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Scope 1 

The scope of the DASH-IF InterOperability Points (IOPs) defined in this document is to provide support for 2 

high-quality video distribution for over the top services using H.264/AVC and H.265/HEVC. Both live and 3 

on-demand services are supported. The specified features enable relevant use cases including on-demand, 4 

live services, ad insertion, trick modes, seek preview, content protection and subtitling. Extensions for multi-5 

channel audio and next generation audio with different codecs as well as extensions to video different 6 

codecs and Ultra High Definition are defined. 7 

Any identified bugs or missing features may be submitted through the DASH-IF issue tracker at https://gi-8 

treports.com/issue/Dash-Industry-Forum/DASH-IF-IOP. 9 

Note that version 4.1 is published as an add on to v4.0, but with the next version it is expected that a either 10 

a multipart version or a restructured version will be generated, with a major editorial updates. The new 11 

version is expected to be available by the end of 2017. 12 

https://gitreports.com/issue/Dash-Industry-Forum/DASH-IF-IOP
https://gitreports.com/issue/Dash-Industry-Forum/DASH-IF-IOP
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Disclaimer 1 

This is a document made available by DASH-IF.  The technology embodied in this document may 2 

involve the use of intellectual property rights, including patents and patent applications owned or 3 

controlled by any of the authors or developers of this document. No patent license, either implied 4 

or express, is granted to you by this document. DASH-IF has made no search or investigation for 5 

such rights and DASH-IF disclaims any duty to do so. The rights and obligations which apply to 6 

DASH-IF documents, as such rights and obligations are set forth and defined in the DASH-IF 7 

Bylaws and IPR Policy including, but not limited to, patent and other intellectual property license 8 

rights and obligations. A copy of the DASH-IF Bylaws and IPR Policy can be obtained at 9 

http://dashif.org/. 10 

The material contained herein is provided on an "AS IS" basis and to the maximum extent per-11 

mitted by applicable law, this material is provided AS IS, and the authors and developers of this 12 

material and DASH-IF hereby disclaim all other warranties and conditions, either express, implied 13 

or statutory, including, but not limited to, any (if any) implied warranties, duties or conditions of 14 

merchantability, of fitness for a particular purpose, of accuracy or completeness of responses, of 15 

workmanlike effort, and of lack of negligence. 16 

In addition, this document may include references to documents and/or technologies controlled 17 

by third parties. Those third party documents and technologies may be subject to third party rules 18 

and licensing terms.  No intellectual property license, either implied or express, to any third party 19 

material is granted to you by this document or DASH-IF.  DASH-IF makes no any warranty what-20 

soever for such third party material. 21 

Note that technologies included in this document and for which no test and conformance materi-22 

al is provided, are only published as a candidate technologies, and may be removed if no test 23 

material is provided before releasing a new version of this guidelines document. For the availa-24 

bility of test material, please check http://www.dashif.org. 25 
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Acronyms, abbreviations and definitions 4 

For acronyms, abbreviations and definitions refer to ISO/IEC 23009 -1 [4] . Additional defini-5 
tions may be provided in the context of individual sections.  6 

In addition, t he following abbreviations and acronyms are used in this document :  7 

AAC  Advanced Audio Coding  8 

AFD   Active Format Description  9 

AST  Availability Start Time  10 

AVC   Advanced Video Coding  11 

BL   Base Layer  12 

BMFF   Base Media File Format  13 

CDN  Content Delivery Network  14 

CEA  Consumer Electronics Association  15 

CT  Composition Time  16 

DECE   Digital Entertainment Content Ecosystem 17 

DRM   Digital Rights Management  18 

DSI   Decoder Specific Information  19 

DT  Decode Time 20 

DTV   Digital Television  21 

DVB   Digital Video Broadcasting  22 

DVS  Digital Video Subcommittee  23 

ECL   Entitlement Control License  24 

EDL   Encoding Decision List  25 

EL   Enhancement Layer  26 

EME   Encrypted Media Extension  27 

EML   Entitlement Management License  28 

EPT  Earliest Presentation Time  29 

FCC   Federal Communications Commission  30 

GOP  Group-of-Pictures  31 

HD   High -Definition  32 
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HDR   High Dynamic Range  1 

HDR10  DASH -IF HDR 10 bit  2 

HDMI   High -Definiti on Multimedia Interface  3 

HE -AAC High Efficiency AAC  4 

HEVC   High -Efficiency Video Coding  5 

KID   common Key Identi fier  6 

IAB   International Advertising Bureau  7 

IDR   Instantaneous Decoder Refresh  8 

IOP  InterOperability Point  9 

ISO  International Standards Organization  10 

HDR   High Dynamic Range  11 

HEVC   High Efficiency Video Coding  12 

HFR   High Frame Rate  13 

HTTP   HyperText Transport Protocol  14 

MBT   Minimum Buffer Time  15 

MHA  MPEG-H 3D Audio 16 

MPEG   Moving Pictures Experts Group  17 

MUP   Minimum Update Period  18 

NAL   Network Abstraction Layer  19 

OTT  Over-The-Top 20 

PCM  Pulse Code Modulation  21 

PIFF   Protected Interoperable File Format  22 

PPS  Picture Parameter Set  23 

PQ  Perceptual Quantization  24 

PS  Parametric Stereo  25 

PT   Presentation Time  26 

PTO  Presentation Time Offset  27 

PVR  Personal Video Recorder  28 

RFC  Request for Comments  29 

SAP  Stream Access Point  30 

SAET  Segment Availability End Time  31 

SAST  Segment Availability Start Time  32 

SBR  Spectral Band Replication  33 

SCTE  Society of Cable Telecommunications Engineers  34 
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SD  Standard Definition  1 

SDR  Standard Dynamic Range  2 

SEI   Supplemental Enhancement Information  3 

SMPTE  Society of Motion Picture and Television Engineers  4 

SPD  Suggested Presentation Delay  5 

SPS  Sequence Parameter Set  6 

TSB  Time Shift Buffer depth  7 

TT  Timed Text  8 

TTML   Timed Text Markup Language  9 

UHD   Ultra -High De finitions   10 

URL   Universal Resource Location  11 

UTC   Universal Time Clock  12 

UUID   Universally Unique Identifier  13 

VAST  Video Ad Serving Template  14 

VES  Video Elementary Stream  15 

VP9  Video Project 9   16 

VPS  Video Parameter Set  17 

VUI   Video Usability Information  18 

WCG  Wide Colour Gamut   19 
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 1 

1. Introduction  2 

This document defines DASH-IF's InterOperability Points (IOPs). The document includes IOPs 3 

for only this version of the document. For earlier versions, please refer to version 1 [1] and version 4 

2 [2] of this document. DASH-IF recommends to deprecate the IOPs in previous versions and 5 

deploy using one of the IOPs and extensions in this document.  6 

As a historical note, the scope of the initial DASH-AVC/264 IOP, issued with version 1 of this 7 

document [1] was the basic support high-quality video distribution over the top. Both live and on-8 

demand services are supported.  9 

In the second version of this document [2], HD video (up to 1080p) extensions and several multi-10 

channel audio extensions are defined.  11 

In this third version of the DASH-IF IOP document, two new DASH-264/AVC IOPs are defined. 12 

Detailed refinements and improvements for DASH-IF live services and for ad insertion were added 13 

in these IOPs. One of these IOP is the superset of the simpler one. Additionally, two corresponding 14 

IOPs are defined to also support HEVC [19]. In both cases, AVC and HEVC, the more advanced 15 

IOP adds additional requirements on the DASH client to support segment parsing to achieve en-16 

hancement of live services. This structuring separates the Media Profiles from DASH features. 17 

In the fourth version, beyond minor improvements, corrections and alignment with MPEG-DASH 18 

third edition, the key additions are extensions for next generation audio and UHD/HDR video. 19 

This document defines the IOPs in Table 1 and Extensions in Table 2. The Implementation Guide-20 

lineôs version in which each IOP or Extension was added is also provided in the tables. 21 

Note that all version 1 IOPs are also defined in version 2 and therefore referencing version [2] is 22 

sufficient. 23 

Table 1 DASH-IF Interoperability Points  24 

Interoperability Point   Identifier  Ver-

sion 

Refer-

ence 

DASH-AVC/264 http://dashif.org/guidelines/dash264  1.0  [2], 6.3 

DASH-AVC/264 SD http://dashif.org/guidelines/dash264#sd  1.0 [2], 7.3 

DASH-AVC/264 HD http:// dashif.org/guidelines/dash264#hd  2.0 [2], 8.3 

DASH-AVC/264 main http:// dashif.org/guidelines/dash264main  3.0 8.2 

DASH-AVC/264 high http:// dashif.org/guidelines/dash264high  3.0 8.3 

DASH-IF IOP simple http:// dashif.org/guidelines/dash - if - simple  3.0 8.4 

DASH-IF IOP main   http:// dashif.org/guidelines/dash - if - main  3.0 8.5 

 25 

Note that all extensions defined in version 2 of this document are carried over into version 3 with-26 

out any modifications. In order to maintain a single document, referencing in Table 2 is restricted 27 

to this document. 28 

Table 2 DASH-IF Interoperability Point Extensions  29 

Extension Identifier  Ver

sio

n 

Section 
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DASH-IF multichannel audio 

extension with Enhanced AC-3 

http:// dashif.org/guidelines/dashif#ec -

3 

2.0 9.4.2.3 

DASH-IF multichannel exten-

sion with Dolby TrueHD 

http:// dashif.org/guide-

lines/dashif#mlpa  

2.0 9.4.2.3 

DASH-IF multichannel audio 

extension with DTS Digital 

Surround 

http:// dashif.org/guide-

lines/dashif#dtsc  

2.0 9.4.3.3 

DASH-IF multichannel audio 

extension with DTS-HD High 

Resolution and DTS-HD Mas-

ter Audio 

http:// dashif.org/guide-

lines/dashif#dtsh  

2.0 9.4.3.3 

DASH-IF multichannel audio 

extension with DTS Express 

http:// dashif.org/guide-

lines/dashif#dtse  

2.0 9.4.3.3 

DASH-IF multichannel exten-

sion with DTS-HD Lossless (no 

core) 

http:// dashif.org/guide-

lines/dashif#dtsl  

2.0 9.4.3.3 

DASH-IF multichannel audio 

extension with MPEG Sur-

round  

http:// dashif.org /guidelines/dashif#mps  2.0 9.4.4.3 

DASH-IF multichannel audio 

extension with HE-AACv2 

level 4 

http://dashif.org/guide-

lines/dashif#heaac - mc51 

2.0 9.4.5.3 

DASH-IF multichannel audio 

extension with HE-AACv2 

level 6 

http://dashif.org/guide-

lines/dashif#heaac - mc71 

2.0 9.4.5.3 

DASH-IF multichannel exten-

sion with AC-4 

http://dashif.org/guidelines/dashif#ac -

4 

3.1 9.4.2.3 

DASH-IF multichannel audio 

extension with MPEG-H 3D 

Audio 

http://dashif.org/guide-

lines/dashif#mha1  

http://dashif.org/guide-

lines/dashif#mha2  

3.2 9.4.6.3 

DASH-IF UHD HEVC 4k  http://dashif.org/guidelines/dash - if - uhd#4k  4.0 10.2 

DASH-IF HEVC HDR PQ10 http://dashif.org/guidelines/dash - if -

uhd#hdr - pq10 

4.0 10.3 

DASH-IF UHD Dual-Stream 

(Dolby Vision) 
http://dashif.org/guidelines/dash - if -

uhd#hdr - pq10 

4.1 10.4 

DASH-IF VP9 HD  http://dashif.org/guidelines/dashif#vp9  4.1 11.3.1 

DASH-IF VP9 UHD  http://dashif.org/guidelines/dash - if - uhd#vp9  4.1 11.3.2 

DASH-IF VP9 HDR  http://dashif.org/guidelines/dashif#vp9 - hdr  

http://dashif.org/guidelines/dash - if -

uhd#vp9 - hdr  

4.1 11.3.3 

 1 

Test cases and test vectors for DASH-AVC/264 IOPs are provided in [31]. The conformance and 2 

reference software for DASH-IF IOPs is provided in [32] (based on the MPEG conformance soft-3 

ware). DASH Identifiers for different categories can be found online [33]. Note that technologies 4 

http://dashif.org/guidelines/dashif#mha1
http://dashif.org/guidelines/dashif#mha1
http://dashif.org/guidelines/dashif#vp9-hdr
http://dashif.org/guidelines/dash-if-uhd#vp9-
http://dashif.org/guidelines/dash-if-uhd#vp9-
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included in this document and for which no test and conformance material is provided, are only 1 

published as a candidate technologies, and may be removed if no test material is provided before 2 

releasing a new version of this guidelines document.  3 

In addition to the Interoperability points in Table 1 and extensions in Table 2, this document also 4 

defines several other identifiers and other interoperability values for functional purposes as docu-5 

mented in Table 3. 6 

 7 

Table 3 Identifiers  and other interoperability values defined in this Document 8 

Identifier  Semantics Type Section 

http://dashif.org/identifiers/vast30  Defines an event for signalling 

events of VAST3.0 

Event 5.6 

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

Set.  

Functionality 3.2.9 

http://dashif.org/guidelines/clearKey  Defines name space for the Laurl el-

ement in W3C 

Namespace 7.6.2.4 

e2719d58 - a985 - b3c9 - 781a - b030af78d30e  UUID for W3C Clear Key with 

DASH 

Content Pro-

tection  

7.6.2.4 

http://dashif.org/guidelines/last - seg-

ment - number  
Signaling last segment number Functionality 4.4.3.6 

http://dashif.org/guidelines/thumb-

nail_tile  
Signalling the availability of the 

thumbnail tile adaptation set 

Functionality 6.2.6 

 9 

Note that all identifiers are collected at and http://dashif.org/identifiers/ and external identifiers are 10 

encouraged to be submitted for documentation there as well. Note also that DASH-IF typically 11 

tries to avoid defining identifiers. Identifiers in italics are subject to discussion with other organi-12 

zations and may be deprecated in a later version. 13 

2. Context and Conventions 14 

2.1. Relation to MPEG-DASH and other DASH specifications 15 

Dynamic Adaptive Streaming over HTTP (DASH) is initially defined in the first edition of 16 

ISO/IEC 23009-1 which was published in April 2012 and some corrections were done in 2013 [1]. 17 

In May 2014, ISO/IEC published the second version of ISO/IEC 23009-1 [4] that includes addi-18 

tional features and provide additional clarifications. The initial two versions of this document 19 

where based on the first edition of ISO/IEC 23009-1. This version is based on the second edition 20 

of ISO/IEC 23009-1, i.e. ISO/IEC 23009-1:2014 including Cor.3 and Amd.3 [4]. This means that 21 

also for all interoperability points that were initially defined in earlier versions of the document, 22 

also now the second edition serves as the reference. Backward-compatibility across different edi-23 

tion is handled by MPEG-DASH in ISO/IEC 23009-1 [4]. Note that this document also refers to 24 

technologies in draft corrigenda and draft amendments of MPEG. For this version, in particular 25 

Draft Amd.4 of ISO/IEC 23009-1:2014, and Draft Cor.3 of ISO/IEC 23009-1:2014 are of rele-26 

vance. 27 

This document was generated in close coordination with DVB-DASH [42]. The tools and features 28 

are aligned to the extent considered reasonable. To support implementers, this document attempts 29 

http://dashif.org/identifiers/vast30
http://dashif.org/guidelines/last-segment-number
http://dashif.org/guidelines/last-segment-number
http://dashif.org/identifiers/
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to highlight any differences and/or further restrictions or extensions when compared to DVB-1 

DASH. However, as a disclaimer, this coverage is not considered complete. 2 

2.2. Compatibility and Extensions to Earlier Versions 3 

2.2.1. Summary of Version 3 Modifications 4 

Version 3 of this document applies the following modifications compared to version 2 [2]: 5 

¶ Reference to the second edition of ISO/IEC 23009-1 including amendment 1 and cor.1 [4], 6 

as well as well as Amendment 3 [4]. 7 

¶ Add an explicit statement in DASH-264/AVC to forbid time code wrap around 8 

¶ Definition on the usage of key words in clause 2.3. 9 

¶ Add more constraints on the usage of Trick Modes for improved interoperability in clause 10 

3.2.9. 11 

¶ Add more constraints on the Representations in one Adaptation Set in clause 3.2.10, espe-12 

cially for the case when the bitstream switching is true. 13 

¶ Add additional details on the usage of HTTP in clause 3.4. 14 

¶ Add H.265/HEVC as a codec and create IOPs for inclusion of this codec. 15 

¶ Add CEA-608/708 closed captioning in SEI messages in clause 6.4.3. 16 

¶ Detailed description of simple and main live operation, with the latter including segment 17 

parsing in clause 4. 18 

¶ Detailed description of server-based and app-based ad insertion in clause 5 19 

¶ General editorial updates and clarifications 20 

¶ Updates and clarification to clause 7 on DRM and common encryption. 21 

¶ Update to references 22 

¶ Relaxation of the audio encoding requirements in clause 6.3.2. 23 

¶ Add clarification on the usage of the minimum buffer time and bandwidth in clause 3.2.8. 24 

¶ Add an informative clause on the timing model of DASH in clause 3.2.7. 25 

¶ Relax the use of the 'lmsg ' brand for signaling the last segment in clause 3.6.  26 

¶ Simplification of the codecs table. 27 

Version 3.1 of this document applies the following modifications compared to version 3 28 

¶ Further updates to references 29 

¶ Several editorial corrections and clarifications 30 

¶ Obsolete reference to RFC2616 and refer to the new set of RFCs for HTTP/1.1 31 

¶ A clause is added on how to operate with transforming proxies and other adaptation mid-32 

dle-boxes in clause 3.4.4. 33 

¶ Considerations on how to operate at the live edge for a live service 34 

¶ The addition of the availability time offset to the description of the live service. 35 

¶ The explicit exclusion of on-request based xlink for dynamic services. 36 

¶ Clarifications of HEVC signaling for DASH in Table 18 based on feedback from MPEG. 37 
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¶ Clarify relation between SMPTE-TT and IMSC1 in clause 6.4.2 and 6.4.4. 1 

¶ Add extension for audio codec AC-4. 2 

Version 3.2 of this document applies the following modifications compared to version 3.1 3 

¶ Further updates to references. 4 

¶ Several editorial corrections and clarifications. 5 

¶ Small clarification updates on the timing model in clause 3.2.7. 6 

¶ Added support for switching across Adaptation Sets, in particular for H.264/AVC and 7 

H.265/HEVC switching in clause 3.8. 8 

¶ Added a clarification on the value of @audioSamplingRate  for AAC SBR in clause 9 

6.3.2. 10 

¶ Added a clause on the use of HTTPS with DASH in clause 7.2. 11 

¶ Moved the test DRM to the test vector document 7. 12 

¶ Added support for key rotation in clause 7. 13 

¶ Add extension for MPEG-H audio in clause 9. 14 

Version 3.3 of this document applies the following modifications compared to version 3.2 15 

¶ Identifiers are summarized in the Introduction 1. 16 

¶ References are updated  17 

¶ Several editorial corrections and clarifications are applied 18 

¶ Guidelines and permitted attributes when converting a live service to on-demand are doc-19 

umented, for details see clause 4.6.2. 20 

¶ Added clarification on the format of remote elements in alignment with DCOR.3 of 21 

ISO/IEC 23009-1:2014 [4]. 22 

¶ Addressed the differentiation of different content types through mime types, codecs and 23 

Roles rather than the use @contentType . See clause 3.2.13 for more details. 24 

¶ Added guidelines on how to use clear keys in the context of DASH, see clause 7.7. 25 

¶ Provided guidelines on the timing model when using side-car subtitle files in DASH, see 26 

clause 6.4.4. 27 

¶ Update period continuity to align with ISO/IEC 23009-1:2014/Amd.3 [4].  28 

¶ Update the callback event to align with ISO/IEC 23009-1:2014/Amd.3 [4]. 29 

¶ Update the MPD anchors to align with ISO/IEC 23009-1:2014/Amd.3 [4]. 30 

¶ Take into account the updated in ISO/IEC 23009-1:2014/DCOR.3 [4]. 31 

Version 4.0 of this document applies the following modifications compared to version 3.3 32 

¶ References are updated  33 

¶ Several editorial corrections and clarifications are applied 34 

¶ Update Adaptation Set Switching to align with ISO/IEC 23009-1:2014/Amd.3 [4]. 35 

¶ Add a recommendation on the setting of Period @start  in case of multi-period content 36 

in clause 4.3.3.3.1. 37 

¶ Add an external Representation Index for On-demand content in clause 3.2.1. 38 
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¶ Add Period connectivity to multi-period content to align with ISO/IEC 23009-1 

1:2014/Amd.3 [4] in clause 3.2.12. 2 

¶ Add clarifications and further recommendations and restriction to the use of the Time Syn-3 

chronization in clause 4.7. 4 

¶ Align Early Terminated Period with ISO/IEC 23009-1:2014/Amd.3 [4] in clause 4.8.3. 5 

¶ Removal of interoperability requirements for CEA-708 in clause 6.4.3.4. 6 

¶ References to EIDR and Ad-ID for Asset Identifiers in clause 5.5.1. 7 

¶ Addition of W3C Clear Key with DASH in clause 7.6.2.4. 8 

¶ Addition of guidelines for trick modes in live services in clause 4.10. 9 

¶ Addition of UHD/HDR Extensions in clause 10. 10 

Version 4.1 of this document applies the following modifications compared to version 4.0 11 

¶ Several editorial fixes and updates. 12 

¶ Guidelines for Robust Live Services in clause 4.11. 13 

¶ Updates to W3C Clear Key usage in clause 7.6.2.4. 14 

¶ Addition of last segment number signaling in clause 4.4.3.5 and 4.4.3.6. 15 

¶ Addition of Dolby Vision dual layer in clause 10.4 and referenced Annexes 16 

¶ Seek Preview and Thumbnail Navigation in clause 3.2.9 and clause 6.2.6 17 

¶ Clarification on AudioChannelConfiguration  element in clause 6.3.3.2 18 

¶ Annotation and client model for content selection defined in clause 3.9. 19 

¶ Remote referencing and use of query parameters for ad insertion in clause 5.3.2.1.3 and 20 

5.3.5, respectively. 21 

¶ Default KID Clarifications in clause 7.5.3.4. 22 

¶ Addition of VP9 Video to DASH-IF IOP in clause 11. 23 

¶ Updates to the references and separation of informative and normative references. 24 

¶ Client and DRM System Interactions in clause 7 and in particular in clause 7.7.9 25 

2.2.2. Backward-Compatibility Considerations 26 

Generally, content can be offered such that it can be consumed by version 2 and version 3 clients. 27 

In such a case the restricted authoring should be used and it should be accepted that version 2 28 

clients may ignore certain Representations and Adaptation Sets. Content Authors may also con-29 

sider the publication of two MPDs, but use the same segment formats. 30 

In terms of compatibility between version 2 and version 3, the following should be considered: 31 

¶ The backward-compatibility across MPEG editions is handled in the second edition of 32 

ISO/IEC 23009-1 [4]. 33 

¶ General clarifications and updates are added 34 

¶ Further restrictions on content authoring compared to version 2 are: 35 

o forbid time code wrap around 36 

o the usage of DRM, especially the Content Protection element 37 

o constraints on trick mode usage 38 
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o additional constraints on the usage of HTTP 1 

o Adaptation Set constraints 2 

¶ Relaxations are: 3 

o Permit usage of additional subtitling format based on CEA-608/708 4 

o the audio encoding requirements for HE-AACv2 5 

o permit to not use of the 'lmsg ' brand for signaling the last segment 6 

o the ability to signal bitstream switching set to true 7 

o the use of remote elements with Xlink 8 

2.3. Use of Key Words 9 

2.3.1. Background 10 

DASH-IF generally does not write specifications, but provides and documents guidelines for im-11 

plementers to refer to interoperability descriptions. In doing so, the DASH-IF agreed to use key 12 

words in order to support readers of the DASH-IF documents to understand better how to interpret 13 

the language. The usage of key words in this document is provided below. 14 

2.3.2. Key Words 15 

The key word usage is aligned with the definitions in RFC 2119 [44], namely: 16 

¶ SHALL:   This word means that the definition is an absolute requirement of the specifica-17 

tion. 18 

¶ SHALL NOT:   This phrase means that the definition is an absolute prohibition of the 19 

specification. 20 

¶ SHOULD: This word means that there may exist valid reasons in particular circumstances 21 

to ignore a particular item, but the full implications must be understood and carefully 22 

weighed before choosing a different course.  23 

¶ SHOULD NOT:   This phrase means that there may exist valid reasons in particular cir-24 

cumstances when the particular behavior is acceptable or even useful, but the full implica-25 

tions should be understood and the case carefully weighed before implementing any be-26 

havior described with this label. 27 

¶ MAY :   This word means that an item is truly optional.  One vendor may choose to include 28 

the item because a particular marketplace requires it or because the vendor feels that it 29 

enhances the product while another vendor may omit the same item.  30 

These key words are attempted to be used consistently in this document, but only in small letters.  31 

2.3.3. Mapping to DASH-IF Assets 32 

If an IOP document associates such a key word from above to a content authoring statement then 33 

the following applies: 34 

¶ SHALL: The conformance software provides a conformance check for this and issues an 35 

error if the conformance is not fulfilled. 36 

¶ SHALL NOT: The conformance software provides a conformance check for this and issues 37 

an error if the conformance is not fulfilled. 38 
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¶ SHOULD: The conformance software provides a conformance check for this and issues a 1 

warning if the conformance is not fulfilled. 2 

¶ SHOULD NOT: The conformance software provides a conformance check for this and 3 

issues a warning if the conformance is not fulfilled. 4 

¶ SHOULD and MAY: If present, the feature check of the conformance software documents 5 

a feature of the content. 6 

If an IOP document associates such a key word from above to a DASH Client then the following 7 

applies: 8 

¶ SHALL: Test content is necessarily provided with this rule and the reference client imple-9 

ments the feature. 10 

¶ SHALL NOT: The reference client does not implement the feature. 11 

¶ SHOULD: Test content is provided with this rule and the reference client implements the 12 

feature unless there is a justification for not implementing this. 13 

¶ SHOULD NOT: The reference client does not implement the feature unless there is a jus-14 

tification for implementing this. 15 

¶ MAY: Test content is provided and the reference client implements the feature if there is a 16 

justification this. 17 

2.4. Definition and Usage of Interoperability Points  18 

2.4.1. Profile Definition in ISO/IEC 23009-1 19 

MPEG DASH defines formats for MPDs and Segments. In addition MPEG provides the ability to 20 

further restrict the applied formats by the definition of Profiles as defined on clause 8 of ISO/IEC 21 

23009-1 [4].  Profiles of DASH are defined to enable interoperability and the signaling of the use 22 

of features. 23 

Such a profile can also be understood as permission for DASH clients that implement the features 24 

required by the profile to process the Media Presentation (MPD document and Segments). 25 

Furthermore, ISO/IEC 23009-1 permits external organizations or individuals to define restrictions, 26 

permissions and extensions by using this profile mechanism. It is recommended that such external 27 

definitions be not referred to as profiles, but as Interoperability Points. Such an interoperability 28 

point may be signalled in the @profiles  parameter once a URI is defined. The owner of the 29 

URI is responsible to provide sufficient semantics on the restrictions and permission of this in-30 

teroperability point.  31 

This document makes use of this feature and provides a set of Interoperability Points. Therefore, 32 

based on the interoperability point definition, this document may be understood in two ways:  33 

¶ a collection of content conforming points, i.e. as long as the content conforms to the re-34 

strictions as specified by the IOP, clients implementing the features can consume the con-35 

tent. 36 

¶ a client capability points that enable content and service providers for flexible service pro-37 

visioning to clients conforming to these client capabilities. 38 

This document provides explicit requirements, recommendations and guidelines for content au-39 

thoring that claims conformance to a profile (by adding the @profiles  attribute to the MPD) as 40 

well as for clients that are permitted to consume a media presentation that contains such a profile.  41 
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2.4.2. Usage of Profiles 1 

A Media Presentation may conform to one or multiple profiles/interoperability points and con-2 

forms to each of the profiles indicated in the MPD@profiles  attribute is specified as follows: 3 

When ProfA  is included in the MPD@profiles  attribute, the MPD is modified into a profile-4 

specific MPD for profile conformance checking using the following ordered steps: 5 

1. The MPD@profiles  attribute of the profile-specific MPD contains only ProfA . 6 

2. An AdaptationSet  element for which @profiles  does not or is not inferred to in-7 

clude ProfA  is removed from the profile-specific MPD. 8 

3. A Representation element for which @profiles  does not or is not inferred to include 9 

ProfA  is removed from the profile-specific MPD. 10 

4. All elements or attributes that are either (i) in this Part of ISO/IEC 23009 and explicitly 11 

excluded by ProfA , or (ii) in an extension namespace and not explicitly included by 12 

ProfA , are removed from the profile-specific MPD. 13 

5. All elements and attributes that ñmay be ignoredò according to the specification of ProfA  14 

are removed from the profile-specific MPD. 15 

An MPD is conforming to profile ProfA  when it satisfies the following: 16 

1. ProfA  is included in the MPD@profiles  attribute. 17 

2. The profile-specific MPD for ProfA  conforms to ISO/IEC 23009-1 18 

3. The profile-specific MPD for ProfA  conforms to the restrictions specified for ProfA . 19 

A Media Presentation is conforming to profile ProfA  when it satisfies the following: 20 

1. The MPD of the Media Presentation is conforming to profile ProfA  as specified above. 21 

2. There is at least one Representation in each Period in the profile-specific MPD for ProfA . 22 

3. The Segments of the Representations of the profile-specific MPD for ProfA  conform to 23 

the restrictions specified for ProfA . 24 

2.4.3. Interoperability Points and Extensions 25 

This document defines Interoperability Points and Extensions. Both concepts make use of the pro-26 

file functionality of ISO/IEC 23009-1.  27 

Interoperability Points provide a basic collection of tools and features to ensure that content/service 28 

providers and client vendors can rely to support a sufficiently good audio-visual experience. Ex-29 

tensions enable content/service providers and client vendors to enhance the audio-visual experi-30 

ence provided by an Interoperability Point in a conforming manner. 31 

The only difference between Interoperability Points and Extensions is that Interoperability Points 32 

define a full audio-visual experience and Extensions enhance the audio-visual experience in typi-33 

cally only one dimension.  34 

Examples for the usage of the @profiles  signaling are provided in Annex A of this document. 35 
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3. DASH-Related Aspects 1 

3.1. Scope 2 

DASH-IF Interoperability Points use ISO base media file format [7] based encapsulation and pro-3 

vide significant commonality with a superset of the ISO BMFF On-Demand, the ISO BMFF Live 4 

profile, and the ISO BMFF Common Profile as defined in ISO/IEC 23009-1 [4], sections 8.3, 8.4 5 

and 8.10, respectively. DASH-IF IOPs are intended to provide support for on-demand and live 6 

content. The primary constraints imposed by this profile are the requirement that each Represen-7 

tation is provided in one of the following two ways 8 

¶ as a single Segment, where Subsegments are aligned across Representations within an Ad-9 

aptation Set. This permits scalable and efficient use of HTTP servers and simplifies seam-10 

less switching. This is mainly for on-demand use cases. 11 

¶ as a sequence of Segments where each Segment is addressable by a template-generated 12 

URL. Content generated in this way is mainly suitable for dynamic and live services. 13 

In both cases (Sub)Segments begin with Stream Access Points (SAPs) of type 1 or 2 [7], i.e. regular 14 

IDR frames in case of video. In addition, (Sub)Segments are constrained so that for switching 15 

video Representations within one Adaptation Set the boundaries are aligned without gaps or over-16 

laps in the media data. Furthermore, switching is possible by a DASH client that downloads, de-17 

codes and presents the media stream of the come-from Representation and then switches to the go-18 

to Representation by downloading, decoding and presenting the new media stream. No overlap in 19 

downloading, decoding and presentation is required for seamless switching of Representations in 20 

one Adaptation Set. 21 

Additional constraints are documented for bitstream switching set to true as well as special case 22 

such as trick modes, etc.  23 

3.2. DASH Formats 24 

3.2.1. Introduction  25 

This section introduces the detailed constraints of the MPD and the DASH segments in a descrip-26 

tive way referring to ISO/IEC 23009-1 [4]. The DASH-based restrictions have significant com-27 

monality with the ISO BMFF Live and On-Demand profiles from the MPEG-DASH specification.  28 

Specifically: 29 

Å Segment formats are based on ISO BMFF with fragmented movie files, i.e. (Sub)Segments 30 

are encoded as movie fragments containing a track fragment as defined in ISO/IEC 14496-31 

12 [7], plus the following constraints to make each movie fragment independently de-32 

codable: 33 

¶ Default parameters and flags shall be stored in movie fragments (ótfhd ô or ótrun ô 34 

box) and not track headers (ótrex ô box) 35 

¶ The ómoofô boxes shall not use external data references, the flag ódefault - base -36 

is - moofô shall also be set (aka movie-fragment relative addressing) and data -37 

offset  shall be used, i.e. base - data - offset - present  shall not be used (fol-38 

lows ISO/IEC 23009-1 [4]). 39 
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Å Alignment with ISO BMFF Live & On-Demand Profiles, i.e. within each Adaptation Set 1 

the following applies 2 

Å Fragmented movie files are used for encapsulation of media data 3 

Å (Sub)Segments are aligned to enable seamless switching  4 

Beyond the constraints provided in the ISO BMFF profiles, the following additional restrictions 5 

are applied. 6 

Å IDR-like SAPs (i.e., SAPs type 2 or below) at the start of each (Sub)Segment for simple 7 

switching. 8 

Å Segments should have almost equal duration. The maximum tolerance of segment duration 9 

shall be ±50% and the maximum accumulated deviation over multiple segments shall be 10 

±50% of the signaled segment duration (i.e. the @duration ). Such fluctuations in actual 11 

segment duration may be caused by for example ad replacement or specific IDR frame 12 

placement. Note that the last segment in a Representation may be shorter according to 13 

ISO/IEC 23009-1 [4]. 14 

Note 1: If accurate seeking to specific time is required and at the same time a fast 15 

response is required one may use On-Demand profile for VoD or the Seg-16 

mentTimeline  based addressing. Otherwise the offset in segment duration com-17 

pared to the actual media segment duration may result in a less accurate seek posi-18 

tion for the download request, resulting in some increased initial start-up.  19 

Note 2: The maximum tolerance of segment duration is also addressed in ISO/IEC 20 

23009-1:2014/Cor.3 [4] and once approved, a reference to the specification may 21 

replace the above text. 22 

Å If the SegmentTimeline  element is used for the signaling of the Segment duration, the 23 

timing in the segment timeline shall be media time accurate and no constraints on segment 24 

duration deviation are added except the maximum segment duration as specified in the 25 

MPD. However, despite the usage of the the SegmentTimeline , it is not encouraged to 26 

use varying Segment durations. The SegmentTimeline  element should only be used 27 

in order to signal occasional shorter Segments (possibly caused by encoder processes) or 28 

to signal gaps in the time line.  29 

Å only non-multiplexed Representations shall be used, i.e. each Representation only contains 30 

a single media component. 31 

Å Addressing schemes are restricted to 32 

Å templates with number-based addressing 33 

Å templates with time-based addressing 34 

Å For on-demand profiles, the Indexed Media Segment as defined in ISO/IEC 23009-1 35 

[4], clause 6.3.4.4: In this case either the @indexRange  attribute shall be present or 36 

the RepresentationIndex  element shall be present. Only a single sidx  box shall 37 

be present.  38 

Note 1: the external Representation Index was only added in the second edition [4]. 39 

If compatibility to v2.0 or earlier of this document is necessary, the external Rep-40 

resentation Index shall not be used. 41 
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Note 2: The latter restriction was introduced in version 3 of this document based on 1 

deployment experience and to enable alignment with DVB DASH. 2 

Å In case multiple Video Adaptation Sets as defined in 3.2.13 are offered, exactly one video 3 

Adaptation Set shall be signaled as the main one unless different Adaptation Sets contain 4 

the same content with different quality or different codecs. In the latter case, all Adaptation 5 

Sets with the same content shall be signaled as the main content. Signaling as main content 6 

shall be done by using the Role descriptor with @schemeIdUri =" 7 

urn:mpeg:dash:role:2011 " and @value="main" .  8 

Å The content offering shall adhere to the presence rules of certain elements and attributes as 9 

defined section 3.2.4. 10 

It is expected that a client conforming to such a profile is able to process content offered under 11 

these constraints. More details on client procedures are provided in section 3.3. 12 

3.2.2. Media Presentation Description constraints for v1 & v2 Clients 13 

3.2.2.1. Definition according to ISO/IEC 23009-1 14 

This section follows a description according to ISO/IEC 23009-1. In section 3.2.2.2, a restricted 15 

content offering is provided that provides a conforming offering. 16 

NOTE: The term "ignored" in the following description means, that if an MPD is provided 17 

and a client that complies with this interoperability point removes the element that may be 18 

ignored, then the MPD is still complying with the constraints of the MPD and segments as 19 

defined in ISO/IEC 23001-9, section 7.3.  20 

The MPD shall conform to the ISO Base Media File Format Common profile as defined on 21 

ISO/IEC 23009-1:2014/Amd.1:2015 [4], section 8.9, except for the following issues: 22 

¶ Representations with @mimeType attribute application/xml+ttml  shall not be ig-23 

nored. 24 

In addition, the Media Presentation Description shall conform to the following constraints: 25 

½ Representation  elements with a @subsegmentStartsWithSAP  value set to 3 26 

may be ignored. 27 

½ Representation  elements with a @startsWithSAP  value set to 3 may be ignored. 28 

½ If a Period contains multiple Video Adaptation Sets as defined in 3.2.13 then at least one 29 

Adaptation Set shall contain a Role element <Role scheme I-30 

dUri ="urn:mpeg:dash:role:2011" value="main">  and each Adaptation Set 31 

containing such a Role  element shall provide perceptually equivalent media streams. 32 

3.2.2.2. Simple Restricted Content Offering 33 

A conforming MPD offering based on the ISO BMFF Live Profile shall contain 34 

¶ MPD@type  set to static  or set to dynamic . 35 

¶ MPD@profiles  includes urn:mpeg:dash:profile:isoff - live:2011  36 

¶ One or multiple Periods with each containing one or multiple Adaptation Sets and with 37 

each containing one or multiple Representations. 38 
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¶ The Representations contain or inherit a SegmentTemplate  with $Number$  or 1 

$Time$  Identifier. 2 

¶ @segmentAlignment  set to true for all Adaptation Sets 3 

 4 

A conforming MPD offering based on the ISO BMFF On-Demand Profile shall contain 5 

¶ MPD@type  set to static . 6 

¶ MPD@profiles  includes urn:mpeg:dash:profile:isoff - ondemand:2011  7 

¶ One or multiple Periods with each containing one or multiple Adaptation Sets and with 8 

each containing one or multiple Representations. 9 

¶ @subSegmentAlignment  set to true for all Adaptation Sets  10 

 11 

3.2.3. Segment format constraints 12 

Representations and Segments referred to by the Representations in the profile-specific MPD for 13 

this profile, the following constraints shall be met: 14 

½ Representations shall comply with the formats defined in ISO/IEC 23009-1, section 7.3. 15 

½ In Media Segments, all Segment Index ('sidx ') and Subsegment Index ('ssix ') boxes, if 16 

present, shall be placed before any Movie Fragment ('moof ') boxes. 17 

Note: DVB DASH [42] permits only one single Segment Index box ('sidx') for the entire Segment. As this con-18 
straints is not severe in the content offering, it is strongly recommended to offer content following this constraint. 19 

½ If the MPD@type  is equal to "static " and the MPD@profiles attribute includes 20 

"urn:mpeg:dash:profile:isoff - on- demand:2011" , then  21 

½ Each Representation shall have one Segment that complies with the Indexed Self-Initial-22 

izing Media Segment as defined in section 6.3.5.2 in ISO/IEC 23009-1. 23 

½ Time Codes expressing presentation and decode times shall be linearly increasing with in-24 

creasing Segment number in one Representation. In order to minimize the frequency of time 25 

code wrap around 64 bit codes may be used or the timescale of the Representation may be 26 

chosen as small as possible. In order to support time code wrap around, a new Period may be 27 

added in the MPD added that initiates a new Period in order to express a discontinuity. 28 

3.2.4. Presence of Attributes and Elements 29 

Elements and attributes are expected to be present for certain Adaptation Sets and Representations 30 

to enable suitable initial selection and switching. Simple rules are provided in this section. A de-31 

tailed description of multi-track content offering is provided in clause 3.9. 32 

Specifically the following applies: 33 

Å For any Video Adaptation Sets as defined in 3.2.13  the following attributes shall be present 34 

o @maxWidth (or @width  if all Representations have the same width) 35 
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o @maxHeight  (or @height  if all Representations have the same height)  1 

o @maxFrameRate (or @frameRate  if all Representations have the same frame 2 

rate)  3 

o @par 4 

Note: The attributes @maxWidth  and @max Height  should be used such that they 5 

describe the target display size. This means that they may exceed the actual largest size 6 

of any coded Representation in one Adaptation Set. 7 

o The attributes @minWidth  and @minHeight  should not be present. If present, 8 

they may be smaller than the smallest @width  or smallest @height  in the Adap-9 

tation Set.  10 

Å For any Representation within a Video Adaptation Sets as defined in 3.2.13 the following 11 

attributes shall be present:  12 

o @width , if not present in AdaptationSet  element  13 

o @height , if not present in AdaptationSet  element  14 

o @frameRate , if not present in AdaptationSet  element 15 

o @sar 16 

Note:  @width, @height , and @sar attributes should indicate the vertical and horizontal 17 
sample count of encoded and cropped video samples, not the intended display size in pixels.  18 

Å For Adaptation Set or for any Representation within an Video Adaptation Sets as defined 19 

in 3.2.13 the attribute @scanType shall either not be present or shall be set to "pro-20 

gressive ".  21 

Å For any Audio Adaptation Sets as defined in 3.2.13 the following attributes shall be present 22 

o @lang  23 

Å For any Representation within an Audio Adaptation Sets as defined in 3.2.13 the following 24 

elements and attributes shall be present:  25 

o @audioSamplingRate , if not present in AdaptationSet  element  26 

o AudioChannelConfiguration , if not present in AdaptationSet  element 27 

3.2.5. MPD Dimension Constraints 28 

No constraints are defined on MPD size, or on the number of elements. However, it should be 29 

avoided to create unnecessary large MPDs. 30 

Note: DVB DASH [42] adds MPD dimension constraints in section 4.5 of their specification. In order to conform 31 
to this specification, it is recommended to obey these constraints. 32 

3.2.6. Generic Metadata 33 

Generic metadata may be added to MPDs based on DASH. For this purpose, the Essential Property 34 

Descriptor and the Supplemental Property Descriptor as defined in ISO/IEC 23009-1 [4], clause 35 

5.8.4.7 and 5.8.4.8. 36 
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Metadata identifiers for content properties are provided here: http://dashif.org/ iden-1 

tifiers . 2 

However, it is not expected that DASH-IF clients support all metadata at 3 

http://dashif.org/ identifiers  unless explicitly required. 4 

3.2.7. DASH Timing Model 5 

3.2.7.1. General 6 

According to ISO/IEC 23009-1, DASH defines different timelines. One of the key features in 7 

DASH is that encoded versions of different media content components share a common timeline. 8 

The presentation time of each access unit within the media content is mapped to the global com-9 

mon presentation timeline for synchronization of different media components and to enable seam-10 

less switching of different coded versions of the same media components. This timeline is referred 11 

as Media Presentation timeline. The Media Segments themselves contain accurate Media Presen-12 

tation timing information enabling synchronization of components and seamless switching. 13 

A second timeline is used to signal to clients the availability time of Segments at the specified 14 

HTTP-URLs. These times are referred to as Segment availability times and are provided in wall-15 

clock time. Clients typically compare the wall-clock time to Segment availability times before 16 

accessing the Segments at the specified HTTP-URLs in order to avoid erroneous HTTP request 17 

responses. For static Media Presentations, the availability times of all Segments are identical. For 18 

dynamic Media Presentations, the availability times of segments depend on the position of the 19 

Segment in the Media Presentation timeline, i.e. the Segments get available and unavailable over 20 

time.  21 

Figure 1 provides an overview of the different timelines in DASH and their relation. The diagram 22 

shows three Periods, each of the Periods contains multiple Representations (for the discussion it is 23 

irrelevant whether these are included in the same Adaptation Set or in different ones).  24 

Specifically, the following information is available in the MPD that relates to timing: 25 

¶ MPD@availabilityStartTime : the start time is the anchor for the MPD in wall-26 

clock time. The value is denoted as AST. 27 

¶ Period @start : the start time of the Period relative to the MPD availability start time. 28 

The value is denoted as PS. 29 

¶ Representation @presentationTimeOffset : the presentation time offset of the 30 

Representation in the Period, i.e. it provides the media time of the Representation that is 31 

supposed to be rendered at the start of the Period. Note that typically this time is either 32 

earliest presentation time of the first segment or a value slightly larger in order to ensure 33 

synchronization of different media components. If larger, this Representation is presented 34 

with short delay with respect to the Period start. 35 

In addition, with the use of the Representation @duration  or Representatio n.Seg-36 

mentTimeline  the MPD start time for each segment and the MPD duration for each segment 37 

can be derived. For details refer to ISO/IEC 23009-1 as well as section 4. 38 

According to Figure 1, the AST is a wall-clock time. It provides an anchor to all wall-clock time 39 

computation in the MPD. The sum of the Period @start  of the first Period and the AST provides 40 

the Period start time PST1 value in wall-clock time of the first Period.  41 
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The media timeline origin for tracks in ISO Media files is defined to be zero. Each Representation 1 

is assigned a presentation time offset, either by the value of the attribute Representa-2 

tion @presentationT imeOffset  or by default set to 0. The value of this attribute is de-3 

noted as PTO. It is normally the case that for complete files sequenced as Periods this value is 0. 4 

For ñpartialò files or live streams, @presentationTimeOffset  indicates the media compo-5 

sition/presentation time of the samples that synchronize to the start of the Period. @presenta-6 

tionTimeOffset  for the live stream will usually not be zero because the encoders are usually 7 

started prior to presentation availability, so the media timestamps on the first available Segments 8 

will have increased since the encoders started. Encoding timestamps may be set to UTC (as though 9 

the encoder was turned on 1/1/1970 at midnight). Representations in Periods of live content typi-10 

cally have the same @presentationTi meOffset  as long as the media is continuously en-11 

coded, because UTC time and media time increase at the same rate and maintain the same offset. 12 

 13 
Figure 1 Overview Timing Model 14 

Within a Representation, each Segment is assigned an MPD start time and MPD duration accord-15 

ing to ISO/IEC 23009-1 (more details for dynamic services are provided in section 4). These two 16 

values can be computed from the MPD and provide approximate times for each segment that are 17 

in particular useful for random access and seeking. 18 

In addition, each segment has an internal sample-accurate presentation time. Therefore, each seg-19 

ment has a media internal earliest presentation time EPT and sample-accurate presentation dura-20 

tion DUR. 21 

For each media segment in each Representation the MPD start time of the segment should approx-22 

imately be EPT - PTO. Specifically, the MPD start time shall be in the range of EPT - PTO - 23 

0.5*DUR and EPT - PTO + 0.5*DUR according to the requirement stated above. 24 

Each Period is treated independently. Details on processing at Period boundaries are provided in 25 

ISO/IEC 23009-1. One example is, that for time code wrap-around a new Period is expected to be 26 

added that restarts at presentation time 0. 27 
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The value of Period @start  for an ad can be chosen to coincide with an insertion point in the 1 

live stream by setting Period @start  to a presentation time duration equal to the UTC time 2 

difference between @availabilityStartTime  and the scheduled encoding time of the in-3 

sertion point in the live stream. 4 

3.2.7.2. Static Media Presentations 5 

For static media presentations, all Segments shall be available at time AST. This means that a 6 

DASH client may use the information in the MPD in order to seek to approximate times. 7 

3.2.7.3. Dynamic Media Presentations 8 

For dynamic media presentations, segments get available over time. The latest time they shall be 9 

available is at the sum of PST (which is AST + Period @start ), MPD start time and MPD 10 

duration. The latter is added in order to take into account that at the server a segment typically 11 

needs to be completed prior to its availability. For details refer to section 4. 12 

3.2.8. Bandwidth and Minimum Buffer Time  13 

The MPD contains a pair of values for a bandwidth and buffering description, namely the  Mini-14 

mum Buffer Time (MBT) expressed by the value of MPD@minBufferTime  and bandwidth (BW) 15 

expressed by the value of Representation @bandwidth . The following holds: 16 

¶ the value of the minimum buffer time does not provide any instructions to the client on 17 

how long to buffer the media. The value however describes how much buffer a client 18 

should have under ideal network conditions.  As such, MBT is not describing the burstiness 19 

or jitter in the network, it is describing the burstiness or jitter in the content encoding.  To-20 

gether with the BW value, it is a property of the content.  Using the "leaky bucket" model, 21 

it is the size of the bucket that makes BW true, given the way the content is encoded. 22 

¶ The minimum buffer time provides information that for each Stream Access Point (and in 23 

the case of DASH-IF therefore each start of the Media Segment), the property of the stream: 24 

If the Representation (starting at any segment) is delivered over a constant bitrate channel 25 

with bitrate equal to value of the BW attribute then each presentation time PT is available 26 

at the client latest at time with a delay of at most PT + MBT.  27 

¶ In the absence of any other guidance, the MBT should be set to the maximum GOP size 28 

(coded video sequence) of the content, which quite often is identical to the maximum 29 

segment duration for the live profile or the maximum subsegment duration for the On-30 

Demand profile. The MBT may be set to a smaller value than maximum (sub)segment du-31 

ration, but should not be set to a higher value. 32 

In a simple and straightforward implementation, a DASH client decides downloading the next 33 

segment based on the following status information: 34 

¶ the currently available buffer in the media pipeline, buffer 35 

¶ the currently estimated download rate, rate  36 

¶ the value of the attribute @minBufferTime , MBT 37 

¶ the set of values of the @bandwidth  attribute for each Representation i, BW[i] 38 

The task of the client is to select a suitable Representation i. 39 

The relevant issue is that starting from a SAP on, the DASH client can continue to playout the 40 

data. This means that at the current time it does have buffer data in the buffer. Based on this model 41 
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the client can download a Representation i for which BW[i]  Ò rate*buffer/MBT without emptying 1 

the buffer.  2 

Note that in this model, some idealizations typically do not hold in practice, such as constant bitrate 3 

channel, progressive download and playout of Segments, no blocking and congestion of other 4 

HTTP requests, etc.  Therefore, a DASH client should use these values with care to compensate 5 

such practical circumstances; especially variations in download speed, latency, jitter, scheduling 6 

of requests of media components, as well as to address other practical circumstances. 7 

One example is if the DASH client operates on Segment granularity. As in this case, not only parts 8 

of the Segment (i.e., MBT) needs to be downloaded, but the entire Segment, and if the MBT is 9 

smaller than the Segment duration, then rather the segment duration needs to be used instead of 10 

the MBT for the required buffer size and the download scheduling, i.e. download a Representation 11 

i for which BW[i]  Ò rate*buffer/max_segment_duration. 12 

3.2.9. Trick Mode Support  13 

Trick Modes are used by DASH clients in order to support fast forward, seek, rewind and other 14 

operations in which typically the media, especially video, is displayed in a speed other than the 15 

normal playout speed. In order to support such operations, it is recommended that the content 16 

author adds Representations at lower frame rates in order to support faster playout with the same 17 

decoding and rendering capabilities.  18 

However, Representations targeted for trick modes are typically not be suitable for regular playout. 19 

If the content author wants to explicitly signal that a Representation is only suitable for trick mode 20 

cases, but not for regular playout, the following is recommended: 21 

¶ add one or multiple Adaptation Sets that that only contains trick modes Representations 22 

¶ annotate each Adaptation Set with an EssentialProperty  descriptor or Supple-23 

mentalProperty  descriptor with URL "http://dashif.org/guide-24 

lines/trickmode "  and the @value  the value of @id attribute of the Adaptation Set 25 

to which these trick mode Representations belong. The trick mode Representations must 26 

be time-aligned with the Representations in the main Adaptation Set. The value may also 27 

be a white-space separated list of @id values. In this case the trick mode Adaptation Set is 28 

associated to all Adaptation Sets with the values of the @id. 29 

¶ signal the playout capabilities with the attribute @maxPlayoutRate  for each Represen-30 

tation in order to indicate the accelerated playout that is enabled by the signaled codec 31 

profile and level.  32 

¶ If the Representation is encoded without any coding dependency on the elementary stream 33 

level, i.e. each sample is a SAP type 1, then it is recommended to set the @codingDe-34 

pendency  attribute to FALSE.  35 

¶ If multiple trick mode Adaptation Sets are present for one main Adaptation Set, then suf-36 

ficient signaling should be provided to differentiate the different trick mode Adaptation 37 

Sets. Different Adaptation Sets for example may be provided as thumbnails (low spatial 38 

resolution), for fast forward or rewind (no coding dependency with @codingDepend-39 

ency  set to false and/or lower frame rates), longer values for @duration  to improve 40 

download frequencies or different @maxPlayoutRate  values. Note also that the 41 

@bandwidth  value should be carefully documented to support faster than real-time 42 

download of Segments.  43 
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If an Adaptation Set in annotated with the EssentialProperty  descriptor with URI 1 

"http://dashif.org/guidelines/trickmode  then the DASH client shall not select 2 

any of the contained Representations for regular playout. 3 

For trick modes for live services, the same annotation should be used. More details on service 4 

offerings are provided in section 4.10. 5 

3.2.10. Adaptation Set Constraints 6 

3.2.10.1. Introduction  7 

Content in one Adaptation Set is constrained to enable and simplify switching across different 8 

Representations of the same source content. General Adaptation Set constraints allow sequencing 9 

of Media Segments from different Representations (ñbitrate switchingò) prior to a single audio or 10 

video decoder, typically requiring the video decoder to be reset to new decoding parameters at the 11 

switch point, such as a different encoded resolution or codec profile and level.  12 

Bitstream Switching Adaptation Set constraints allow a switched sequence of Media Segments to 13 

be decoded without resetting the decoder at switch points because the resulting Segment stream is 14 

a valid track of the source type, so the decoder is not even aware of the switch. In order to signal 15 

that the Representations in an Adaptation Set are offered under these constraints, the attribute Ad-16 

aptationSet @bitstreamSwitching  may be set to true . When Adaptation-17 

Set @bitstreamSwitching  attribute is set to TRUE, the decoder can continue decoding with-18 

out re-initialization.  When @bitstreamSwitching  is set to FALSE, seamless switching 19 

across Representations can be achieved with re-initialization of the decoder.  Content authors 20 

should set AdaptationSet @bitstreamSwitching  to TRUE only if the content does not 21 

need the decoder to be re-initialized. 22 

In the following general requirements and recommendations are provided for content in an Adap-23 

tation Set in section 3.2.10.2 and specific requirements when the bitstream switching is set to true 24 

in section 3.2.10.3. 25 

3.2.10.2.     General 26 

General Adaptation Set constraints require a client to process an Initialization Segment prior to the 27 

first Media Segment and prior to each Media Segment selected from a different Representation (a 28 

ñbitrate switchò). 29 

Adaptation Sets shall contain Media Segments compatible with a single decoder that start with 30 

SAP type 1 or 2, and in time aligned Representations using the same @timescale , when multiple 31 

Representations are present. 32 

Edit lists in Initialization Segments intended to synchronize the presentation time of audio and 33 

video should be identical for all Representations in an Adaptation Set.   34 

Note:  Re-initialization of decoders, decryptors, and display processors on some clients during 35 

bitrate switches may result in visible or audible artifacts. Other clients may evaluate the differences 36 

between Initialization Segments to minimize decoder reconfiguration and maintain seamless 37 

presentation equal to the encoded quality.   38 

Additional recommendations and constraints may apply for encryption and media coding.  For 39 

details, please check the relevant sections in this document, in particular section 6.2.5 and 7.7.5. 40 
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3.2.10.3.     Bitstream Switching  1 

A bitstream switching Adaptation Set is optimized for seamless decoding, and live streams that 2 

may change encoding parameters over time. A bitstream switching Adaptation Set may process an 3 

Initialization Segment one time from the highest bandwidth Representation in the Adaptation Set, 4 

and then process Media Segments from any other Representation in the same Adaptation Set with-5 

out processing another Initialization Segment.  The resulting sequence of an Initialization Segment 6 

followed by time sequenced Media Segments results in a valid ISO BMFF file with an elementary 7 

stream similar to a transport stream.  8 

For all Representations within an Adaptation Set with @bitstreamSwitching=ôtrueô: 9 

¶ the  Track_ID  shall be equal for all Representations 10 

¶ Each movie fragment shall contain one track fragment 11 

Note:  Multiple Adaptation Sets may be included in an MPD that contain different subsets of the available 12 
Representations that are optimized for different decoder and screen limitations.  A Representation may be 13 
present in more than one Adaptation set, for example a 720p Representation that is present in a 720p Adap-14 
tation Set may also be present in a 1080p Adaptation Set. The 720p Representation uses the same Initializa-15 
tion Segments in each Adaptation Set, but the 1080p Adaptation Set would require decoder and display con-16 
figuration with the 1080p Initialization Segment.  17 

Additional recommendation and constraints may apply for encryption and media coding.  For de-18 

tails, please see below. 19 

3.2.11. Media Time Information of Segment 20 

The earliest presentation time may be estimated from the MPD using the segment availability start 21 

time minus the segment duration announced in the MPD.  22 

The earliest presentation time may be accurately determined from the Segment itself. 23 

If the Segment Index is present than this time is provided in the earliest_presenta-24 

tion_time  field of the Segment Index. To determine the presentation time in the Period, the 25 

value of the attribute @presentationTimeOffset  needs to be deducted. 26 

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

BMFF parameters, namely the movie fragment header and possibly in combination with the infor-28 

mation in the Initialization Segment using the edit list.  29 

The earliest presentation time in the Period for a Segment can be deduced from the decode time 30 

taking also into account the composition time offset, edit lists as well as presentation time offsets.  31 

Specifically the following is the case to determine the earliest presentation time assuming that no 32 

edit list is present in the Initialization Segment: 33 

- If the SAP type is 1, then the earliest presentation time is identical to the sum of the decode 34 

time and the composition offset of the first sample. The decode time of the first sample is 35 

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

- If the SAP type is 2, the first sample may not be the sample with the earliest presentation 37 

time. In order to determine the sample with the earliest presentation time, this sample is 38 

determined as the sample for which the sum of the decode time and the composition offset 39 

is the smallest within this Segment. Then the earliest presentation time of the Segment is 40 

the sum of the base media decode time and the sum of the decode time and the composition 41 

offset for this sample. Such an example is shown below.  42 
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In addition, if the presentation time needs to be adjusted at the beginning of a period, then the 1 

@presentationTimeOffset  shall be used in order to set the presentation that is mapped to 2 

the start of the period. Content authoring shall be such that if edit lists are ignored, then the client 3 

can operate without timing and lip sync issues.In the following examples, there is a sequence of 4 

I, P, and B frames, each with a decoding time delta of 10. The segmentation, presentation order 5 

and storage of the samples is shown in the table below. The samples are stored with the indicated 6 

values for their decoding time deltas and composition time offsets (the actual CT and DT are 7 

given for reference). The re-ordering occurs because the predicted P frames must be decoded 8 

before the bi-directionally predicted B frames. The value of DT for a sample is always the sum of 9 

the deltas of the preceding samples. Note that the total of the decoding deltas is the duration of 10 

the media in this track.  11 

Example with closed GOP and SAP Type = 1: 12 

 13 

Segment  / -

-  

--

-  

--

-  

--

-  

--

-  

--

-  

--

\  

/ -

-  

--

-  

--

-  

--

-  

--

-  

--

-  

-- \  

 I1  P4 B2 B3 P7 B5 B6 I8  P1

1 

B9 B1

0 

P1

4 

B1

2 

B13 

Presenta-
tion Order  

|==| I1 B2 B3 P4 B5 B6 P7 |==| I8 B9 B10 P11 B12 B13 
P14 |==|  

Base media 

decode time  

0 70 

Decode delta  10 10 10 10 10 10 10 10 10 10 10 10 10 10 

DT 0 10 20 30 40 50 60 70 80 90 10

0 

11

0 

12

0 

130  

EPT 10 80 

Composition 

time offset  

10 30 0 0 30 0 0 10 30 0 0 30 0 0 

CT 10 40 20 30 70 50 60 80 11

0 

90 10

0 

14

0 

12

0 

130  

 14 

Example with closed GOP and SAP Type = 2: 15 

 16 

Segment  / --  --  --  --  --  -- \  / -  --  --  --  ---  -- \  

  I3   P1   P2   P6   B4  B5  I9  P7  P8 P12 B10 B11 

Presenta-
tion Order  

|==| P1 P2 I3 B4 B5 P6 |==| P7 P8 I9 B10 B11 P12 |==|  

Base media 

decode time  

0 60 

Decode Delta  10  10  10  10 10  10  10  10  10 10 10 10 

DT 0  10  20  30  40 50  60  70  80 90 100  110  

EPT 10 70 

Composition 
time offset  

30  0  0  30  0  0  30  0  0 30 0 0 
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CT  30  10  20  60  40  50  90  70  80 120  100  110  

 1 

Example with closed GOP and SAP Type = 2 and negative composition offset: 2 

 3 

Segment  / --  --  --  --  --  -- \  / -  --  --  --  ---  -- \  

  I3   P1   P2   P6   B4  B5  I9  P7  P8 P12 B10 B11 

Presenta-
tion Order  

|==| P1 P2 I3 B4 B5 P6 |==| P7 P8 I9 B10 B11 P12 |==|  

Base media 

decode  time  

0 60 

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 
offset  

20  - 10  - 10  20  - 10  - 10  20  - 10  - 10 20 - 10 - 10 

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

 4 

 5 

For additional details refer to ISO/IEC 14496-12 [7] and ISO/IEC 23009-1 [1]. 6 

 7 

3.2.12. Content Offering with Periods 8 

Content may be offered with a single Period. If content is offered with a single Period it is suitable 9 

to set PSTART to zero, i.e. the initialization segments get available at START on the server. 10 

However, other values for PSTART may be chosen.  11 

Note: This is aligned with Amd.3 of ISO/IEC 23009-1:2014 [4] and may be referenced in 12 

a future version of this document. 13 

Content with multiple Periods may be created for different reasons, for example: 14 

¶ to enable splicing of content, for example for ad insertion, 15 

¶ to provide synchronization in segment numbering, e.g. compensate non-constant segment 16 

durations 17 

¶ to remove or add certain Representations in an Adaptation Set, 18 

¶ to remove or add certain Adaptation Sets, 19 

¶ to remove or add content offering on certain CDNs, 20 

¶ to enable signalling of shorter segments, if produced by the encoder. 21 

¶ for robustness reasons as documented in detail in section 4.8. 22 

Periods provide opportunities for resync, for ad insertion, for adding and removing Representa-23 

tions. However, in certain circumstances the content across Period boundaries is continuous and 24 

in this case, continuous playout of the client is expected. 25 
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In certain circumstances the Media Presentation is offered such that the next Period is a continua-1 

tion of the content in the previous Period, possibly in the immediately following Period or in a 2 

later Period (e.g after an advertisement Period had been inserted), in particular that certain media 3 

components are continued.  4 

The content provider may express that the media components contained in two Adaptation Sets in 5 

two different Periods are associated by assigning equivalent Asset Identifiers to both Periods and 6 

by identifying both Adaptation Sets with identical value for the attribute @id. Association ex-7 

presses a logical continuation of the media component in the next Period and may for example be 8 

used by the client to continue playing an associated Adaptation Set in the new Period. 9 

In addition, two Adaptation Sets in one MPD are period-continuous if all of the following holds: 10 

¶ The Adaptation Sets are associated. 11 

¶ The sum of the value of the @presentationTimeOffset  and the presentation dura-12 

tion of all Representations in one Adaptation Set are identical to the value of the @presen-13 

tationTimeOffset of the associated Adaptation Set in the next Period. 14 

¶ If Representations in both Adaptation Sets have the same value for @id, then they shall 15 

have functionally equivalent Initialization Segments, i.e. the Initialization Segment may 16 

be used to continue the play-out of the Representation. The concatenation of the Initiali-17 

zation Segment of the first Period, if present, and all consecutive Media Segments in the 18 

Representation in the first Period and subsequently the concatenation with all consecutive 19 

Media Segments in the Representation of the second Period shall represent a conforming 20 

Segment sequence as defined in 4.5.4 conforming to the media type as specified in the 21 

@mimeType attribute for the Representation in the first Period. Additionally, the 22 

@mimeType attribute for the Representation in the next Period shall be the same as one 23 

of the first Period.   24 

Media Presentations should signal period-continuous Adaptation Sets by using a supplemental de-25 

scriptor on Adaptation Set level with @schemeIdUri  set to "urn:mpeg:dash:period -26 

continuity:2015"  with  27 

¶ the @value  of the descriptor matching the value of an @id of a Period that is contained 28 

in the MPD, 29 

¶ the value of the AdaptationSet @id being the same in both Periods.  30 

MPD should signal period-continuous Adaptation Sets if the MPD contains Periods with identical 31 

Asset Identifiers. 32 

There exist special cases, for which the media in one Adaptation Set is a continuation of the pre-33 

vious one, but the timestamps are not continuous. Examples are timestamp wrap around, encoder 34 

reset, splicing, or other aspects. Two Adaptation Sets in one MPD are period-connected if all con-35 

ditions from period-continuity from above hold, except that the timestamps across Period bound-36 

aries may be non-continuous, but adjusted by the value of the @presentationTimeOffset  37 

at the Period boundary. However, for example the Initialization Segment is equivalent within the 38 

two Adaptation Sets. Media Presentations should signal period-connected Adaptation Sets by us-39 

ing a supplemental descriptor on Adaptation Set level with @schemeIdUri  set to 40 
"urn:mpeg:dash:period - connectivity:2015".  41 



   

  DASH-IF Interoperability Points v4.1  24 

Note that period continuity implies period connectivity. 1 

The content author should use period-continuity signaling or period-connectivity signaling if the 2 

content follows the rules. The client should exploit such signals for seamless user experience 3 

across Period boundaries. 4 

For details on content offering with multiple Periods, please refer to the requirements and recom-5 

mendations in section 4 and 5.  6 

3.2.13. Adaptation Set Media Type 7 

In contrast to MPEG-DASH which does not prohibit the use of multiplexed Representations, in 8 

the DASH-IF IOPs one Adaptation Set always contains exactly a single media type. The following 9 

media types for Adaptation Sets are defined: 10 

- Video Adaptation Set: An Adaptation Set that contains visual information for display to 11 

the user. Such an Adaptation Set is identified by @mimeType=" video/mp4 " . For 12 

more details on the definition of media type video, refer to RFC 4337 [66]. The DASH-IF 13 

IOP restrict the usage of video/mp4  to only @codecs values as defined in this 14 

specification. 15 

- Audio Adaptation Set: An Adaptation Set that contains sound information to be rendered 16 

to the user. Such an Adaptation Set is identified by @mimeType="audio /mp4" . For 17 

more details on the definition of media type video, refer to RFC 4337 [66]. The DASH-IF 18 

IOP restrict the usage of audio /mp4  to only @codecs values as defined in this 19 

specification. 20 

- Subtitle Adaptation Set: An Adaptation Set that contains visual overlay information to be 21 

rendered as auxiliary or accessibility information. Such an Adaptation Set is identified by 22 

@mimeType="application /mp4" , a Role descriptor with @schemeIdUri =" 23 

urn:mpeg:dash:role:2011 " and @value=" subtitle "  and, an @codecs 24 

parameter as defined in Table 21or "application/ ttml +xml ".  25 

- Metadata Adaptation Set: An Adaptation Set that contains information that is not 26 

expected to be rendered by a specific media handler, but is interpreted by the application. 27 

Such an Adaptation Set is identified by @mimeType="application/mp4"  and an 28 

appropriate sample entry identified by the @codecs parameter. 29 

The media type is used by the DASH client in order to identify the appropriate handler for 30 

rendering. Typically, the DASH client selects at most one Adaptation Set per media type. In 31 

addition, the DASH client uses the string included in the @codecs parameter in order to identify 32 

if the underlying media playback platform can play the media contained in the Representation. 33 

3.2.14. Seek Preview and Thumbnail Navigation 34 

Seek preview and thumbnail navigation provide DASH clients the possibility to implement thumb-35 

nails for UI scrubbing. This may be implemented using a separate video Adaptaion Set and using 36 

trick mode features as defined in clause 3.2.9. However, this feature may be relatively complex to 37 

implement in a player and requires double video decoders. In a simpler approach, a sequence of 38 
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image tiles may be used, each with multiple thumbnails to provide such thumbnails. An interop-1 

erable solution is provided in clause 6.2.6. 2 

3.3. Client Implementation Requirements and Guidelines  3 

3.3.1. Overview 4 

The DASH-related aspects of the interoperability point as defined in section 3.2 can also be un-5 

derstood as permission for DASH clients that only implement the features required by the descrip-6 

tion to process the Media Presentation (MPD document and Segments). The detailed DASH-re-7 

lated client operations are not specified. Therefore, it is also unspecified how a DASH client ex-8 

actly conforms. This document however provides guidelines on what is expected for conformance 9 

to this interoperability point. A minimum set of requirements is collected in section 3.3.4. 10 

3.3.2. DASH Client Guidelines 11 

The DASH-related aspects in DASH-IF IOPs as well as for the ISO BMFF based On-Demand and 12 

Live profiles of ISO/IEC 23009-1 are designed such that a client implementation can rely on rela-13 

tively easy processes to provide an adaptive streaming service, namely: 14 

¶ selection of the appropriate Adaptation Sets based on descriptors and other attributes 15 

¶ initial selection of one Representation within each adaptation set 16 

¶ download of (Sub)Segments at the appropriate time 17 

¶ synchronization of different media components from different Adaptation Sets 18 

¶ seamless switching of representations within one Adaptation Set 19 

 20 

 21 
Figure 2 DASH aspects of a DASH-AVC/264 client compared to a client supporting the union of DASH ISO 22 

BMFF live and on-demand profile. 23 

Figure 2 shows the DASH aspects of a DASH-AVC/264 client compared to a client supporting all 24 

features of the DASH ISO BMFF Live and On-Demand profile. The main supported features are: 25 

¶ support of HTTP GET and partial GET requests to download Segments and Subsegments 26 
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¶ three different addressing schemes: number and time-based templating as well as byte 1 

range based requests. 2 

¶ support of metadata as provided in the MPD and Segment Index 3 

¶ download of Media Segments, Initialization Segments and Segment Index 4 

¶ ISO BMFF parsing 5 

¶ synchronized presentation of media components from different Adaptation Sets 6 

¶ switching of video streams at closed GOP boundaries 7 

3.3.3. Seamless switching 8 

The formats defined in section 3.2 are designed for providing good user experience even in case 9 

the access bandwidth of the DASH Segment delivery or the cache varies. A key functionality is 10 

the ability that the DASH client can seamlessly switch across different Representations of the same 11 

media component. DASH clients should use the common timeline across different Representation 12 

representing the same media component to present one Representation up to a certain time t and 13 

continue presentation of another Representation from time t onwards. However, in practical im-14 

plementations, this operation may be complex, as switching at time t may require parallel down-15 

load and decoding of two Representations. Therefore, providing suitable switching opportunities 16 

in regular time intervals simplifies client implementations.  17 

The formats defined in section 3.2 provide suitable switching opportunities at (sub)segment bound-18 

aries. 19 

3.3.4. DASH Client Requirements 20 

In order to ensure a minimum level of interoperability, a DASH-IF conforming client shall at least 21 

support the following features: 22 

¶ The DASH client, if it switches, shall provide a seamless experience. A DASH shall be 23 

able to switch seamlessly at (sub)segment boundaries according to the definition in 24 

ISO/IEC 23009-1 [4], clause 4.5.1. 25 

¶ If the scheme or the value for the following descriptor elements are not recognized and no 26 

equivalent other descriptor is present, the DASH client shall ignore the parent element: 27 

o FramePacking  28 

o Rating  29 

o EssentialDescriptor  30 

o ContentProtection  31 

3.4. Transport  and Protocol-Related Issues 32 

3.4.1. General 33 

Servers and clients operating in the context of the interoperability points defined in this document 34 

shall support the normative parts of HTTP/1.1 as defined in RFC 7230 [21], RFC 7231 [22], RFC 35 

7232 [23], RFC 7233 [24], and RFC 7234 [25].  36 

Specific requirements and recommendations are provided below. 37 

Note: IETF recently obsoleted RFC 2616 and replaced it with the six RFCs referred above. 38 

The changes are generally text clarifications and in some cases, additional constraints to 39 

address security or interoperability issues. Each new RFC contains details of the changes 40 
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compared to RFC2616. The IETF strongly recommends to reference and use the new RFCs 1 

that collectively replace RFC2616. This version of DASH-IF IOP addresses this aspect.  2 

 3 

MPEG-DASH explicitly permits the use of https as a scheme and hence, HTTP over TLS as a 4 

transport protocol as defined in RFC 2818 [65]. For more details refer to section 7.2. 5 

3.4.2. Server Requirements and Guidelines 6 

HTTP Servers serving segments should support suitable responses to byte range requests (partial 7 

GETs). 8 

If an MPD is offered that contains Representations conforming to the ISO BMFF On-Demand 9 

profile, then the HTTP servers offering these Representations shall support suitable responses to 10 

byte range requests (partial GETs).  11 

HTTP Servers may also support the syntax using Annex E of 23009-1 using the syntax of the 12 

second example in Annex E.3,  13 

BaseURL@byteRange="$base$?$query$&range=$first$ - $last$"  14 

3.4.3. Client Requirements and Guidelines 15 

Clients shall support byte range requests, i.e. issue partial GETs to subsegments as defined in RFC 16 

7233 [24]. Range requests may also be issued by using Annex E of 23009-1 using the syntax of 17 

the second example in Annex E.3,  18 

BaseURL@byteRange="$base$?$query$&range=$first$ - $last$"  19 

Clients shall follow the reaction to HTTP status and error codes as defined in section A.7 of 20 

ISO/IEC 23009-1. 21 

Clients should support the normative aspects of the HTTP state management mechanisms (also 22 

known as Cookies) as defined in RFC 6265 [41] for first-party cookies. 23 

3.4.4. Transforming Proxies and Other Adaptation Middleboxes 24 

A number of video transcoding proxies (aka "middleboxes") are already deployed on the wider 25 

Internet may silently transcode Representations. Specifically: a middlebox may see a video/mp4 26 

response, transcode that video into a different format (perhaps using a lower bitrate or a different 27 

codec), then forward the transcoded video to the DASH client. This will break MPD and/or Seg-28 

ment Index based byte range operations, as those ranges are generally not valid in the transcoded 29 

video. 30 

If such a threat is possible, one of the following approaches may be considered in order to prevent 31 

proxies from transcoding DASH Representations: 32 

1. serve Media Presentations using encryption (e.g., HTTP over TLS, segment encryption or 33 

content protection),  34 

2. serve Representations with Cache-Control: ñno- transform " 35 

In all cases the operational impacts on caching and implementations should be considered when 36 

using any of the above technologies. 37 

In order to prevent middleboxes to manipulate the MPD, e.g. removing certain Representations or 38 

Adaptation Sets, the MPD may be securely transported by appropriate means, e.g. HTTPS. 39 
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3.5. Synchronization Considerations 1 

In order to properly access MPDs and Segments that are available on DASH servers, DASH serv-2 

ers and clients should synchronize their clocks to a globally accurate time standard. Specifically it 3 

is expected that the Segment Availability Times as computed from the MPD according to ISO/IEC 4 

23009-1 [4], section 5.3.9.5 and additional details in ISO/IEC 23009-3 [6], section 6.4 are accu-5 

rately announced in the MPD.  6 

Options to obtain timing for a DASH client are for example: 7 

¶ Usage of NTP or SNTP as defined in RFC5905 [40].  8 

¶ The Date general-header field in the HTTP header (see RFC 7231 [22] section 7.1.1.2) 9 

represents the date and time at which the message was originated, and may be used as an 10 

indication of the actual time. 11 

Anticipated inaccuracy of the timing source should be taken into account when requesting seg-12 

ments close to their segment availability time boundaries. 13 

More details on advanced synchronization support is provided in section 4.7. 14 

3.6. Considerations for Live Services 15 

For interoperability aspects of live services, please refer to section 4.  16 

3.7. Considerations on Ad Insertion 17 

For interoperability aspects for ad insertion use cases, please refer to section 5.  18 

3.8. Switching across Adaptation Sets 19 

Note: This technology is expected to be available in ISO/IEC 23009-1:2014/Amd.4:2016 [4], sec-20 

tion 5.3.3.5. Once published by MPEG, this section is expected to be replaced by a reference to 21 

the MPEG-DASH standard. 22 

Representations in two or more Adaptation Sets may provide the same content. In addition, the 23 

content may be time-aligned and may be offered such that seamless switching across Representa-24 

tions in different Adaptation Sets is possible. Typical examples are the offering of the same content 25 

with different codecs, for example H.264/AVC and H.265/HEVC and the content author wants to 26 

provide such information to the receiver in order to seamlessly switch Representations (as defined 27 

in ISO/IEC 23009-1, clause 4.5.1)  across different Adaptation Sets. Such switching permission 28 

may be used by advanced clients. 29 

A content author may signal such seamless switching property across Adaptation Sets by providing 30 

a Supplemental Descriptor along with an Adaptation Set with @schemeIdUri  set to 31 

urn:mpeg:dash:adaptation - set - switching:20 16  and the @value  is a comma-32 

separated list of Adaptation Set IDs that may be seamlessly switched to from this Adaptation Set. 33 

If the content author signals the ability of Adaptation Set switching and as @segmentAlign-34 

ment  or @subsegmentAlignment  are set to TRUE for one Adaptation Set, the (Sub)Segment 35 

alignment shall hold for all Representations in all Adaptation Sets for which the @id value is 36 

included in the @value  attribute of the Supplemental descriptor.  37 
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As an example, a content author may signal that seamless switching across an H.264/AVC Adap-1 

tation Set with AdaptationSet @id=ò264ò and an HEVC Adaptation Set with Adapta-2 

tionSet @id=ò265ò is possible by adding a Supplemental Descriptor to the H.264/AVC Ad-3 

aptation Set with @schemeIdUri  set to urn:mpeg:dash:adaptation - set - switch-4 

ing:20 16 and the @value=ò265ò and by adding a Supplemental Descriptor to the HEVC 5 

Adaptation Set with @schemeIdUri  set to urn:mpeg:dash:adaptation - set -6 

switching:20 16 and the @value=ò264ò.  7 

In addition, if the content author signals the ability of Adaptation Set switching for  8 

- any Video  Adaptation Set as defined in 3.2.13 then the parameters as defined in section 9 

3.2.4 for an Adaption Set shall also hold for all Adaptation Sets that are included in the 10 

@value  attribute.   11 

- any Audio Adaptation Set as defined in 3.2.13 then the parameters as defined in section 12 

3.2.4 for an Adaption Set shall also hold for all Adaptation Sets that are included in the 13 

@value  attribute.   14 

Note that this constraint may result that the switching may only be signaled with one Adaptation 15 

Set, but not with both as for example one Adaptation Set signaling may include all spatial resolu-16 

tions of another one, whereas it is not the case the other way round. 17 

3.9. Annotation and Client Model for Content Selection 18 

3.9.1. Introduction  19 

Beyond the ability to provide multiple Representations of the same media component in one Ad-20 

aptation Set, DASH MPDs also provide the functionality to annotate Adaptation Sets, such that 21 

clients can typically select at most one Adaptation Set for each media type, based on the encoding 22 

and description provided in the MPD. The selection is based on client capabilities, client prefer-23 

ences, user preferences and possibly also interactive signalling with the user. Typically, the sig-24 

nalling and selection is independent of the codec in use. This clause provides requirements and 25 

recommendations for labelling Adaptation Sets, if multiple tracks are offered. Note that there may 26 

be cases that multiple Representations from different Adaptation Sets per media type are chosen 27 

for playback, for example if there is a dependency across Representations. In other cases, a DASH 28 

client may be asked to select more than one Adaptation Set per media type based on application 29 

decisions. 30 

Multiple Adaptation Sets may be offered to provide the same content in different encodings, for 31 

example different codecs; or different source formats, for example one Adaptation Set encoded 32 

from a standard dynamic range master and another encoded from a high dynamic range video 33 

master. Alternatively, Adaptation Sets may describe different content, for example different lan-34 

guages, or different camera views of the same event that are provided in a synchronized presenta-35 

tion in one MPD.  36 

Proper labelling of Adaptation Sets in MPDs conforming to DASH-IF IOPs is essential in order to 37 

enable consistent client implementations. In addition, also a model is needed on how the client 38 

makes use of the annotation for a content authors to understand the expected effect of the labelling 39 

on playback. 40 
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3.9.2. Adaptation Set Labeling Options for Selection 1 

DASH in ISO/IEC 23009-1 [4] provides many options for labelling Adaptation Sets. In order to 2 

provide more consistency in the context of DASH-IF, Table 4 provides a restricted subset of labels 3 

for which DASH-IF IOPS provide interoperability, i.e. on how they are expected to be used by the 4 

content authors and how they are expected to be used by clients. The table provides information 5 

specific for each media type. 6 

It is expected that DASH clients following the DASH IOPs recognize the descriptors, elements, 7 

and attributes as documented in Table 4.  8 

Other organizations may define additional descriptors or elements, as well as processing models 9 

for clients. 10 

Table 4 Adaptation Set Attributes and Elements and Usage in DASH-IF IOPs (see ISO/IEC 23009-1 [4])  11 

Attribute or Element  Use for 

media type 

Detailed Usage in DASH-IF IOPs 

General Attributes and Elements for any media type 

@profiles  O See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

If not present, it is inherited from the MPD or Period. This may be 

used for example to signal extensions for new media profiles in 

the MPD. 

At least one of the values defined in Table 1 and Table 2 of this 

document shall be present, or inferred from MPD or Period 

higher-level. 

@group O See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

The attribute may be used and shall be different at least for differ-

ent media type.  

If present, the value shall be greater than 0. For all Adaptation Sets 

in the same group, the Group shall be the same.  

Only one Representation in a Group is intended to be presented at 

a time. However, two or multiple groups of the same media type 

may exist, if the content author expects simultaneous presentation 

of two or more Representation of the same media type. 

@selectionPriority  OD 

default=1 

See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

 

This attribute should be used to dis-ambiguate Adaptation Sets 

within one group for selection and expresses the preference of the 

MPD author on selecting Adaptation Sets for which the DASH 

client does make a decision otherwise. Examples include two 

video codecs providing the same content, but one of the two pro-

vides higher compression efficiency and is therefore preferred by 

the MPD author. 
ContentProtection  0 é N See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

If this element is present, then the content is protected.  

If not present, no content protection is applied. 

For details and usage please refer to clause 7. 
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Attribute or Element  Use for 

media type 

Detailed Usage in DASH-IF IOPs 

EssentialProperty  0 é N See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9 

specifies information about the containing element that is consid-

ered essential by the Media Presentation author for processing the 

containing element. 

The following schemes are expected to be recognized by a DASH-

IF client independent of the media type: 

¶ http://dashif.org/guidelines/trick-

mode (see clause 3.2.9) 
 

SupplementalProperty   See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9 

specifies information about the containing element that is consid-

ered supplemental by the Media Presentation author for pro-

cessing the containing element. In no case this information is used 

for differentiation, the information may used by a DASH client for 

improved operation. 

The following schemes are expected to be recognized by a DASH-

IF client independent of the media type: 

- urn:mpeg:dash:adaptation - set - switch-

ing:201 6 (see clause 3.8) 

- http://dashif.org/guidelines/trick-

mode (see clause 3.2.9) 

- urn:mpeg:dash:period - continuity:2015 

(see clause 3.2.12) 

- urn:mpeg:dash:period - connectiv-

ity:2015 (see clause 3.2.12) 

Viewpoint  0 é N Provides the ability to indicate that media differentiates by a dif-

ferent ViewPoint.  

If not present, no view point is assigned and no differentiation is 

taken. 

For detailed usage of this descriptor, see below.  

Label  0 é N See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

 

This element enables to provide a textual description of the con-

tent. This element should be used if content author expects that 

clients supports UI for selection. However, this element must not 

be used as the sole differentiating element as at start-up no user 

interaction is available. 

Attributes and Elements for media type ñVideoò 

@mimeType  M See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

Shall be set to "video/mp4" .  

@codecs M See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

http://dashif.org/guidelines/trickmode
http://dashif.org/guidelines/trickmode
http://dashif.org/guidelines/trickmode
http://dashif.org/guidelines/trickmode
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Attribute or Element  Use for 

media type 

Detailed Usage in DASH-IF IOPs 

This provides the codec that is used for the Adaptation Set. It 

expresses the codec that is necessary to playback all 

Representations in one Adaption Set. 

The following codecs are expected to be recognized by a DASH-

IF client: 

¶ Codecs in Table 17 

¶ Codecs in Table 19 

@par O See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

shall be present, if the display aspect ratio is a differentiating pa-

rameter in the MPD. 

 

@maxWidth O See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

This attribute should be present to express the maximum width in 

samples after decoder sample cropping of any Representation con-

tained in the Adaptation Set. 

The value should be the maximum horizontal sample count of any 

SPS in the contained bitstream. 

@maxHeight  O See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

This attribute should be present to express the maximum height in 

pixel of any Representation contained in the Adaptation Set. 

The value should be the maximum horizontal sample count of any 

SPS in the contained bitstream. 

@maxFrameRate O See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

This attribute should be present to express the maximum frame 

rate, i.e. the maximum value of any entry in the Decoder configu-

ration record of the signaled frame rate, if constant frame rate is 

provided. contained in the Adaptation Set. 

@scanType OD 

Default: 

progressive 

See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

This value is expected to be not present. If present, it is expected 

to be set to "progressive ".  

EssentialProperty  0 é N See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

specifies information about the containing element that is consid-

ered essential by the Media Presentation author for processing the 

containing element. 

The following schemes are expected to be recognized by a DASH-

IF client for video: 

¶ urn:mpeg:mpegB:cicp:<Parameter> as de-

fined in ISO/IEC 23001-8 [49] and <Parameter> one of 
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Attribute or Element  Use for 

media type 

Detailed Usage in DASH-IF IOPs 

the following: ColourPrimaries , Transfer-

Characteristics , or MatrixCoefficients  

Accessibility  0 é N See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

In DASH-IF IOPs two schemes for accessibility are defined.  

- the Role scheme as defined by MPEG-DASH should 

be used as defined in ISO/IEC 23009-1, 5.8.5.5, 
urn:mpeg:dash:role:2011  

The DASH role scheme and with the following values is 

expected to be recognized by a DASH-IF client for media 

type ñvideoò together with the Accessibility descriptor: 

o sign  

o captions  

- the scheme when CEA-608 is used as defined in clause 

6.4.3.3, with @schemeIdURI  set to 

"urn:scte:dash:cc:cea - 608:2015"  

Role  0 é N See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

In DASH-IF IOPs only the Role scheme as defined by MPEG-

DASH should be used as defined in ISO/IEC 23009-1 [4], 5.8.5.5, 
urn:mpeg:dash:role:2011  

The DASH role scheme and with the following values is expected 

to be recognized by a DASH-IF client for media type ñvideoò to-

gether with the Role descriptor: 

- caption  

- subtitle  

- main  

- alternate  

- supplementary  

- sign  

- emergency  

If not present, the role is assumed to be main  

Rating  0 é N See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

DASH-IF IOPs do not define a Rating scheme. If present, 

Adaptation Sets using this descriptor may be ignored by the 

DASH-IF IOP clients. 

Attributes and Elements for media type ñAudioò 

@mimeType  M See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 
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Attribute or Element  Use for 

media type 

Detailed Usage in DASH-IF IOPs 

Shall set to "audio/mp4" .   

@codecs M See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

This provides the codec that is used for the Adaptation Set. It 

expresses the codec that is necessary to playback all 

Representations in one Adaption Set. 

The following codecs are expected to be recognized by a DASH-

IF client: 

¶ Codecs in Table 20 

¶ Codecs in Table 23 

¶ Codecs in Table 24 

¶ Codecs in Table 25 

¶ Codecs in Table 26 

¶ Codecs in Table 27 

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

added 

@lang O See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

The language should be present.  

If not present, the language is unknown or no language applies. 

@audioSamplingRate  O See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

This attribute may be present to support output devices that may 

only be able to render specific values.  

AudioChannelConfigu-

ration  
0 é N See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

specifies information about the Audio channel configuration.The 

following schemes are expected to be recognized by a DASH-IF 

client for audio: 

¶ urn:mpeg:dash:23003:3:audio_chan-

nel_configuration:2011  as defined in 

ISO/IEC 23009-1 [4], 5.8.5.4 

¶ urn:mpeg:mpegB:cicp: ChannelConfigura-

tion  as defined in ISO/IEC 23001-8 [49]  

¶ tag:dolby.com,2014:dash:audio_chan-

nel_configuration:2011 as defined at 

http://dashif.org/identifiers/audio-source-data/ 

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

updated  

EssentialProperty  0 é N See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 
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Attribute or Element  Use for 

media type 

Detailed Usage in DASH-IF IOPs 

specifies information about the containing element that is 

considered essential by the Media Presentation author for 

processing the containing element. 

The following schemes are expected to be recognized by a DASH-

IF client for audio: 

¶ urn:mpeg:dash:audio - receiver - mix:2014 

as defined in ISO/IEC 23009-1, clause 5.8.5.7. 

Accessibility  0 é N See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

In DASH-IF IOPs only the Role scheme as defined by MPEG-

DASH should be used as defined in ISO/IEC 23009-1, 5.8.5.5, 
urn:mpeg:dash:role:2011  

The DASH role scheme and with the following values is expected 

to be recognized by a DASH-IF client for media type ñaudioò to-

gether with the Accessibility descriptor: 

¶ description  

¶ enhanced - audio - intelligibility  

Role  0 é N See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

In DASH-IF IOPs only the Role scheme as defined by MPEG-

DASH should be used as defined in ISO/IEC 23009-1, 5.8.5.5, 
urn:mpeg:dash:role:2011  

The DASH role scheme and with the following values is expected 

to be recognized by a DASH-IF client for media type ñaudioò to-

gether with the Accessibility descriptor: 

- main  

- alternate  

- supplementary  

- commentary  

- dub  

- emergency  

If not present, the role is assumed to be main  

Rating  0 é N See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

DASH-IF IOPs do not define a Rating scheme. If present, Adap-

tation Sets using this descriptor may be ignored by the DASH-IF 

IOP clients. 

Attributes and Elements for media type ñSubtitleò 

@mimeType  M See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 
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Attribute or Element  Use for 

media type 

Detailed Usage in DASH-IF IOPs 

Shall set to "application/mp4"  or 
"application/ttml+xml"    

@codecs O See ISO/IEC 23009-1 [4], clause 5.3.7.2 Table 9. 

This provides the codec that is used for the Adaptation Set. It 

expresses the codec that is necessary to playback all 

Representations in one Adaption Set. 

The following codecs are expected to be recognized by a DASH-

IF client: 

¶ Codecs in Table 21 

Note: more need to be added with new codecs being added. 

@lang O See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

The language should be present.  

If not present, the language is unknown or no language applies. 

Accessibility  0 é N See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

In DASH-IF IOPs only the Role scheme as defined by MPEG-

DASH should be used as defined in ISO/IEC 23009-1, 5.8.5.5, 
urn:mpeg:dash:role:2011  

The DASH role scheme and with the following values is expected 

to be recognized by a DASH-IF client for media type ñsubtitleò 

together with the Accessibility descriptor: 

- caption  

- sign  

Role  0 é N See ISO/IEC 23009-1 [4], clause 5.3.3.2 Table 5. 

In DASH-IF IOPs only the Role scheme as defined by MPEG-

DASH should be used as defined in ISO/IEC 23009-1, 5.8.5.5, 
urn:mpeg:dash:role:2011  

The DASH role scheme and with the following values is expected 

to be recognized by a DASH-IF client for media type ñsubtitleò 

together with the Accessibility descriptor: 

- main  

- alternate  

- subtitle  

- supplementary  

- commentary  

- dub  

- description  
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Attribute or Element  Use for 

media type 

Detailed Usage in DASH-IF IOPs 

- emergency  

If not present, the role is assumed to be main  

3.9.3. Content Model 1 

In order to support the content author in providing content in a consistent manner, Figure 1 pro-2 

vides a conceptual content model for DASH content in one Period of an MPD. The content may 3 

be described by an Asset Identifier as a whole and may contain different media types, video, audio, 4 

subtitle and application types. Signalling of media types is out of scope for this section, for details 5 

refer to section 3.2.12. 6 

 7 

 8 

Within each media type, the content author may want to offer different alternative content that are 9 

time-aligned, but each alternative represents different content. Automatic selection of the alterna-10 

tive content is not expected to be done by the DASH client as the client would not have sufficient 11 

information to make such decisions. However, the selection is expected to be done by communi-12 

cation with an application or the user, typically using a user interface appropriate for selection.  13 

However, in the absence of this external communication, or at startup, the DASH client still needs 14 

to playback content and therefore benefits from information of what is the default content. Such 15 

signalling should be provided by the content author. Such default content is referred to as main 16 

content, whereas any content that is not main is referred to as alternative. There may be multiple 17 

alternatives which may need to be distinguished. We define main and alternative content. Exam-18 

ples for such are synchronized camera views of one master content. The main camera view is 19 

provided as main content, all other views as alternative content. 20 

Figure 3 Content Model for DASH Multitrack  
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Furthermore, it may be that content of different media type is linked by the content author, to 1 

express that two content of different media type are preferably played together. We define associ-2 

ated content for this purpose. As an example, there may be a main commentator associated with 3 

the main camera view, but for a different camera view, a different associated commentary is pro-4 

vided. 5 

In addition to semantical content level differentiation, each alternative content may be prepared 6 

with different target versions, based on content preparation properties (downmix, subsampling, 7 

translation, suitable for trick mode, etc.), client preferences (decoding or rendering preferences, 8 

e.g. codec), client capabilities (DASH profile support, decoding capabilities, rendering capabili-9 

ties) or user preferences (accessibility, language, etc.). In simple AV playout and in the absence of 10 

guidance from an application, a content author expects that the DASH client selects at most one 11 

target version for each Group taking into account its capabilities and preferences and the capabil-12 

ities and preferences of the media subsystem. However, an application may obviously select mul-13 

tiple Groups and playout different video Adaptation Sets to support for example picture-in-picture, 14 

multi-angle and so on.  15 

In addition, the content author may also provide priorities for target versions, if the receivers sup-16 

port multiple of those. Typical examples are that the content is prepared for H.264/AVC and 17 

H.265/HEVC capable receivers, and the content author prefers the selection of the H.265/HEVC 18 

version as its distribution is more efficient. A device supporting both decoders may then choose 19 

the one with higher priority signalled by the content author. In a similar version, the same content 20 

may be provided in different languages. In this case, it can still be expected that the language can 21 

be automatically selected by the client, so it is assigned to a target version. Again, a content author 22 

may express priorities on languages, for example preferring the native language over a dubbed 23 

one. Languages may be considered as alternative content as well, but as long as automatic selection 24 

can be provided, it may be considered as different target versions. Hence for each content of one 25 

media type, different target versions may exist and the annotation of the content expressed that it 26 

is expected that automated selection can be done. Each target version is preferably accumulated in 27 

one Adaptation Set, with exceptions such as scalable codecs. 28 

Finally, in the content model, each of the target version typically has multiple Representations that 29 

are prepared to enable dynamic switching. This aspect is outside the scope of this section as switch-30 

ing by the client is expected to be done independent of the media type as well as the target version, 31 

primarily using the bandwidth and possibly abstract quality information. However, the signalling 32 

on the target versions may provide information on how to distribute the available bitrate across 33 

different media types.  34 

Based on this content model and the available elements, attributes and descriptors from Table 4, 35 

requirements and recommendations are provided for Adaptation Set Signalling to address main 36 

and alternative content, associated content as well as different target versions. Based on the sig-37 

nalling, a client decision model is developed that may serve a content provider as a reference client 38 

to test if the annotation provided in the MPD provides the proper results.  39 
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3.9.4. Signalling Requirements and Recommendations 1 

3.9.4.1. General 2 

Assuming the content author can map its content to the above content model, this section provides 3 

signalling requirements and recommendations for such content, such that the content author can 4 

expect proper playback of its content for DASH-IF IOP clients 5 

In general, if multiple Adaptation Sets for one media types are provided, sufficient information 6 

should be provided such that a DASH client make proper selections, either automatically com-7 

municating with its platform or in communication with the application/user.  8 

3.9.4.2. Alternative Content Signalling 9 

If a Period contains alternative content for one media type, then the alternatives should be differ-10 

entiated. In addition, one of the alternatives should be provided as main content. The main content 11 

is intended to be selected by the client in the absence of any other information, e.g. at startup or if 12 

the annotation of the content cannot be used. 13 

Main content is signaled by using the Role descriptor with Role scheme as defined by MPEG-14 

DASH in ISO/IEC 23009-1, 5.8.5.5, urn:mpeg:dash:role:2011  with value set to main . 15 

Alternative content is signaled by using the Role descriptor with Role scheme as defined by 16 

MPEG-DASH in ISO/IEC 23009-1, 5.8.5.5, urn:mpeg:dash:role:2011  with value set to 17 

alternative . If an Adaptation Set does not include either of the two signals, it is assumed to 18 

be main content.  19 

The alternative content may be selected by the client, if the client does have the capability to select 20 

alternatives, typically by either communicating with the application or with the user. If main and 21 

alternative content is provided in the Media Presentation, then alternative content shall be signaled 22 

by at least one of the two:  23 

- a ViewPoint  descriptor. If  ViewPoint  is used for differentiation, then at least each 24 

alternative Adaptation Set of the same media type shall include a ViewPoint  with the 25 

same value for @schemeIdURI . The content is differentiated by different values for 26 

the @value  attribute in the descriptor for different content.    27 

- a Label  element. If Label  is used for differentiation, then at least each alternative Ad-28 

aptation Set shall include a Label  with the same value for @id. The content is differ-29 

entiated by different values for the Label  element. 30 

A ViewPoint  descriptor is typically used if a target application (identified by the the value for 31 

@schemeIdURI ) is expected that can make use of the values in the ViewPoint descriptor. A 32 

Label  element is typically used if the DASH client can provide a user interaction. 33 

3.9.4.3. Associated Content Signalling 34 

For associated content of different media types, the ViewPoint  descriptor is used. If different 35 

media types all belong to one alternative content, they share the same View Point descriptor, i.e. 36 

the same value for @schemeIdURI  and for @value . Note also that even if the DASH client 37 

does not understand the value for @schemeIdURI  it would stll obey the rules for associated 38 
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selection. The DASH client may for example use the labels of different video alternatives for se-1 

lection, and play the audio according to ViewPoint association. 2 

3.9.4.4. Media-type Independent Target Version Annotation 3 

Adaptation Sets within one media type and alternative content shall differ by at least by one of the 4 

following annotation labels 5 

- @profiles , 6 

- ContentProtection   (need to provide some details on what the options are: pre-7 

sent, not-present, different schemes) Č work with content protection task force 8 

- EssentialProperty  (not-present, trickmode, a media type specific value, unknown 9 

value, which may be extended) 10 

- Any of those documented in section 3.10.4.5 for media type video, section 3.10.4.6 for 11 

media type audio and 3.10.4.7 for media type subtitle. 12 

Adaptation Sets with elements EssentialProperty  not using any of the permitted values in 13 

this document should not be present. 14 

In addition, Adaptation Sets within one media type and alternative content should differ by differ-15 

ent values of @selectionPriority . If not present or non-differentiating values are provided, 16 

then the content author should expect a random selection of Adaptation Sets in case it is able to 17 

handle multiple Adaptation Sets within one media type and alternative content. 18 

3.9.4.5. Video Target Version Annotation 19 

Video Adaptation Sets of one alternative content shall differ by at least by one of the following 20 

annotation labels: 21 

Å @codecs: specifies the codecs present within the Representation. The codecs parameters 22 

shall also include the profile and level information where applicable. 23 

Å @maxWidth  and @maxHeight  specifies the horizontal and vertical visual presentation 24 

size of the video media type 25 

Å @maxFrameRate  specifies the maximum frame rate of the video media type 26 

Å EssentialProperty : specifies information about the containing element that is con-27 

sidered essential by the Media Presentation author selecting this component.  28 

Å The following different options exist: not-present; generic parameters from above; 29 

list in Table 1; unknown value, which may be extended 30 

Å Accessibility descriptor with  31 

Å Role scheme as defined by MPEG-DASH in ISO/IEC 23009-1, 5.8.5.5, 32 

urn:mpeg:dash:role:2011  with value set to sign , caption  or sub-33 

title . The presence of caption  or subtitle  signals open (ñburned inò) captions or 34 
subtitles. 35 
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Å the scheme when CEA-608 is used as defined in clause 6.4.3.3, with 1 

@schemeIdURI  set to "urn:scte:dash:cc:cea - 608:2015 "  indicating 2 

the use of CEA-608 captions carried in SEI messages. 3 

Adaptation Sets with elements Rating  and FramePacking  as well with @scanType not set 4 

to progressive  should not be present. 5 

The content author should use the @selectionPriority  attribute in order to express prefer-6 

ence for video selection. If captions are burned in with video Adaptation Set, and other video 7 

Adaptation Sets are available as well, the content author should use the @selectionPriority  8 

to indicate the selection priority of this Adaptation Set compared to others without burned in cap-9 

tions.   10 

3.9.4.6. Audio Target Version Annotation 11 

Audio Adaptation Sets of one alternative content shall differ by at least by one of the following 12 

annotation labels: 13 

Å @codecs: specifies the codecs present within the Representation. The codecs parameters 14 

shall also include the profile and level information where applicable. 15 

Å @lang : specifies the dominant language of the audio 16 

Å If  not present, the language is unknown or no language applies 17 

Å @audioSamplingRate  specifies the maximum sampling rate of the content 18 

Å If not present, the audio sampling rate is unknown 19 

Å The AudioChannelConfiguration  specifies support for output devices that may 20 

only be able to render specific values. This element should be present. 21 

Å If no AudioChannelConfiguration  is present, then this value is unknown. 22 

Å If the codec is anyone in Table 20, Table 25, Table 26 or Table 27, then any of the 23 

following may be used 24 

Å urn:mpeg:dash:23003:3:audio_channel_configura-25 

tion:2011  as defined in ISO/IEC 23009-1 [1], 5.8.5.4 26 

Å urn:mpeg:mpegB:cicp: ChannelConfiguration   as defined in 27 

ISO/IEC 23001-8 [49]  28 

Å If the codec is ec-3 or ac-4 according to Table 23, then the following shall be used 29 

Å tag:dolby.com,2014:dash:audio_channel_configura-30 

tion:2011 " as defined at http://dashif.org/identifiers/audio-source-data/  31 

(see section 9.2.1.2) 32 

Å If the codec is anyone in Table 24, then refer to DTS specification 9302K62400 33 

[39] 34 

http://dashif.org/identifiers/audio-source-data/
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Å EssentialProperty : specifies information about the containing element that is con-1 

sidered essential by the Media Presentation author selecting this component.  2 

Å The following different options exist: not-present; generic parameters from above; 3 

unknown value, which may be extended 4 

Å Accessibility descriptor with Role scheme as defined by MPEG-DASH in ISO/IEC 5 

23009-1, 5.8.5.5, urn:mpeg:dash:role:2011  with value set to description  6 

or enhanced - audio - intelligibility . 7 

Note that Adaptation Sets with element Rating  may be ignored by the client and should therefore 8 

only be used if the content provider has knowledge that clients can process the applied Rating 9 

scheme. 10 

3.9.4.7. Subtitle Target Version Annotation 11 

Subtitle Adaptation Sets of one alternative content shall differ by at least by one of the following 12 

annotation labels: 13 

Å @codecs: specifies the codecs present within the Representation. The codecs parameters 14 

shall also include the profile and level information where applicable. 15 

Å @lang : specifies the language of the subtitle 16 

Å If not present, the language is unknown or no language applies 17 

Å EssentialProperty : specifies information about the containing element that is con-18 

sidered essential by the Media Presentation author selecting this component.  19 

Å The following different options exist: not-present; generic parameters from above; 20 

unknown value, which may be extended 21 

Å Accessibility descriptor with Role scheme as defined by MPEG-DASH in ISO/IEC 22 

23009-1, 5.8.5.5, urn:mpeg:dash:role:2011  with value set to description  23 

or caption . 24 

3.9.4.8. Other Annotation, Auxiliary D ata 25 

In addition to selection relevant data, the Adaptation Set may also signal additional auxiliary in-26 

formation. Auxiliary information is expressed by 27 

- The Role descriptor with the Role scheme as defined by MPEG-DASH as defined in 28 

ISO/IEC 23009-1, 5.8.5.5, urn:mpeg:dash:role:2011  with the following values: 29 

o caption  30 

o subtitle  31 

o main  32 

o alternate  33 

o supplementary  34 
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o sign  1 

o emergency  2 

o dub  3 

- The Supplemental descriptor with the @schemeIdURI  and @value pairs: 4 

o  Trickmode: @schemeIdURI  set to "http://dashif.org/guide-5 

lines/trickmode " and the @value  the value of @id attribute of the Adap-6 

tation Set to which these trick mode Representations belong. 7 

o Period-continuous Adaptation Sets by using Aa @schemeIdUri  set to 8 

"urn:mpeg:dash:period - continuity:2015"  with the @value  of the 9 

descriptor matching the value of an @id of a Adaptation Set that is contained in 10 

the MPD, 11 

o Period-connected Adaptation Sets by using Aa @schemeIdUri  set to 12 

"urn:mpeg:dash:period - con nectivity :2015"  with the @value  of 13 

the descriptor matching the value of an @id of a Adaptation Set that is contained 14 

in the MPD, 15 

o Switching across Adaptation Sets: @schemeIdUri  set to 16 

urn:mpeg:dash:adaptation - set - switching:20 16  and the @value  17 

is a comma-separated list of Adaptation Set IDs that may be seamlessly switched 18 

to from this Adaptation Set. 19 

3.9.5. Client Processing Reference Model 20 

3.9.5.1. Introduction  21 

The following client model serves two purposes: 22 

- In the absence of other information, the following client model may be implemented in a 23 

DASH client for the purpose of selection of Adaptation Set for playout 24 

- A content author may use the model to verify that the annotation is properly done in or-25 

der to get the desired client behaviour. 26 

In the model it is assumed that the client can get sufficient information on at least the following 27 

properties: 28 

- For each codec in the @codecs string, the DASH client can get information if the me-29 

dia playback platform can decode the codec as described in the string. The answer 30 

should be yes or no. 31 

- For each DRM system in the ContentProtection  element string, the DASH client 32 

can get information if the media playback platform can handle this Content Protection 33 

scheme as described in the string. The answer should be yes or no.  34 

- the DASH client can get information on the media playback platform and rendering ca-35 

pabilities in terms of 36 
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o the maximum spatial resolution for video that can be handled 1 

o the maximum frame rate for video that can be handled 2 

o the audio channel configuration of the audio system 3 

o the audio sampling rate of the audio system 4 

- the preferred language of the system 5 

- Accessibility settings for captions, subtitles, audio description, enhanced audio intelligi-6 

bility,  7 

- Potentially preferences on media playback and rendering of the platform 8 

Note of any of these functionalities are not fulfilled, then it may still be functional, but it may not 9 

result in the full experience as provided by the content author. As an example, if the DASH client 10 

cannot determine the preferred language, it may just use the selection priority for language selec-11 

tion. 12 

3.9.5.2. Generic Processing Model 13 

The DASH client uses the MPD and finds the Period that it likes to join, typically the first one for 14 

On-Demand content and the one at the live edge for live content. In order to select the media to be 15 

played, the DASH client assumes that the content is offered according to the content model above. 16 

1. The DASH client looks for main content, i.e. any Adaptation Set with annotation  17 

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

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

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

over the alternatives upfront before starting the service, then the sequence is slightly dif-21 

ferent, but still follows the remaining principles. 22 

2. DASH Client checks each Adaptation Set for the supported capabilities of the platform 23 

Å Codec support 24 

Å DRM support 25 

Å Rendering capabilities 26 

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

selection process.  28 

3. The DASH client checks if it supports for CEA-608 rendering as defined in clause 29 

6.4.3.3. If not supported, any accessibility descriptor with is @schemeI-30 

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

Set is maintained as it may used for regular video decoding. 32 

4. DASH Client checks is there are any specific settings for accessibility in the user prefer-33 

ences 34 

Å If captions are requested by the system, the DASH client extracts  35 
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Å all video Adaptation Sets that have an Accessibility  descriptor as-1 

signed with either the @schemeIdURI=" 2 

urn:mpeg:dash:role:2011  and @value="caption "  or  3 

@schemeIdURI=" urn:scte:dash:cc:cea - 608:2015 " 4 

(burned-in captions and SEI-based), as well as  5 

¶ all subtitle Adaptation Sets that have an Accessibility  de-6 

scriptor assigned with either the @schemeIdURI=" 7 

urn:mpeg:dash:role:2011  and @value="caption "  8 

¶ and makes those available for Adaptation Sets that can be selected 9 

by the DASH client for caption support. 10 

Å If multiple caption Adaptation Sets remain, the DASH client removes all 11 

Adaptation Sets from the selection that are not in the preferred language, if 12 

language settings are provided in the system. If no language settings in the 13 

system are provided, or none of the Adaptation Sets meets the preferred 14 

languages, none of the Adaptation Sets are removed from the selection. 15 

Any Adaptation Sets that do not contain language annotation are removed, 16 

if any of the remaining Adaptation Sets provides proper language settings.  17 

Å If still multiple caption Adaptation Sets remain, then the ones with the 18 

highest value of @selectionPriority  is chosen.  19 

Å If still multiple caption Adaptation Sets remain, then the DASH client 20 

makes a random choice on which caption to enable.  21 

Å else if no captions are requested 22 

Å the Accessibility  element signaling captions may be removed from 23 

the Adaptation Set before continuing the selection. 24 

Å If sign language is requested 25 

Å all video Adaptation Sets that have an Accessibility  descriptor as-26 

signed with @schemeIdURI="urn:mpeg:dash:role:2011 " and 27 

@valu e=" sign"  are made available for sign language support. 28 

Å else if no sign language is requested 29 

Å the Adaptation Set signaling sign language with the  Accessibility  30 

element may be removed from the Adaptation Set before continuing the 31 

selection. 32 

Å If audio descriptions are requested 33 

Å all video Adaptation Sets that have an Accessibility  descriptor as-34 

signed with @schemeIdURI="urn:mpeg:dash:role:2011 " and 35 
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@value=" description"  are made available for audio description 1 

support. 2 

Å else if no audio descriptions are requested 3 

Å the Adaptation Set signaling audio descriptions with the  Accessibil-4 

ity  element may be removed from the Adaptation Set before continuing 5 

the selection. 6 

Å If enhanced audio intelligibility is requested 7 

Å all audio Adaptation Sets that have an Accessibility  descriptor as-8 

signed with @schemeIdURI="urn:mpeg:dash:role:2011 " and 9 

@value=" enhanced - audio - intelligibility"  are made avail-10 

able for enhanced audio intelligibility support. 11 

Å else if no enhanced audio intelligibility is requested 12 

Å the Accessibility  element may be removed from the Adaptation Set 13 

before continuing the selection. 14 

5. If video rendering is enabled, based on the remaining video Adaptation Sets the client se-15 

lects one as follows: 16 

Å Any Adaptation Set for which an Essential Descriptor is present for which the 17 

scheme or value is not understood by the DASH client, is excluded from the se-18 

lection 19 

Å Any Adaptation Set for which an Essential Descriptor is present for which the 20 

scheme is http://dashif.org/guidelines/trickmode , is excluded 21 

from the initial selection 22 

Å If still multiple video Adaptation Sets remain, then the ones with the highest value 23 

of @selectionPriority  is chosen.  24 

Å If still multiple video Adaptation Sets remain, then the DASH client makes a 25 

choice for itself, possibly on a random basis.  26 

Å Note that an Adaptation Set selection may include multiple Adaptation Sets, if 27 

Adaptation Set Switching is signaled. However, the selection is done for only one 28 

Adaptation Set.  29 

6. If audio rendering is enabled, based on the remaining audio Adaptation Sets the client se-30 

lects one as follows: 31 

Å Any Adaptation Set for which an Essential Descriptor is present for which the 32 

scheme or value is not understood by the DASH client, is excluded from the se-33 

lection 34 

http://dashif.org/guidelines/trickmode
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Å If multiple audio Adaptation Sets remain, the DASH client removes all Adapta-1 

tion Sets from the selection that are not in the preferred language, if language set-2 

tings are provided in the system. If no language settings in the system are pro-3 

vided, or none of the Adaptation Sets meets the preferred languages, none of the 4 

Adaptation Sets are removed from the selection. Any Adaptation Set that does not 5 

contain language annotation are removed, if any of the remaining Adaptation Sets 6 

provides proper language settings.  7 

Å If still multiple audio Adaptation Sets remain, then the ones with the highest value 8 

of @selectionPriority  is chosen.  9 

Å If still multiple audio Adaptation Sets remain, then the DASH client makes a 10 

choice for itself, possibly on a random basis.  11 

Å Note that an Adaptation Set may include multiple Adaptation Sets, if Adaptation 12 

Set Switching or receiver mix is signaled. However, the selection is done for only 13 

one Adaptation Set. 14 

7. If subtitle rendering is enabled, based on the subtitle Adaptation Sets the client selects 15 

one as follows: 16 

Å Any Adaptation Set for which an Essential Descriptor is present for which the 17 

scheme or value is not understood by the DASH client, is excluded from the se-18 

lection 19 

Å If multiple subtitle Adaptation Sets remain, the DASH client removes all Adapta-20 

tion Sets from the selection that are not in the preferred language, if language set-21 

tings are provided in the system. If no language settings in the system are pro-22 

vided, or none of the Adaptation Sets meets the preferred languages, none of the 23 

Adaptation Sets are removed from the selection. Any Adaptation Set that does not 24 

contain language annotation are removed, if any of the remaining Adaptation Sets 25 

provides proper language settings.  26 

Å If still multiple subtitle Adaptation Sets remain, then the ones with the highest 27 

value of @selectionPriority  is chosen.  28 

Å If still multiple subtitle Adaptation Sets remain, then the DASH client makes a 29 

choice for itself, possibly on a random basis.  30 

8. If the DASH client has the ability to possibly switch to alternative content, then alterna-31 

tive content may be selected either through the Label  function or the ViewPoint  32 

functionality. This selection may be done dynamically during playout and the DASH cli-33 

ent is expected to switch to the alternative content. Once all alternative content is se-34 

lected, the procedures following from step 2 onwards apply. 35 

9. At Period boundary a DASH client initially looks for a Period continuity or connectivity, 36 

i.e. does the Period include an Adaptation Set that is a continuation of the existing one. If 37 

not present it will go back to step 1 and execute the decision logic. 38 
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4. Live Services 1 

4.1. Introduction  2 

MPEG-DASH [1] provides several tools to support live services. This section primarily provides 3 

requirements and recommendations for both, content authoring as well as client implementations.  4 

For this purpose, this section  5 

¶ clarifies and refines details of interoperability points when used with the features available 6 

in the 2012 edition of MPEG-DASH with respect to different service configurations and 7 

client implementations.  8 

¶ defines one new interoperability point in order to address content authoring and client re-9 

quirements to support a broad set of live services based on the features defined in the sec-10 

ond edition (published 2014) of MPEG-DASH as well certain amendments thereof. 11 

The main features and differences of these two modes are provided in the following Table 5: 12 

Table 5 Main features and differences of simple and main live services 13 

Feature Simple Main 

Support of MPD@type  static, dynamic static, dynamic 

MPD updates yes yes 

MPD updated triggered by MPD attribute minimum update pe-

riod 

by Inband Event messages in the 

segments. 

URL generation based on MPD based on MPD and segment infor-

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 

 14 

To support the definition of the interoperability points, architectures and use cases were collected. 15 

These are documented in Annex B. 16 

4.2. Overview Dynamic and Live Media Presentations  17 

DASH Media Presentations with MPD@type  set to "dynamic"  enable that media is made avail-18 

able over time and its availability may also be removed over time. This has two major effects, 19 

namely 20 

1. The content creator can announce a DASH Media Presentation for which not all content 21 

is yet available, but only gets available over time. 22 

2. Clients are forced into a timed schedule for the playout, such that they follow the sched-23 

ule as desired by the content author.  24 

Dynamic services may be used for different types of services: 25 
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1. Dynamic Distribution of Available Content: Services, for which content is made avail-1 

able as dynamic content, but the content is entirely generated prior to distribution. In this 2 

case the details of the Media Presentation, especially the Segments (duration, URLs) are 3 

known and can be announced in a single MPD without MPD updates. This addresses use 4 

cases 2 and 3 in Annex B. 5 

2. MPD-controlled Liv e Service: Services for which the content is typically generated on 6 

the fly, and the MPD needs to be updated occasionally to reflect changes in the service 7 

offerings. For such a service, the DASH client operates solely on information in the 8 

MPD. This addresses the use cases 4 and 5 in Annex B. 9 

3. MPD and Segment-controlled Live: Services for which the content is typically gener-10 

ated on the fly, and the MPD may need to be updated on short notice to reflect changes in 11 

the service offerings. For such a service, the DASH client operates on information in the 12 

MPD and is expected to parse segments to extract relevant information for proper opera-13 

tion. This addresses the use cases 4 and 5, but also takes into account the advanced use 14 

cases. 15 

Dynamic and Live services are typically controlled by different client transactions and server-side 16 

signaling.  17 

For initial access to the service and joining the service, an MPD is required. MPDs may be accessed 18 

at join time or may have been provided earlier, for example along with an Electronic Service 19 

Guide. The initial MPD or join MPD is accessed and processed by the client and the client having 20 

an accurate clock that is synchronized with the server can analyze the MPD and extract suitable 21 

information in order to initiate the service. This includes, but is not limited to: 22 

¶ identifying the currently active Periods in the service and the Period that expresses the live 23 

edge (for more details see below)  24 

¶ selecting the suitable media components by selecting one or multiple Adaptation Sets. 25 

Within each Adaptation Set selecting an appropriate Representation and identifying the 26 

live edge segment in each Representations. The client then issues requests for the Seg-27 

ments.  28 

The MPD may be updated on the server based on certain rules and clients consuming the service 29 

are expected to update MPDs based on certain triggers. The triggers may be provided by the MPD 30 

itself or by information included in Segments. Depending on the service offering, different client 31 

operations are required as shown in Figure 4.  32 
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 1 
Figure 4 Different Client Models 2 

The basic functions of a live client described in this document are as follows: 3 

1. Dynamic Segment Download: This function creates a list of available Segments based 4 

on a single MPD and joins the service by downloading Segments at the live edge or may 5 

use the Segments that are available in the time shift buffer.   6 

2. Simple Live Client: This client includes the dynamic segment download function and 7 

enables updates of the MPD based on information in the MPD in order to extend the Seg-8 

ment list at the live edge. MPDs are refetched and revalidated when the currently availa-9 

ble MPD expires, i.e. an expired MPD can no longer be used for Segment URL genera-10 

tion. 11 

3. Main Live Client : This client includes all features of the simple Live DASH client. In 12 

addition it generates Segment URLs and it updates the MPD based on information in the 13 
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Segments if the service offering provides this feature. MPDs are refetched and revali-1 

dated when the currently available MPD expires based on expiry information in the Seg-2 

ments. 3 

Requirements and recommendations for the dynamic segment download functions are defined in 4 

in section 4.3. 5 

Requirements and recommendations for simple live service offerings and corresponding clients 6 

are defined in section 4.4. 7 

Requirements and recommendations for main live service offerings and corresponding clients are 8 

defined in section 4.5. 9 

Requirements and recommendations when offering live services as on-demand are provided in 10 

section 4.6. 11 

Requirements and recommendations for client-server timing synchronization are defined in sec-12 

tion 4.7. 13 

Requirements and recommendations for robust service offerings and corresponding clients are 14 

defined in section 4.8. 15 

Interoperability Aspects are defined in section 4.9. 16 

4.3. Dynamic Segment Download 17 

4.3.1. Background and Assumptions 18 

The dynamic segment download function is a key component of live services, In addition, the 19 

dynamic segment download function may also be used for scheduling a playout. In the remainder 20 

of this subsection, it is assumed that the client has access to a single instance of an MPD and all 21 

information of the entire Media Presentation is contained in the MPD. 22 

We refer to this service as dynamic service as the main feature is that the Segments are made 23 

available over time following the schedule of the media timeline. 24 

Dynamic services are primarily documented in order to provide insight into the timing model of 25 

Segment availabilities. This forms the basis for live services and explains the key concepts and 26 

rules for Segment availabilities. 27 

4.3.2. Preliminaries  28 

4.3.2.1. MPD Informa tion 29 

If the Media Presentation is of type dynamic, then Segments have different Segment availability 30 

times, i.e. the earliest time for which the service provider permits the DASH client to issue a re-31 

quest to the Segment and guarantees, under regular operation modes, that the client gets a 200 OK 32 

response for the Segment. The Segment availability times for each Representation can be com-33 

puted based on the information in an MPD.  34 

For a dynamic service the MPD should at least contain information as available in Table 6. Infor-35 

mation included there may be used to compute a list of announced Segments, Segment Availability 36 

Times and URLs. 37 
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Assume that an MPD is available to the DASH client at a specific wall-clock time NOW. It is 1 

assumed that the client and the DASH server providing the Segments are synchronized to wall-2 

clock, either through external means or through a specific client-server synchronization. Details 3 

on synchronization are discussed in section 4.7.   4 

Assuming synchronization, the information in the MPD can then be used by the client at time NOW 5 

to derive the availability (or non-availability) of Segments on the server. 6 

Table 6 -- Information related to Segment Information and Availability Times for a dynamic service  7 

MPD Information  Status Comment 

MPD@type  mandatory, set to "dynamic " the type of the Media Presen-

tation is dynamic, i.e. Seg-

ments get available over 

time. 

MPD@availabilityStartTime  mandatory the start time is the anchor 

for the MPD in wall-clock 

time. The value is denoted as 

AST  in the following. 

MPD@mediaPresentationDuration  mandatory (for the considered 

use cases) 

provides the duration of the 

Media Presentation. 

MPD@suggestedPresentationDelay  optional, but recommended suggested presentation delay 

as delta to segment availabil-

ity start time.  The value is 

denoted as SPD. Details on 

the setting and usage of the 

parameter is provided in the 

following. 

MPD@minBufferTime  mandatory minimum buffer time, used 

in conjunction with the 

@bandwidth  attribute of 

each Representation. The 

value is denoted as MBT. De-

tails on the setting and usage 

of the parameter is provided 

in the following. 

MPD@timeShiftBufferDepth  optional, but recommended time shift buffer depth of the 

media presentation. The 

value is denoted as TSB. De-

tails on the setting and usage 

of the parameter is provided 

in the following. 

Period @start  Mandatory for the first Period in 

the MPD 

the start time of the Period 

relative to the MPD availa-

bility start time.  

Representation @availabil-

ityTimeOffset  

Optional default The offset in availability time 

for this Representation. It 

may also be available on a 

Base URL or default. For 
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more details refer to section 

4.3.2.2.5.  

NOTE: the value of "INF " im-

plies availability of all segments 

starts at MPD@availabil-

ityStartTime  

SegmentTemplate @media mandatory The template for the Media 

Segment assigned to a Repre-

sentation. 

SegmentTemplate @startNumber  optional default number of the first segment 

in the Period assigned to a 

Representation 

SegmentTemplate @timescale  optional default timescale for this Representa-

tion. 

SegmentTemplate @duration  exactly one of SegmentTem-

plate @duration  or Seg-

mentTemplate.Seg-

mentTimeline  must be pre-

sent per Representation. 

the duration of each Segment 

in units of a time.  SegmentTemplate.SegmentTime-

line  

4.3.2.2. Segment Information Derivation 1 

4.3.2.2.1. Introduction  2 

Based on an MPD including information as documented in Table 6 and available at time NOW on 3 

the server, a synchronized DASH client derives the information of the list of Segments for each 4 

Representation in each Period. This section only describes the information that is expressed by the 5 

values in the MPD. The generation of the information on the server and the usage of the infor-6 

mation in the client is discussed in section 4.3.3 and 4.3.4, respectively. 7 

MPD information is provided in subsection 4.3.2.2.3. The Period based information is documented 8 

in sub-section 4.3.2.2.4, and the Representation information is documented in sub-section 9 

4.3.2.2.5. 10 

4.3.2.2.2. Definitions 11 

The following definitions are relevant and aligned with ISO/IEC 23009-1: 12 

¶ available Segment is a Segment that is accessible at its assigned HTTP-URL. This means 13 

that a request with an HTTP GET to the URL of the Segment results in a reply of the 14 

Segment and 2xx status code. 15 

¶ valid Segment URL is an HTTP-URL that is promised to reference a Segment during its 16 

Segment availability period. 17 

¶ NOW is a time that is expressing the time on the content server as wall-clock time. All 18 

information in the MPD related to wall-clock is expressed as a reference to the time NOW.  19 

4.3.2.2.3. MPD Information  20 

For a dynamic service without MPD updates, the following information shall be present and not 21 

present in the MPD (also please refer to Table 6): 22 

¶ The MPD@type  shall be set to "dynamic ". 23 
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¶ The MPD@mediaPresentationDuration  shall be present, or the Period @dura-1 

tion  of the last Period shall be present. 2 

¶ The MPD@minimumUpdatePeriod  shall not be present.  3 

Furthermore, it is recommended to provide a value for MPD@timeShiftBufferDepth  and 4 

MPD@suggestedPresentationDelay . 5 

4.3.2.2.4. Period Information  6 

Each Period is documented by a Period  element in the MPD. An MPD may contain one or more 7 

Periods. In order to document the use of multiple Periods, the sequence of Period elements is 8 

expressed by an index i with i increasing by 1 for each new Period element.  9 

Each regular Period i in the MPD is assigned a  10 

¶ Period start time PSwc[i] in wall-clock time, 11 

¶ Period end time PEwc[i], in wall-clock time. 12 

Note: An MPD update may extend the Period end time of the last regular Period. For details refer to section 4.4. 13 

The Period start time PSwc[i] for a regular Period i is determined according to section 5.3.2.1 of 14 

ISO/IEC 23009-1: 15 

¶ If the attribute @start  is present in the Period , then PSwc[i] is the sum of AST and the 16 

value of this attribute. 17 

¶ If the @start  attribute is absent, but the previous Period  element contains a @dura-18 

tion  attribute then the start time of the Period is the sum of the start time of the previous 19 

Period PSwc[i] and the value of the attribute @duration  of the previous Period. Note 20 

that if both are present, then the @start  of the new Period takes precedence over the 21 

information derived from the @duration  attribute. 22 

The Period end time PEwc[i] for a regular Period i is determined as follows: 23 

¶ If the Period is the last one in the MPD, the time PEwc[i]  is obtained as 24 

o the sum of AST and Media Presentation Duration MPDur, with MPDur the value 25 

of MPD@mediaPresentationDuration  if present, or the sum of PSwc[i] of 26 

the last Period and the value of Per iod @duration  of the last Period. 27 

¶ else 28 

o the time PEwc[i]  is obtained as the Period start time of the next Period, i.e. PEwc[i] 29 

= PSwc[i+1].   30 

4.3.2.2.5. Representation Information 31 

Based on such an MPD at a specific time NOW, a list of Segments contained in a Representation 32 

in a Period i with Period start time PSwc[i]  and Period end time PEwc[i] can be computed.  33 

If the SegmentTemplate.SegmentTimeline  is present and the SegmentTem-34 

plate @duration  is not present, the SegmentTimeline  element contains NS S elements 35 

indexed with s=1, ..., NS, then let 36 

¶ ts the value of the @timescale  attribute 37 
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¶ ato is the value of the @availabilityTimeOffset  attribute, if present. Otherwise it 1 

is zero. 2 

¶ t[s] be the value of @t of the s-th S element,  3 

¶ d[s] be the value of @d of the s-th S element  4 

¶ r[s] be,  5 

o if the @r value is greater than or equal to zero 6 

Á one more than the value of @r  of the s-th S element. Note that if @r is 7 

smaller than the end of this segment timeline element, then this Represen-8 

tation contains gaps and no media is present for this gap. 9 

o else 10 

Á if t[s+1] is present, then r[s] is the ceil of (t[s+1] - t[s])/d[s] 11 

Á else r[s] is the ceil of (PEwc[i] - PSwc[i] - t[s]/ts)* ts/d[s]) 12 

If the SegmentTemplate @duration  is present and the SegmentTemplate.Seg-13 

mentTimeline  is not present, then  14 

¶ NS=1, 15 

¶ ato is the value of the @availabilityTimeOffset  attribute, if present. Otherwise it 16 

is zero. 17 

¶ ts the value of the @timescale  attribute 18 

¶ t[s] is 0, 19 

¶ the d[s] is the value of @duration  attribute 20 

¶ r[s] is the ceil of (PEwc[i] - PSwc[i] - t[s]/ts)* ts/d[s]) 21 

Note that the last segment may not exist and r[s]  is one less than this computation provides. 22 

For more details, refer to clause 4.4.3.6. 23 

4.3.2.2.6. Media Time Information of Segment  24 

Each Media Segment at position k=1,2, ... for each Representation has assigned an earliest media 25 

presentation time EPT[k,r,i] and an accurate segment duration SDUR[k,r,j], all measured in media 26 

presentation time. 27 

The earliest presentation time may be estimated from the MPD using the segment availability start 28 

time minus the segment duration announced in the MPD.  29 

The earliest presentation time may be accurately determined from the Segment itself. 30 

 31 

For details on the derivation of the earliest presentation time, see section 3.2.11. 32 

4.3.2.2.7. Segment List Parameters 33 

For each Period i with Period start time PSwc[i]  and Period end time PEwc[i] and each Represen-34 

tation r in the Period the following information can be computed: 35 

¶ the presentation time offset described in the MPD, o[i,r] 36 

¶ the availability time offset of this Representation, ato[r] 37 

¶ the number of the first segment described in the MPD, k1[i,r] 38 

¶ the number of the last segment described in the MPD, k2[i,r]  39 
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¶ segment availability start time of the initialization segment SAST[0,i,r]  1 

¶ segment availability end time of the initialization segment SAET[0,i,r]  2 

¶ segment availability start time of each media segment SAST[k,i,r], k=k1, ..., k2 3 

¶ segment availability end time of each media segment SAET[k,i,r], k=k1, ..., k2 4 

¶ adjusted segment availability start time ASAST[0,i,r], k=0, k1, ..., k2 5 

¶ segment duration of each media segment SD[k,i,r], k=k1, ..., k2 6 

¶ the URL of each of the segments, URL[k,i,r] 7 

In addition,  8 

¶ the latest available Period i[NOW] and the latest segment available at the server k[NOW] 9 

can be computed. This segment is also referred to as live edge segment. 10 

¶ the earliest available Period i* [NOW] and the earliest segment available at the server 11 

k*[ NOW] can be computed. 12 

Based on the above information, for each Representation r in a Period i, the segment availability 13 

start time SAST[k,i,r], the segment availability end time of each segment SAET[k,i,r], the segment 14 

duration of each segment SD[k,i,r], and the URL of each of the segments, URL[k,i,r] within one 15 

Period i be derived as follows using the URL Template function URLTemplate (Replace-16 

mentString , Address) as documented in subsection 4.3.2.2.8: 17 

¶ k=0 18 

¶ SAST[0,i,r] = PSwc[i]  19 

¶ ASAST[0,i,r] = PSwc[i] - ato 20 

¶ for s=1, ... NS [i,r ] 21 

o k = k + 1 22 

o SAST[k,i,r] = PSwc[i] + (t[s,i,r] + d[s,i,r] - o[i,r])/ts 23 

o ASAST[k,i,r] = SAST[k,i,r] ï ato 24 

o SD[k,i,r] = d[s,i,r]/ts 25 

o SAET[k,i,r] = SAST[k,i,r] + TSB + d[s,i,r]/ts 26 

o if SegmentTemplate @media contains $Number$   27 

Á Address=@startNumber  28 

Á URL[k,i,r] = URLTemplate  ($Number$, Address) 29 

else 30 

Á Address = t[s,i,r] 31 

Á URL[k,i,r] = URLTemplate  ($Time$ , Address) 32 

o for j = 1, ..., r[s,i,r] 33 

Á k = k + 1 34 

Á SAST[k,i,r] = SAST[k-1,i,r] + d[s,i,r]/ts 35 

Á ASAST[k,i,r] = SAST[k,i,r] ï ato 36 

 37 

Á SAET[k,i,r] = SAST[k,i,r] + TSB + d[s,i,r] /ts 38 

 39 

Á SD[k,i,r] = d[s,i,r] /ts 40 
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Á if SegmentTemplate @media contains $Number$   1 

Á Address = Address + 1 2 

Á URL[k,i,r] = URLTemplate  ($Number$, Address) 3 

else 4 

Á Address = Address + d[s,i,r] 5 

Á URL[k,i,r] = URLTemplate  ($Time$ , Address) 6 

¶ k2[i,r] = k  7 

¶ SAET[0,i,r] = SAET[k2[i,r],i,r] 8 

Note that not all segments documented above may necessarily be accessible at time NOW, but only 9 

those that are within the segment availability time window. 10 

Hence, the number of the first media segment described in the MPD for this Period, k1[i,r], is the 11 

smallest k=1, 2, ... for which SAST[k,i,r] >= NOW. 12 

The latest available Period i[NOW] is the Period i with the largest PEwc[i] and PEwc[i] is smaller 13 

than or equal to NOW. 14 

The latest available segment k[NOW] available for a Representation of Period i[NOW] (also the 15 

live edge segment) is the segment with the largest k=0,1,2,... such that SAST[k,i,r] is smaller than 16 

or equal to NOW. Note that this contains the Initialization Segment with k=0 as not necessarily any 17 

media segment may yet be available for Period i[NOW]. In this case, last media segment 18 

k2[i[NOW]-1,r], i.e., the last media segment of the previous Period is the latest accessible media 19 

Segment. 20 

However, if the @availabilityTimeOffset  is present, then the segments for this Represen-21 

tation are available earlier than the nominal segment availability start time, namely at ASAST[k,i,r]. 22 

4.3.2.2.8. URL Generation with Segment Template  23 

The function URL Template function URLTemplate (ReplacementString , Address) gen-24 

erates a URL. For details refer to ISO/IEC 23009-1 [1], section 5.3.9.4. Once the Segment is gen-25 

erated, processing of the Base URLs that apply on this segment level is done as defined in ISO/IEC 26 

23009-1, section 5.6. 27 

4.3.2.2.9. Synchronized Playout and Seamless Switching 28 

In order to achieve synchronized playout across different Representations, typically from different 29 

Adaptation Sets, the different Representations are synchronized according to the presentation time 30 

in the Period. Specifically, the earliest presentation time of each Segment according to section 31 

4.3.2.2.6 determines the playout of the Segment in the Period and therefore enables synchronized 32 

playout of different media components as well as seamless switching within one media component. 33 

4.3.3. Service Offering Requirements and Guidelines 34 

4.3.3.1. General Service Offering Requirements 35 

For dynamic service offerings, the MPD shall conform to DASH-IF IOP as defined in section 3 36 

and shall at least contain the mandatory information as documented in Table 6. 37 

If such an MPD is accessible at time NOW at the location MPD.Location , then 38 
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¶ all Segments for all Representations in all Periods as announced in an MPD shall be 1 

available latest at the announced segment availability start time SAST[k,i,r] at all 2 

URL[k,i,r] as derived in section 4.3.2.2; 3 

¶ all Segments for all Representations in all Periods as announced in an MPD shall at least 4 

be available until the announced segment availability end time SAET[k,i,r] at all 5 

URL[k,i,r] as derived in section 4.3.2.2; 6 

¶ for all Media Segments for all Representations in all Periods as announced in an MPD the 7 

Segment in this Period is available prior to the sum of Period start, earliest presentation 8 

time and segment duration, i.e. SAST[k,i,r] <= PSwc[i] + SD[k,r,i] + EPT[k,r,i]; 9 

¶ if a Media Segments with segment number k is delivered over a constant bitrate channel 10 

with bitrate equal to value of the @bandwidth  attribute then each presentation time PT 11 

is available at the client latest at time with a delay of at most PT + MBT.  12 

4.3.3.2. Dynamic Service Offering Guidelines 13 

4.3.3.2.1. Introduction  14 

In order to offer a simple dynamic service for which the following details are known in advance,  15 

¶ start at wall-clock time START,  16 

¶ exact duration of media presentation PDURATION, 17 

¶ location of the segments for each Representation at "  http://example.com/$Rep-18 
resentationID$/ $Number$" ,  19 

a service provide may offer an MPD as follows: 20 

Table 7 ï Basic Service Offering 21 

MPD Information  Value 

MPD@type  dynamic  

MPD@availabilityStartTime  START 

MPD@mediaPresentationDuration  PDURATION 

MPD@suggestedPresentationDelay  SPD 

MPD@minBufferTime  MBT 

MPD@timeShiftBufferDepth  TSB 

MPD.BaseURL  "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 section 4.3.3.2.2. 22 

According to the work-flow shown in Annex B: 23 
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¶ the MPD is generated and published prior to time START such that DASH clients may 1 

access it prior to the start of the Media Presentation. 2 

¶ no redundant tools are considered. 3 

¶ the encoder and the segmenter generate segments of duration SDURATION and publish 4 

those on the origin server, such that they are available at URL[k] latest at their announced 5 

segment availability start time SAST[k]. 6 

Based on the details in section 4.3.2.2, the Segment Information is derived as: 7 

¶ k1 = 1 8 

¶ k2 = ceil(PDURATION/SDURATION)  9 

¶ for k = 1, ..., k2 10 

o SAST[k] = START + PSTART + k*SDURATION 11 

o SAET[k] = SAST[k]  + TSB + SDURATION 12 

o SD[k] = SDURATION 13 

o URL[k] = http://example.com/$RepresentationID$/k  14 

¶ The segment availability times of the Initialization Segment are as follows: 15 

o SAST[0] = START + PSTART 16 

o SAET[0] = SAET[k2] 17 

4.3.3.2.2. Basic Parameter Settings 18 

In the following recommendations are provided for the  19 

¶ Time Shift Buffer Depth (TSB):  20 

o If the content should be consumed at the live edge, then the time shift buffer depth 21 

should be set short. However, the TSB should not be smaller than the recommended 22 

value of 4*SDURATION and 6 seconds in media time in order for the client to do 23 

some prebuffering in more difficult network conditions.  24 

o If no restrictions on the accessibility of the content are provided, then the TSB may 25 

be set to a large value that even exceeds PDURATION. 26 

¶ Suggested Presentation Delay (SPD) 27 

o If synchronized play-out with other devices adhering to the same rule is desired 28 

and/or the service provider wants to define the typical live edge of the program, 29 

then this value should be provided. The service provider should set the value taking 30 

into account at least the following: 31 

Á the desired end-to-end latency 32 

Á the typical required buffering in the client, for example based on the net-33 

work condition 34 

Á the segment duration SDURATION 35 

Á the time shift buffer depth TSB 36 

o A reasonable value may be 2 to 4 times of the segment duration SDURATION, but 37 

the time should not be smaller than 4 seconds in order for the client to maintain 38 

some buffering. 39 

¶ Segment Duration (SDURATION) 40 

o The segment duration typically influences the end-to-end latency, but also the 41 

switching and random access granularity as in DASH-264/AVC each segment 42 
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starts with a stream access point which can also be used as s switch point. The 1 

service provider should set the value taking into account at least the following: 2 

Á the desired end-to-end latency 3 

Á the desired compression efficiency 4 

Á the start-up latency 5 

Á the desired switching granularity 6 

Á the desired amount of HTTP requests per second 7 

Á the variability of the expected network conditions 8 

o Reasonable values for segment durations are between 1 second and 10 seconds. 9 

¶ Minimum Buffer Time (MBT) and bandwidth (BW) 10 

o the value of the minimum buffer time does not provide any instructions to the 11 

client on how long to buffer the media. This aspect is covered in 4.3.4.4. The 12 

value describes how much buffer a client should have under ideal network condi-13 

tions.  As such, MBT is not describing the burstiness or jitter in the network, it is 14 

describing the burstiness or jitter in the content encoding.  Together with the BW 15 

value, it is a property of the content.  Using the "leaky bucket" model, it is the size 16 

of the bucket that makes BW true, given the way the content is encoded. 17 

o The minimum buffer time provides information that for each Stream Access Point 18 

(and in the case of DASH-IF therefore each start of the Media Segment), the prop-19 

erty of the stream: If the Representation (starting at any segment) is delivered over 20 

a constant bitrate channel with bitrate equal to value of the BW attribute then each 21 

presentation time PT is available at the client latest at time with a delay of at most 22 

PT + MBT.  23 

o In the absence of any other guidance, the MBT should be set to the maximum GOP 24 

size (coded video sequence) of the content, which quite often is identical to the 25 

maximum segment duration. The MBT may be set to a smaller value than maxi-26 

mum segment duration, but should not be set to a higher value. 27 

In a simple and straightforward implementation, a DASH client decides downloading the next 28 

segment based on the following status information: 29 

¶ the currently available buffer in the media pipeline, buffer 30 

¶ the currently estimated download rate, rate  31 

¶ the value of the attribute @minBufferTime , MBT 32 

¶ the set of values of the @bandwidth  attribute for each Representation i, BW[i] 33 

The task of the client is to select a suitable Representation i. 34 

The relevant issue is that starting from a SAP on, the DASH client can continue to playout the 35 

data. This means that at the current time it does have buffer data in the buffer. Based on this model 36 

the client can download a Representation i for which BW[i]  Ò rate*buffer/MBT without emptying 37 

the buffer.  38 

Note that in this model, some idealizations typically do not hold in practice, such as constant bitrate 39 

channel, progressive download and playout of Segments, no blocking and congestion of other 40 

HTTP requests, etc.  Therefore, a DASH client should use these values with care to compensate 41 

such practical circumstances; especially variations in download speed, latency, jitter, scheduling 42 

of requests of media components, as well as to address other practical circumstances. 43 
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One example is if the DASH client operates on Segment granularity. As in this case, not only parts 1 

of the Segment (i.e., MBT) needs to be downloaded, but the entire Segment, and if the MBT is 2 

smaller than the Segment duration, then rather the segment duration needs to be used instead of 3 

the MBT for the required buffer size and the download scheduling, i.e. download a Representation 4 

i for which BW[i]  Ò rate*buffer/max_segment_duration. 5 

For low latency cases, the above parameters may be different.  6 

4.3.3.2.3. Example 7 

Assume a simple example according to Table 10.  8 

Table 8 ï Basic Service Offering 9 

MPD Information  Value 

MPD@type  dynamic  

MPD@availabilityStartTime  START 

MPD@mediaPresentationDuration  43sec  

MPD@suggestedPresentationDelay  15sec  

MPD@minBufferTime  5sec  

MPD@timeShiftBufferDepth  25sec  

MPD.BaseURL  "http://example.com/"  

Period @start  0 

SegmentTemplate @media "$RepresentationID$/$Num-

ber$"  

SegmentTemplate @startNumber  1 

SegmentTemplate @duration  5sec  

Based on the derivation in section 4.3.3.2.1, the following holds: 10 

¶ k1 = 1, k2 = 9 11 

¶ for k = 1, ..., k2 12 

o SAST[k] = START + k*5sec  13 

o SAET[k] = SAST[k]  + 30sec  14 

o URL[k] = http://example.com/1/k  15 

¶ The segment availability times of the Initialization Segment are as follows: 16 

o SAST[0] = START  17 

o SAET[0] = START + 75 sec  18 

Figure 5 shows the availability of segments on the server for different times NOW. In particular, 19 

before START no segment is available, but the segment URLs are valid. With time NOW advanc-20 

ing, segments get available. 21 
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 1 

Figure 5 Segment Availability on the Server for different time NOW (blue = valid but not yet available seg-2 
ment, green = available Segment, red = unavailable Segment) 3 

4.3.3.3. Content Offering with Periods 4 

4.3.3.3.1. General 5 

For content offered within a Period, and especially when offered in multiple Periods, then the 6 

content provider should offer the content such that actual media presentation time is as close as 7 

possible to the actual Period duration. It is recommended that the Period duration is the maximum 8 

of the presentation duration of all Representations contained in the Period. 9 

A typical Multi-Period Offering is shown in Table 9. This may for example represent a service 10 

offering where main content provided in Period 1 and Period 3 are interrupted by an inserted Period 11 

2.  12 

Table 9 Multi -Period Service Offering 13 

MPD Information  Value 

MPD@type  dynamic  

MPD@availabilityStartTime  START 

MPD@mediaPresentationDuration  PDURATION 

MPD@suggestedPresentationDelay  SPD 

MPD@minBufferTime  MBT 

MPD@timeShiftBufferDepth  TSB 

MPD.BaseURL "http://example.com/"  

Period @start  PSTART 

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














































































































































































































































































































