Gui del i hempl Emen
DASHFnNnNt eroper ab

December 24,2015
June 12, 2016

DASH Industry Forum

Version 3.23

===DASH

mm mm = [Ndustry Forum






OO0k wWN

~

Scope

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

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

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

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

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

DASH-IF Interoperability Points V23 2



1 Contents

ACRONYMSABBREVIDNS AND DEFINITIONS
,

9 REFERENCES

11 2

16 3. USE oREYWVORDS

17 Background—
18 32 !(ny \Words

DASH-IF Interoperability Points V23 3



OCoO~NOUOA~WNE

3 8 SAMTFCHING-ACROASARTATHOSETS
g HHAHORE S

LIVE SERVICES

4
a-

41 INFRODGHON
e

DYNAMICSECMENTDOWNLOAD.
FNAMHEEGMENDOWNECAD e

DASH-IF Interoperability Points V23



72

AD INSERTION IN-DASH

:.

INTFRODUGCTHONM

ED

51
S

General

1
e

o=

51
54

DASH Concepts.

54

73
——[6
77

ECTURE

oS

=

ARCHITECTURES
SRVERASERARC

o —aaa—y

+

=~

54
52

o-o
53
=4

=2
O

=17

Introduction
Mabppinato-DASH

T

=
539
O

5341

=77

PG

=

5:3:3:
5.3.4

80
-8

Workflows,
WOHHOWS

1

4

Examples

4

11

86

ARPRBASERARCHITFECTURE

5 4
Soen

12
13
14
15

Introduction
Mappingto-DASH

T

1
D

Dag

54

PG

2
[=p

Workflows,

WOHKHOW S

Dag

5.4.3.

16
17
18
19
20
21

o

SA-amac

Raemote-Periods.

552

ECTS

Servebased-Ad-

O

561
=4

=91

R

Il:Q...........................

App-based - Ad-lnsertion
GRS

PP

22
23

91
=92

|I\ITDnDI JCTIONM
VIDEO

TN

61
Ot
62
L

24
25

-92

General

g-r=—o

8621

26

27

28
29

[o)
=~

624
=

4

\ideoMetadata

4
625

94
96

Adaptation-Sets-Constrainis

Hotra RS

>

4

AUDIO.
AP

O

30
31

©
6-3-
o

96

Geperal

32

33
34

.-97

633
O

AudioMetadata—————

O

-97

HIARZOMPONENTS
HAARESMY

A

1
D

=97
—=101

e

—(HVE

ol e e e

Introduction

T

Da g
44
De oo

645
O

6-4
©
6
©

36
37
38
39

-102

FECURITY

Annotation-of Subtitles
-0t

Ot

40

102
-102

HTTPEINDDASH

INFRODUCTFION

41
42

103
-104
105

L = = s

2

43
44
45

-1
=1

5
7

0
0

Y -
1ISO BMEE Structure Ovenian.

ctt

Box Hierarchy

SDtraGtare VEeHEY

DTVIT

A4

o-o

742

DASH-IF Interoperability Points V23



OCoO~NOUOA~WNE

-5 PeRIODIBEAUTHORIZATHON s e e e 108

DASH-IF Interoperability Points V23 6



ARPEM A EMAMPLES EOR DROD el LG 1

B
B

N LI

[~
B-5d—treduction e A

LIST OF FIGURES...
LIST OF TABLES ... ittt ettt e et ie e e e e ettt e e e et eesest e samee e eeseeen e eesesniesseennss
ACRONYMS, ABBREVIANE AND DEFINITIONS ... o0uiitiiiiiiiiiiimieiieeeiieiieeetesesssssimeeneesenaeeens 14
REFERENCES. .. ..ottt ee i eeibeeeen
1. INTRODUCTION.......cccvvueeiiivennnnes
2. CONTEXT AND CONVENNS......ccccvuuiiiiiiiiiiiiiiimeiiieeeesiiiens
2.1. RELATION TMIPEGDASHAND OTHERASHSPECIFICATIONS ..vvvvtieteeiieiiiesiiiiieeeeeeeeeeeeeeeeeeenn, 3
2.2.  COMPATIBILITY ANBXTENSIONS FARLIER/ERSIONS ....uuuuurseeesstisieseeeieeeeeeieeeeeeeeeeeieeeieseeeseeeses 3
2.2.1. Summary of Version 3 Modifications ..
2.2.2. BackwardCompatibility CONSiderationsS...............eeeeeeeeeeemeiiiiiiiiiiiiiiieieieiiiiiieeeeess, 5
2.3. USE OBREYWVORDS. . ettt ettt ettt e ettt e et e ettt s eest e eset e eeetaesssseesnneeesseeeeesneee
2.3.1. Background....
2.3.2. Key Words.....
2.3.3. Mapping to DASHF Assets

DASH-IF Interoperability Points V23 7



OCoO~NOUOA~WNE

2.4. DEFINITION ANOSAGE ORI TEROPERABILAMNTS. ... iiiveiiiiiieiiiieiiieeeiieieiiieeeiiiiesesneeessaeesnn.d 6
2.4.1. Profile Definition in ISO/IEC 23009........uuuuiiiiiiiiiiiiieeeiee e e e e eeeeaeeeeeeeennna 6
2.4.2. USA0E OFf ProOfil@S .. iiiuuuueiiiiiiiiiiiieeeeei it e e e teiieeeeeeseeseeessessteeeeeessssssnneeeennnnaaaeees 7
2.4.3. Interoperability Points and Extensians.

3. DASHRELATED ASPECT S .. uuttttitiitiiiiie e i e st et ee ittt eeeeeeeeeeieeseseaaaaisssssseeereeeeeeeaineeaeaaaes
Bl SCOPE . oottt et ee e eeeeeeeeeeeeeeeeeaeeeeieeeees
3.2. DASHORMATS........

3.2.1. Introduction

3.2.2. Media Presentation Description constraints for vl & v2 Clients

3.2.3. Segment format CONSrAINES.......vvviiiiiiiiiiiiiiii e,

3.2.4. Presence of Attributes and Elements.

3.2.5. MPD Dimension ConstraintS............cceeeeeieeerenn...
3.2.6. GENENC MEtAdALA. .. eveeieeeeeeeeeeeeeeeee et eee et e e e e e e e e e e e eeeaeeiiens
3.2.7. DASH TimiNg MOGEL. . ..oeeeuuiiiiiieieiee e eeeee e et e e e e ee e e e e eeeieeeeeeeesseeeeeennnes
3.2.8. Bandwidth and Minimum Buffer Time...

3.2.9. TriCK MOAE SUPPOIE ...ttt e e et et e e e e e eee et eeeeeeeeeeeeeeeseennaeeees 16
3.2.10. Adaptation Set CONSIIAINES. ......ueurreeeeeeeieieie ettt ettt eeeeeeeeeeeeeeeeeeeeeeas
3.2.11. Media Time Information of Segment.............

3.2.12. Content Offering with Periods.

3.2.13. Adaptation Set Media Typ€........cccvveeeeeenenee.

3.3. QIENTMPLEMENTATIGREQUIREMENTS AKBDIDELINES. ...ciiiiiiiiiieiiieieeeeeeeeeiiiiiiiiiiiiseiieeseeees
3.3.1. OVEIVIBWN. oottt ettt et ettt et et e e et e et e e eeeeeaseeesseseeeees
3.3.2. DASH Client Guidelines.

3.3.3. Seamless SWItCHING. ..oooee et 23
3.3.4. DASH Client REQUIrEMENTS ... uuuuu it eeeii e e e et e et e e e e eisiaeeeeereeieeeeeeeeeeeens

3.4.  TRANSPORT ANIROTOCGRELATELSSUES....
3.4.1. General....cccccceeeeeeiiiiiiieeeaaen,
3.4.2. Server Requirements and Guidelines

3.4.3. Client Requirements and GUIAElINES .. ...oovvuuuuiiiiiiiiie e eeeeiieaees
3.4.4. Transforming Proxies and Other Adaptation MiddIeboXeS........ccevvvvvveiiiienennnnnnss 25
3.5. SYNCHRONIZATIQONSIDERATIONS
3.6. CONSIDERATIONS HOFESERVICES. .o iieiuuuuiieisieetteeteaeieeeeeeieeteaeeesssesaeeeeeeteeeeeeeeseennns
3.7. CONSIDERATIONS AN INSERTION. .. ittt ittt esettesesasettessssessssassesaesssaeestesesaaeessaaeeesniees
3.8.  SWITCHING ACROASAPTATIOSETS....
4, LIVE SERVICES. . uuuuuuiiiiiiiiiiiiit it ieiieee it e e e e e e et e e ettt imseeeeesesssesssssssetsaeesemsesssssssnnnaaasaaeaass
4.0, INTRODUGCTION. sttt ettt eees ettt aae ettt e e e eeee et teeetse s e eeeee ettt teeeeeeeeseeteeesnnnaeeeseeessnnaaaees

4.2. OVERVIEMDYNAMIC ANDIVEMEDIAPRESENTATIONS
4.3. DYNAMICSEGMENDOWNLOAD.
4.3.1. Background and Assumptions..

4.3.2. PrelimiNAriES. ..ot e e e e eees

4.3.3. Service Offering Requirements and Guidelings...........ooooeeeeeiieeeiiiivviiiiiiiiiiiiiinnnn

4.3.4. Client Operation, Requirements and Guidelines.

4.3.5. Additional DVEDASH alignment aSpectS.......ccoueeeeiiiiiiiiiieeeieeeeieeeeeeeeeeeeeeeeeeeeeeees

4.3.6. Considerations 0N liVE EAQE .. .uuuuuuuii i ieeeiiiee i e e eeeeee i e e e etraeeeeeeessieeeeeeeeees
4.4.  SMPLEUIVESERVICEFFERING INCLUDINIPDUPDATES....

4.4.1. Background and Assumptions.......................

4.4.2. Preliminaries

DASH-IF Interoperability Points V23 8



OCoO~NOUOA~WNE

4.4.3. Service Offering Reqaments and GUIdeliNgS. .........oovvvveuieiiiiivieeeiiiiiieiieeeeieeens 53
4.4.4. MPDbased Live Client Operation based on MPD..........coovvvveeiiiieeeiiiieeeiiiiiieaens 57
4.5. MPDANDSEGMENIBASEWVESERVICEOFFERING.

45.1. Preliminaries. .......uuveeeeeeiiieeeeeeeeeeeeeeeee e
4.5.2. Service Offering Requirements and GUIdelings. ..........cueeeiiiiieeiieiiiiiiiiiiieeeeieinnnd
4.5.3. Client Requirements and GUIdEIINES ........cvvvviiiiiiiiiieeeeee e
4.6. PROVISIONING GFVECONTENT IKDN-DEMANDMOEDE..........
4.6.1. SCENANO. ..
4.6.2. Content Offering Requirements and Recommendatians...
4.6.3. Client BENAVIOL. ......eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeas
4.7.  AVAILABILITHIME SYNCHRONIZATION BEEWELIENT ANSERVER.............
4.7.1. BaCKOrOUNG. .. ..uueeiiiiieeeee e eeeieea e
4.7.2. Service Provider Requirements and GuidelingS..........cooeeeeeeeieeeiviviiiiiiiiiiiiiiennn
4.7.3. Client Requirements and Guidelines
4.8.  ROBUSTOPERATION......ccevveviiiiieiieeeeeennnnnnnns
4.8.1. BaACKOIOUNG. ..o e ettt e e e e e e e e e e e eeeeeee e eeeieaas
4.8.2. Tools for RODUSt OPEratioONS........uuueeeeeeieieieeetee e ee e eee ettt ettt e eeeeeeeeeeeeeeeeeeeees
4.8.3. Synchronization Loss of Segmenter...
4.8.4. Encoder Clock Drift...........cc.......
4.8.5. Segment Unavailability......................
4.8.6. Swapping across Redundant TOOIS . ...uuuuii i eeeeiii e eeeeeereeeeeeeeaenn,
4.8.7. Service Provider Requirements and GuidelingS..........cooeeeeeeeeeeeiivviiiiiiiiiiiiiiinennns 70
4.8.8. Client Requirements and Guidelines
4.9. INTEROPERABILASPECTS et eeeeeeeeeee oottt eeeeeeieeeeeenss 70
4.9.1. INErOAUCHION. ettt ettt e e et e e e e eeeee e e e eeeeeeet e eeesennneeeeeeeeeeens
4.9.2. Simple Live Operation..........
4.9.3. Main Live Operation..........
AD INSERTION IN DASH............. .
5.1, INTRODUCTION. ittt et e ittt et e et et aeete et eeeeeeee e e et eeeeeeee e s aeettsesesseseeeseeeseeeeesse e eeeeeeeeeeeeeeaaaas
5.1.1. GBNEIAL. ittt e e e et e e ettt teeetts e eetesr e eeeeeeeestneeeenneeeeserrrenaaes kD
5.1.2. Definitions
5.1.3. DASH CONCEPLS. .uuuuuiiiiiiiiie et ee st e et et e eee e e e eeeeesiineeeesesenneeseeeeennd D
5.2. ARCHITECTURES ...ttt ititt ittt e et tae ettt e ettt ettt eeet e eetsaeeestesesneesssneesesnsessnasssneesesnaeeesnneesid O
5.3. SRVEMBASERARCHITECTURE ..
5.3.1. I OAUCTION. e ettt e ettt e et e e et e e ettt eeeeeesseeseteeeseeste e eeeeesesssenaaeeennnseaeeeesnnens
5.3.2. Mapping t0 DASH. ...ttt ear i aaeaaeees 77
5.3.3. Workflows............
5.3.4. Examples................
5.4. APPBASERRCHITECTURE...

5.4.1. INErOAUCHION . Lttt ettt ettt e e e e et et et et et e e et e e e e e e e seeiiiiieieneees
5.4.2. MappiNg 10 DASH. ..eiiiiiiiiieeie et e e e e e e e e e e e e e e eeeeeeeaeeeed 87
5.4.3. Workflows.

5.5. EXTENSIONS FOR AEREON
5.5.1. ASSEL IAENTIOIS. . iivutttiii et s ettt ettt et e e e et e et eeeeeeeeseeeeeesereseneeeesnnnaaaeess
5.5.2. Remote Periods..........
5.5.3. Userdefined events

5.6. INTEROPERABILATPECTS . .uuuuuututttttttttttteee e e et eeeeeeeeeeeeeeeeeeeeeeaeeseeseeseeeeesssesssesesessnnnaensd 91

DASH-IF Interoperability Points V23 9



OCoO~NOUOA~WNE

6.

5.6.1. ServetDased Ad INSEITION. ..... .ttt et e st esssesesaeeesssssseaaaeestiieesreessssaiaaeeees a1
5.6.2. Appbased Ad INSEIION. .. .ueiiieeee i iee ettt e e e e e e e e e eieaeeeeseeeeaans 91
MEDIA CODING TECHR@ILES.

6.1.  INTRODUCTION.
6.2. VIDE O, ettt ettt oot oo e eeet e eeaeeeieieesetietstiesetaiennieeteiiereeiereiieerraeens 92
6.2.1. GBNEIAL ..o e e e e e aea e

6.2.2. DASHspecific aspects for H62/AVC video..........
6.2.3. DASHspecific aspects for H.265/HEVC videa....
6.2.4. Video Metadata......oooovvevveeiiiiiiiiiiieeeiiiiiiieeeeeees
6.2.5. Adaptation Set€onstraintS........coooeeeeeeeeeeiiiiinn...

6.3.  AuDIO............
6.3.1. General .
6.3.2. DASHspecific aspects for FEACV2 audiO........uvvvvviiiiiiiiiiiiieeeiiiiiieene
6.3.3. AUIO METAATA . ..o eiieeeii it e e e e et e e e e e et eeeeeeesie e e eeesrerte e eeernnaaaees
6.4.  AUXILIARGOMPONENTS...
6.4.1. INErOAUCTION. ettt e e et e et eeesee e e e e eeeeeeet e eeesinnneeeeeeeenens
6.4.2. Subtitles and Closed Captioning........ooeeeeieeeeiiiieeeeieiiiiieiiiieieeieiieeeeeeeeeeeieee
6.4.3. CEA608/708 in SEI messages...........
6.4.4. Timed Text (IMSCL)...oooeeeeeeeeeeeeeeeeeeeeeee
6.4.5. Guidelines for sidbwaded TTML and WebVTT files...
6.4.6. Annotation of SUDLIIES..........uuuiiiiiiiiiii e,

7. CONTENT PROTECTIOM AECURITY. ...ttt eee et e 102
7.1.  INTRODUCTION.....citiiiieiiiieeeeeeeeaaaanns ....102
7.2.  HTTP&NDDASH 103
7.3. BASETECHNOLOGIEIMMARY. .. uuuiiiittttittieietttieeeteeeeeeeeeeeeeeeteeteeeeeeaeetsssssssessssssssssssssenen 104
7.4.  ISOBMFF3UPPORT FGBOMMONENCRYPTION ANDRM ....105

7.4.1. Box HierarChy.......oovuuuuueeeiiiiiieeeiiciieee e 105
7.4.2. 1ISO BMFF Structure OVervieW............coeevvvvviieeennnn. ....107
7.5. PERIODIGEAUTHORIZATION . ..0uetestssesesssesssssssaaeeeeeesesateesaastaeteisesteeeeeeeeeeeeeeeeeeeeeeeeeeeeeens
7.5.1. I OAUCTION. ettt e ettt e et e e e e e sttt e e eessessteeesesettseeessssssnnteeesssnnneeeessnnns
7.5.2. Use Cases and Requirements.
7.5.3. Implementation OPtIONS. ... . uuiiieeeee e eieeieee e e et e e e e e e e e e e eesseeiaaaeesaeeees
7.6. MPDSUPPORT FERCRYPTION ANDIRMSGNALING. . ...uuiiittiiitieiiitieiseeeseeeisiiessseesesnnnans 110
7.6.1. INtrOdUCHION. . oeeeeeee et ee e
7.6.2. Use of the Content Protiégn Descriptor
7.7.  ADDITIONACONTENPROTECTIOBONSTRAINTS ..etttitiitieeeeeeeeeeeeeemnneiieeeeeeeass 112
7.7.1. ISO BMFF Content Protection Constraints.....
7.7.2. MPD Content Protections Constrainis.....
7.7.3. Other Content Protections Constraints..............
7.7.4. Additional Constraints fdPeriodic Réuthorization
7.7.5. Encryption of Different Representations..............ovvvveiiiiieeeuiiiiiiiiiiiiiiiiiirieeeeennns, 114
7.7.6. Encryption of Multiple Periods
7.7.7. DRM Sytem 1dentifiCation.........cceeeeeeeeeeeseeeeeeee et
7.7.8. Protection of Media Presentations that Include SD, HD and UHD Adaptatian.S&16
7.8.  \WORKFLOVDVERVIEW. ...ttt ettt e eee oo e e et e et e ettt ettt ettt e eeett ettt eeeeeaas 117

8. DASHIF INTEROPERABILPIYNTS...

8.1, INTRODUCTION. .ttt et e e e e e ettt ettt ettt ettt ettt e et e ettt e eeeeeeeeeeeeeeeas

DASH-IF Interoperability Points V23 1C



1 8.2. DASHAV C/2BAVIAIN . vttt itee e ettt eeseeeee s tese s s tesess s ssee s tese i se s essesssssessssresssssenssesnseen

2 8.2.1. Nt OCUCHION. .ttt e et e e e e e e e sttt eeeeeseeee e eeeeeeeeeseeeseseeeeeeseesssnnnnseeeeeeeas

3 8.2.2. D IO . 111ttt e e e et eeeeeeeeeeeeeeeeeteteeeeeeeeeeeeeeeeeeeeeeereeeesannnnnnnnnnnnns

4 8.3. DASHAVC/264HIGH....

5 8.3.1. INEFOTUCHION . Lttt e e e e et e e e e e e e e eeeeeeeeeeeaeeeseeeeeeeeeeseeeeeseeeeeeeseeessssssseees

6 8.3.2. DEFINIION . 1.t eeiit ittt e et e e e ettt e e e e et e et e e e e e e e e e eeeeaaeeesaaeereeeeas

7 8.4. DASHFIOPSIMPLE...

8 8.4.1. Introduction.....

9 8.4.2. Definition........
10 8.5. DASHFIOPMAIN....
11 8.5.1. Introduction.....
12 8.5.2. Definition
13 9. MULTICHANNEL AUDIO EXTENSG
14 .0, SCOPE . ittt eeeeeeeeeeeeeeeeeettitttitssssssssssssssssssssssesssesseeaneeeteiiiaiaiiiaiiaaeiaaiaies
15 9.2.  TECHNOLOGIES....ceeiieeiiiieieeeeieieeeeeeeeeenss
16 9.2.1. Dolby Multichannel Technologies
17 9.2.2. DT SHD ettt ettt ettt e ettt e e et r e e e et e e e e e etireeeeas 124
18 9.2.3. MPEG Surround ....124
19 9.2.4. MPEG&4 High Efficiency AAC Profile v2, 1eVelb.........cccuvveeeeeieeeeeiiiiiiiiieeeee, 125
20 9.2.5. MPEGH 3D AUIO. .. ettt eee e st eseteeseetessesaeeaiesssseesesnassesniasesnanenns 125
21 9.3. QLIENTMPLEMENTATIOBUIDELINES. ....uutteetteeesieiesssseresseeastiiissssseeessseessnnnseeseeeesseennseees 126
22 9.4, EXTENSIONS. . ttttteeeee ettt e e e et e ettt e e e e et aae st eeee e e et eeeeee e et nnstteeeeeeseeensseeess
23 9.4.1. General
24 9.4.2. DOIDY EXIENSIONS. ..veeiiiiiiieeeiieee ettt eee et e e e eeeaeeeeas
25 9.4.3. DTSHD Interoperability POINES. ........iiiieiieeeieeiiiiessieiieeeeeesieeiiereeeeeeeeesaeeeeeeeess
26 9.4.4. MPEG Surround Interoperability POIAtS........ccvvveeeeeiiiieeieee.
27 9.4.5. MPEG HRAAC Multichannel Interoperability Points.
28 9.4.6. MPEGH 3D Audio Interoperability Points................
29  ANNEXA EXAMPLES FOR PROBIGEALLING. ... ...ttt i s iiieiiiieeeeeeesssssasssimiasasseeiaas
30 ANNEXB LIVE SERVICHSSE CASES AND AREBTURE..........coiiiiuiiiiiiiiiiiimeieeeeeiseeeeiiinieeeenes
31 B.1 BASELINEISE CASES ..iiiiiiiiiiiiiieeiieeeeeiieeeeeeeeeiiie e eaae e
32 B.1.1 Use Case 1: Live Camt©ffered as OMemaNnd.........cccouvveeieeeiiiiiinnniieieeeessiiiineieeeeeaan 2
33 B.1.2 Use Case 2: Scheduled Service with known duration and Operating at live edge.....2
34 B.1.3 Use Case 3: Scheduled Service with known duration and Operating at live edge and time
35 [ 811 o101 =Y PO OO O PP PP PP PP PP P PP PP P PP PP PP 2
36 B.1.4 Use Case 4: Scheduled Live Service known duration, but unknown Segment URLSs2
37 B.1.5 USE Case 5: 24/7 LIVE SEIVICE ....uuuueieeeieeeieeeeiieeeeeieeiiiieieiieeeiaiiiiieeeseeeeeeeeeeeeeeeeeeeeees
38 B.1.6 Use Case 6: Approximate Media Presentation Duration Known....
39 B.2 BASELINARCHITECTURE HORSHBASEMIVESERVICE .. ..ccvvveeeiieiiiiiiiiieeeennn.
40 B.3  DISTRIBUTION OVIZRILTICAST ..eeiiiiiietteeieeeeteeeseeeeeeeeeeeesseeeeeesseeeesesseseeeeeesaessseeeeeeseans 3
41 B.4  TYPICAPROBLEMBILVEDISTRIBUTION . ...iiiiiiiiiiiiiieiiiteetmnetessssseeeeeeeeeeeaeeeeeeeenns 4
42 B.4.1 Introduction
43 B.4.2 Client Server Synchronization ISSUES...........ceeeeeiiieiieeeieeeeieeeeeeeeeeeeeeeeeeeeeeeiiiiisieeeeeensd 4
44 B.4.3 Synchronization LOSS Of SEQMENLEL ... ..ooiiii it eeeeiiiiiitiiieeiiieieeieeeeeineieeeeieiiaeeans 5
45 B.4.4 Encoder Clock Drift.........ccccevveeennn..
46 B.4.5 Segment Unavailability....
47 B.4.6 Swapping across REAUNAAIMONS ........coiiieeeieiieee et e e e eee e eeiireeeeann

DASH-IF Interoperability Points V23 11



e
RPOOWONOUTAWNER

[
N

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37
38

39

40
41

B.4.7  CDN IS SUBS . .o uuuiiiti ittt e e ettt ettt e et e et eeet e et ettt e ettt esesteeeseeneeesneesesnaesenns
B.4.8 High ENet0-€Nd LatenCy .. .uuuueue e iiiiiiie ettt e ettt ee e e e e e e e e eeeeeeeeennnn
B.4.9 Buffer Management & Bandwidth EStimation...........ceeeviiiiiiiiieeeieeiiiieiieeiiieiiieieeeeennn.
B.4.10  Startup Delay and Synchronization Audio/Video..... .7
B.5 ADVAN CERYSECASES . vttt ttt ettt ettt ettt ettt et ettt et eeeettetett ettt eeeeteeranaeeraeeeanaas
B.5.1  INErOQUCHION ... ettt et ettt ettt ettt ettt e e et ettt et ee et eeeeeeeeeeeeeeennn e V4
B.5.2 Use Case 7: Live Service with undetermined.end......................... ceeenndd
B.5.3 Use Case 8: 24/7 Live Service with canned advertisement..........ccooeeeeeieeeeeeeeeeeeen.... 7
B.5.4 Use case 9: 24x7 live broadcast with media time discontinuities............oevveeeeeene... 7
B.5.5 Use case 10: 24x7 live broadcast with Segment discontinUitiesS...............evvvvveeeeeee..d

Eiagure 5

=gure—=

Figure 6

=gtre-o-A H

Eiagura 7- i 1

=gure—- HAH rehtt

Figure 8: Server-based archil@CUIe v s e s 77
Figure O Using an-Asset ldentifier 79
=girevu-osihga-AsSseHee et ——rrrrre e e e e e e e
Eiagure 11- L ive \Workflow 80
L AL o S S S e e O D D
Figure 12:- Ad Decision 83
=HgHre A DeesioR———r e e e e e e

Figure 1 Overview Timing Model
Figure 2 DASH aspects of a DASH-AVC/264 client compared to a client supporting the union of

DASH I1SO BMFF live and on-demand profile. ..........cocoveiiiiieiiiiieiiee s 23

DASH-IF Interoperability Points V23 12



NNNNRPRRRRRERRRERR
WN P OWWONOUDNMWNROOOWOWNO®OUAWNR

24

25
26
27
28

30
31
32
33
34
35
36
37
38
39
40

Figure 3 Different Client MOGEIS ........c.ueiiiieiie ittt se e e e e e seieeeeaaea 29
Figure 4 Segment Availability on the Server for different time NOW (blue = valid but not yet
available segment, green = available Segment, red = unavailable Segment) ................... 41
Figure 5 Simple Client MOAE! ........ueiiiiiiiiiieiii it e e e e e s e e e e e e e eeereeeeeeeaieneeaeens
Figure 6 Advanced ClieNt MOAE! .......iiiiiiiiiieeiiii it ssiiiiieeeeeesseeieierseessiasereeesesessseeeeeeesaissseeeeens
Figure 7: XLiNK re@SO0IUION ...uveie ettt ettt et ste e e e et e e st e e e eaeeeeneeeeaneeeas
Figure 8: Server-based arChit@CtUIe ... ...cuuueiiiiiiiiiieiie e e e e s ceee e s e e e e e e s seireeeeeess
Figure 9 Using an ASSet IdeNtifier .........eiieeeeiiiiiiiee ettt
Figure 10: Live Workflow
Figure 12: Ad DECISION L.uuuuieiiiiiiiiiteteee e et s iitieee e e st ettt eeeeeessasssseeeeessseseseesseassseeseessaasnssseeesanssrsseaeeaas
Figure 12: Example of MPD for "Top GUN" MOVIE .....ccuuviiiiiiiiiiieeiiisecieeeiiee s e eeniea e
Figure 13: App-based arChite@CtUIE .........ccuuueieiiiiiiiii et e et e e e s eeiiie e e s e e e e e e s seirereeeess
Figure 14 Inband carriage of SCTE 35 CUE MESSAUE ....cecuveieiiuiiiiiiieeeeeiiie e siiee e
Figure 15: In-MPD carriage of SCTE 35 CUE MESSAUE ...uuvereeiiiiiiuiiiiiieeeiiiiieeeeeiiiieeeieessaiineeeeeess
Figure 16: Linear workflow for app-driven arChit@CtUre .. .........ooiiiuveeiiiiiiiiiieieieiiiiieeieeeeeciiieeeeasn
Figure 17: Visualization of box structure for single key content .. .
Figure 18: Visualization of box structure with key rotation..........cccceeeeiiiiiieieeeeiiiiieee e
Figure 19: PSSH with version numbers and KIDS. .........cooouuiiiiieiiiiie e 110
Figure 20 Logical Roles that Exchange DRM Information and Media............ccoccvvveeeeiiiinnnnnnn.
Figure 21 Example of Information flow for DRM license retrieval..........coooveeeiiiiiiiireeeiiiiiveeeeenn.
Figure 22 Typical Deployment Scenario for DASH-based live services

Figure 23 Typical Deployment Scenario for DASH-based live services partially oﬁered through
MBMS (unidirectional FLUTE diStribUtion) ........oiiieiveiiiiiiiiiiiieiesiiiiiieeeeeseiiiieeeeeesaiineeeeeeeannes 4

List of Tables

Table 1 DASH-IF Interoperability POINES ........cccoveiiiiiieiieeiieree e see e seestee e snee e e s 11
Table 2 DASH-IF Interoperability PoOint EXIENSIONS .........ccooviiiiiiiiiiiiiisiccnec s 11
Table 3 |dentifiers defined in this Document

- Subtitle Adaptation Set: An Adaptation Set that contains visual overlay information to be
rendered as auxiliary or accessibility information. Such an Adaptation Set is identified by

@mimeType="application/mp4" , a Role descriptor with @schemeldUri ="
urn:mpeg:dash:role:2011 " and @value="subtitle" and, an @codecs parameter
as defined in Table 4 or "applicati onMMIEXMI s 22
Table 5 Main features and differences of simple and main live services ............ccccccccovvvcnnnn. 27
Table 46 -- Information related to Segment Information and Availability Times for a dynamic
ES]=T T OO 31
Table 571 Basic Service Offering ... 37
Table 68 1 Basic Service Offering ..o 39
Table 79 Multi-Period Service OffErinNg .......ocevuiiieiiiiiii s Al
Table 81071 Service Offering with Segment TIMElNe..........cccoviieeiiriiiece e A4

Table 911 7 Information related to Live Service Offering with MPD-controlled MPD Updates... 52

DASH-IF Interoperability Points V23 13

Code Changed

Code Changed

Code Changed

Code Changed

Code Changed

Code Changed

Code Changed

O L




©oOoO~NO U~ WNLPR

21

22
23

24
25
26
27
28
29
30
31
32
33
34

Table 1012 i Basic Service Offering with MPD UPdates .........cccceevevriienereienieesee e 54
Table 32137 Service Offering with Segment Timeline and MUP greater than O...............c.c...... 56
Table 1214 7 Service Offering with MPD and Segment-based Live Services ...........cccccvvvueenen. 58
Table 4315 InbandEventStream@ value attribute  for scheme with a value
"urn:mpeg:dash:event:2012 ettt et ettt e ettt be et e et e e reente e neeanteenreeenreens 60
Table 2416 i Basic Service Offering with Inband EVENts............c.cccoviiiiiiiiiiicciie 62
Table 3517 H.264 (AVC) Codecs parameter according to RFC6381 [£213] ....cccuvveevvieeiiiineennns 93
Table 4618 Signaling of HEVC IRAP Pictures in the ISOBMFF and in DASH ...........ccccooceenane. 93
Table 1719 Codecs parameter according to ISO/IEC 14496-15 [1012]....cccccvvvvverereieereeeniennenns 94
Table 3820 HE-AACV2 Codecs parameter according to RFC6381 [£113] ........ccecvriviiriinienn, 97
Table 1921 Subtitte MIME type and codecs parameter according to IANA and W3C
[=T0ES] (=2 PRSPPI

Table 2022 Boxes relevant for DRM SYSIEMS........ccoiiiiiiiiiiiieiiinie et
Table 2123 Dolby Technologies: Codec Parameters and ISO BMFF encapsulation ..
Table 2224: DTS Codec Parameters and 1SO BMFF encapsulation ...........c.cccoecveeiiieieninens

Table 2325 Codecs parameter according to RFC6381 [4113] and ISO BMFF encapsulation for

MPEG SUITOUNT COUBC ..ottt st sr et 124
Table 2426 Codecs parameter according to RFC6381 [4113] and ISO BMFF encapsulation. 125
Table 2527 Codecs parameter and ISO BMFF encapsulation..............cccocevviiiiiinenininens 126126

Acronyms, abbreviations and definitions

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

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

AAC Advanced Audio Coding

AFD Active Format Description

AST Availability Start Time

AVC Advanced Video Coding

BMFF Base Media File Format

CDN Content Delivery Network

CEA Consumer El ectronics Association
CT Composition Time

DRM Digital Rights Management

DT Decode Time
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DTV
DVB
DVS
EDL
EME
EPT
FCC
GOP
HD
HDMI
HE -AAC
HEVC
KID
IAB
IDR
IoP
ISO
HEVC
HTTP
MBT
MHA
MPEG
MUP
NAL
oTT
PCM
PPS
PS
PT

Digital Television

Digital Video Broadcasting

Digital Video Subcommittee
Encoding Decision List

Encrypted Media Extension

Earliest Presentation Time

Federal Communications Commission
Group -of-Pictures

High -Definition

High -Definition Multimedia Interface
High Efficiency AAC

High -Efficiency Video Coding
common Key | dentifier
International Advertising Bureau
Instantaneous Decoder Refresh
InterOperability Point

International Standards Organization
High Efficiency Video Coding
HyperText Transport Protocol
Minimum Buffer Time

MPEGH 3D Audio

Moving Pic tures Experts Group
Minimum Update Period

Network Abstraction Layer
Over-The-Top

Pulse Code Modulation

Picture Parameter Set

Parametric Stereo

Presentation Time
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PTO
PVR
RFC
SAP
SAET
SAST
SBR
SCTE
SD
SEI
SMPTE
SPD
SPS
TSB
TT
TTML
UHD
URL
uTC
uuID
VAST
VPS

Presentation Time Offset

Personal Video Recorder

Request for Comments

Stream Access Point

Segment Availability End Time

Segment Availability Start Time

Spectral Band Replication

Society of Cable Telecommunications Engineers
Standard Definition

Supplemental Enhanc ement Information

Society of Motion Picture and Television Engineers

Suggested Presentation Delay
Sequence Parameter Set
Time Shift Buffer depth

Timed Text

Timed Text Markup Language
Ultra -High Definitions
Universa | Resource Location
Universal Time Clock
Universally Unique Identifier
Video Ad Serving Template

Video Parameter Set
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1. Introduction

This document defines DASHF's IntetOperability Points (IOPs) The document includd®©Ps

for only this version of thdocumentFor earlier versions, please refer to versi¢h] and version

2 [2] of this document. DASHF recommends to deprecate ti@Psin previous versios ad

deploy using one of thi®Psand extension this document.

As a historical notehe scope of thaitial DASH-AVC/264 IOP, issuedwith version 1of this
documen{l] wasthe basic support highuality video distribution over the toBothlive and on

demand services are supported.

In the second version of this docum@it HD video(up to 1080pkxtensions andeveramulti-

channel audi@xtensionsire defined.

In this third versiorof the DASHIF IOP document, two new DASI264/AVC I0OPs are defined.
Detailed refinements and improvements for DABHive services and for ad insertion were added

in these IOPs. One of these IOP is the superset of the simpler one. Additionally, two corresponding
IOPs are dfined to also support HEV[22]. In bothcasesAVC and HEVC, the more advanced

IOP adds additional requirements on the DASH client to supportesggrarsing to achieve en-
hancement of live serviceBhis structuring separates the Media Profiles from DASHure-pro-
filesfeatures.

This document defines the IOPsTiable1 and Extensions ifiable2. The Implementation Guide-

Il inebs version in which each | OP or Extension was added is al:
Note that all version 1 IOPs are also defined in version 2 and therefore referencing[2&iision
sufficient.

Table 1 DASH-IF Interoperability Points

Interoperability Point  Identifier 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

Note that all extensions defined in version 2 of this document are carried over inbo Bavith-
out any modifications. In order to maintain a single document, referencirablaZ2 is restricted

to this document.
Table 2 DASH-IF Interoperability Point Extensions

Extension Identifier Ver Section
sio
n
DASH-IF multichannel audio  http://  dashif.org/guideline s/dashiffec - 2.0 9.4.2.3
extension with Enhanced AG3 3
DASH-IF multichannel exten-  http://  dashif.org/guide- 20 94.23
sion with Dolby TrueHD lines/dashif#mipa

DASH-IF Interoperability Points v3.0
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10
11
12
13
14

DASH-IF multichannel audio http://  dashif.org/guide- 20 9433

extension with DTS Digital lines/dashif#dtsc
Surround
DASH-IF multichannel audio  http://  dashif.org/guide- 2.0 9433

extension with DTSHD High lines/dashif#dtsh
Resolution and DI'S-HD Mas-

ter Audio
DASH-IF multichannel audio  http://  dashif.org/gu ide- 20 9433
extension with DTS Express  lines/dashif#dtse
DASH-IF multichannel exten-  http://  dashif.org/guide- 20 94.33
sion with DTS-HD Lossless (no lines/dashif#dtsl
core)
DASH-IF multichannel audio http://  dashif.org  /guidelines/dashif#mps 20 9443
extension withMPEG Sur-
round
DASH-IF multichannel audio  http://dashif.org/guide- 20 9453
extension with HEAACv2 lines/dashif#theaac - mc51
level 4
DASH-IF multichannel audio  http://dashif.org/guide- 20 9453
extension with HEAACv2 lines/dashif#theaac -mc71
level 6
DASH-IF multichannel exten-  http://dashif.org/guidelines/dashif#tac - 31 9423
sion with AC-4 4
DASH-IF multichannel audio  http://dashif-orglguide——— 32 9463
extension with MPEG-H 3D lines/dashiftmhal——
Audio http://dashif.org/guide-

lines/dashif#mhal

http://dashif.org/guide-

lines/dashif#mha2

Test cases and test vectors for DABMC/264 |IOPs are providedin 0. The conformance and
reference software for DASHF IOPsis providedin [35] (based on the MPEG conformance soft-
ware[6]). DASH Identifiers for different categories can be found on8&.

In addition to the Interoperability poinits Tablel and extensions Table2, this document also
definesseveral otheidentifiersfor functional purposes as documented able3.

Table 3 1dentifiers defined in this Document

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

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

http://dashif.org/guidelines/Adapta- Defines a method to signal that Functionality 3.8

tionSetSwitching switching across Adaptation Sets i
possible.

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

DASH-IF Interoperability Points v33 2
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2. Context and Conventions

2.1.

Relation to MPEG-DASH and other DASH specifiations

Dynamic Adaptive Streaming over HTTP (DASH) is initially defined in the first edition of
ISO/IEC 230091 which was published in April 2012 and some corrections were done if13013

In May 2014, ISO/IEC published the second version of ISO/IEC 23(B9that includes addi-
tional features and provide additional cla@fions.The initial two versions of this document
where based on the first edition of ISO/IEC 23009 his version is based on the second edition
of ISO/IEC 230091, i.e. ISO/IEC 23004:2014 including Co#2 and Amd22 [5]. This means

that also for all interoperability points that were initially defined in earlier versions of the docu-
ment, also now the second edition serves as the reference. Badongydtibility acoss different
edition is handled by MPEGASH in ISO/IEC 23004 [5]. Note that this document also refers

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

Draft Amd.3 of ISO/IEC 23009:2014, Draft Amd.4 of ISOEC 230091:2014, and Draft Cor.3

of ISO/IEC 230091:2014 are of relevance.

This document was generated in close coordination with IDMEH [45]. The tools and feates

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

to highlight any differences and/or further restrictions or extensions when compared to DVB
DASH. However, as a disclaimer, this coverage is not considemplete.

2.2.
2.2.1.

Compatibility and Extensions to Earlier Versions
Summary of Version 3Modifications

Version 3 of this documeiaippliesthe followingmodificationscomparedo version 22]:

1

f
1
f

=

= —a —a -

=a =4 -—a_a_a_°a_-2

Reference to the second edition of ISO/IEC 230@%cluding amendment 1 and cof4],

as well asvell as Amendment B].

Add an explicit statement in DASBI64/AVC to forbid time code wrap around

Definition on the usage of key words in sectib&

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

Add more constraints on the Representations in one Adaptation Set in 8e2tidhes-
peciallyfor the casavhen the bitstream switching is true.

Add additionaldetails orthe usage of HTTP in secti@4.

Add H.265HEVC as a codeand create I0Ps for inclusion of this codec.

Add CEA-608/708closed captioninin SEI messageas section6.4.3

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

Detailed description of servased and appased ad insertion in sectibn

General ditorial updatesnd clarifications

Updates and clarification to sectidgron DRM and common encryption

Updateto references

Relaxation ofthe audicencodingrequirementsn section6.3.2

Add clarification on the usage tife minimum buffer timand bandwidth in sectid®2.8

Add an nformative section on the timing model of DASH in secBdR7.

DASH-IF Interoperability Points v33 3
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1
f

Relax the use dahe Imsg ' brand for signaling the last segméntection3.6.
Simplification of thecodecs table

Version 31 of this document applies the following modifications compaoegersion 3

= =4 —a -

= =4 —a —a A 9

Further updates to references

Several editorial correatns and clarifications

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

A section is added on how to operate with transforming proxies and other adaptation mid-
dle-boxes in sectio3.4.4

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

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

Clarifications of HEVC signaling for DASH imable 18 based on feedback from MPEG.
Clarify relation betweelSMPTETT andIMSC1 in sectior6.4.2and6.4.4

Add extension for audio codec AC

Version 32 of this documat applies the following modifications compaiedversion 3.1

1
f
f
f

=a

= =4 —a -

Further updates to references

Several editoriatorrections and clarifications.

Small clarification updates on the timing model in sec8ch?.

Added support for switching across Adaptation Sets, in particular for H.264/AVC and
H.265/HEVC switching in sectioB.8.

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

Added a section on the use of HTTPS with DASH in sectién

Moved the test DRM to the test vecttbcument.

Added support for key rotation in sectién

Add extensia for MPEGH audio in sectio.

Version 33 of this document applies the following modifications compdoegersion 3.2

Identifiers are summarized in thatroductionl.

References are updated

Several editorial corrections antarificationsare applied

N N

Guidelines and permitted attributes when converditige service to omlemand are doc-

umented, for details see sectihi6.2
Added claification on the format of remote elements in alignment with DCOdR.3

ISO/IEC 230091:2014(7].
Addressedhe differentiation of different content types thgbunime types, codecs and

Roles rather than the use @contentType. See s&AdiBfor more detalils.
Added guidelines on how to useat keys in the context of DASkee sectio.7.

=N ]

Provided guidelines on the timing model when using-satfesubtitle files in DASHsee

section6.4.4
Update period continuity to align with ISO/IEC 23002014/Amd.J35].

Update the callback event to align wiiQ/IEC 230091:2014/Amd.J5].

Update the MPD anchors to align with ISO/IEC 23002014/Amd.J5].

NN N

Take into account the updated in ISO/IEC 23008014/DCOR.J7].

DASH-IF Interoperability Points v33 4



1 222 Backward-Compatibility Considerations
2 Generally, content can be offered such that it can be consumed by version 2 and version 3 clients.
3 In such a case the restricted authoring should be asé it should be accepted that version 2
4  clients may ignore certain Representations and Adaptation Sets. Content Authors may also con-
5 sider the publication of two MPDs, but use the same segment formats.
6 Interms of compatibility between version 2 and i@rs3, the following should be considered:
7 1 The backwarecompatibility across MPEG editions is handled in the second edition of
8 ISO/IEC 230091 [5].
9 1 General clarifications and updates are added

10 9 Further restrictionsn content authoringompared to version 2 are:

11 o forbid time code wrap around

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

13 0 constraints on trick mode usage

14 0 additional constraiston the usage of HTTP

15 o Adaptation Set constraints

16 1 Relaxations are:

17 o Permit usage of additional subtitling format based on ®B8/708

18 o the audicencodingrequirementfor HE-AACv2

19 0 permit to notuse ofthe Imsg ' brand for signaling the last segment

20 o theability to signal bitstream switching set to true

21 o0 the use of remote elements with Xlink

22

23 2.3. Use of Key Words

24 2.3.1. Background

25 DASH-IF generallydoes not writespecificationsbut provides and documents guidelines for im-
26 plementers to refer to interoperability deptions. In doing so, the DASHF agreed to use key
27 words in order to support readers of the DABHocuments to understand better how to interpret
28 the language. The usage of key words in this document is provided below.

29 2.3.2. Key Words
30 The key word usage is ghed with the definitionsn RFC 211947], namely:

31 1 SHALL: This wordmearsthat the definition is an absolute requirement of the specifica-
32 tion.

33 1 SHALL NOT: This phrase meanthat the definition is an absolute prohibition of the
34 specification.

35 1 SHOULD: This wordmears that there may exist valid reasons in particular circumstances
36 to ignore a particular item, but the full implications must be understood and carefully
37 weighed before choosing a different course.

38 I SHOULD NOT: This phrasemears that there may exist valid reasons in particular cir-
39 cumstances when the particular behavior is acceptable or even useful, but the full implica-
40 tions should be understood and tlse carefully weighed before implementing any be-
41 havior described with this label.

DASH-IF Interoperability Points v33 5



1 1 MAY: Thisword mearsthat an item is truly optional. One vendor may choose to include
2 the item because a particular marketplace requires it or because the vendor fféels tha
3 enhances the product while another vendor may omit the same item.
4  These key words are attempted to be used consistently in this document, but only in small letters
5 2.3.3. Mapping to DASH-IF Assets
6 If an IOP document associates such a key word from abcweontent authoring statement then
7 the following applies:
8 1 SHALL: The conformance software provides a conformance check for this and issues an
9 error if the conformance is not fulfilled.
10 1 SHALL NOT: The conformance software provides a conformance chetiis@nd issues
11 anerror if the conformance is not fulfilled.
12 1 SHOULD: The conformance software provides a conformance check for this and issues a
13 warningif the conformance is not fulfilled.
14 1 SHOULD NOT: The conformance software provides a conformance check for this and
15 issues avarningif the conformance is not fulfilled.
16 1 SHOULD and MAY: If present, the feature check of the conformance software documents
17 a feature of the content.

18 If an IOP doament associates such a key word from above to a DASH Client then the following
19 applies:

20 1 SHALL: Test content is necessarily provided with this rule and the reference client imple-
21 ments the feature.

22 1 SHALL NOT: The reference client does not implement theufeat

23 1 SHOULD: Test content is provided with this rule and the reference client implements the
24 feature unless there is a justification for not implementing this.

25 1 SHOULD NOT: The reference client does not implement the feature unless there is a jus-
26 tification for implementing this.

27 1 MAY: Test content is provided and the reference client implements the feature if there is a
28 justification this.

29 2.4. Definition and Usage of Interoperability Points
30 24.1. Profile Definition in ISO/IEC 23009-1

31 MPEG DASH defines formats for MPR&)dSegments. In addition MPEG provides the ability to

32 further restrict the applieformats by the definition d?rofilesas defined on section 8 of ISO/IEC

33 230091 [5]. Profiles of DASH are defined to enable interoperability and thebigy of the use

34  of features.

35 Such a profile can also be understood as permission for DASH clients that implement the features
36 required by the profile to process tkiedia Presentation (MPD document and Segments).

37 FurthermorelSO/IEC 230091 permitsexternal organizations or individualsdefine restrictions,

38 permissions and extensions by using this profile mechanism. It is recommended that such external
39 definitionsbe not referred to as profiles, butlageroperability PointsSuch an interoperability

40 pointmay be signalled in th@profiles  parameter once a URI is defined. The owner of the

41 URI is responsible to provide sufficient semantics on the restrictions and permission of this in-
42  teroperability point.

DASH-IF Interoperability Points v33 6



CQOVWooo~NO UL~ WNPE

e
=

WWWWWRNNNNNNNNNNRRRRRRRR
EONPRPOOXNOURWNROWOONOUAWN

w
)]

A D WOWWWW
P OOo~NO®

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

1 a collection ofcontent conforming points, i.e. as long as the content conforms to the re-
strictions as specified by the 10P, clients implementindehtures can consume the con-
tent.

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

This document provides explicit requirements, recommendationsadeliges for content au-
thoring that claims conformance to a profile (by adding@h@ofiles  attribute to the MPD) as

well as for clients that are permitted to consume a media presentation that contains such a profile.

2.4.2. Usage of Profiles

A Media Presentation may conform to one or multiple profiles/interoperability pointscamd
forms to each of the profiles indicated in M@ profiles  attributeis specifiedas follows:
WhenProfA is included in theIP@®profiles  attribute, the MPD is mofied into a profile
specific MPD for profile conformance checking using the following ordered steps:
1. TheMPI@profiles attribute of the profilespecific MPD contains onli?rofA .
2. An AdaptationSet  element for which@profiles  does not or is not inferred to in-
cludeProfA is removed from the profitepecific MPD.
3. A Representation element for whi@profiles  does not or is not inferred to include
ProfA is removed from the profitepecific MPD.
4. All elements or attributes that are either (i) in this Part of ISO/2BQ09 and explicitly
excluded byProfA , or (ii) in an extension namespace and not explicitly included by
ProfA , are removed from the profilgpecific MPD.
5 Al | el ements and attributes that ®wofAy be
are removedrom the profilespecific MPD.
An MPD is conforming to profil®rofA when it satisfies the following:
1. ProfA isincluded in theviP®profiles  attribute.
2. The profilespecific MPD forProfA conforms to ISO/IEC 23009
3. The profilespecific MPD forProfA conforms to the restrictions specified fnofA .
A Media Presentation is conforming to profiteofA when it satisfies the following:
1. The MPD of the Media Presentation is conforming to préfilefA as specified above.
2. There is at least one Representativeach Period in the profigpecific MPD forProfA .
3. The Segments of the Representations of the prefitzific MPD forProfA conform to
the restrictions specified férofA .

2.4.3. Interoperability Points and Extensions

This document defines InteroperabilRpints and Extensions. Both concepts make use of the pro-
file functionality of ISO/IEC 23004..

Interoperability Points provide a basic collection of tools and features to ensure that content/service
providers and client vendors can rely to support acefftly good audievisual experience. Ex-
tensions enable content/service providers and client vendors to enhance thésaadiexperi-

ence provided by an Interoperability Point in a conforming manner.

DASH-IF Interoperability Points v33 7
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The only difference between Interoperability Poirmd &xtensions is that Interoperability Points
define a full audievisual experience and Extensions enhance the -aiglial experience in typi-
cally only one dimension.

Examples for the usage of th@profiles  signaling are provided in Annex & this docunent

3. DASH-Related Aspects
3.1. Scope

DASH-IF Interoperability Pointaise|SO base media file formd10] based encapsulaticand
provide significantcommorality with a supersebf the ISO BMFF OrDemand the ISO BMFF
Live profile, and the ISO BMFF Common Profée defined in ISO/IEC 2300B[4], sections 8.3
8.4and 810, respectivelyDASH-IF IOPsareintendel to provide support for edemand andive
content. The primary constraints imposed by this profile are the requiremeeadheRepresen-
tation is provided in one of the following two ways
1 as asingle SegmenthereSubsegments are aligned across Representations within an Ad-
aptation Set. This permits scalable and efficient use of HTTP servers and simplifies seam-
lessswitching. This is mainly for oademand use cases.
1 as a sequence of Segments where each Segment is addressable by agengriaied
URL. Content generated in this waynginly suitable for dynamic anlive services
In both casegSubSegments begin wh Stream Access Points (SARs)type 1 or 2[10], i.e.
regular IDR frames in case of vidén.addition, (Sub)Segments are constrained so that for switch-
ing video Representations within one Adaptation Set the boundaries are aligned without gaps or
overlaps in the media datBurthermoreswitching is possible by a DASH clietitatdownload,
decoasand presestthe media stream dfie comefrom Representation aritien switclesto the
goto Representation by downloading, decoding and priegsghe new media stream. No overlap
in downloading, decoding and presentation is required for seamless switching of Representations
in one Adaptation Set.
Additional corstraintsare documented for bitstream switching set to true as well as special case
such as trick modes, etc.

3.2. DASH Formats
3.2.1. Introduction

This section introduces the detailed constsaafthe MPD and the DASH segments in a descrip-
tive wayreferring to ISO/IEC 2309-1 [4]. The DASH-based restrictionbBave significant com-
monalitywith thelSO BMFF Live and OrRDemand profile from theMPEG-DASH specification.
Specifically:
A Segment formatarebased on ISO BMFF with fragmented moviediliee. (Sub)Segments
are encoded as movie fragments containing a track fragment as defined in ISO/IEC 14496
12 [10], plus the following constraints to make each movie fragment independently de-
codable:

1 Default parameters and flaghallbes t or ed i n mothd & é&unagd ment s

box)andnot r ac k Hrexadd elrsx )( 6
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A

T Thencodd boxes skhoétnabtdate edefdule r-bagsec-es, t
is -moofé6 s hal | (akamoviefragenensrreldtive addressingnd data -
offset  shall be used,e.base - data - offset - present shall not be usefol-
lows ISO/IEC 23004 [4]).

Alignment with ISO BMFF Live & OrDemand Profiles, i.e. within each Adaptation Set

the following applies

A Fragmented movie fileare used for encapsulation of media data

A (Sub)Sgmentsare aigned to enable seamless switching

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

A
A

A
A

IDR-like SAPs(i.e., SAPstype 2 or belowpt the start of eact8gb)Segment for simple
switching
Segmentshaild have almost equal duratiolT he maximum tolerance of segment duration
shall bet50% and the maximuraccumulated deviation over multiple segmesttall be
+50% of thesignaledsegment duratioi.e. the@duration ). Suchfluctuations in actual
segment duration may be caused by for exaragleeplacement or specific IDR frame
placementNote that the last segment inR@presentation may be shor@ecording to
ISO/IEC 230091 [4].
Note 1: If accurate seekintp specific time is required and at the same timasa f
responseis required one may use @emand profile for VoD or the&eg-
mentTimeline  based addressin@therwise th@ffsetin segment duration com-
pared to the actual media segment duration resyit in a less accuraseek posi-
tion for thedownloadrequest, resulting in some increased initial sfart
Note 2: Themaximum tolerance of segment duratisralso addressed in@HEC
230091:2014/Cor.37]_and once approved, a reference to the specification may
replace the above text.
If the SegmentTimeline  element is used for the signaling of the Segment durakien,
timing in the segment timeline shall bedia timeaccurate and no constraints on segment
duration deviation are addexxcept the maximum segment duration as specified in the
MPD. However,despte the usage of ththe SegmentTimeline , itis not encouraged to
use varying Segment durations. T®egmentTimeline element should dy be used
in order to signal occasional shorter Segments (possibly caused by encoder processes) or
to signal gaps in the time line.
only nonrmultiplexed Representatiosball be used.e. each Representation only contains
a single media component.
Addressing schees are restricted to
A templates with numberased addressing
A templates with timévased addressing
A Subsegmentwith Segmentndex In this caseitherthe@indexRange attributeshall
be presentr theRepresentationindex element shall be prese@nly a simgle
sidx box shall be present.
Note 1: the external Representation Index was only added in the second Eiition
If compatibility to v2.0 or earlier of this doment is necessary, the external Rep-
resentation Indeghall not be used.

DASH-IF Interoperability Points v33 9
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Note 2: The latter restriction was introduced in version 3 of this document based on
deployment experience and to enable alignment with DVB DASH.
A In case multiplevideo Adaptation Setsvith-@ontentF—ype="video'—as defined in
3.2.13areoffered exactlyone video Adaptationeédshall besignaledasthe main onein-
less different Adaptatih Sets contain the same content with different quality or different
codecs. In the latter case, all Adaptation Sets with the same content stgiiddedas the
main contentSignalingas main content shall be done by using the Role descriptor with
@schemeldUri =" urn:mpeg:dash:role:2011 "and@value="main"
A Thecontent offering shall adherettte presenceulesof certain elements and attributes
defined sectiord.2.4
It is expected that a clieebnforming to such a profils able to process content offered under
these constrats. More details on client procedures are provided in se8t®n

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

This section follows a description according to ISO/IEC 23D0B sectior3.2.2.2 a restricted

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

The MPD shall conform to the&SO Base Media File Format Common profds defined on

ISO/IEC 230091:2014/Amd.1:201%4], section 8.9, except for the following issues:

1 Representations wit@mimeTypeattributeapplication/xml+ttml shall notbe ig-

nored

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

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

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

% If a Period contains multipl&ideo Adaptation Setsvith—@ontentFype—="video~—as

defined in3.2.13then at leastone Adaptation Set shall contain a Role elemeRble

schemeldUri ="urn:mpeg:dash:role:2011" value="main"> and each Adap-
tation Set containing such Role element shall provide peeptually equivalent media
streams.

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

1 MP@I®type set tostatic  or set tadynamic .

1 MP@®profiles includesurn:mpeg:dash:profile:isoff - live:2011

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

DASH-IF Interoperability Points v33 1C
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1 The Representations contain or inheritSagmentTemplate  with $Number$ or
$Time$ Identifier.
1 @segmentAlignment set to true forlhAdaptation Sets

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

1 MPI®type set tostatic

1 MP@®profiles includesurn:mpeg:dash:profile:isoff - ondemand:2011

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

1 @ubSegmentAlignment set to true for all Adaptation Sets

3.2.3. Segment format constraints

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

Yo

73

Ya

Yo

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

In Media Segments, all Segment Indesid ") and Subsegment Indexsgix ') boxes if
presentshall be placed before miMovie Fragment hoof ') boxes.

Note: DVB DASHI[45] permits only one single Segment Index box ('sidx’) for the entire Segment. As this con-
straintsis not severe in the content offering, istsonglyrecommended to offer content following this constraint.

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

% Each Representati shall have one Segment that complies withridexedSelf-Initial-
izing Media Segment as defined in section 6.3.5.2 in ISO/IEC 28009

Time Codes expressing presentation and decode shadkbe linearly increasing with in-
creasing Segment number in one Representation. In ord@nimize the frequency of time

code wrap around 64 bit codes may be used or the timescale of the Representation may be
chosen as small as possilile order tosuppot time code wrap around,reew Period may be

added in the MP2dded thainitiates a new Period in order to expresiszontinuity.

3.2.4. Presence of Attributes and Elements

Elements and attributes are expected to be present for certain Adaptation Sets esehREprs
to enable suitable initial selection and switching.
Specifically the following applies:

A For anyVideo Adaptation Setsvith-@cententType="videe"—as defined ir8.2.13 the

following attributes shall be present
0 @maxWidth (or @width if all Representations have the same width)

0 @maxHeight (or @height if all Representations have the saneggh)

DASH-IF Interoperability Points v33 11



1 0 @maxFrameRate (or @frameRate if all Representations have the safreeme
2 rate
3 o0 @par
4 Note: The attribute®@mxWidth and @maxHeight shouldbe 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 A For any Representation within AdaptationSetwith-@contentFype="video" —Video
8 Adaptation Sets as defined3rR.13the following attributes shall be present:
9 0 @width, if not present irAdaptationSet element
10 0 @height , if not present irAdaptationSet  element
11 o0 @frameRate , if not present iMdaptationSet  element
12 0 @sar
13 Note: @width, @height , and@sar attributes should indicate the vertical and horizontal
14 sample count of encoded and cropped video samples, not the intésplay size in pixels.
15 A For Adaptation Set or for any Representation withinAalaptation-Set-with@con-
16 tentType="videe"——Video Adaptation Sets as defined i8.2.13 the attribute
17 @scanType shall eithernot be presertr shall be set toptogressive  ".
18 A For anyAudio Adaptation Setsvith-value-of the@contentType="audic"—as defined
19 in 3.2.13the following attributes shall be present
20 o0 @lang
21 A For any Representation within ahudio Adaptation Set—with—value—ofthe@con-
22 tentType="audio"——Sets as defined B12.13the followingelements andttributes shall
23 be present:
24 0 @audioSamplingRate , if not present ilhdaptationSet  element
25 0 AudioChannelConfiguration , if not present iMdaptationSet  element

26 3.2.5. MPD Dimension Constraints

27  No constraintsare defined on MPD size, or ¢he number of elementdlowever, it should be
28 avoided to create unnecessary large MPDs.

29 Note: DVB DASH[45] adds MPD dimension constrats in section 4.5 of their specification. In order to conform
30 to this specification, it is recommended to obey these constraints.

31 3.2.6. Generic Metadata

32 Genericmetadata may be addedi®Ds based on DASHFor this purpose, the Esttial Property
33 Descriptor and the Supplemental Property Descriptor as defined in ISO/IEC-2380%lause
34 5.8.4.7and 5.8.4.8

35 Metadata identifier$or content properties are provided henép://dashif.org/ iden-
36 tifiers

DASH-IF Interoperability Points v33 12
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However, it is not expected thatDASH-IF clients support all metadat at
http://dashif.org/ identifiers unless explicitlyrequired

3.2.7. DASH Timing Model
3.2.7.1. General

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

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

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

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

clock time. Clients typically compare the walbck time to Segment availability times befo
accessing the Segments at the specified HOURRs in order to avoid erroneous HTTP request
responses. For static Media Presentations, the availability times of all Segments are identical. For
dynamic Media Presentations, the availability times of setgréepend on the position of the
Segment in the Media Presentation timeline, i.e. the Segments get avaidhlaavailablever

time.

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

Specifically, the following information is available in the MRt relates to timing

1 MP@®availabilityStartTime : the start time is the anchor for the MPD in wall
clock time. The value is denoted &ST.

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

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

In addition, with the use of tHRepresentation = @duration or Representation.Seg-
mentTimeline  the MPD start time for each segment and the MPD duration for each segment
can be derived. Foredhils refer to ISO/IEC 23008 as well as sectioh

According toFigure 1, the ASTis a walklclock time. It provides an anchor to all walbck time
computation in the MPDIhe sum of th®eriod @start of the first Period and th&STprovides

the Period start timBST lvalue in waltclock time of the first Period.

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

is assigned a presentation time offset, either by the value of the attRlepiesenta-
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tion @resentationT  imeOffset or by default set to 0. The value of this attribute is de-
noted as PTO. It isaimally the cas¢hat forcomplete files sequenced as Peritids value is 0

For fipartiab files or live streams@presentationTimeOffset indicates the media compo-
sition/presentation time of the samples thatchronizeo thestart of the Periad@presenta-
tionTimeOffset for the live stream will usually not be zero because the encoders are usually
started prior to presentation availability, so the media timestampgeedirdt available Segments

will have increased since the encoders started. Encoding timestamps may be set to UTC (as though
the encoder was turned on 1/1/1970 at midnidgkegpresentations iReriodsof live content typi-

cally have the sam@presentationTi  meOffset as long as the media is continuously en-
coded, because UTC time and media time increase at the same rate and maintain the same offset

AST (Wall-Clock)

Period 1 Period 2 Period 3
Period@start
L}
PST1 PS PST3
Representation
PTO
MPDS 1 MPDS 2
|M51||M52||M53||MS4| """""" MS N
|EPT |DUR | Media

Figure 1 Overview Timing Model

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

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

In addition, each segment has an internal saiapterate presentation time. Therefoagheseg-

ment has a media internal earliest presentation BRiEand sampleaccurate presentation dura-

tion DUR.

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

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

The value ofPeriod @start for an ad can be chosen to coincide with an insertion point in the
live stream by settinfPeriod @start to a presentation time durati@gual to the UTC time
difference betwee@availabilityStartTime and the scheduled encoding time of the in-
sertion point in the live stream.

DASH-IF Interoperability Points v33 14
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3.2.7.2. Static Media Presentations

For static media presentations, all Segments shall be available aASimdhis means tit a
DASH client may use the information in the MPD in order to seek to approximate times.

3.2.7.3. Dynamic Media Presentations

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

3.2.8. Bandwidth and Minimum Buffer Time

The MPD contains a pair of values for a bandwidth and buffering description, name¥jirihe
mum Buffer Time {BT) expressed by the value MP@minBuferTime and bandwidthBVY
expressed by the value REpresentation ~ @bandwidth . The following holds:

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

1 The minimum buffer time provides information that for each Stream Access Point (and in
the cas®f DASH-IF therefore each start of the Media Segment), the property of the stream:
If the Representation (starting at any segment) is delivered over a constant bitrate channel
with bitrate equal to value of the BW attribute then each presentatiofPinseavailable
at the client latest at time with a delay of at nf®Et- MBT.

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

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

1 the currently available buffer in the media pipelibeffer

9 the currently estimated download ratate

9 the value of the attribut@minBufferTime , MBT

1 the set ofvalues of the@bandwidth attribute for each RepresentatioBMi]

The task of the client is to select a suitable Represeniation

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

data. This means that aethurrent time it does habeifferdata in the buffer. Based on this model

the client can download a Representatitor whichBW[i]  rate®buffer/MBTwithout emptying

the buffer.

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

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

of the Segment (i.eMBT) needs to be downloaded, but the entire Segment, and MBfias

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

i for whichBWi] rat@®buffer/max_segment_duration

3.2.9. Trick Mode Support

Trick Modes are used by DASH clients in order to support fast forward, seek, rewind and oth
operations in which typically the media, especially video, is displayed in a speed other than the
normal playout speed. In order to support such operations, it is recomthtral the content
authoradds Representationat lower frame rates in order sopport faster playout with the same
decoding and rendering capabilities.
However Representatiortsargeted for trick modeare typicallynot be suitable for regular playout.
If the content author wants to explicitly signal that a Representation iswtdple for trick mode
cases, but not for regular playoutthe following is recommended

1 add an Adaptation Set that that only contains trick modes Representations

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

to which these trick mode Representations belong.tfitie modeRepresentations must
be timealignedwith the Representations the mainAdaptation SetThe value may also
be a whitespace separated list of @id values. In this castittk mode Adaptation Set is
associated to all Adaptation Sets with the vahfadhe @id.

1 signal the playout capabilities with the attrib@enaxPhyoutRate for each Represen-
tation in orderto indicate the accelerated playout that is enabled byitireledcodec
profile and level.

If an Adaptation Set in annotated with tlEssentialProperty descriptor with URI
"http://dashif.org/guidelines/trickmod e then the DASH client shall not select
any of the contained Representations for regular playout.

3.2.10.  Adaptation Set Constraints
3.2.10.1.  Introduction

Content in one Adaptation Skt constrainedo enable and simplify switching across different
Representationsf the same source conte@eneral Adaptation Set constraints allow sequencing
of Media Segments from different Representatién® (i ts rwa tt & pribrog sirgle audio or
video decodettypically requiringthevideodecodeto be reset to new dedod parameteratthe
switch point,such as a different encoded resolution or codec profile and level.
BitstreamSwitching Adaptation Set constraints allow a switched sequence of Media Setpnents
be decoded without resetting the decateswitch pointbecause the resultii®@egmenstream is

a validtrack of thesourcetype, sothe decoder is not even aware of the switch. In order to signal
that the Representations in an Adaptation Set are offered under these constraints, theAaittribute
aptationSet ~ @bits treamSwitching may be set totrue . When Adaptation-
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Set @bitstreamSwitching attribute is set td RUE the decoder can continue decoding with-
out reinitialization. When@bitstreamSwitching is set toFALSE, seamless switching
acrossRepresentations can be achieved witlinigalization of the decoder. Content authors
should sefAdaptationSet  @bitstreamSwitching to TRUEonly if the content does not
need the decoder to beingtialized.

In the following general requirements andaeenendations are provided for content in an Adap-
tation Set in sectiof.2.10.2and specific requirements when the bitstream switching is set to true
in section3.2.10.3

3.2.10.2. General

General Adaptation Set constraints require a client to process an Initialization Segment prior to the
first Media Segment and prior to each Me8i&Egment selected from a different Representation (a
Aibitrate switcho).

Adaptation Sets shatlontain Media Segments compatible with a single decodesthitwith

SAP type 1 or 2and in time aligned Representations using the €@tmaescale , when muliple
Representations are present

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

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

Additional recommendatianand constraints may apply for encryption and media coding. For
details, pleaseheckthe relevant sections in this documentparticular sectio6.2.5and7.7.5

3.2.10.3. Bitstream Switching

A bitstream switching Adaptation Set is optimized for seandes®dimg, andlive streamghat
may change encoding parameters over téngitstream switching Adaptation Set may process an
Initialization Segment one time frothe highest bandwidtRepresentation in the Adaptation Set,
and then process Media Segmentsifany other Representation in the same Adaptatiowiiet

out processing another Initialization SegmeFhe resulting sequence of an Initialization Segment
followed by time sequenced Media Segments results in a valiB M file with an elementary
stream similar to a transport stream.

For all Representations within an Adaptation Set\@ih i t st r eamSwi t cbi ng=06true

1 the Track_ID shall be equal for all Representations

1 Each movie fragment shall contain one track fragment
Note Multiple Adaptation Setsnay be included in an MPD that contalifferent subses of the available
Representations that are optimized for different decoder and screen limitatidReprésentatiomay be
present in more than one Adaptation set, for example a 720p Represethi@tiopresent in a 720p Adap-
tation Setmay also be present @11080p Adaptation Sethe 720pRepresentationsesthe samdnitializa-
tion Segments in each Adaptation Seit the 1080p Adaptation Set would require decoder and display con-
figuration withthe 1080p Initialization Segment.
Additional recommendation and constraints may apply for encryption and media coding. For de-

tails, please see below.
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3.2.11.  Media Time Information of Segment

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

time minus the segmedtration announced in the MPD.

The earliest presentation time may be accurately determined frddegimeent itself.

If the Segment Index is present than this time is providethe earliest_presenta-

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

If the Segment Index is not present, then the earliest presentation time is deduced from the ISO
BMFF parameters, namely the movie fragment header and possibly in combination with the infor-
mation in the Initializatio Segment using the edit list.

The earliest presentation time in the Period for a Segment can be deduced from the decode time
taking alsomto account the composition time offset, edit lists as agfiresentation time offsets.
Specifically the following is the case to determine the earliest presentation time assuming that no
edit list is present in the Initialization Segment:

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

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

In addition, if he presentation time needs to be adjusted at the beginning of a period, then the
@presentationTimeOffset shall be used in order to set the presentation that is mapped to
the start of the period. Content authoring shall be such that if edit lists aredigthere the client

can operate without timing and lip sync issues.

In the following examples, there is a sequence of I, P, and B frames, each with a decoding time
delta of 10. The segmentation, presentation order and storage of the samples is shaahlen the
below. The samples are stored with the indicated values for their decoding time deltas and com-
position time offsets (the actual CT and DT are given for reference). Tdrdegng occurs be-

cause the predicted P frames must be decoded beforedinedbionally predicted B frames. The

value of DT for a sample is always the sum of the deltas of the preceding samples. Note that the
total of the decoding deltas is the duration of the media in this track.

Example with closed GOP and SAP Type = 1:

Segnment N R e i R N N VA EER PR R CER PR PR
11 |P4 |B2 |B3 |P7 [B5 |B6 |18 [(P1 |B9 |B1 [P1 |B1 |B13

Presenta- |==| 11 B2 B3 P4 B5 B6 P7 |==| I8 B9 B10 P11 B12 B13
tion Order P14 |==|
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Base media |0 70

decode time

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 |11 |12 |130

EPT 10 80

Composition 1030 |0 |0 (30 |0 |0 |10 (30 [0 |O |30 |0 |O

time offset

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

Example with closed GOP and SAP Type = 2:

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

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

tion Order

Base media |0 60

decode time

Decode Delta 10 |10 |10 |10 |10 |10 10 |10 |10 |10 |10 |10

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

EPT 10 70

Composition 30 |0 0 30 |0 0 30 |0 0 30 |0 0

time offset

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

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

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

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

tion Order

Base media |0 60

decode time

DecodeDelta |10 |10 |10 |10 |10 |10 (10 |10 |10 |10 |10 |10

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

EPT 0 60

Composition 20 |-10(-10 (20 |-10|-10 |20 |-10(-10 |20 |-10 |-10

offset

CT 20 |0 10 |50 |30 |40 80 |60 |70 |110 |90 (100
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For additional details refer to ISO/IEC 14498[10] and ISO/IEC 23004 [1].

3.2.12.  Content Offering with Periods

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

to set PSTART to zero, i.e. the initialization segmeggs available at START on the server.
However, other values for PSTART may be chosen.

Note: This is aligned with Amd.3 of ISO/IEC 23602014[5] and may be referenced in

a future version of this document.

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

1 to enable splicing of content, for example forir@skrtion,

[ Formatted: Font: Times New Roman

-«

1__to provide synchronization in segment numbering, e.9. compensat®nstant segment

durations

to remove or add certain Representations in an Adaptation Set, -
to remove or add certain Adaptation Sets,

to remove or add content offering on cert@DNSs,

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

E N e E

Periods provide opportunities for resync, for ad insertion, for adding and removing Representaalt

for robustness reasons as documented in detail in sdcfion «
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tions. However, in certain circumstances the content across Period boundaries is continuous and

in this case, continuous playout of the client is expected.

In certain arcumstances the Media Presentation is offered such that the next Period is a continua-

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

later Period (e.g after an advertisement Period had been insertedjidnlgathat certain media

components are continued.

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

by idertifying both Adaptation Sets with identical value for the attrib@iil. Association ex-

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

used by the client to continue playing an associated Adaptation SetrievihPeriod.

In addition two Adaptation Sets in one MPD averiodcontinuousf all of the following holds:

{__The Adaptation Sets are associated.

1 The sum of the value of t@presentationTimeOffset

<

and the presentation dura-

tion of all Representations in one Adaptation Set are identical to the value of the @pres

tationTimeOffset of the associated Adaptation Set in the next Period.

{__If Representations in both Adaptation Sets have the same val@idothen they shall

have functionally equivalent Initialization Segments, i.e. the Initialization Segment may
be used to continue the ptayt of the Representatioithe concatenation of the Initiali-

zation Segment of the first Period, if present, and alkeoutive Media Segments in the
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Representation in the first Period and subsequently the concatenation with all consecutive
Media Segments in the Representation of the second Period shall represent a conforming
Segment sequence as defined in 4corformimy to the media type as specified in the
@mimeType attribute for the Representation in the first Periddiditionally, the
@mimeTypeattribute for the Representation in the next Period shall bgatine as one

of the first Period.

Media Presentations shdwsignal perioecontinuous Adaptation Sets by using a supplemental de-
scriptor on Adaptation Set level wit®schemeldUri set to"urn:mpeg:dash:period -
continuity:2015" with

1 _the @value of the descriptor matching the value of@nid of a Period that is conteed
in the MPD,
1 _the value of thédaptationSet @id being the same in both Periods.

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

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

vious one, but the timestamps are not continuous. Examples are timestamp wrap around, encoder
reset, splicing, or other aspects. Two Adaptation Sets in one MPD are-gemioected if all con-

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

at the Period boundary. However, for example the Initialization Segment is equivalent within the
two Adaptation Sets. Media Presentations should signal peoiodected Adaptation Sets by us-

ing a supplemental descriptor on Adaptation Set level w@lschemeldUri set to
"urn:mpeg:dash:period - connectivity:2015".

Note that period continuity implies period c@ativity.

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

mendations in sectiohand5. [Formatted: Font: Times New Roman

3.2.13. Adaptation Set Media Type

In contrast to MPEEDASH which does not prohibit the use of multiplexed Representations, in
the DASHIF I0Ps one Adaptation Set always contains exactly a singlerhge. The following
media types for Adaptation Sets are defined:

- Video Adaptation Set: An Adaptation Set that contains visual information for display to
the user. Such an Adaptation Set is identified@yimeType= video/mp4 " . For
more details on the @rition of media type video, refer to RFC 43[6B]. The DASHIF
IOP restrict the usage wideo/mp4 to only @codecs values as defined in this

specification.

- Audio Adaptation Set: An Adaptation Set that contains sound information to be rendered
to the user. Such an Adaptation Set is identified@mgimeType="audio /mp4" . For
more details on the definition of media type video, refer to RFC fE87The DASHIF
IOP restrict the usage afidio /mp4 to only @codecs values as defined in this

specification.
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- Subtitle Adaptation Set: An Adaptation Set that contaisigal overlay informationat be
rendered as auxiliary or accessibility informatiSnch an Adaptation Set is identified by
@mimeType="application /mp4" , aRole descriptor witt@schemeldUri ="
urn:mpeg:dash:role:2011 "and@value=" subtitle " and, an@codecs
parameter as defined Trable4 or "application/ ttml +xml ",

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

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

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

3.3. Client Implementation Requirements andGuidelines
3.3.1. Overview

The DASH-related aspects of thieteroperabiliy point as defined in sectionZcan also be un-
derstood as permission for DASH clients that only implement the features required by the descrip-
tion to process the Media Presentation (MPD document and Segnidrgjetailed DASHe-

lated client operatianarenot specified. Therefore, it is also unspecified how a DASH client ex-
actly conforms. This document however provides guidelines on what is expected for conformance
to thisinteroperabilitypoint. A minimum set of requirements collected in sectio3.3.4

3.3.2. DASH Client Guidelines

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

selection of the appropriate AdaptaticeiSbased on descriptors and other attributes
initial selection of one Bpresentation within eaclkla@ptation set

download of Sub)®gments at the appropriate time

synchronization of different media componeintsn different Adaptation &s

seamless switchingf representations within one Adaptatiogt S

= =4 —a —a 9
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Figure 2 DASH aspects 6a DASH-AVC/264 client compared to a client supporting the union of DASH ISO

BMFF live and on-demand profile.

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

f
1

= =4 —a —a A

3.3.3.

support of HTTRGET and petial GET requests to download Segments amos8gments
three different addressing schemeamber and timdéased templating as well as byte
range based requests.

support of metaata as provided in the MPD and Segmeulex

download ofMediaSegnents, Initialization Segments and Segmeiiek

ISO BMFF parsing

synchronized presentation of media components from diffééaptationSets

switching of video streams alosedGOP boundaries

Seamless switching

The formats defiedin section3.2 are designed for proviily good user experience even in case
the access bandwidth of the DASidgment delivery or the cache varies. A key functionality is

the ability that the DASH client caeamlessly switch across different Representations of the same

media component. DASH cliensdoulduse the common timeline across different Representation

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

coninue presentation of another Representation from tiomvards. However, in practical im-
plementations, this operation may be complex, as switching at timag require parallel down-
load and decoding of two Representations. Therefore, providing suitgbtaiag opportunities
in regular time intervals simplifies client implementations.

The formats defied in sectior8.2provide suitable switching opportunitieqstib)segment bound-

aries.
3.3.4.

DASH Client Requirements

In order to ensure a minimum level of interoperability, a DASKonforming client shall at least
support the following features:
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1 The DASH client, if it switches, shall provide a seamless experience. Hghall be
able to switch seamlessly at (sub)segment boundadesrding to the definition in
ISO/IEC 230091 [4], clause 4.5.1.

1 If the scheme or the value ftwetfollowing descriptoelements are not recognizadd no
equivalent other descriptor is presghg DASH clienshallignore the parent element

o FramePacking

o Rating

o EssentialDescriptor
o ContentProtection

3.4. Transport and ProtocolRelated Issues
3.4.1. General

Servers and clients operatingthte context of the interoperability points defined in this document
shallsupport the normative parts of HTTP/1.1 as defindRIR€ 723(24], RFC 723125], RFC
7232[26], RFC7233[27], and RFC 723{28].
Specific requirementand reommendationare provided below.
Note:IETF recently obsoleted RFC 2616 and replaced it with the six RFCs referred above.
The changes are generally text clarifications and in some cases, additional constraints to
address security or interoperability issues. Each new RFC contains detailsoétiges
compared to RFC2616. The IETF strongly recommends to reference and use the new RFCs
that collectively replace RFC2616. This version of DABHOP addresses this aspect.

MPEGDASH explicitly permits the use of https as a scheme and hence, HEFFTb8 as a
transport protocol as defined in RFC 28&8]. For more details refer to secti@r2

3.4.2. Server Requirements and Guidelines

HTTP Servers serving segmestsouldsupport suitable responses to byte range requests (partial
GETSs).
If an MPD is offered that contairRepresentations conforming to the ISO BMFF@emand
profile, then the HTTP servers offering these Representationsssipglbrt suitable responses to
byte range requests (partial GETS)
HTTP Servers may also support the syntax using Annex E of 2B@8hg the syntax of the
second example in Annex E.3,

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

3.4.3. Client Requirements and Guidelines

Clientsshallsupport byte range requests, i.e. issue partial GETs to subsegdafsed irRFC
7233[27]. Range requests may also be issued by using Annex E of-230l@g the syntax of
the second example in Annex E.3,

BaseURL@byteRange="$base$?$query $&range=%first$ - Slast$"
Clients shall follow the reaction tatHTTP status an@rror codesas definedn section A.7 of
ISO/IEC 23009L1.
Clients shouldsupport the normative aspects of th€TP statemanagemeniechanismgalso
known as Cookies) as defined in RFC 6244 for first-party cookies

DASH-IF Interoperability Points v33 24
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3.4.4. Transforming Proxies and Other Adaptation Middleboxes

A number of video transcoding gxies (aka "middleboxes") amdready deployed on the wider
Internetmay silently transcodBRepresentationsSpecifically: a middlebox may see a video/mp4
response, transcode that video into a different format (perhaps using a lower bitrate or a different
codec), then forward theanscoded video to the DASH clieffthis will breakMPD and/orSeg-
ment Indexbasedoyte range operationas those rangesegenerally nowalid in the transcoded
video.
If such a threat is possiblene of the followingpproacks may be considered in ordemtrevent
proxiesfrom transcodinddASH Representations:

1. serveMedia Presentationssing encryption (e.g., HTTP over TLS, segmemtryptionor

content protection

2. serveRepresentationgith CacheControl:fino- transform
In all cases the operational impacts on caching and implementations should be considered when
using any of the above technologies.
In order to prevent middleboxes to manipulate the MPD, e.g. removing certain Representations or
Adaptation Sets, the MPD may becurely transported by appropriate means, e.g. HTTPS.

3.5. Synchronization Considerations

In order to properly access MPDs and Segments that are available on DASH Bex@&tiserv-
ers anctlientsshouldsynchronize their clocks to a globally accurate tiramdard Specifically it
is expected that the Segment Availability Times as computedtfrefPD according to ISO/IEC
230091 [5], section 5.3.9.5and additional details in ISO/IEC 230399], section 6.4re accu-
ratelyannounced in the MPD.

Options to obtainiming for a DASH client aréor example

1 Usage of NTP or SNTRs defined irRFC590543].

1 The Date generaheader fieldin the HTTP headefseeRFC 7231[25] section7.1.1.2)
represents the date and time at which the message was origarateday be used as
indication of the actual time

Anticipated inaccuracy of the timing soursbould be ta&ninto account when requesting seg-
ments close to their segment availability time boundaries.
More details on advanced synchronization support is provideection4.7.

3.6. Considerations for Live Services

For interoperability aspects of live services, please tefsectiord.

3.7. Considerations on Ad Insertion

For interoperability aspects for ad insertion use cases, please refetitmb.

3.8. Switching across Adaptation Sets

Note: This technology is expected to be available in ISO/IEC 2300®14/Amd.4:2016
[6]. section 5.3.3.80nce published by MPEG, this section is expected to be replaced by a
reference to the MPEGASH standard.
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Representations in two or more Adaptation Sets may provide the same conteditidm aithe
content may be timaligned and may be offered suchttiaamless switching across Representa-
tions in different Adaptation Sets is possible. Typical examples are the offering of the same content
with different codecs, for example H.264/AVC and H.265/HEVC and the content author wants to
provide such informatioto the receiver in order to seamlessly switch Representdtismefined

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

A content author may signal such seamless switchimggpty across Adaptation Sets by providing
a Supplemental Descriptor along with an Adaptation Set v@hchemeldURI set to
tionSetSwitching——urn:mpeg:dash:adaptation - set - switching:20 16 and the
@value isacommaseparated list of Adaptation Set IDs thaty be seamlessly #ahed to from
this Adaptation Set.

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

ment or @subsegmentAlignment are set tad RUEfor one Adaptation Set, the (Sub)Segment
alignment shall hold foall Representations all Adaptation Sets for which th@id value is
included in the@value attribute of the Supplemental descriptor.

As an example, a content author may signal that seamless switching across an H.264/AVC Adap-
tation Set withAdaptationSet @i d = 0 h 28d4ue HEVC Adaptation Set witkdapta-
tionSet @i d =263 is possible by adding a Supplemental Descriptor to the H.264/AVC Ad-

aptation Set with@schemeldURI set tohttp:idashif-org/deseripterfAdapta——————

tienSetSwitching——urn:mpeg:dash:adaptation - set - switching:20 16, and the [Formaned: Font: Courier New

@value= 0 h 2 6 &nd by adding a Supplemeni¢scriptor to the HEVC Adaptatlon Set with
@schemeldURI set to B e e e —

urn:mpeg:dash:adaptation - set - switching:20 16, and the ( Formatted: _Font: Courier New

tionSetSwitching——
@value=0h2640

In addition, if thecontent author signals the ability of Adaptation Set switcfongry-Adaptation
Sets

- with-@contentType="videe——any Video Adaptation Seas definedn 3.2.13then the

parameters as defined in sect®.4for an Adaption Set shall also hold for all Adaptation
Sets that are included in ti@value attribute.
- with-@contentType="—audio—any AudioAdaptation Seas defined ir8.2.13then the
parameters as defined in sect®B.4for an Adaption Set shall also hold for all Audation
Sets that are included in ti@value attribute.
Note that this constraint may result that the switching may only be signaled with one Adaptation
Set, but not with both as for example one Adaptation Set signaling may include all spatial resolu-
tionsof another one, whereas it is not the case the other way round.

DASH-IF Interoperability Points v33 2€



14

15
16

17

18
19
20

21
22

23
24

25
26
27
28

4. Live Services

4.1. Introduction

MPEGDASH [1] provides several tools to support live services. Ehitionprimarily provides
requirements and recommendations for both, content authoring as well as client implementations.

For this purpose, thisection

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

1 defines one new interoperability point in order to address content authoring and client re-
quirements to support a broad set of live services based on tinesedefined in the sec-
ond edition (published 2014) of MPEHBASH as well certain amendments thereof.

The main features and differences of these two modes are provided in the follawie8:

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

Feature Simple Main

Support of MP®type static, dynamic static, dynamic

MPD updates yes yes

MPD updated triggered by MPD attributeminimum update pe: by Inband Event messages in t

riod segments.

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

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

Segments starts with closed GOP closed GOP

Support of Simple Live Yes No

Support of Main Live Yes Yes

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

4.2. Overview Dynamic and Live Media Presentations

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

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

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

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

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

3. MPD and Segmentcontrolled Live: Services for which the content is typically gener-
ated on the fly, and the MPD may need to be updated on short notice to reflect changes in
the service offerings. Foush a service, the DASH client operates on information in the
MPD and is expected to parse segments to extract relevant information for proper opera-
tion. This addresses the use cases 4 and 5, but also takes into account the advanced use
cases.

Dynamic andLive services are typically controlled by different client transactions and ssdeer
signaling.
For initial access to the service and joining the service, an MPD is required. MPDs may be accessed
at join time or may have been provided earlier, for ganalong with an Electronic Service
Guide. The initial MPD or join MPD is accessed and processed by the client and the client having
an accurate clock that is synchronized with the server can analyze the MPD and extract suitable
information in order to iitiate the service. This includes, but is not limited to:
1 identifying the currently active Periods in the service and the Period that expresses the live
edge (for more details see below)
1 selecting the suitable media components by selecting one or méltipigtation Sets.
Within each Adaptation Set selecting an appropriate Representation and identifying the
live edge segment in each Representations. The client then issues requests for the Seg-
ments.
The MPD may be updated on the server based on certagantl clients consuming the service
are expected to update MPDs based on certain triggers. The triggers may be provided by the MPD
itself or by information included in Segments. Depending on the service offering, different client
operations are required ghown irFigure3.
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Figure 3 Different Client Models

The basic functions a live clients describes in this document are as follows:
1. Dynamic Segment DownloadThis function creates a list of available Segments based

on a single MPD and joins the service by downloading Segments at the live edge or may

use the Segments that are available in the time shift buffer.

2. Simple Live Client: This client includes the dyrmadc segment download function and
enables updates of the MPD based on information in the MPD in order to extend the Seg-
ment list at the live edge. MPDs are refetched and revalidated when the currently availa-
ble MPD expires, i.e. an expired MPD can no larigeeused for Segment URL genera-

tion.

3. Main Live Client: This client includes all features of the simple Live DASH client. In
addition it generates Segment URLs and it updates the MPD based on information in the

DASH-IF Interoperability Points v33
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Segments if the service offering providestfdature. MPDs are refetched and revali-
dated when the currently available MPD expires based on expiry information in the Seg-
ments.

Requirements and recommendations for the dynamic segment download functions are defined in
in sectior4.3.

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

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

Requiremets and recommendations when offering live services atearand are provided in
section4.6.

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

Requirements and recommendations for robust service offenmysorresponding clients are
defined in sectiod.8

InteroperabilityAspectsare defined in sectiofh.9.

4.3. Dynamic Segment Download
4.3.1. Background and Assumptions

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

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

We refer to this service as dynamic service as the main featuratithe Segments are made
available over time following the schedule of the media timeline.

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

4.3.2. Preliminaries
4.3.2.1. MPD Information

If the Media Presentation is of type dynamic, then Segments have different Segment availability
times, i.e. the earliest time for which the service provider periné DASH client to issue a re-

quest to the Segment and guarantees, under regular operation modes, that the client gets a 200 OK
response for the Segment. The Segment availability times for each Representation can be com-
puted based on the information inMPD.

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

on synchronization are discussed in secfigh

Assuming synchronization, the information in the MPD can then be used by the dlimetNOW
to derive the availability (or neavailability) of Segments on the server.

Table 6 -- Information related to Segment Information and Availability Times for a dynamic service

MPD Information Status Comment

MP@type mandaory, set to ynamic " the type of the Media Preser
tation is dynamic, i.e. Seg-
ments get available over
time.

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

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

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

MPI@minBufferTime mandatory minimum buffer time, used
in conjunction wih the
@bandwidth attribute of
each Representation. The
value is denoted 84BT. De-
tails on the setting and usag
of the parameter is provided
in the following.

MP®timeShiftBufferDepth optional, but recommended time shift buffer depth of the
media presetion. The
value is denoted aBSB De-
tails on the setting and usag
of the parameter is provided
in the following.

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

may also be available on a
Base URL or defaultFor
more details refer to section
4.3.2.2.5
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NOTE: the value of INF" im-
plies availability of all segments
starts aMP[@availabil-

ityStartTime
SegmentTemplate @media mandatory The template for the Media

Segmentssigned to a Repre

sentation.
SegmentTemplate @startNumber optional default number of the first segment

in the Periodassigned to a
Representation

SegmentTemplate @imescale optional default timescale for this Represent.
tion.

SegmentTemplate @duration exactly one oBegmentTem- the duration of each Segmer

SegmentTemplate.SegmentTime- plate @duration or Seg- in units of a time.

line mentTemplate.Seg-

mentTimeline  must be pre-
sent per Representation.

4.3.2.2. Segment Information Derivation
4.3.2.2.1. Introduction

Based on an MPD including information as documentdthlie6 and available at timROWon

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

MPD information is provided in subsectidr8.2.2.3 The Period based information is documented
in subsection 4.3.2.2.4 and the Representation information is documented inseation
43225

4.3.2.2.2. Definitions

The following definitions are relevant and aligned with ISO/IEC 23009

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

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

1 NOWIis a time that is expressing the time on the content server aslackltime. All
information in theVIPD related to waltlock is expressed as a reference to the NQg\V.

4.3.2.2.3. MPD Information

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

1 TheMPI®type shall be set todynamic ".

T TheMPI®mediaPresentationDuration shall be present, or tliReriod @dura-
tion of the last Period shall be present.

1 TheMP@minimumUpdatePeriod shall not be present.
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Furthermore, it is recommended to provide a valueviBi@timeShiftBufferDepth and
MPO@suggestedPresentationDelay

4.3.2.2.4.

Period Information

Each Period is documented biperiod element in the MPD. An MPD may contain one or more

Periods. In order to document the use of multiple Periods, the sequence of Period elements is

expressed by an indéxvith i increasing by 1 for each new Period element.

Each regular Periodin the MPDis assigned a

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

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

The Period start timBSwdi] for a regular Periodis determined according to section 5.3.2.1 of

ISO/IEC 230091

f
f

If the attribute@start is present in th@eriod , thenPSwdi] is the sum oASTand the
value of this attribute.
If the @start attribute is absent, but the previd@sriod element contains @dura-

tion attribute then the start time of the Period is the sum of the start time of the previous

PeriodPSw¢i] and the value of the attriteit@duration of the previous Period. Note

that if both are present, then tt@start

information derived from th@&duration attribute.

of the new Period takes precedence over the

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

If the Period is the last one in the MRbe timePEwdi] is obtained as
o the sum ofASTand Media Presentation DuratidPDur, with MPDur the value

1

1

4.3.2.2.5.

of MP@mediaPresentationDuration

if present, or the sum &¥Sw¢i] of

the last Period and the valueRdr iod @duration of the last Period.

else

o thetimePEwdi] is obtained as the Period start time of the next Perio®Ewdi]
= PSwg¢i+1].

Representation Information

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

If the SegmentTemplate.SegmentTimeline
plate @duration

is not present, th&egmentTimeline

indexed with s=1, ..Ns, then let

1
f

1

=

tsthe value of the@dtimescale attribute
atois the value of th@availability TimeOffset

is zero.

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

r[s] be,

DASH-IF Interoperability Points v33
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o ifthe @rvalue is greater than or equal to zero
A one more than the value @ of thes-th S element. Note that i@r is
smaller than the end of this segment timeline element, then this Represen-
tation contains gaps and ntedia is present for this gap.
o else
A if t[s+1] is present, ther{s] is the ceil of {{s+1] - t[s])/d[s]

A elser[g] is the ceil of PEwdi] - PSw¢i] - t[g]/ts)*ts/d[s])

If the SegmentTemplate @duration is present and th&egmentTemplate.Seg-
mentTimeline is not present, then

f
1

1
f
1
f

Ns=1,

atois the value of thé@availability TimeOffset attribute, if present. Otherwise it
is zero.

tsthe value of the@dtimescale attribute

t[s] is O,

thed[d] is the value of@luration  attribute
r[s] is the ceil of PEwdi] - PSwdi] - t[s]/ts)*t/d[9])

4.3.2.2.6. Media Time Information of Segment

Each Media Segment at positiknl,2, ...for each Representation has assigned an earliest media
presentation tim&PT[k,r,i] and an accurate segment dura®mUR[K,r,j], all measured in media
presetation time.

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

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

For details on the derivation of the earliest presentation time, see etibh

4.3.2.2.7. Segment List Parameters

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

1

f
f
1
f
f
f
f
f
f

the presentation time offset described in the M&{Dx]

the availability time offset of this Representation, gto[

the number of the firgegment described in the MPD, kd][

the number of the last segment described in the MPDrk2[

segment availability start time of the initialization segment SAS,T]
segment availability end time of the initialization segment SAE]
segmenavailability start time of each media segment SAJF], k=k1, ..., k2
segment availability end time of each media segment SQET[k=K1, ..., k2
adjusted segment availability start time ASABTf], k=0, k1, ..., k2
segment duration of each mediegment SI¥,i,r], k=k1, ..., k2
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1 the URL of each of the segments, URL[]
In addition,

1 the latest available PeriofNOW and the latest segment available at the senNOK|]|
can be computed.his segment is also referred tolies edge segment

1 the earliest available Periodd[NOW and the earliest segment available at the server
k*NOW can be computed.

Based on the above information, for each Representatioa Period, the segment availability
start timeSASTK,i,r], thesegment availability end time of each segn®@hETK,i,r], the segment

©Coo~N oW N P

duration of each segme8Ok,i,r], and the URL of each of the segmetd&L{k,i,r] within one
Periodi be derived as follows using the URL Template funclidRLTemplate (Replace-
mentStri  ng, Address) as documented in subsectidh2.2.8

k=0

ASASTO,i,r] = PSwgi] - ato
fors=1, ... Ns[i,r]

(o]

O oO0Oo0oo0oo

1
1 SASTO,ir] = PSwéi]
1
1

k=k+1
SASTK,i,r] = PSw¢i] + (t[s,i,f] + d[s,i,f] - ofi,r])/ts
ASASTK,i,r] = SASTK,ir] 7 ato
SOk,i,r] = d[s,i,]/ts
SAETK,i,r] = SASTK,i,r] + TSB+d[s,i,]/ts
if SegmentTemplate @mediacontainssNumber$
A Address@startNumber
A URLUK,i,r] = URLTemplate ($Number$, Addres$
else
A Address=t[s,i,f]
A URUK,i,r] = URLTemplate ($Time$ , Addres}
forj=1, ...,r[s,i,1]
A k=k+1
A SASTK,i,r] = SASTL-1,i,r] +d[s.,i,f/ts
A ASASTK,ir] = SASTK,ir] T ato

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

A sSDk,ir]=d[s,i,/ts
A if SegmentTemplate @mediacontains$Number$
A Address= Addresst 1
A URLK,i,r] = URLTemplate ($Number$, Addres}
else
A Address = Address ds,i,I]
A URLLk,i,r] = URLTemplate ($Time$ , Addres}

T K2[ir] =k
1 SAETO,ir] = SAETK2[i r],ir]
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Note that not all segments documented above may necessarily be accessible@rhat only
those that are within the segment availability time window.

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

The latest available PerigfNOW is the Period with the largesPEwdi] andPEwdi] is smaller
than or equal ttlOW.

The latest available segmedgtNOW available for a Representation of PeripdOW (also the

live edge segmeni3 the segment with the largdst0,1,2,... such th&ASTk,i,r] is smaller than

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

However, if the@availability TimeOffset is present, then the segmefur this Represen-
tationare availablearlier than the nominal segment availability start time, nam@$AasTk,i,r].

4.3.2.2.8. URL Generation with Segment Template

The functionURL Template functiorJRLTemplate (ReplacementString , Address) gen-

erates a URL. For details refer to ISO/IEC 230Q(3], section 5.3.9.4. Once the Segment is gen-
erated, processing of the Base URLSs that apply on this segment level is done as defined in ISO/IEC
230091, section 5.6.

4.3.2.2.9. Synchronized Playout and Seamless Switching

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

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

For dynamic service offerings, the MPD shall conform to DABHOP as defined in sectioB
and shall at least contain the mandatory information as documerfeatles.

If such an MPD is accessible at tilN®Wat the locatiotMPD .Location , then

1 all Segments for all Representations in all Periods as announced in an MPD shall be
available latest at the announced segment availability starSBdk,i,r] at all
URLk,i,r] as derived in sectiof.3.2.2

1 all Segments for all Representations in all Periods as announced in an MPD shall at least
be available until the announceshment availability end tim8AETK,i,r] at all
URL[K,i,r] as derived in sectiof.3.2.2

9 for all Media Segments for all Representations in all Periods as anndoraretPD the
Segment in this Period is available prior to the sum of Period start, earliest presentation
time and segment duration, i®ASTK,i,r] <= PSw¢i] + SOk,r,i] + EPTK,r,i];
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9 if a Media Segments with segment numkés delivered over a constabitrate channel
with bitrate equal to value of th@bandwidth attribute then each presentation tiRie
is available at the client latest at time with a delay of at iRdst MBT.

4.3.3.2.

4.3.3.2.1.

In order to offer a simple dynamic service for which the following details are known in advance,
9 start at waliclock timeSTART,

1 exact duration of media presentatbBURATION

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

a service provide may offer an MPD as follows:

Dynamic Service Offering Guidelines
Introduction

Table 77 Basic Service Offering

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

Note that the setting of capitalized parameters is discussed in se&tidr2.2
According to the worklow shown inAnnex B

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

9 no redundant tools are considered.

1 the encoder anch¢ segmenter generate segments of dur&BURATIONand publish
those on the origin server, such that they are available atdJRigst at their announced
segment availability start time SAS][

Based on the details in sectiér8.2.2 the Segment Information is derived as:
T ki=1
1 k2 =ceil(PDURATION/SDURATION)

1 fork=1, ..., k2
0 SASTLK] = START+ PSTART+ k*SDURATION
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0 SAET[K = SASTK] + TSB+ SDURATION
0 SD[K] = SDURATION
0 URL[K] = http://fexample.com/$RepresentationID$/k
1 The segment availability times of the Initialization Segment are as follows:
0 SAST[0] = START+ PSTART
0 SAET[0] = SAET[K2]

4.3.3.2.2. Basic Parameter Settings
In the following recommendations are provided foz t

1 Time Shift Buffer DepthTSB):

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

o If no restrictions on the accessibility of the content are provided, thaiSBenay
be set to a large value that even excédddRATION

1 Suggested Presentation DelSPD

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

A the desired entb-end latency

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

A the segment duraticBDURATION

A the time shift buffer deptiSB

o0 A reasonale value may be 2 to 4 times of the segment dur@DURATIONbut
the time should not be smaller than 4 seconds in order for the client to maintain
some buffering.

1 Segment DurationSDURATION

o The segment duration typically influences the -tmdnd latency, but also the
switching and random access granularity as in DARBK/AVC each segment
starts with a stream access point which can also be used as s switch point. The
service provider should set the value taking into account at least the following:

A the desired entb-end latency
the desired compression efficiency
the starup latency
the desired switching granularity
the desired amount of HTTP requests per second
the variability of the expected network conditions
0 Reasonable values for segment duratiare between 1 second and 10 seconds.
1 Minimum Buffer Time MBT) and bandwidthBWY

o the value of the minimum buffer tindoes not provide any instructions to the

client on how long to buffer the media This aspect is covered $3.4.4 The

D> D> > >
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value describes how much buffer a client should have uddarnetwork condi-
tions. As such,MBTis not describing the burstiness or jitter in the network, it is
describing théburstiness or jitter in theontent encoding Together with thd8W
value, it is a property of the contentising the "leaky bucket" model, it is the size
of the bucket that mak&Wrue, given the way the content is encoded.

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

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

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

1 the currently available buffer in the media pipelipeffer

1 the currently estimated download rat&te

9 the value of the attribut@minBufferTime , MBT

1 the set of values of th@bandwidth attribute for each RepresentatioBMi]
The task of the client is to select a suitable Represeniation

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

the client can download a Representatifor whichBWi] raté@buffer/MBTwithout emptying

the buffer.

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

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

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

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

i for whichBWi] ratébuffer/max_segment_duration

For low latency cases, the above parameters may be different.
4.3.3.2.3. Example
Assume a simple example according tble10.

Table 87 Basic Service Offering

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

ber$"

SegmentTemplate @startNumber 1
SegmentTemplate @duration 5sec

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

1
2 1 ki=1,k2=9

3 1 fork=1,..,k2

4 0 SASTLK] = START+ k*5sec

5 0 SAET[K] = SASTK] + 30sec

6 0 URLJ[K] = http://fexample.com/1/k

7 1 The segment availability times of thtialization Segment are as follows:
8 0 SAST[0] = START

9 0 SAET[0] =START + 75 sec

10 Figure4 shows the availability of segments on #egverfor different times NOW. Irparticular,
11 before START no segment is available, but the segment URLs are valid. Witk@kvadvanc-
12 ing, segments get available.
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NOW < START
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NOW > START + 15*SDURATION
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Figure 4 Segment Availability on the Server for different time NOW (blue = valid but not yet available seg-
ment, green = available Segment, red = unavailable Segment)

4.3.3.3.
4.3.3.3.1.

For content offered within a Period, and especially wheeredf in multiple Periods, then the
content provider should offer the content such that actual media presentation time is as close as
possible to the actual Period duration. It is recommended that the Period duration is the maximum
of the presentation duiah of all Representations contained in the Period.

Content Offering with Periods
General

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

Table 9 Multi -Period Service Offering

MPD Information Value
MPO@type dynamic
MP@availabilityStartTime START
MPI@mediaPresentationDuration PDURATION
MPI@suggestedPresentationDelay SPD
MPOI®minBufferTime MBT
MPO®timeShiftBufferDepth TSB

MPD.BaseURL
Period @start

"http://example.com/"
PSTART

SegmentTemplate @media

" 1/ $RepresentationlD$/$Numbers”

SegmentTemplate @startNumber

1

SegmentTemplate @duration

SDURATION
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Period @start PSTART2
Representation ~ @availabil- ATO2
ityTimeOffset
SegmentTemplate @media " 2/ $Representation|D$/$Numbers”
SegmentTemplate @startNumber 1
SegmentTemplate @duration SDURATIOR
Period @start PSTARB
SegmentTemplate @media " 1/ $RepresentationID$/$SNumbers$"
SegmentTemplate @startNumber STARTNUMBER2
SegmentTemplate @duration SDURATION
SegmentTemplate @presenta- PTO
tionTimeOffset

The work flow for such a service offering is expected to be similar to the one in seétidR2.1

Based on the details in sectiérB8.2.2 the Segment Information is derived as:
9 Period 1

(o]

O o0 oo

(o]
(o]

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

9 Period 2

o

O O oo

(o]
(o]

PSwc[2] =START+ PSTARD
PEwc[2] =START+ PSTARB
ki=1
k2 =ceil( (PSTART3 PSTART2)/SDURATION2)
fork=1, ..., k2
A SASTK] = PSwc[2] +k*SDURATIOR
A ASAST[K] = SASTK] i ATO2
A SAET[K = SASTK] +TSB+ SDURATIONR
A SDIK] = SDURATIONR
A URL[K] = http://example.com/2/$RepresentationID$/k
SASTI0] = PSwc[2]
SAET[0] = SAET[k2]

9 Period 3

o

o]
o
(o]

PSwc[3] =START+ PSTARB

PEwc[3] =START+ PDURATION

ki=1

k2 =ceil((PSTART3 - PDURATION)/SDURATION1)
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[y

o fork=1,..., k2
SASTLK] = PSwc[3] +k*SDURATION
SAET[K] = SASTK] + TSB+ SDURATION
SDIK] = SDURATION
URL[K] =" http://example.com/1/$Representa-
tionID$/(k+ STARTNUMBERZ)"
0 SAST[0] = PSwc[3]
0 SAET[0] = SAET[K2]
Note that the numbécdescribes position in the Period. The actual number used in the segment
template increased by the one less than the actual start number.

4.3.3.3.2. Continuous Period Offering

Continuous Period offering as defined in secBo2.12may be used. If multiple periods are of-
fered primarily for robustness or MPD changes, the continuous period should be used by the con-

b

tent author to provide seamless experiences for the user.

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

9 variable segment durations

1 gaps in the segment timeline of one Representation,

the Segment timeline as defined in ISO/IEC 23@08ection 5.3.9.6 may be used as an alternative

to the@duration attribute & shown in section.3.3.2

Table 107 Service Offering with Segment Timeline

MPD Information Value
MP@type dynamic
MP®availabilityStartTime START
MPI@mediaPresentationDuration PDURATION
MPO®@suggestedPresentationDelay SPD
MPO® minBufferTime MBT
MP®@timeShiftBufferDepth TSB
MPDBaseURL "http://example.com/"
Period @start PSTART
SegmentTemplate @media " $Representation|D$/ $Num-
ber$"
SegmentTemplate @startNumber 1

SegmentTemplate . SegmentTimeline

tfil, nfil, dil, rfi]

According to the worilow shown inAnnex B

1 the MPD is generated and published prior to tBT@RTsuch that DASH clients may

access it prior to the start of the Media Presentation.

 no redundant tools are considered.
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1 the encoder anché segmenter generally should generate segments of constant duration
SDURATIONand publish those on the origin server, such that they are available & URL[
latest at their announced segment availability start time S4.3T¢wever, the server may
offer occasional shorter segments for encoding optimizations, e.g. at scene changes, or
segment gaps (for details see section 6). If such an irregular segment is published the MPD
needs to document this by a n8wlement in the segment timeline.

If the segmentimeline is used and ti&Time$ template is used, then the times in the MPD shall
accurately present media internal presentation times.

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

Based on these considerations, it is not feasible to operate with a single MPD if the content is not
yet known in advance. However, goeepared content based on the segment timeline may be of-
fered in a dynamic fashion. The use of the Segment Timeliness suaitable for the case where

the MPD can be updated. For details refer to sedtidn

4.3.3.4.2. Basic Parameter Settings

The parameters farSBandSPDshould be set according to sect#8.3.2.2 The segment dura-
tion SDURATIONmMay be set according to sectiér8.3.2.2 but it should be considered that the
service provider can offer shorter segments occasionally.

4.3.3.5. Joining Recommendation

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

However there are circumstances where a dynamic MPD might be used with ousteted for

playback from the start, or from another position. For example, when a content provider offers
6start againd functionality for a I|ive program,
on-demand program, but not all the segmaevitsbe available immediately.

This may be signalled to the DASH client by including an MPD Anchor, with either
1 thet parameter, or

1 both theperiod andt parameter, in the MPD URL provided to the DASH client, or
1 theute-POSIX parameter, for details refey Amd.3 of ISO/IEC 23009:2014(5].

The format and behaviour of MPD Anchors is defined in section C.4 of ISO/IEC -A3@):cif-
ically theute-POSIX parameter is dmed in Amd.3 of ISO/IEC 23009:2014[5].

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

#t=0

Or to start from somewhere other than the start, in this case 50 minutes from the beginning of the
period wi tplogrdre mparto2do 1 D f

#period =program_part_2&t=50:00

DASH-IF Interoperability Points v33 4E
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Starting from a given UTC time can be achieved using the POSEK elith t parameter. For
example, starting playback froded, 08 Jun 2016 17:29:06 GMuould be expressed as

#t=posix: 1465406946

#t=posix:now stands for fAlive edge"

Notes:

1 as per section C.4 of ISO/IEC 23003he time indicated using the t parametesisgper
the field definition of the W3C Media Fragments Recommendation v1.0 section 4.2.1.

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

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

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

A DASH client is guided by the information provided in the MPD. A simple client model is shown
in Figure5.

Media
Downlload Buffer Decode
Engine and
Rendering

Figure 5 Simple Client Model

Assume that the client has access to an MPD and the MPD contains the pararietaebiri.e.
it consumes a dynamic service with fixed media presentation duration.

In addition in the following for simplicity it is assumed that the MPD only contains a single Period
with period start timéSw¢i] and the MPBDURL does not include any fragment parameters ac-
cording to sectiod.3.3.5

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

1) The client parses the MPD, selects a collection of Adaptation Sets suitable for its environ-
ment basedn information provided in each of tielaptationSet ~ elements.

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

3) The client creates a list of accessible Segments at least for each selected Representation
taking into account the information in the MPD as document@alite6 andthe current
time JOINin the client and in particular the segment closest to the live edge referred to the
live edge segmenfor details refer to sectigh3.4.2

4) The client downloads the initialization segment of the selected Representations and then
accesses the content by requesting entire Segments or byte ranges of Segments. Typically
at any timethe clientdownload the next segment at the larger of the t@pcompletion
of download of current segment or (ii) the Segment Availability Start Time of the next
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4.3.4.2.

segmentNote that if the@availability TimeOffset is present, then theegments

may be downloaded earlier, namely at the adiuségment availability statime. Based

on the buffer fullness and other criteria, rate adaptation is considered. Typically the first
media segment that is downloaded is litte edge segmenbut other decisions may be

taken in order to minimize staup latency. For details onitial buffering, refer to section
4.3.4.4

According toFigure5 media is fed into buffer and at some point in time, the decoding and
rendering of the media is kicked off. The downloading and presentation is done for the
selected Representation of each selected Adaptation. The synchronization is done using
the present#on time in the Period as documented in secfich2.2.9 For synchronized
playout, the exact presentation times in the media shall be used.

Once presentation hasarted, the playout process is continuous. The playout process ex-
pects media to be present in the buffer continuously. IMRE® suggestedPresen-
tationDelay is present, then this value may be used as the presentatiorP8ely

the MPI@suggestedPresent ationDelay is not present, but the client is expected

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

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

tency as well as the starp latency, sesectiord4.3.4.4

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

Once the presentation has started, the client continues consuming the media content by
continuously requesting Media Segments or parts of Media Segments and playing content
that according to the media presentation timeline. The client may switch Repiessntat
taking into updated information from its environment, e.g. change of observed throughput.
In a straighfforward implementation, with any request for a Media Segment starting with

a stream access point, the client may switch to a different Representhsiwitching at

a stream access point, the client shall switch seamlessly at such a stream access point.
With the waltclock timeNOWadvancing, the client consumes the available Segments. As
NOWadvances the client possibly expands the listvailabde Segments for each Repre-
sentation in the Period according to the procedures specified.th2

Once the client is consuming media contained in the Segmemasd® the end of the
announced media in the Representation, then either the Media Presentation is terminated,
a new Period is started (see subsectich4.3 or the MPD needs to be refetched. For
details on MPD updates and refetching, please refer to sdction

Determining the Segment List

For a single Period contethe client determines the available Segment List athi@@/according
to sectiom.3.2.2.7taking into account the simplified offering Trable7 as

1
f
1
f

ki1=1

k2 =ceil(PDURATION/SDURATION)

SASTIK] = START+ PSTART + k*SDURATIONork =0, 1, ..., k2
ASASTIK] = SASTK] - ATO
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SAETIK = SASTK] + TSB+ SDURATIONork = 1, ..., k2

SAET[0] = SAET[K2]

SDIK] = SDURATION

URL[K] = http://fexample.com/$Representation|D$/k

k[INOW = MIN(floor ~ ((NOW- START- PSTART/SDURATION, k2)

T K{NOW = MAX(k1, floor ((NOW- START- PSTART- TSB)/SDURATION

Note that if KNOW is O, then only the Initialization Segment is availaliiee live edge segment
if provided as KNOW,. If the @availability TimeOffset is present, then the segments for
this Representation may be downloaded from ASABGiiwards.

4.3.4.3. Multi -Period Content

In an extension to the description in sectbf.4.1assume now that the client has access to an
MPD and the MPD contains content with multiple Periods, for el@fofiowing the parameters

in Table9. The start time of each Period is computed as period starP8wgi]. and the MPD
URL does not include any fragment paramesecording to sectioh3.3.5

= =4 —a —a -9

In an extension of bullet 3 in sectidiB.4.]

the client creates a list of accessible Segments at least for each selected Representation
taking into account the information in the MPD as document&alime6 and the current

time NOWin the client and in particular the segment closest to the live edge referred to the
live edge segment

For this it needs to take into account the latest Pefid@W]. The latest Period and the
latest segment are obtained as follows with i* the index of the last Period.:

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

In an extension of bullet 9 in sectidiB.4.]

the client consumes media in one Period. Once the client is consuming media contained in
the Segments towards the end of the announced media in the Representation, and the Rep-
resentation is contained not in the last Period, then the DASH clients gemeedly to

reselect the Adaptation Sets and a Representation in same manner as described in bullet 1
and 2 in sectiod.3.4.1 Also steps 3, 4, 5 and 6 need to beied out at the transition of

a Period. Generally, audio/video switching across period boundaries may not be seamless.
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According to ISO/IEC 23009, section 7.2.1, at the start of a new Period, the playout
procedure of the media content components mag ttebe adjusted at the end of the pre-
ceding Period to match theriodStartime of the new Period as there may be small over-
laps or gaps with the Representation at the end of the preceding Period. Overlaps (respec-
tively gaps) may result from Media Segrtewith actual presentation duration of the me-

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

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

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

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

may result in drift between the encoder and the presentation engine. Therefore, the playout
should be sjdisted at the end of each Period to provide a continuous presentation without
adding drift between the time documented in the MPD and the actual playout, i.e. the dif-
ference between the actual playout time and the Period start time should remain constant.

If the client presents media components of a certain Adaptation Set in one Period, and if
the following Period has assigned an identical Asset Identifier, then the client should iden-
tify an associated Period and, in the absence of other informatiomwemiaying the
content in the associated Adaptation Set.

If furthermore the Adaptation Sets are peramhtinuous, i.e. the presentation times are
continuous and this is signalled in the MPD, then the client shall seamlessly play the con-
tent across the Fed boundary under the constraints in secid13.3.2 Most suitably the

client may continue playing the Representation in the Adaptation Set with the®@mne

but there is no guarantee that this Representation is available. In this case the client shall
seamlessly switch to any other Representation in the Adaptation Set.

4.3.4.4. Joining, Initial Buffering and Playout Recommendations
4.34.4.1. General
A DASH client should startlpyout from:

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

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

A Every client partippating in the service commits to the same presentation delay (PD) rela-
tive to the announced segment availability start time atspaand in continuous presen-
tation, possible using one suggested by the Content Provider and then attempts to minimise
stat-up latency and maintain the buffer. The content provider may have provided the
MPI®suggestedPresentationDelay (SPD or may have provided this value by
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other means outside the DASH formdtke content author should be aware that the client
may ignore the presenceMP®suggestedPresentationDelay and may choose
its own suitable playout scheduling.

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

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

A DASH client would davnload an available segment and typically render the earliest presentation
time EPTK) of the segment aPSw¢i] + (EPTK) - o[r,i]) + PD. As PD may be quite large, for
example in order to provision for downloading in varying bitrate conditions, anseifiment is
downloaded that was just made available it may result in larger start up delay.

Therefore, a couple of strategies may be considered as a tradeoff of fupstelay, presentation
delay and sufficient buffer at the beginning of the servitenoining at the live edge:

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

2. The client downloads the latestadlable segment and schedules playout with dBRy
This provides large initial buffer prior to playout, but typically results in undesired long
startup delay.

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

In advanced strategies the client may apply also one or more of the following:

1. Actual rendering may start notith the sample of the earliest presentation time, but the
one that matches as closely as posst@e¢i] + (PT- o[r,i]) + PD equal toNOW.
2. The client may start rendering even if only a segment is dowrdqzatéally.

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

4.345. Requirements and Recommendations
In summary, a client that access a dynamic MPD shall at least obey the following rules:

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

4.3.5. Additional DVB -DASH alignment aspects
For alignment with DVBDASH [45], the following should be considered:

1 Reasonable requirements on players around responding to response codes are provided in
DVB DASH in section 10.8.6.
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1 Further guidelinesn live edge aspects are provided in DVB DASH section 10.9.2.

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

4.3.6. Considerations on live edge

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

1 If the MPD contains @publishTime attribute with valudPUBT, then at the publication
of the MPD all Segments according to the computation in se4t®d.2and4.3.4.3with
NOWSset toPUBTshall be available.

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

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

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

In addition, for a content authoring to avoid too aggressive requests and possible 404 responses,
the content author may schedule the segment availability start time in the MPD with a small safety
delay compared to the actual publish time. Thie pl®vides the content author a certain amount

of flexibility in the publishing of Segments. However, note that such safety margins may lead to
slightly increased entb-end latencies, so it is a balance to be taken into account.

4.4. Simple Live Service Offerng including MPD Updates
44.1. Background and Assumptions

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

1 The duration of the MediBresentation is unknown

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

1 Operational issues require changes, for example the addition of removal of Representations
or Adaptaion Sets.

9 Operational problems in the backend, for example as discussed in de@tion

1 Changes of segment durations, etc.

In this case the MPD typically only calescribe a limited time into the future. Once the MPD
expires, the service provider expects the client to recheck and get an updated MPD in order to
continue the Media Presentation.
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The main tool in MPEE&)ASH is Media Presentation Description update feats described in
section 5.4 of ISO/IEC 230608. The MPD is updated at the server and the client is expected to
obtain the new MPD information once the determined Segment List gets to an end.

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

According to the clustering in sectidr2, we distinguish two different types of live service offer-
ings:

1 MPD controlled live sevice offering: In this case the DASH client typically frequently
polls the MPD update server whether an MPD update is available or the existing MPD can
still be used. The update frequency is controlled by MPD based on the aftiiifimin-
imumUpdatePeriod . Such a service offering along with the client procedures is shown
in sectiond.4.2

1 MPD and segment controlled offerings. In this case the DASH client needsséoses-
ments in order to identify MPD validity expirations and updates on the MPD update server.
MPD expiry events as described in section 5.10 of ISO/IEC 230@%e pushed" to the
DASH client as parts of downloaded media segments. This offering aldmgheiclient
procedures is shown in sectiérb.

This section describes the first type of offering. In sedfidithe MPD and segment controlled
offerings are described. Under certain circumstances a service offering may be provided to both
types of clients. An overview how such a service offering may be generated isishimwex A.

4.4.2. Preliminaries
4.42.1. MPD Information

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

service is consumed.

Assume that an MPD instance is present on the DASH server at a specHitoskalimeNOW,

For an MPDbased Live Service Offering, the MPD instance may among others contain infor-
mation as available iffable11. Information included there may be used:tonpute a list of an-
nounced Segments, Segment Availability Times and URLSs.

Table 117 Information related to Live Service Offering with MPD-controlled MPD Updates

MPD Information Status Comment

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

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

MP@minimumUpdatePeriod mandatory this field is mandatory excef
for the case where the
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MP@mediaPresenta-
tionDuration is present.
However, such an MPD fallg
then in an instance as docu-
mented in sectiod.3.

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

noted aPS
SegmentTemplate @media mandatory the template for the Media

Segment
SegmentTemplate @startNumber optional default thenumber of the first seg-

ment in the Period. The valu
is denoted aSSN

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

SegmentTemplate.SegmentTime- exactly one oBegmentTem- dividedby the value of

line plate @duration or Seg-

@timescale is denoted as
MD[K] with k=1, 2, ...The
segment timeline may conta
some gaps.

mentTemplate.Seg-
mentTimeline  must be prese|

4.4.2.2. Segment Information Derivation

Based on an MPD instance including information as documenifiegbie11 and available at time
NOWon the server, a DASH client may derive the information of the list of Segments for each
Representation in each Period.

If the Peiod is the last one in the MPD atlte MPI®@minimumUpdatePeriod is present, then
the timePEwdi] is obtained ashe sum ofNOW and the value oMPI@minimumUpdate-
Period

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

4.4.2.3. Some Special Cases

If the MP@minimumUpdatePeriod is set to 0, then the MPD documents all available seg-
ments on the server. In this case @ecount may be set accurately as the server knows all avail-
able information.

4.4.3. Service Offering Requirements and Guidelines
4.4.3.1. General

The same service requirementsrasection4.3.3.1hold for any timeNOWthe MPD is present
on the server with the interpretation that the Period endRivedi] of the last Periods obtained
asthe sum oNOWand the value d/iPE@minimumUpdatePeriod
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In order to offer a simple live service with unknown presentation end time, but only a single Period
and the following details are known in advance,

9 start at waliclock timeSTART,

1 location of thesegments for each Representatioh dtttp://example.com/$Rep-
resentationID$/ $Number$" ,

a service provider may offer an MPD with values accordiritatie12.
Table 127 Basic Service Offering with MPD Updates

MPD Information Value
MPODtype dynamic
MPI®availabilityStartTime START
MPI®publish  Time PUBTIMEL1
MPI@ninimumUpdatePeriod MUP

MPDBaseURL

"http://example.com/"

Period @start

PSTART

SegmentTemplate @media

" $RepresentationID$/
ber$"

$Num-

SegmentTemplate @startNumber

1

SegmentTemplate @duration

SDURATION

According to the worKlow shown inAnnex B

1 the MPD is generated and published prior to tBTARTsuch that DASH clients may
access it prior to the start of the Media Presentation. The MPD gi&grexb a publish time
PUBTIMEL, typically a value that is prior 8TART + PSTART

= —-

no redundant tools are considered.
the encoder and the segmenter generate segments of dSRtHRATIONand publish

those on the origin server, such that they are avaiddlRL[K] latest at their announced

segment availability start time SAS|

Based on the details in sectiér8.2.2and4.4.2.2 the Segment Information can be derived at each

time NOWby determining the end time of the PerPEwd1] = NOW+ MUP

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

1 adds the attributMP@mediaPresentationDuration

1 removes the attributelP@minimumUpdatePeriod
1 changes th&/P@@publishTime attribute toPUBTIME2

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

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

the value of the previoddUP
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The principles in this document also holds for mpétriod content, for ich an MPD update may

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

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

9 the timescale value should be selected that the above nezhigsues are avoided. 32 bit
timescales are preferable for instatlease of browsers.

9 if large track timescale values are required and/or-lasting live sessions are setup, this
likely requires the use of 64 bit values. Content authors should usevédues for track
fragment decode times in these cases, but should not exce&tt®oaoid truncation
issues.

4.4.3.2. Setting the Minimum Update Period Value

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

and downlink traffic.

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

4.4.3.3. Permitted Updates in an MPD
According to section 5.4 of ISO/IEC 230a9when the MPD is updated

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

1 the values of anPeriod @id attributes shall be the same in the original and the updated
MPD, unkss the containinBeriod element has been removed;

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

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

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

In order to make the MPD joining friendly and to remove data that is available in the past, any
segments that have fallen out of the time shift buffer may no longer be announced in the MPD. In
this case, thBeriod start may be moved by changing one or MBI availabilityStart-
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1 Time andPeriod @start . However, this requires that ti@startNumber , @presenta-
2 tionTimeOffset andS values need to be updated such that the Segment Information accord-
3 ing to sectiord.3.2.2.6s not modified over an MPD update.
4  If Representations and Adaptations Sets are added or removed or the location of the Segments is
5 changed, it is recommended to update the MPD and providptétibn Sets in a periezbntinu-
6 ous manner as defined in sect#.3.3.2
7 4.4.3.4. Usage of Segment Timeline
8 If the Segment Timeline is used a@minimumUpdatePeriod greater than 0, then
9 1 the operation as described in sectibapplies, and for all Representations that use the
10 Segment Timeline:
11 o the @rvalue of the lasB element of the last regular Period shall be a negative
12 value,
13 o only $Number$ template shall be used,
14 1 an MPD may be published for which the additioBatlements are added at the end. An
15 addition of suclt element shall be such that clients that have ndaigal the MPD can
16 still generate the Segment Information based on the previous MPD up to the Period end
17 time. Note that this may lead that such clients have a different segment availability time,
18 but the availability time may be corrected once the MPpéated.

19 An example for such an offering is showrTiable13 where the RVALUE needs to be increased
20 by 1 for each newly published segment.

21 Table 137 Service Offering with Segment Timeline and MUP greater than O
MPD Information Value
MPRtype dynamic
MP®availabilityStartTime START
MPOBpublish  Time PUBTIME1
MP@ninimumUpdatePeriod MUP >0
MPDBaseURL "http://example.com/"
Period @start PSTART
SegmentTemplate @media " $RepresentationID$/ $Time $"
SegmentTemplate @ SDURATION
SegmentTemplate .SegmentTime-
- -1
line.S @r

22  4.435. Last Segment Message

23 If the @segmentProfiles  contains thelisg ' brand for a certain Representation, thies

24 'lImsg ' brand for signaling the last segmehiall be applied for any content witMPO®mini-

25 mumUpdatePeriod present and thBIPO®type="dynamic"

26 DASH clients operating based on such an MPD and consuming theeserthe live edge typi-

27 cally need to request a new MPD prior to downloading a new segment. However, in order to min-
28 imise MPD requests and resulting traffic load, the client may use one or more of the following
29  optimisations:
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1 If the client fetches the MPDsing HTTP, the client should use conditional GET methods
as specified ilRFC 723226] to reduce unnecessary network usage in the downlink.
1 If the @segmentProfiles  contains thelmsg ' brandclients may also rely on the
'Imsg ' message and request a new MPD only in case a segment is received with an
'Imsg"  brand. Otherwise the client may use template constructions to continue determin-
ing the URL andhe segment availability start time of segments.
If the attributeMP@minimumUpdatePeriod is set to a value greater thamh&nall Segments
with availability start time less thahe sum of the request time and the value oMR&Dmini-
mumUpdatePeriod will eventually get available at the advertised position at their computed
segment availability start time. Note that by providinglRE@ minimumUpdatePeriod is set
to a value greater than 0, DASH servers reduce the polling frequency of clients, bugaahéhe
time cannot expect that clients will request an updated MPD to be informed on changes in the
segment URL constructions, e.g. at the start of a new Period.

4.4.4. MPD-based Live Client Operation based on MPD

In an extension to the description in seco8.4.1and sectiort.3.4.3 the client now has access
to an MPD and the MP contains theMPI@minimumUpdatePeriod , for example following
the parameters ihablel12. The start time of each Period is computed as period starPiwei]
and the MPBURL does not include any fragment parameters according to sdc3i@®5

The client fetches an MPD with parameter3able11 access to the MPD at tinfketchTime

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

If the client fetches the MPD using HTTP, the client should use conditional GET methods-as spe
ified in RFC 723226] to reduce unnecessary network usage in the downlink.

In an extension of bullet 3 in sectidrB.4.1and sectior#.3.4.3

the client creates a list of accessible Segments at least for each selected Representation
taking into account the information in the MPD as document@&dlite11 and the current
time NOWby using the Period end time of the last PerioBetshTime + MUP

In an extension of bullet 9 in sectidrB.4.1and sectio.3.4.3

the client consumes media in last announced Period. Once the client is consuming media
contained irthe Segments towards the end of the announced Period, i.e. requesting seg-
ments with segment availability start time close to the validity time of the MPD defined as
FetchTime + MUR them, then the DASH client needs to fetch an MPD at its initial
locationif no MPD.Location element is present, or at a location specified in any present
MPD.Location element.

If the client fetches the updated MPD using HTTP, the client should use conditional GET
methods as specified in RFC 7232[26] to reduce unnecessary network usage in the
downlink.
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The client parses the MPD and generates a new segment list based onRe&h&imne

andMUPof the updated MPD. The client searches for the currently consumed Adaptation
Sets and Representations and continues the process of downloading segments based on the
updated Segment List.

4.5. MPD and Segmentbased Live Service Offering

45.1. Preliminaries
45.1.1. MPD Information

In order to offer a service that relies on both, information in the MPD and in Segments, the Service
Provider may announce that Segments contains inband information. An MPD as shown in Table
9 provides the relevant information. In contrasthe offering in Table 6, the following infor-
mation is different:

1 TheMP®@minimumUpdatePeriod is present butis recommended to be setto 0 in order
to announce instantaneous segment updates.

1 The MPOpublishTime is present in order to identify different vemss of MPD in-
stances.

1 all Representations of all audio Adaptation Sets or if audio is not present, of all video Ad-
aptation Sets, shall contain kbbandEventStream  element with@scheme_id_uri
="urn:mpeg:dash:event:2012" and@value either set to 1 or seb 8. Theln-
bandEventStream element with @scheme_id_uri =
"urn:mpeg:dash:event:2012" and@value either set to 1 or set to 3 may be pre-
sent in all Representations of all Adaptation Sets.

T InbandEventStream element with @scheme_id_uri =
"urn:mpeg:dash:event:2012" and@value either setto 1 or set to 3 shall only be
signaled on Adaptation Set level.

The information included there may be used to compute a list of announced Segments, Segment
Availability Times and URLs.

Table 147 Service Offering with MPD and Segmentbased Live Services

MPD Information Status Comment

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

MPpublishTime mandatory specifies the walclock time
when the MPD was generdat
and published at the origin
server. MPDs with a later
value of @publishTime

shall be an update as define|
in 5.4 to MPDs with earlier
@publishTime .
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MP@availabilityStartTime

mandatory

the start time is the anchor f
the MPD in waliclock time.
The value is denoted &ST

MPI®minimumUpdatePeriod

mandatory

recommended/mandate to b|
set to 0 to indicate that fre-
quent DASH events may oc
cur

Period @start

mandatory

the start time of the Pied

relative to the MPD availabil
ity start time. The value is d¢
noted aS

AdaptationSet  .Inband Event-

Stream

mandatory

if the @schemelDURI is
urn:mpeg:dash:event:

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

SegmentTemplate @media

mandatory

the template for the Media
Segment

SegmentTemplate @startNumber

optional default

Thenumber of the first seg-
ment in the Period. The valu
is denoted aSSN

SegmentTemplate @duration

SegmentTemplate.SegmentTime-
line

exactly one oSegmentTem-
plate @duration or Seg-
mentTemplate.Seg-

mentTimeline

must be prese

the duration of each Segme
in units of a time. The value
divided by the value of
@timescale is denoted as
MDI[K] with k=1, 2, ...The
segment timeline may conta|
some gaps.

45.1.2.

Segment Information Derivation

Based on an MPD instance including information as documenieabie11 and available at time

NOWon the server, a DASH client may derive the information of #teofi Segments for each
Representation in each Period.

If the Period is the last one in the MPD ahdMPI@minimumUpdatePeriod

is present, then

the timePEwdi] is obtained ashe sum ofNOW and the value oMPI@minimumUpdate-

Period

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

4.3.2.2
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If the MP®minimumUpdatePeriod is set to 0, then the MPD documents all available seg-
ments on the server. In this case @ecount may be set accurately as the server knows all avail-
able information.

45.2. Service Offering Requirements and Guidelines
45.2.1. Background

In section 5.10 of ISO/IEC 23068 section 5.10, DASH events are defined. For service offerings
based on the MPD and segment controlled services, the DASH events specified in section 5.10.4
may be used. Background is proettlin the following.

DASH specific events that are of relevance for the DASH client are signalled in the MPD. The
URN "urn:mpeg:dash:event:2012 " is defined to identify the event scheme defined in Ta-

ble 10.

Table 15InbandEventStream@ value attribute for scheme with a valuerh:mpeg:dash:event:2012

@alue Description

1 indicates that MPD validity expiration events as defined in 5.10.4.]
signalled in the Representation. MPD validity expiration is signalle
theevent stream as defined in 5.10.4.2 at least in the last segmen
earliest presentation time smaller than the event time.

2 indicates that MPD validity expiration events as defined in 5.10.4.]
signalled in the Representation. MPD validity expinais signalled in
the event stream as defined in 5.10.4.2 at least in the last segmer
earliest presentation time smaller than the event time. In addition |
message includes an MPD Patch as defined in 5.10.4.3 in the
message_data field.

3 indicakes that MPD validity expiration events as defined in 5.10.4.3
signalled in the Representation. MPD validity expiration is signalle
the event stream as defined in 5.10.4.2 at least in the last segmer
earliest presentation time smaller thandkent time. In addition the
message includes a full MPD as defined in 5.10.4.4 in the
message_data field.

Note: DVB DASH specificatiod5] does not include the value 3.

MPD validity expiration events provide the ability to signal to the client that the MPD with a
specific publish time can only be used up to a certain medianpaéisa time.

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

the expiration time of the current MPD is added to the segment by using the emsg box. The infor-
mation may be present in multiple segments.
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MED HED
BpublishTime="2012-11-01T09:06:31.6~ EpublishTime
<FPeriod s

P-11-01T09:06:41.4"

<InbandEve ream
Escheme_id urn:mpeg:dash:event:2012~
Bvalue="1"

:mpeg:dash:event: 2012+

</Period>

URL “Pariod Estart=118s >

</Period -’/\

URL

segment
ept=0s
duration=ss

URL URL,

segment
ept=105s
duration=sg

segment
ept=110s
juration=5gs

segment
ept=5s
duration=ss

pr on_time_delta=3

on_time delta=g

tion=0xFFFF

message data="2012-11-01TOG:06:31.6"

avent_duration=DxXFFFF
id=1i3a5
message data="2012-11-01T09:06:31.6"

Figure 4 Example for MPD validity expiration to signal new Period

If the scheme_id_uri  is set b "urn:mpeg:dash:event:2012 " and thevalue is set to

1, then the fields in the event message box document the following:

1 the message_data field contains the publish time of an MPD, i.e. the value of the
MPI®publishTime

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

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

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

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

4.5.2.2.

A typical service offering with an Inband event stream is pexvith Table 11. In this case the
MPD contains information that one or multiple or all Representations contain information that the
Representation contains an event message box flow in order to signal MPD validity expirations.
TheMPI@publishTime shall be pesent.

Service Offering
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Table 161 Basic Service Offering with Inband Events

MPD Information Value

MPRtype dynamic
MP@availabilityStartTime START

MPIEpublish  Time PUBTIME1
MPI@ninimumUpdatePeriod MUP

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

SegmentTemplate @luration SDURATION

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

In this case the following shall apply:

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

o o0 o

the following shall be done

1 anew MPD shall be published with a new publish tMiRI® publishTime
1 an'emsg’ box shall be added to each segment of each Representation that con-
tains aninbandEventStream  element with

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

0 @value either setto 1 or setto 3

o If @value settolor3

A the value of theilPD@publishTime of the previous MPD as the
message_data

In addition, the following recommendations should be taken into account: Alé&eapations of
at least one media type/group contain dnbandEventStream element with
scheme_id_uri = "urn:mpeg:dash:event:2012" and@value either setto 1 or set
to 3.
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4.5.3. Client Requirements and Guidelines
45.3.1. Introduction

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

1 to expand the Segment List, i.e. to generate the Segment Availability Start Time as well as
the URL of the nexegment by parsing the Segment Index.
i1 to update the MPD based on Inband Event Messages usingntisg’ box with

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

l

Segment
Parsing

Figure 6 Advanced Client Model

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

1 MPD@inimumUpdatePeriod is setto 0

1 MP@I®publishTime is included and the value is set to PUBTIME

1 At least on Repesentation is present that containsl@mandEventStream  element
with scheme_id_uri="urn:mpeg:dash:event:2012" and @value either set
to 1 orsetto 3.

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

In an extension of bullet 7, 8 and 9 in secto8.4.1and sectiont.3.4.3 the following example
client behaviour may provide a continuous streaming experience to the user as documented in the
following.

4.5.3.2. MPD Validity expiration and Updates

The DASH client shall domload at least one Representation that contwinsandEvent-
Stream element withscheme_id_uri = "urn:mpeg:dash:event:2012" and
@value either set to 1 or set to 3. It shall parse the segment at least up to thecfafst box.
The DASH client shall parséé segment information and extract the following values:

1 ept the earliest presentation time of the media segment
9 dur the media presentation duration of the media segment
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1 If an 'emsg' is detectedcheme_id_uri = "urn:mpeg:dash:event:2012" and
2 @value eithersetto 1 or set to 3, the DASH client shall parse the segment information and extract
3 the following values:
4 1 emsg.publish_time the publish time documented in the message data of the emsg,
5 either directly or from the patch.
6 1 emsg.ptd the presentation time li@ as documented in the emsg.
7 1 emsg.ed the event duration as documented in the emsg
8 After parsing, the Segment is typically forwarded to the media pipeline if it also used for rendering,
9 butit may either be dumped (if the Representation is only usedessathe DASH event, such as
10 muted audio).
11 If no 'emsg' validity expiration event is included, then
12 1 the current MPD can at least be used up to a media presentatia@ptiredur
13 else if an 'emsg' validity expiration event is included, then
14 1 the MPD withpublish time equal temsg.publish_time can only be used up to a
15 media presentation timept + emsg.ptd . Note that ifdur > emsg.ptd , then the
16 Period is terminated afpt +emsg.ptd .
17 1 any MPD with publish time greater thamsg.publish_time can at least be used up
18 to a media presentation tinept + emsg.ptd
19 1 prior to generating a segment request with earliest presentation time greateptthan
20 emsg.ptd , the MPD shall either
21 o be refetched and updated by the client.
22 o orif @value=3, it may be ued as included in the message.
23
24 NOTE: The DVB DASH profileg[45] explicitly forbids downloading a Representation solely to gain access
25 to an InbandEvent Stream contained within it. For reference, the relevant part of the DVB Bp&tifica-
26 tion is section 9.1.6.
27 4.5.3.3. Extended Segment Information
28 The DASH client shall download the selected Representation and shall parse the segment at least
29 up to the firstmoof' box. The DASH client shall parse the segment information and extract the
30 following values:
31 1 ept the earliest presentation time of the media segment
32 o ifthe Segment Index is present use the Segments Index
33 o if not use thebaseMediaDecodeTime in 'tfdt ' of the first movie frag-
34 ment as the earliest presentation time
35 1 dur the media presentation duration of the media segment
36 o ifthe Segment Index is present use the Segments Index
37 o if not use aggregated sample durations of the first movie fragment as the dura-
38 tion
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Using this information, the DASH client should extend the Segment information and, if present
the Segment Timeline with the information provided in the Segment. This information can then be
used to generate the URL of the next Segment of this RepaitsaniThis avoids that the client
fetches the MPD, but uses the information of the Segment Timeline. However, in any doubt of the
information, for example if a new Adaptation Set is selected, or if Segments or lost, or in case of
other operational issuethe DASH client may refetch the MPD in order to obtain the complete
information from the MPD.

4.6. Provisioning of Live Content in On-Demand Mode
4.6.1. Scenario

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

- The Segments as generated for the live service are also used forBeen@and case. This
avoids reformatting and also permits to reuse the Segments that arg edrelaed.

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

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

- The content may be augmented with ads.

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

4.6.2. Content Offering Requirements and Recommendations
In order to provide live content as @emand in the above scenario, the following is

recommendep: [ Formatted: Font: Times New Roman

- The same Segmeras generated for the liee. MP®type is set tadynamic ) < ( Formatted: Normal, Space After: 9 pt

distribution are reused also for static distributigre. MPORtype is set tostatic ).

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

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

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

o TheMPIDtype is set tqstatic [Formaned: Font: Times New Roman

6—The MPI®availabilityStartTime may—be—set—to—anytirshould be

removed or be maintained from the live MPD since all resources referiartbed
pastMPD are available. If thelP®availabilityStartTime is maintained

for example-the-tirg portionof thee—+——g—+—AdPD-rfayreuses .0
o—As-profile, the simpldive profile may be-used
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1 0 Fhewindowprogram that isfferedbyin the staticMPD-is-expressed-by-appro« ( Formatied: Normal, Space After: 9 pt
2 priately-settinghePeriod @start value (including the presentation time
3 offset and the start number) and tBenediaPresentationDuration——at-
4 tribute—Th@resentation duration shall be set accordingherelationship to the
5 wall-clock time should be maintained by offsetting Beziod @start  without  Formatted: Font: Times New Roman
6 changing th&ViP®availabilityStartTime
7 0 As profile, the simple live profile may be used
8 0 The attributeg@timeShiftBufferDepth and@minimumUpdatePeriod
9 shallnotbepresent (in contrast to the live MPDE. it is expected that such
10 attributes ee removed. Note that according to ISO/IEC 23Q@0¢hat if present, a
11 client is expected to ignore these attributedMeitype set tostatic
12 0 The presentation duration is determined through either the
13 @mediaPresentationDuration attributeor, if not present, through the
14 sum of thePeriodStartand thePeriod @duration attribute of the last Period
15 in the MPD.
16 o Content may be offered in the same Period structure as for live or in a different | Formatied: Normal, SpaceAfter: 9 pt
17 one.
18 A If Periods are continuous, it is preferablegmpve the Period structure.
19 A If new Periods are added for Ad Insertion, the Periods preferably be
20 added in a way that they are at Segment boundaries.
| 21 0 Independent whether tt@duration attribute or theSegmentTimeline
22 element was used for the dynamic disttibn, the static distribution version may
23 have aSegmentTimeline  with accurate timing to support seeking and to
24 possibly also signal any gaps in the Segment timeline. To obtain the accurate
| 25 timeline, the segments may have to be parsed (at least uptft thgto extract ( Formatted: ~ Font: Courier New
26 the duration of each Segment.
| 27 0 The same templating mode as used in the live service should also be used for
28 static distribution.
29 0 DASH-Eventstreams-{i-eMPD validity expirationsgxpirationeventsshould not
30 be presentinthe MPBlowever , it i emsgbtb@xeected that o6
31 removed from Segments.

32 4.6.3. Client Behavior

33 For a DASH client, there is basically no difference on whether the content was generated from a
34 live service or the content is provided as-Demand. However, there are some aspects that may
35 be folvefrts 0livd seraam distribution that a DASH client should be aware of:

36 - The Representations may show gaps in the Segment Timeline. Such gaps should be recog-
37 nized and properly handled. For example a DASH client may find a gap only in one Rep-
38 resentation of the ceent and therefore switches to another Representation that has no gap.
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- The DASH client shall ignore any possibly present DASH Event boxesms (e@.,
MPD validity expirations) for which no Inband Event Stream is present in the MPD.

4.7. Availability Time Synchronization between Client and Server

4.7.1. Background

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

Specifically Segrant Availability Times are expected to be welbck accurately announced in

the MPD and the client needs to have access to the same time base as the MPD generation in order
to enable a proper service. In order to ensure this, this section providesasereient require-

ments to ensure proper operation of a live service.

4.7.2. Service Provider Requirements and Guidelines

If the Media Presentation is dynamic or if i@ @availabilityStartTime is present then
the service shall provide a Media Presentation lksifs:

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

1 The MPD should contain at least dd&CTiming element with@schemeldURI set to
one of the following:

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

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

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

1 If the MPD does not contain any elem&fCTiming then the segmenghall be availa-
ble latest at the announced segment availability time using a globally accurate timing
source.
1 If the MPD contains an elemediTfCTiming then
o the announced timing information in tbd CTiming shall be accessible to the
DASH client, and
o thesegments shall be available latest at the announced segment availability time
in the MPD for any device that uses one of announced time synchronization meth-
ods at the same time.

If urn:mpeg:dash:utc:http - head:2014 is used, then the server specified in @ealue
attribute of theJTCTiming element should be the server hosting the DASH segments such that
with each request the Date gendrahder field in the HTTP header (#e®FC 723125], section
7.1.19 can be used by the client to maintain synchronization.

Note that in practical deployments segment availability may be an issue due to failures, losses,
outages and so on. this case the Server should use methods as defined in sé&torinform
DASH clients about potential issues on making segments available.
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A leap second is aéd to UTC every 18 months on average. A service provider should take into
account the considerations in RFC 7153).

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

4.7.3. Client Requirements and Guidelines

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

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

1 If the MPD contains one or several elemddgisCTiming then the client should at least
use one of the announced timing information inWAETiming to synchronize its
clock. The client must not request segments prior to the segment availability start time
with reference to any of the chosemCTiming methods.

Note: The DVB DASH45] spec requires support fottp - xsdate andhttp - head but al-
lows content providers to include others in addition, and allows clients to choose others in prefer-
ence if they wish. For details, refer to section 4.7 of the DVB DASH fgatoon.

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

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

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

1 Clients should not access th@ CTiming server more frequently than necessary.

4.8. Robust Operation

4.8.1. Background

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

4.8.2. Tools for Robust Operations

4.8.2.1. General Robustness

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

1 The DASH access client provides a streaming service to the user by issuing HTTP requests
for Segments at appropriate times. The DASH access client may also update the MPD by
using HTTP requests. In regular operation mode, theesgypically responds to such re-
quests with status code 200 OK (for regular GET) or status code 206 Partial Content (for

partial GET) and the entity corresponding to the requested resource. Other Successful 2xx
or Redirection 3xx status codes may be retdr
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4.8.3.

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

If the DASH access client receives an HTTP client or server ereonfessages with 4xx

or 5xx error code), the client should respond appropriately (e.g. as indicate&®HC
7231[25]) to the error code. In particular, clients should handle redirections (such as 301
and 307) as these may be used as part of normal operation.

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

If the DASH access client receives an HTTP client error (i.e. messages with 4xx error code)
for the request of an Initialization Segment, the Pecimataining the Initialization Seg-

ment may not be available anymore or may not be available yet.

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

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

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

Synchronization Loss of Segmenter

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

1.

4.8.4.

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

Early Terminated Periodss included Cor.1 of the second edition of ISO/IEC 23D09

Early TerminatedPeriods may be added that contain bBriod @start and Pe-

riod @duration . This expresses that for this Period no media is present at least for the
time as expressed by t@duration attribute. Such Periods should only be used if Media
Presentation author is experiencing issues in generating media, e.g. due to failures of a liv
feed. The MPD is updated using t@minimumUpdatePeriod , i.e. the timeline is
progressing. This permits server to signal that there is an outage of media generation, but
that the service is continuing. It is then up to the client to take approprimtesact

Encoder Clock Drift

In order to support robust offering even under encoder drift circumstances, the segmenter should
avoid being synced to the encoder clock. In order to improve robustness, in the case ofan MPD

based

offering Periods should be atlite a period continuous manner. In the case of MPD and
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segmerdased control, the producer reference box should be added to media streams in order for
the media pipeline to be aware of such drifts. In this case the client should parse the segment to
obtai this information.

4.8.5. Segment Unavailability

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

4.8.6. Swapping across Redundant Tools

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

1. the content author is offering the service redundant to the client (for example using multi-
ple BasdJRLs) and the client determines the availability of on¢he other. This may be
possible under certain circumstances

2. Periods may be inserted at a swap instance in order to provide the new information after
swap. If possible, the offering may be continuous, but the offering may also foemon
tinuous from a med time perspective.

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

There is a clegpreference for the bullets above in their order 1, 2 and 3 as the service continuity
is expected to be smoother with higher up in the bullet list. At the same time, it may be the case
that the failure and outages are severe and only the third option magde

4.8.7. Service Provider Requirements and Guidelines
The requirements and guidelines in subsections 8.2 to 8.6 shall be followed.
4.8.8. Client Requirements and Guidelines

The client shall implement proper methods to deal with service offerings provided in $e2tion
to 8.6.

4.9. Interoperability Aspects
4.9.1. Introduction

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

4.9.2. Simple Live Operation
49.2.1. Definition

The simple live interoperabilitpoint permits service offerings with formats defined in the first
edition of ISO/IEC 23004 [4] as well as in DASHF I0Ps up to version 2. The DASH cligat
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