aggressive in requesting segments exactly at the computed
segment availability start time, especially if it is uncertain to be fully synchronized with the server.

If the DASH client observes issues, such as 404 respohsémuld back up slightly in the re-
quests.

In addition, for a content authoring to avoid too aggressive requests and possible 404 responses,
the content author may schedule the segment availability start time in the MPD with a small safety
delay comparedbtthe actual publish time. This also provides the content author a certain amount
of flexibility in the publishing of Segments. However, note that such safety margins may lead to
slightly increased entb-end latencies, so it is a balance to be takenaotount.

4.4. Simple Live Service Offering including MPD Updates

4.4.1. Background and Assumptions

If many cases, the service provider cannot predict that an MPD that is once offered, may be used
for the entire Media Presentations. Examples for such MPD changes are:

1 The duration of the Media Presentation is unknown

1 The Media Presentation may be interrupted for advertisements which requires proper splic-
ing of data, for example by adding a Period

1 Operational issues require changes, for example the addition of remBRegrasentations
or Adaptation Sets.

1 Operational problems in the backend, for example as discussed in ge8tion

1 Changes of segment durations, etc.

In this casdghe MPD typically only can describe a limited time into the future. Once the MPD
expires, the service provider expects the client to recheck and get an updated MPD in order to
continue the Media Presentation.

The main tool in MPEEDASH is Media PresentatioDescription update feature as described in
section 5.4 of ISO/IEC 23008. The MPD is updated at the server and the client is expected to
obtain the new MPD information once the determined Segment List gets to an end.

If the MPD contains the attributdFD@minimumUpdatePeriod , then the MPD in hand will
be updated.

According to the clustering in sectidr2, we distinguish two different types of live service offer-
ings:
1 MPD controlled live service offering: In this case the DASH client typically frequently
polls the MPD update server whether aRMupdate is available or the existing MPD can
still be used. The update frequency is controlled by MPD based on the atPimimin-

imumUpdatePeriod . Such a service offering along with the client procedures is shown
in sectior4.4.2
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1 MPD and segment controlled offerings. In this case the DASH client needs to parse seg-
ments in order to identify MPD validity expirations and updates on the MPD update server.
MPD expily events as described in section 5.10 of ISO/IEC 2300&e pushed” to the
DASH client as parts of downloaded media segments. This offering along with the client
procedures is shown in sectidrb.

This section describes the first type of offering. In secfidithe MPD and segment controlled
offerings are described. Undeertain circumstances a service offering may be provided to both
types of clients. An overview how such a service offering may be generated is shown in Annex A.

4.4.2. Preliminaries
4.42.1. MPD Information

As the MPD is typically updated over time on the server, the MiaDis accessed when joining
the service as well as the changes of the MPD are referred to as MPD instances in the following.
This expresses that for the same service, different MPDs exist depending on the time when the
service is consumed.

Assume that@aMPD instance is present on the DASH server at a specifieckoak timeNOW.

For an MPDbased Live Service Offering, the MPD instance may among others contain infor-
mation as available ifiable10. Information included there may be used to compute a list of an-
nounced Segments, Segment Availability Times and URLSs.

Table 107 Information related to Live Service Offering with MPD-controlled MPD Updates

MPD Information Status Comment

MPI®@type mandatory, set to "dynamic" the type of the Media Prese
tation is dynamic, i.e. Seg-
ments get available over tim

MPI@availabilityStartTime mandatory the start time is the anchor f
the MPD in waliclock time.
The value is denoted &ST.

MPI@minimumUpdatePeriod mandatory this field is mandatory excef
for the case where the

MP®mediaPresenta-

tionDuration is present.
However, such an MPD fallsg
then in an instance as docu-
mented in sectiod.3.

Period @start mandatory the start time of the Period
relative to the MPD ailabil-
ity start time. The value is de
noted adS

SegmentTemplate @media mandatory the template for the Media
Segment
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SegmentTemplate @startNumber optional default thenumber of the first seg-
ment in the Period. The valu
is denoted aSSN

SegmentTemplate @duration the duration of each Segme
in units of a time. The value
divided by the value of

exactly one oSegmentTem-

SegmentTemplate.SegmentTime- i
plate @duration or Seg-

line @timescale is denoted as
tT late.Seg- ;
ment’ emplate.>eg MDIK] with k=1, 2, .. The
mentTimeline  must be prese S .
segmat timeline may contaif
some gaps.
4.4.2.2. Segment Information Derivation

Based on an MPD instance including information as documenieabie 10 and available at time
NOWon the server, a DASH client may derive the information of the list of Segments for each
Representation in each Period.

If the Period is the last one in the MPD @ahd MP@minimumUpdatePeriod is present, then
the timePEwdi] is obtained ashe sum ofNOWand the value oMPI@minimumUpdate-
Period

Note that with the MPD present on the server BN progressing, the Period end time is ex-
tended. This issue is the orditange compared to the segment information generation in section
4.3.2.2

4.4.2.3. Some Special Cases

If the MP@minimumUpdatePeriod is set to O, then the MPD documentsaalailable seg-
ments on the server. In this case @ecount may be set accurately as the server knows all avail-
able information.

4.4.3. Service Offering Requirements and Guidelines

4.4.3.1. General

The same service requirements as in seceti8rB.1hold for any timeNOWthe MPD is present
on the server with the interpretation that the Period endRigvedi] of the last Periods obtained
asthe sum oNOWand the value dfiP@minimumUpdatePeriod

In order to offer a simple live service with unknown presentation end time, but only a single Period
and the following details are known in advance,

9 start at walclock timeSTART,

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

a service provider may offer an MPD with values accordinfatae11.
Table 117 Basic Service Offering with MPD Updates

MPD Information Value
MPI@type dynamic
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MP@availabilityStartTime START

MPOGpublish  Time PUBTIME1

MP@ninimumUpdatePeriod MUP

MPDBaseURL "http://example.com/"

Period @start PSTART

SegmentTemplate @media " $RepresentationID$/ $Num-
ber$"

SegmentTemplate @startNumber 1

SegmentTemplate @duration SDURATION

According to the worklow shown inAnnex B

1 the MPD is generated and published prior to t®1ARTsuch that DASH clients may
access it prior to the start of the Media Presentation. The MPD gets assigned a publish time
PUBTIMEL, typically a value that is prior t8START + PSTART

no redundant tools are considered.

the encoder and the segmenter generate segments of d@BtHRATIONand publish

those on the origin server, such that they are available atk)Rigst at their announced
segment availability start time SAK]]

= =

Based on the details in sectidr3.2.2and4.4.2.2 the Segment Information can be derived at each
time NOWby determining the end time of the PerldAwd1] = NOW+ MUP

The service provider may leave the MPD unchanged on the server. If this is the case the Media
Presentation may be terminated with an updated MPD that

1 adds the attributP@mediaPresentationDuration with valuePDURATION
1 removes the attributelPO@minimumUmatePeriod
1 changes th&IP@publishTime attribute toPUBTIME2

The MPD must be published latest at the end of the Media Presentation minus the W2 of
i.e. PUBTIME2<= START+ PSTART+ PDURATION MUP

The minimum update period may also be changethgwan ongoing Media Presentation. Note
that as with any other change to the MPD, this will only be effective with a delay in media time of
the value of the previoldUR

The principles in this document also holds for mpériod content, for which an MPupdate may

add a new Period. In the same way as for signalling the end of the Media Presentation, the publish
time of the updated MPD with the new period needs to be done latest at the start of the new Period
minus the value of thRIP@minimumUpdatePerio d attribute of the previous MPD.

Track fragment decode times should not roll over and should not exéé@tlé to observed
limitations in ECMAScript). Two options may be considered:

9 the timescale value should be selected that the above mentionedcharesaesided. 32 bit
timescales are preferable for installease of browsers.
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1 if large track timescale values are required and/or-lasting live sessions are setup, this
likely requires the use of 64 bit values. Content authors should use 64 bitfealtrask
fragment decode times in these cases, but should not excegtitdoa®oid truncation
issues.

4.4.3.2. Setting the Minimum Update Period Value

Setting the value of the minimum update period primarily affects two main service provider as-
pects: A short mimum update period results in the ability to change and announce new content
in the MPD on shorter notice. However, by offering the MPD with a small minimum update period,
the client requests an update of the MPD more frequently, potentially resultmgeased uplink

and downlink traffic.

A special value for the minimum update period is 0. In this case, the end time of the period is the
current timeNOW This implies that all segments that are announced in the MPD are actually
available at any point itime. This also allows changing the service provider to offer changes in
the MPD that are instantaneous on the media timeline, as the client, prior for asking for a new
segment, has to revalidate the MPD.

4.4.3.3. Permitted Updates in an MPD
According to sectio’.4 of ISO/IEC 23004, when the MPD is updated

1 the value oMPI®id, if present, shall be the same in the original and the updated MPD;

1 the values of anfPeriod @id attributes shall be the same in the original and the updated
MPD, unless the containir@eriod element has been removed,;

1 the values of andaptationSet  @id attributes shall be the same in the original and
the updated MPD unless the containigriod element has been removed,;

1 any Representation with the sa@dd and within the same Period asRepresentation
appearing in the previous MPD shall provide functionally equivalent attributes and ele-
ments, and shall provide functionally identical Segments with the same indices in the cor-
responding Representation in the new MPD.

In addition, updates in the MPD only extend the timeline. This means that information provided
in a previous version of the MPD shall not be invalidated in an updated MPD. For failover cases,
refer to sectior.8.

In order to make the MPD joining friendly and to remove data that is available in the past, any
segments that have fallen out of the time shift buffer may no longer be announced in the MPD. In
this case, th Period start may be moved by changing one or MR availabilityStart-

Time andPeriod @start . However, this requires that ti@startNumber , @presenta-
tionTimeOffset andS values need to be updated such that the Segment Information accord-
ing to sectio.3.2.2.6s not modified over an MPD update.

If Representations and Adaptations Sets are added or removed or the location of the Segments is
changed, it is recommended to update the MPD and provide Adaptation Sets in & q@etiiaa-
ous manner as defined in sect.3.3.2

4434, Usage of Segment Timeline
If the Segment Timeline is used a@@MminimumUpdatePeriod greater than 0, then
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1 the operation as described in sectbB.3.4applies, and for all Representations that use
the Segment Timeline:

o the @rvalue of the las§ element of the last regular Period shall be a negative
value,
o only $Number$ template shall be used,

1 an MPD may be published for which the additiofaélements are added at the end. An
addition of sucts element shall be such that clients that have not updated the MPD can
still generate the Segment Information based on the previous MPD up to the Period end
time. Note that this may lead that such clients have a different segment availability time,
but the availability time may be corrected once the MPD is updated.

An example for such an offering is shownTiable12 where the RVALUE needs to be increased
by 1 for each newly published segment.

Table 127 Service Offering with Segment Timeline and MUP greater than O

MPD Information Value

MP@type dynamic
MP@availabilityStartTime START

MPI®ublish  Time PUBTIME1
MP@ninimumUpdatePeriod MUP >0
MPDBaseURL "http://example.com/"
Period @start PSTART
SegmentTemplate @media " $RepresentationID$/ $Time $"
SegmentTemplate @ SDURATION
SegmentTemplate .SegmentTime-

line.S @r -1

4.4.3.5. Last Segment Message

If the @segmentProfiles  contains thelfsg ' brand for a certain Representation, thie@
'Imsg ' brand for signaling the last segmaiiall be applied for any content witMPI® mini-
mumUpdatePeriod present and theIPO®@type="dynamic"

DASH clients operating based on such an MPD and consuming the service at the live edge typi-
cally need to request a new MPD prior to downloading a new segment. However, in order to min-
imise MPD requests and resulting frafload, the client may use one or more of the following
optimisations:
1 If the client fetches the MPD using HTTP, the client should use conditional GET methods
as specified ilRFC 7232 23] to reduce unnecessary network usage in the downlink.

1 If the @segmentProfiles contains thelsg ' brandclients may also rely on the
'Imsg ' message and request a new MPD only in case a segment is received with an
"Imsg"' brand. Otherwise the client may use template constructions to continue determin-
ing the URL and the segment availability start time of segments.
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If the attributeMP@minimumUpdatePeriod is set to a value greater thamh@nall Segments

with availablity start time less thathe sum of the request time and the value oMPR&RD mini-
mumUpdatePeriod will eventually get available at the advertised position at their computed
segment availability start time. Note that by providinglRR minimumUpdatePeriod is set

to a value greater than 0, DASH servers reduce the polling frequency of clients, but at the same
time cannot expect that clients will request an updated MPD to be informed on changes in the
segment URL constructions, e.g. at the start of a newdPeri

4.4.4, MPD-based Live Client Operation based on MPD

In an extension to the description in sec#o8.4.1and sectior#.3.4.3 the client now has access
to an MPD and the MPD contains thP@minimumUpdatePeriod , for example following
the parameters ihablell. The start time of each Period is computed as period starPBwei]
and the MPBURL does not include any fragment parameters according to sdci@nb

The client fetches an MPD with parameterd able10 access to the MPD at tinketchTime

at its initial location if noVIPD.Location element is present, or at a location specified in any
presentMPD.Location elementFetchTime is defined as théme at which the server pro-
cesses the request for the MPD from the client. The client typically should not use the time at
which it actually successfully received the MPD, but should take into account delay due to MPD
delivery and processing. The fetchdonsidered successful either if the client obtains an updated
MPD or the client verifies that the MPD has not been updated since the previous fetching.

If the client fetches the MPD using HTTP, the client should use conditional GET methods as spec-
ified in RFC 723223] to reduce unnecessary network usage in the downlink.

In an extension of bullet 3 in sectidiB.4.1and sectiort.3.4.3

the client creates a list of accessible Segments at least for each selectedriRaes
taking into account the information in the MPD as document@&dlie 10 and the current
time NOWby using the Period end time of the last PerioBetshTime + MUP

In an extension of bullet 9 in sectidrB.4.1and sectior.3.43,

the client consumes media in last announced Period. Once the client is consuming media
contained in the Segments towards the end of the announced Period, i.e. requesting seg-
ments with segment availability start time close to the validity time of the MRDedeas
FetchTime + MUR them, then the DASH client needs to fetch an MPD at its initial
location if noMPD.Location element is present, or at a location specified in any present
MPD.Location element.

If the client fetches the updated MPD using HTTP,dirent should use conditional GET
methods as specified in RFC 7232[23] to reduce unnecessary network usage in the
downlink.

The client parses the MPD and generates a new segment list based onRhe&ch&uwne
andMUPof the updated MPD. The client searches for the currently consumed Adaptation
Sets and Representations and continues the process of downloading segmentstbased on
updated Segment List.
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1 4.5. MPD and Segmemtbased Live Service Offering
2 45.1. Preliminaries
3 45.1.1. MPD Information
4  In order to offer a service that relies on both, information in the MPD and in Segments, the Service
5 Provider may announce that Segments contains inbaodrafion. An MPD as shown in Table
6 9 provides the relevant information. In contrast to the offering in Table 6, the following infor-
7  mation is different:
8 1 TheMPII®@minimumUpdatePeriod is present but is recommended to be set to 0 in order
9 to announce instantames segment updates.
10 1 The MPOGublishTime is present in order to identify different versions of MPD in-
11 stances.
12 1 all Representations of all audio Adaptation Sets or if audio is not present, of all video Ad-
13 aptation Sets, shall contain edbandEventStream  elenent with@scheme_id_uri
14 ="urn:mpeg:dash:event:2012" and@value either setto 1 or setto 3. The
15 bandEventStream element with @scheme_id_uri =
16 "urn:mpeg:dash:event:2012" and@value either set to 1 or set to 3 may be pre-
17 sent in all Representations of Alflaptation Sets.
18 1 InbandEventStream element with @scheme_id_uri =
19 "urn:mpeg:dash:event:2012" and@value either setto 1 or set to 3 shall only be
20 signaled on Adaptation Set level.

21 The information included there may be used to compute a list of announgeer@e, Segment
22  Availability Times and URLSs.

23 Table 137 Service Offering with MPD and Segmentbased Live Services
MPD Information Status Comment
MPI®@type mandatory, set to "dynamic" the type of the Media Prese

tation is dynamici.e. Seg-
ments get available over tim

MPIEpublishTime mandatory specifies the waltlock time
when the MPD was generalis
and published at the origin
server. MPDs with a later
value of@publishTime

shall be an update as defing
in 5.4 to MPDs with earlier
@publishTime .

MPI®availabilityStartTime mandatory the start time is the anchor f
the MPD in waliclock time.
The value is denoted &ST.
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MPI@minimumUpdatePeriod mandatory recommended/mandate to b
set to O to indicate that fre-
quent DASH events mayc-
cur

Period @start mandatory the start time of the Period
relative to the MPD availabil
ity start time. The value is de

noted aPPS
AdaptationSet  .Inband Event- mandatory if the @chemel—
Stream BURIschemeldUri s

urn:mpeg:dash:event:

2014 and the @alue is 1,
2 or 3, then this described a
Event Stream that supports
extending the validity of the

MPD.
SegmentTemplate @media mandatory the template for the Media
Segment
SegmentTemplate @startNumber optional default Thenumber of the first seg-

ment in the Peod. The value
is denoted aSSN

SegmentTemplate @duration the duration of each Segme
in units of a time. The value
divided by the value of

exactly one oSegmentTem-

SegmentTemplate.SegmentTime- i
plate @duration or Seg-

line @timescale is denotedas
mentTemplate.Seg- .
emp g MDIK] with k=1, 2, .. The
mentTimeline  must be prese Lo
segment timeline may conta
some gaps.
45.1.2. Segment Information Derivation

Based on an MPD instance including information as documenieabie 10 and available at time
NOWon the server, a DASH client may derive the information of the list of Segments for each
Representation in each Period.

If the Period is the last one in the MPD @ahd MP@minimumUpdatePeriod is present, then
the timePEwdi] is obtained ashe sum ofNOWand the value oMPI@minimumUpdate-
Period

Note that with the MPD present on the server @V progressing, the Period end time is ex-
tended. This issue is the ordizange compared to the segment information generation in section
4.3.2.2

If the MPI@minimumUpdatePeriod is set to 0, then the MPD documents all available seg-
ments on the server. In this case @ecount may be set accurately as the server knows all avail-
able information.
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45.2. Service Offering Requirements and Guidelines
45.2.1. Background

In section 5.10 of ISO/IEC 288-1, section 5.10, DASH events are defined. For service offerings
based on the MPD and segment controlled services, the DASH events specified in section 5.10.4
may be used. Background is provided in the following.

DASH specific events that are of relevarfor the DASH client are signalled in the MPD. The

URN "urn:mpeg:dash:event:2012 " is defined to identify the event scheme defined in Ta-

ble 10.

Table 14 InbandEventStream@ value attribute for scheme with a valuarti:mpeg:dash:event: 2012"

@alue Description

1 indicates that MPD validity expiration events as defined in 5.10.4.
signalled in the Representation. MPD validity expiration is signallg
the event stream as defined in 5.10.4.2 at least in the last segmer
earliestpresentation time smaller than the event time.

2 indicates that MPD validity expiration events as defined in 5.10.4.
signalled in the Representation. MPD validity expiration is signallg
the event stream as defined in 5.10.4.2 at least in thedgsent with
earliest presentation time smaller than the event time. In addition
message includes an MPD Patch as defined in 5.10.4.3 in the
message_data field.

3 indicates that MPD validity expiration events as defined in 5.10.4.
signalled inthe Representation. MPD validity expiration is signalleg
the event stream as defined in 5.10.4.2 at least in the last segmer
earliest presentation time smaller than the event time. In addition
message includes a full MPD as defined in 5.10rthe
message_data field.

Note: DVB DASH specificatiof42] does not include the value 3.

MPD validity expiration events provide the ability to signal to thentlithat the MPD with a
specific publish time can only be used up to a certain media presentation time.

Figure 4 shows an example for MPD validity expiration method. An MPD signals the presence of
the scheme in one or several Representations. Once a n®ag®tB available, that adds new
information not present in the MPD wi@publishTime= "2012-11- 01T09:06:31.6",

the expiration time of the current MPD is added to the segment by using the emsg box. The infor-
mation may be present in multiple segments.
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MFD MPD

EpublishTime="2012-11-01T09:06:31.67 BpublishTime="2012-11-01T09:06:41.4"
<Period Estart=0= <Period Bstart=0=

<InbandEventsStream <InbandEventStream

Escheme id wri="urn:mpeg:dash:event:Z01z~ Bschema id uri="urn:mpeg:dash:event:Z0lz~

Bvalue="1"

S

Bvalue="1"

</Period>

I

<Pariod Bstart=118s >

</Pariod 'r/\ V
L'R'_./ \U‘RL

-

segment segment segment segment segment
ept=105s ept=110s apt=115=z ept=0s ept=5s
duratiocn=55 duraticn=5s5 duration=3= duration=>5c duratiocn=55
Temeg " Temeg "

scheme id wri="urn:mpeg:dash:event:z0lz~ scheme id wri=-urn:mpeg:dash:event:z0lz~
wvalue="1~ wvalue="1~

timescale=1 timescale=1

presentation time delta=g presentation time delra=3
event_duration=0xFFFF event_duration=0xFFFF

id=12345 id=12345
message_data="2012-11-01TO0%:06:31.67 message_data="2i012-11-01T09:06:31.67 7

Figure 4 Example for MPD validity expiration to signal new Period

If the scheme_id_uri is set to Urn:mpeg:dash:event:2012 " and thevalue is set to
1, then the fields in the event message box document the following:

1 the message data field contains the puish time of an MPD, i.e. the value of the
MPI@publishTime

1 The media presentation time beyond the event time (indicated time by
presentation_time_delta ) is correctly described only by MPDs with publish time
greater than indicated value in tessage _d ata field.

1 the event duration expresses the remaining duration of Media Presentation from the event
time. If the event duration is 0, Media Presentation ends at the event time. If OXFFFF, the
media presentation duration is unknown. In the case in which both
presentat ion_time_delta and event_duration are zero, then the Media
Presentation is ended.

This implies that clients attempting to process the Media Presentation at the event time or later are
expected to operate on an MPD with a publish time that is later thardibated publish time in
this box.

Note that event boxes in different segments may have idemticlds, but different values for
presentation_time_delta if the earliest presentation time is different across segments.

45.2.2. Service Offering

A typical sewice offering with an Inband event stream is provided in Table 11. In this case the
MPD contains information that one or multiple or all Representations contain information that the
Representation contains an event message box flow in order to signal M&iDy expirations.
TheMPI@publishTime shall be present.
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Table 157 Basic Service Offering with Inband Events

MPD Information Value

MPI@type dynamic
MP@availabilityStartTime START

MPI®publish  Time PUBTIME1
MP@ninimumUpdatePeriod MUP

MPDBaseURL "http://example.com/"
Period @start PSTART
InbandEventStream  @cheme_id_URI | urn:mpeg:dash:event:2012
InbandEventStream  @alue lor3

SegmentTemplate @luration SDURATION

For a service offering based on MPD and segrbased controls, the DASH events shall be used
to signal MPD validity expirations.

In this case the following shall apply:

1 atleast all Representations of all audio Adaptation Sets shall contiaibaariEven t-
Stream element wittscheme_id_uri ="urn:mpeg:dash:event:201 4" and
@value either setto 1 or set to 3.
1 for each newly published MPD, that includes changes that are not restricted to any of the
following (e.g. a new Period):
0 The value of thévP@minimumUpdatePeriod is changed,
0 The value of &egmentTimeline.S@ r has changed,
o A newSegmentTimeline.S  elementis added
o Changes that do not modify the semantics of the MPD, e.g. data falling out of the
timeshift buffer can be removed, changes to sewifagings that do not affect the
client, etc.

the following shall be done

1 anew MPD shall be published with a new publish M@ publishTime
1 an'emsg’ box shall be added to each segment of each Representation that con-
tains annbandEventStream  element vth

0 scheme_id_uri = "urn:mpeg:dash:event:2012"

0 @value either setto 1 or setto 3

o If @value settolor3

A the value of théIPO®publishTime of the previous MPD as the
message_data

In addition, the following recommendations should be taken into accourReflesentations of

at least one media type/group contain dnbandEventStream element with
scheme_id_uri = "urn:mpeg:dash:event:2012" and@value either setto 1 or set
to 3.
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4.5.3. Client Requirements and Guidelines
4.5.3.1. Introduction

A DASH client is guided by the information provided in the MPD. An advanced client model is
shown inFigure6. In contrast to the client in sectidm.3.5 the advanced client requires parsing
of segments in order to determine the following information:

1 to expand the Segment List, i.e. to generate the Segment Availability taras well as
the URL of the next Segment by parsing the Segment Index.

1 to update the MPD based on Inband Event Messages usingmisg' box with

scheme_id_uri="urn:mpeg:dash:event:2012" and @value either set to 1
or setto 3.
Media
DDwnllcrad Buffer Decode
Engine and
= Rendering
W
Segment
Parsing

Figure 6 Advanced Client Model

Assumes that the client has access to an MPD and the MPD contains the mandatory parameters in
Table 9, i.e., it contains the following information:

1 MPD@inimumUpdatePeriod issettoO

1 MPI®@publishTime is included and the walis set to PUBTIME

1 At least on Representation is present that contairisl@ndEventStream  element
with scheme_id_uri="urn:mpeg:dash:event:2012" and @value either set
to 1 or setto 3.

1 Either the@duration or SegmentTimeline for the Representation is present.

In an extension of bullet 7, 8 and 9 in secio8.4.1and sectior4.3.4.3 the following example
client behaviour may provide a continuous streaming experience to the user as documented in the
following.

45.3.2. MPD Validity expiration and Updates

The DASH client shall download at least one Reprgation that contain bandEvent-
Stream element withscheme_id_uri = "urn:mpeg:dash:event:2012" and
@value either set to 1 or set to 3. It shall parse the segment at least up to tineci@fst box.
The DASH client shall parse the segment informatiath @xtract the following values:

1 ept the earliest presentation time of the media segment
1 dur the media presentation duration of the media segment

DASH-IF Interoperability Points v3.3 65



QW0 Nooh WN B

[ = S S
w N

NNNR RR R R
N, OWOWOWw~NOOU N

N
w

NN N
()& =N

N
-~

WNN
O ©

W www
A WNPEF

35
36
37
38

If an 'emsg' is detectescheme_id_uri = "urn:mpeg:dash:event:2012" and
@value either setto 1 or set to 3, the DASH client shall parse the segment information and extract
the following values:

1 emsg.publish_time the publish time documented in the message data of the emsg,
either directly or from the patch.

1 emsg.ptd the presentatiotime delta as documented in the emsg.

1 emsg.ed the event duration as documented in the emsg

After parsing, the Segment is typically forwarded to the media pipeline if it also used for rendering,
but it may either be dumped (if the Representation is only tssaccess the DASH event, such as
muted audio).

If no 'emsg’ validity expiration event is included, then

1 the current MPD can at least be used up to a media presentatiaptimedur
else if an 'emsg' validity expiration event is included, then

1 the MPD with publish time equal ®msg.publish_time can only be used up to a
media presentation timept + emsg.ptd . Note that ifdur > emsg.ptd , then the
Period is terminated &pt + emsg.ptd .

1 any MPD with publish time greater thamsg.publish_time canat least be used up
to a media presentation tire@t + emsg.ptd

1 prior to generating a segment request with earliest presentation time greateptthan
emsg.ptd , the MPD shall either

o be refetched and updated by the client.
o orif @value= 3, it may be useds included in the message.

NOTE: The DVB DASH profilg42] explicitly forbids downloading a Representation solely to gain access
to an Inband Event Stream contained within it. For reference, the relevant part of the DVBspédiita-
tion is sectiord.1.6.

4.5.3.3. Extended Segment Information

The DASH client shall download the selected Representation and shall parse the segment at least
up to the firstmoof' box. The DASH client shall parse the segment information and extract the
following values:

1 ept the ealiest presentation time of the media segment
o if the Segment Index is present use the Segments Index
o if not use thebaseMediaDecodeTime in'tfdt ' of the first movie frag-
ment as the earliest presentation time
1 dur the media presentation duration of the raesbgment
o if the Segment Index is present use the Segments Index
o if not use aggregated sample durations of the first movie fragment as the dura-
tion
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Using this information, the DASH client should extend the Segment information and, if present
the Segment Tineline with the information provided in the Segment. This information can then be
used to generate the URL of the next Segment of this Representation. This avoids that the client
fetches the MPD, but uses the information of the Segment Timeline. Howeaes; doubt of the
information, for example if a new Adaptation Set is selected, or if Segments or lost, or in case of
other operational issues, the DASH client may refetch the MPD in order to obtain the complete
information from the MPD.

4.6. Provisioning of Live Content in On-Demand Mode

46.1. Scenario

A common scenario for DASH distribution results that a live generated service is also made avail-
able for OnDemand offering after the live program is completed. The typical scenario is as fol-
lows:

- The Segments agenerated for the live service are also used for th®€mand case. This
avoids reformatting and also permits to reuse the Segments that are already cached.

- The MPD is modified to reflect that the content is available a®&mand now.

- Problems that re#ts from live delivery may be solved, e.g. variable segment durations, or
issues of segment unavailability.

- The content may be augmented with ads.

- The content may be trimmed from a longer, e.g. 24/7 stream, at the beginning and/or end.

4.6.2. Content Offering Requirements and Recommendations

In order to provide live content as @emand in the above scenario, the following is
recommended:

- The same Segments as generated for theildVIP@type is set todynamic )
distribution are reused also for static disttibo (i.e. MPIRtype is set tostatic ).

- Typically, the Segments also will have the same URL in order to exploit caching
advantages.

- An MPD should be generated latest at the end of the live session, but also may be
created during an ongoing live sessionlé@ument a certain window of the program that
is offered for OADemand.

- A new MPD is generated that should contain the following information

o TheMP@type is set to static.

o TheMP@availabilityStartTime should be removed or be maintained
from the live MPDsince all resources referenced in the MPD are available. If the
MP@availabilityStartTime is maintainedor a portion of the live

program that ifferedin thestaticMPD thePeriod @start value (including
the presentation time of#fsand the start numbeahd the presentation duration
shall be set accordinglyrherelationship to thevall-clock time should be
maintained by offsetting thieeriod @start without changing the
MP@availabilityStartTime
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o As profile, the simple live profile may be used

0 The attributeg@timeShiftBufferDepth and@minimumUpdatePeriod
shallnotbe present (in contrast to the live MPDE. it is expected that such
attributes are removed. Note that according to ISO/IEC 230@¢at if present, a
client is expected to ignotbese attributes faiP@type set tostatic

0 The presentation duration is determined through either the

@mediaPresentationDuration attributeor, if not present, through the
sum of thePeriodStartand thePeriod @duration attribute of the last Period
in theMPD.

o Content may be offered in the same Period structure as for live or in a different
one.

A If Periods are continuous, it is preferable to remove the Period structure.

A If new Periods are added for Ad Insertion, the Periods preferably be
added in a wathat they are at Segment boundaries.

o Independent whether ti@duration attribute or theSegmentTimeline
element was used for the dynamic distribution, the static distribution version may
have aSegmentTimeline  with accurate timing to support seeking and to
possibly also signal any gaps in the Segment timeline. To obtain the accurate
timeline, the segments may have to be parsed (at least upttdtthé¢ to extract
the duration of each Segment.

o The same templating mode as used in the live service shouloeais®d for
static distribution.

o MPD validity expirationeventsshould not be present in the MPBowever, it is
not expeemige dboheas @dre removed from Segm

4.6.3. Client Behavior

For a DASH client, there is basically no difference on whether theeobwas generated from a
live service or the content is provided as-Demand. However, there are some aspects that may
be #flvefrtso from a |ive service distribution th

- The Representations may show gaps in the Segmmeline. Such gaps should be recog-
nized and properly handled. For example a DASH client may find a gap only in one Rep-
resentation of the content and therefore switches to another Representation that has no gap.
- The DASH client shall ignore any possilgyesent DASH Event boxags e ms (£@.,
MPD validity expirations) for which no Inband Event Stream is present in the MPD.
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4.7. Availability Time Synchronization between Client and Server

4.7.1. Background

According to ISO/IEC 23009 [1] and sectiort.3, in order to properly access MPDs and Seg-
ments that are available on origin serverget available over time, DASH servers and clients
should synchronize their clocks to a globally accurate time standard.

Specifically Segment Availability Times are expected to be-alaltk accurately announced in

the MPD and the client needs to haveess to the same time base as the MPD generation in order

to enable a proper service. In order to ensure this, this section provides server and client require-
ments to ensure proper operation of a live service.

4.7.2. Service Provider Requirements and Guidelines

If the Media Presentation is dynamic or if MB@availabilityStartTime Is present then
the service shall provide a Media Presentation as follows:

1 The segment availability times announced in the MPD should be generated from a device
that is synchronized ta globally accurate timing source, preferably using NTP.

1 The MPD should contain at least dd€CTiming element with@echemel—
dURtschemeldUri  set to one of the following:

/)

urn:mpeg:dash:utc:http - xsdate:2014

o]

0 urn:mpeg:dash:utc:http - is0:2014

0 urn:mpeg:dash:utc:http - ntp:2014
0 urn:mpeg:dash:utc:ntp:2014

0 urn:mpeg:dash:utc:http - head:2014

0 urn:mpeg:dash:utc:direct:2014
1 If the MPD does not contain any elemé&fCTiming then the segments shall be availa-
ble latest at the announced segment availabihite tusing a globally accurate timing
source.
1 If the MPD contains an elemediTfCTiming then
o the announced timing information in tbd CTiming shall be accessible to the
DASH client, and
o the segments shall be available latest at the announced segmentlayditad
in the MPD for any device that uses one of announced time synchronization meth-
ods at the same time.

Despite the latter three technologies may save one or several HTTP transdxtiorage ahem
should be considered carefully by the MPBhau, and rather not be used if the MPD author is not
controlling thke entire distribution system:

9 If urnimpeg:dash:utc:ntp:2014 is used, client and server need to implement an
NTP client, which may be netmivial, especially in browsebased clients.
I __If urn:mpeg:dash:utc:http - head:2014 is used, then the server specified in the

@value attribute of theUTCTiming element should be the server hosting the DASH
segments such that with each request the Date gdresader field in the HTTP header
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(seein RFC 7231[22], section7.1.12 can be used by the client to maintain synchroniza-
tion. Also theMPD generatoshould be aware thahching infrastructures may adudhc-
curacies tdhe Date headeif the edge caches are not walbck synchronizedl herefore,
it should not use this method, if they cannot verify that the Date header is set accurately by
the edge cache from where each Segment is seDadS

9 If urnimp eg:dash:utc:direct:2014 is used, then th&1PD generatoiis ex-
pected to write thevall-clock time into the MPD. This basically requires a customized
MPD for each request and the MPD shduddffered such that it isotcached as otherwise
the timingis flawed and inaccurate.

Note that in practical deployments segment availability may be an issue due to failures, losses,
outages and so on. In this case the Server should use methods as defined id.8¢ctioform
DASH clients about potential issues on making segments available.

A leap second is added to UTC every 18 months on average. A service provider should take into
account the considations in RFC 716{b0].

The MPD time does not track leap seconds. If these occur during a live service they may advance
or retard the media against the real time.

4.7.3. Client Requirements and Guidelines

If the Media Presentation is dynamic or if i@ @ availabilityStartTime is present then
client should do the following:

1 If the MPD does not contain any elem&mtCTiming it should acquire an accurate
wall-clock time from its system. The anticipated inaccuracy of the timing source should
be taken into account when requesting segments close to their segment availability time
boundaries.

1 If the MPD contains one or sever&mentsUTCTiming then the client should at least
use one of the announced timing information inWAE Timing to synchronize its
clock. The client must not request segments prior to the segment availability start time
with reference to any of the chosghCTiming methods.

Note: The DVB DASHA42] spec requires support fottp - xsdate andhttp - head but al-
lows content providers to include others in addition, and allows clients to choose others in prefer-
ence if they wish. For details, refer to section 4.7 of the DVB DASH specification.

1 The client may take into account the accuracy of the timing sasreell as any trans-
mission delays if it makes segment requests.

1 Clients shall observe any difference between their time zone and the one identified in the
MPD, as MPDs may indicate a time which is not in the same timezone as the client.

1 If the client obsrves that segments are not available at their segment availability start
time, the client should use the recovery methods defined in sdcBion

1 Clients shouldhot access thBTCTiming server more frequently than necessary.
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4.8.
4.8.1.

Robust Operation
Background

In order to support some of the advanced use cases documented in section 2, robust service offer-
ings and clients are relevant. This document lists the relevant ones

4.8.2.
4.8.2.1.

Tools for Robust Operations

General Robustness

General Guidelines in ISO/IEC 230091] DASH spec in A.7:

T

4.8.3.

The DASH access client provides a streaming serviteetaser by issuing HTTP requests

for Segments at appropriate times. The DASH access client may also update the MPD by
using HTTP requests. In regular operation mode, the server typically responds to such re-
guests with status code 200 OK (for regular GBEiT3tatus code 206 Partial Content (for
partial GET) and the entity corresponding to the requested resource. Other Successful 2xx
or Redirection 3xx status codes may be returned.

HTTP requests may result in a Client Error 4xx or Server Error 5xx statles Some
guidelines are provided in this subclause as to how an HTTP client may react to such error
codes.

If the DASH access client receives an HTTP client or server error (i.e. messages with 4xx
or 5xx error code), the client should respond appropyideeg. as indicated im RFC
7231[22]) to the error code. In particular, clients should handle redirections (such as 301
and 307) as these may be used asgsarbrmal operation.

If the DASH access client receives a repeated HTTP error for the request of an MPD, the
appropriate response may involve terminating the streaming service.

If the DASH access client receives an HTTP client error (i.e. messages wéhrdixgode)

for the request of an Initialization Segment, the Period containing the Initialization Seg-
ment may not be available anymore or may not be available yet.

Similarly, if the DASH access client receives an HTTP client error (i.e. messages xvith 4x
error code) for the request of a Media Segment, the requested Media Segment may not be
available anymore or may not be available yet. In both these case the client should check
if the precision of the time synchronization to a globally accurate timdatdaor to the

time offered in the MPDs sufficiently accurate. If the clock is believed accurate, or the
error reoccurs after any correction, the client should check for an update of the . MPD.
multiple BaseURL elements are available, the client may also check for alternative in-
stances of the same content that are hosted on a different server.

Upon receiving server errors (i.e. messages with 5xx error code), the client should check
for an update of the MPD. Ifuitiple BaseURL elements are available, the client may also
check for alternative instances of the same content that are hosted on a different server.

Synchronization Loss of Segmenter

In order to address synchronization loss issues at the segmenfetlotiveng options from the
DASH standard should be considered with preference according to the order below:

1.

The server is required to always offer a conforming media stream. In case the input
stream or encoder is lost, the content author may always addydoamtent. This may
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be done using a separate Period structure and is possible without any modifications of the
standard.

2. Early Terminated Periodss included Cor.1 of the second edition of ISO/IEC 23D(89].
Early TerminatedPeriods may be added that contain bB#riod @start and Pe-

riod @duration . Fhis-expresses-thatforthisPeriod-ho-mediaispresentatldast for
Early Terminated Periodthe time-as-expressed-glue ofthe Period @duration at-

tnbuteéuehﬁeneds—shewd—emy—beused the presentatlon duratlon Mhedla Presen-

tationad :
time of the media content represented bv the Representatlons in thls Pe'l?t(mlMPD is
updated using th@minimumUpdatePeriod , i.e. the timeline is progressing. This per-
mits server to signal that there is an outage of media generation, but that theiservice
continuing. It is then up to the client to take appropriate actions.

4.8.4. Encoder Clock Drift

In order to support robust offering even under encoder drift circumstances, the segmenter should
avoid being synced to the encoder clock. In order to improvestobss, in the case of an MPD

based offering Periods should be added in a period continuous manner. In the case of MPD and
segmenbased control, the producer reference box should be added to media streams in order for
the media pipeline to be aware of budrifts. In this case the client should parse the segment to
obtain this information.

4.8.5. Segment Unavailability

To address signaling of segment unavailability between the client and server and to indicate the
reason for this, it is recommended to use regtfds. In addition, unless a UTC Timing has been
defined prior in the MPD, the Datdeader specifying the time of the server should be used. In this
case, the DASH client, when receiving a 404, knows that if its time is matching the Date Header,
then the dss is due to a segment loss.

4.8.6. Swapping across Redundant Tools

To enable swapping across redundant tools doing hot and warm swaps, the following should be
considered

1. the content author is offering the service redundant to the client (for example using mult
ple BasdJRLs) and the client determines the availability of one or the other. This may be
possible under certain circumstances

2. Periods may be inserted at a swap instance in order to provide the new information after
swap. If possible, the offering may periodcontinuousor periodconnectegdbut the of-
fering may also be neocontinuous from a media time perspective.

3. A completely mw MPD is sent that removes all information that was available before
any only maintains some time continuity. However, this tool is not fully supported yet in
any DASH standard and not even considered.

There is a clear preference for the bullets abowhkeir order 1, 2 and 3 as the service continuity
is expected to be smoother with higher up in the bullet list. At the same time, it may be the case
that the failure and outages are severe and only the third option may be used.
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4.8.7. Service Provider Requiremens and Guidelines
The requirements and guidelines in subsections 8.2 to 8.6 shall be followed.

4.8.8. Client Requirements and Guidelines

The client shall implement proper methods to deal with service offerings provided in section 8.2
to 8.6.

4.9. Interoperability Aspeds

4.9.1. Introduction

In order to provide interoperability based on the tools introduce irséuBona restricted set of
interoperability points are defined.

4.9.2. Simple Live Operation
49.2.1. Definition

The simple live interoperability point permits service offeringhvidrmats defined in the first
edition of ISO/IEC 23004 [4] as well as in DASHF IOPs up to version 2. The DASH cligat
not required to parse media segments proper operationbut can rely exclusively on the infor-
mation in the MPD.

49.2.2. Service Requirements and Recommendations
Service offeringgonformingto this operatiorshall follow

1 The general requirements and guidelines in sedtid:3

1 the MPD Update requirements and guidelines in sedtid:3

1 the requirements and guidelinfes service offering of live content in eslemand mode in
sectior4.6.2

1 the synchronization requirements and guidelines in sedtib@

1 the robustness requirements amdbiglines in sectiod.8.7

49.2.3. Client Requirements and Recommendations

Clients claiming conformance to theperationshall follow

1 The general requirements and guidelines in sedtid@

1 the MPD Update requirements and guidelines in sedt:13.5

1 the requirements and guidelines for service offering of live contentdeorand mode in
section4.6.3

1 the synchroization requirements and guidelines in secdon3
1 the robustness requirements and guidelines in set#od
4.9.3. Main Live Operation

4.9.3.1. Definition

The main liveoperationpermits service offerings with formats defined in the second edition of
ISO/IEC 230091 [1]. In this case the DASH clientay be required to parse media segments for
proper operation
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