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Foreword

This Technical Specification (TS) has been produnethe Open IPTV Forum.

This specification provides multiple options fons® features. The Open IPTV Forum Profiles speditioawill
complement the Release 2 specifications by defithiegOpen IPTV Forum implementation and deploynpeofiles.
Any implementation based on Open IPTV Forum spestifons that does not follow the Profiles spectfaacannot

claim Open IPTV Forum compliance.
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Introduction

This specification defines the usage of and, whexessary, extenstions to the technologies defimpds526234] and
[TS26244] to enable HTTP based Adaptive StreanmindrElease 2 Open IPTV Forum compliant servicesdmvites.

In case of HTTP Adaptive Streaming, a service ptesia Content item in multiple qualities/bitratesiway that
enables a client to adapt to (for example) vanegim the available bandwidth by seamlessly switglifom one bitrate
to another while receiving and playing the Cont@his is achieved by encoding a Content item ieraktive Streams of
different bitrates and segmenting these Streamsaiidned and independently encoded Segments.résusts in a
matrix of Segments as depicted in Figure 1.

Nominal playback time
| 1 |

e -
Stream 1 Nominal
e.g. “‘HQ” Data
«—> Size
A Content ltem,
referenced by a Stream 2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
unique URIin e.g.“MQ”
th text of
eg%n&gx © Nominal transmissiontime
Stream 3
g 'LQ" [ ] [ ] [ ] 1.

Segmentn  Segmentn+1 Segmentn+2 ...

Figure 1: Content Segmentation for HTTP Adaptive Streaming

The Segments are offered for HTTP download fronRa that is unique per Segment. After completiomhef download
(and playback) of a certain Segment of a certai@a®t, a client may switch to an alternate streanplsi by
downloading (and playing) the next segment of fedéiht Stream. This requires the client to havescdption of the
available Streams and Segments and URI’s from wictownload the Segments. This description is gledias a
separate resource: the Media Presentation DesarifPD). The MPD is described in section 3.

The media data in Segments is formatted in compdiavith the media formats as defined in [AVC]. Hoeg in the
context of HTTP Adaptive Streaming, additional regunents are put on the usage of these formatsecisly regarding
the systems layers. This “profile” is specifiedsiction 4.

Similarly, the retrieval mechanisms of Segmentsrammpliance with [PROT], with the usage in tlomtext of HTTP
Adaptive Streaming as defined in section 5.
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1.2 Informative References

[SPDIF]

ISO/IEC 60958-3:2006, Digital audio interface —tg@rConsumer applications.
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2 Conventions and Terminology

2.1 Conventions

The key words “MUST”, “MUST NOT”", “REQUIRED”, “SHAL", “SHALL NOT”, “SHOULD", “SHOULD NOT",
“RECOMMENDED”, “MAY”, and “OPTIONAL" in this documat are to be interpreted as described in [RFC2119].

All sections and appendixes, except “Introducticarg normative, unless they are explicitly indidat®e be informative.
2.2 Terminology
2.2.1 Definitions

In addition to the definitions provided in Volumethe following definitions are used in this Volume

Term Definition

Content Resource A Content item that is providedhidtiple qualities/bitrates to enable adaptiveatning of
that Content item. Service Discovery proceduresrrief a Content Resource

Stream A version of the Content Resource at a pegiality level

Segment A section of the Content Resource in afspegstems layer format (either TS or MP4),

referred to via a unique URI

2.2.2 Abbreviations

In addition to the Abbreviations provided in Volurhgethe following abbreviations are used in thidufoe.

Acronym Explanation
AAC Advanced Audio Coding
AAC LC AAC Low Complexity
ATSC Advanced Television Systems Committee
DvB Digital Video Broadcasting
DVB-SI DVB Service Information
ETSI European Telecommunications Standards Institut
GOP Group Of Pictures
JPEG Joint Photographic Experts Group
MPEG Moving Pictures Expert Group
3GPP-AS 3GPP HTTP Adaptive Streaming solution asifipd in [TS26234], section XYZ and
[TS26244] section XYZ.
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3 Media Presentation Description

3.1 MPD Format

The Media Presentation Description (MPD) SHALL Isespecified in [TS26234] with the following extemss and
additional requirements:

The MPD SHALL be an XML file that SHALL validate agst the schema in Appendix A,

Note that the XML schema in Appendix A imports #tdema specified in [TS26234]. This means that &M
that does not use any of the OIPF specific extessidll validate against both the schema defined 826234]
as well as Appendix A.

A <pss:Representation> element may carry the @gpsi:attribute set to “oipf:RepresentationType”.this
case the <pss:Representation> MAY carry the fahgvadditional elements and attributes:

@partial. If present and set to true, then thishatte indicates that the <Representation>-elensemot
necessarily a complete presentation, but one oe individual tracks/components (video, audio, sldsj
etc.) which may be downloaded and provided to #woder in addition to content being downloaded from
other <Representation> elements. In this case Representation>-element SHALL contain one or more
<Component> elements, as specified in section 3.fbrleach elementary stream contained in the
<Representation> Note that it is the responsibdityhe application to select the desired compaantl to
setup the decoder accordingly. Annex B containsmfimmmative description of how this can be done.

@switchGroup. The value of this attribute will e tsame for representations that are differerateitr
versions of the same content. Two representatibti'ecsame type but different content (e.g. autiiova
different languages) will have different values.

A <pss:SegmentinfoDefault>-element may carry thesi@ype-attribute set to
"oipf:SegmentinfoDefaultType">. In this case thpss:SegmentinfoDefault > MAY carry the following
additional elements and attributes:

<pss:InitialisationSegmentURL>. As specified in PBR234], this element carries a reference to an
Initialisation Segment. If present in the <pss:SegtimnfoDefault> in the <pss:Period>, the referehce
Initialisarion Segment shall carry the metadata describes the samples for all representationsigpand
complete) e.g. moov box for MP4, PAT/PMT for TStHé MPD contains <Representation>-elements with
the @partial set to “true”, then the MPD SHALL alsarry this element

An example instance of the OIPF compliant MPD wiith constraints from section 3.2 is depicted iruFag.

Copyright 2010 © Members of the Open IPTV Forum



Page 12 (25)

<?xml version="1.0" encoding="UTF-8"?>
<pss:MPD xmlns:oipf="urn:oipf:adaptive_streaming"
xmlns:pss="urn:3GPP:metadata:2009:PSS:HTTPStreaming"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="urn:3GPP:metadata:2009:PSS:HTTPStreaming file:/C:/KVPrj/OIPF/Streaming/Editor/OIPF-MPD-004.xsd"
pss:minBufferTime="P1Y2M3DT1H10MO0S" >
<pss:Period>
<pss:Representation xsi:type="oipf:RepresentationType" pss:bandwidth="5000000" pss:mimeType="video/mp4"
pss:startWithRAP="true" switchGroup="1" partial="true">
<pss:Segmentinfo>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/HQ/Segl.3gs"/>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/HQ/Seg2.3gs"/>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/HQ/Seg3.3gs"/>
</pss:Segmentinfo>
<component type="video" id="1"/>
<component type="audio" id="5" lang="en"/>
</pss:Representation>

<pss:Representation xsi:type="oipf:RepresentationType" pss:bandwidth="2500000" pss:mimeType="video/mp4"
pss:startWithRAP="true" switchGroup="1" partial="true">
<pss:Segmentinfo>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/LQ/Segl.3gs"/>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/LQ/Seg2.3gs"/>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/LQ/Seg3.3gs"/>
</pss:Segmentinfo>
<component type="video" id="2"/>
<component type="audio" id="5" lang="en"/>
</pss:Representation>

<pss:Representation xsi:type="oipf:RepresentationType" pss:bandwidth="125000" pss:mimeType="video/mp4"
pss:startWithRAP="true" partial="true">
<pss:Segmentinfo>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/french/Seg1.3gs"/>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/french/Seg2.3gs"/>
<pss:Url pss:sourceURL="http://www.aService.com/aMovie/french/Seg3.3gs"/>
</pss:Segmentinfo>
<component type="audio" id="6" lang="fr"/>
</pss:Representation>

<pss:SegmentinfoDefault xsi:type="oipf:SegmentinfoDefaultType">

<InitialisationSegmentURL pss:source URL="http://www.aService.com/aMovie.3gp"/>
</pss:SegmentinfoDefault>

</pss:Period>
</pss:MPD>

Figure 2: Example of the MPD
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3.1.1 Component element

Element/Attribute Description Optionality
Component This element contains a descriptionaafraponent.
@id the value of this identifier is a container gfie identifier for the elementary o
stream (e.g. the PID for MPEG2-TS or the trackIDNtP4).
@type specify the component type. It shall be dni¢ideo, Audio or Subtitles M
@lang specify language code according to RFC 56316dr audio and subtitles o
stream. It is optional.
@angle specify camera angle for video stream.
@channels specify audio channels for audio stream.
@impaired specify if there is audio descriptiorsabtitles for hearing impaired o

Table 1: Component Element and Atributes

Copyright 2010 © Members of the Open IPTV Forum
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3.2 Segmentation Constraints
The OITF SHALL support at least Segments createspasified in [TS26234] with the following constnts:

» Segments SHALL start with a random access point{Ra#nd as a consequence all @startWithRAP attsbute
in all <Representation> elements in the MPD SHAIeL St to ‘true’.

» Byte Ranges SHALL NOT be used as a mechanism étiiying Segments. As a consequence the elements
‘InitializationSegmentURL’ and ‘Url’ SHALL not inelde the optional attribute ‘range’. Note that tthies not
preclude the use of HTTP requests with Byte Ratmestrieve parts of a Segment.

» Segments of representations containing differenatei variants of the same content will be timgradid,
enabling seamless switching between them. As aecuesce the attributes ‘segmentAlignmentFlag’ and
‘bitstreamSwitchingFlag’ SHALL be present and gefTtrue’ in all ‘Period’ elements in the MPD

« If two <InitialisationSegmentURL>-elements have siagne value in the sourceURL attribute, then the
referenced init-data SHALL be the same. Consequémd client does not need to download the iniedafice.

Note that this means that if a service choosesdgment a Content Resource in a way that does neit timese
constraints, then the Content Resource might nsupgported on all receivers.
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4 Adaptive Media Formats

4.1 MPEG-2 Transport Stream Systems layer

If the Representation@mimeType attribute equaldeoimpeg” the media of a representation is encapsiiin
MPEG2-Transport Stream packets and the carriagé\btontent and related information SHALL be in goliance
with the [AVC] requirements on usage of the MPEGR2slystems layer format, with the remarks, exceptamd
additional requirements listed in the following tseas

4.1.1 PID allocation

Each elementary stream that represents a unicgraaie version of a specific content component SHA&ve
the same PID (transport stream header) and the stnezam_id (PES packet header) in all represensgtio
global or partial, in which it is included. Obvidysthis also includes different bitrate versioriglee same
component. Example: audio in Spanish is always 3Din all representations where it is presenangtbitrate.
If elementary streams are encoded with differediecs (e.g. SD content uses a different codec tieahiD
content), then the representations SHALL use difiePIDs and stream_ids.

Components (Elementary Streams) that represemtrelift A/V content for the user SHALL have different
PIDs. Components that represent the same A/V cbfdethe user with the same codec but differeratlities
(different bitrate, sampling frequency, resoultietg.) SHALL have the same PID. Some examples

0 "audio in Spanish" and "audio in English" have elifint PID
O "audio in English" and "audio description for imgl in English" have different PID

0 "audio description in English at 64kbps" and "audiéscription in English at 128kbps" have the same
PID

0 ‘"video angle 1 in H.264 at 720x576" and "video anpin H.264 at 320x288" have the same PID.

When the segments of a representation contain MPES32ackets, the value of the id attribute in each
Component element, if present, SHALL be the PlEhefTransport Stream packets which carry the corapion

4.1.2 Program Specific Information

The PAT and PMT, either contained in the initialiaa segments or in the media segments, SHALL atway
contain the full list of all elementary streamsegent or not in the representation where that PT/Bppear;
global representations (those without @partialkaite, or with it set to “false”) SHALL thereforee the
same PAT/PMT as any partial representations. Itheilresponsibility of the application to applythe decoder
the required PID filters for the components which effectively being retrieved through the HTTP @tdee
protocol.

If the media segments do not contain PAT and PNblesa the initialization segment SHALL be preserd a
declared in the MPD, pointing to a resource coimgitransport stream packets with at least a PATaRMT

4.1.3 Access unit signaling

When a transport stream packet is a random acoéssgs defined by ISO/IEC 138181-1 it is STRONGLY
RECOMMENDED that the transport stream header ireugh adaptation field with the
random_access_indicator set to 1.

When the frame that starts in a transport streatkgtas an Intra frame it is STRONGLY RECOMMENDED
that the transport stream header includes an aéapfaeld with the elementary_stream_priority_icafior
bit set to 1.

It is RECOMMENDED that all transport streams pask&here a video frame start carry an AU_information
data field as defined in document ETSI TS 101 1349v1. This data field SHOULD include at least the
AU_coding_type_information.

The inclusion of the above signalling SHALL be use@ consistent manner for all components inedinsents
for a content item.
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4.1.4 Media packaging

* A media segment SHALL contain the concatenatioar® or several contiguous PES which are split and
encapsulated into TS packets. Media Segments SHtbdhtain only complete PES packets.

» When packetizing video elementary streams, up &fame SHALL be included into one PES packet. earg
frames may be fragmented into multiples PES packéis PES packet where the frame starts SHALL adway
contain a PTS/DTS header fields in the PES header.

e PTS and DTS values SHALL be time aligned acrodedint representations.
4.1.5 Content protection

»  [AVC] specifies two methods to protect (encryptPEIG-2 transport streams referred to as BBTS andER¢h
stream has its own Transport Stream and SHALL cgmjith either BBTS or PF. Thus each Transport Strea
can be processed alone.

To facilitate switch from one stream to another &mchinimize impact on player:

* PIDs (for PMT, ECM) SHOULD be the same for each TS.

e Crypto-period boundaries SHALL be the same for eeSland Control Words SHALL be the same for each
TS.
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4.2 MP4 File Format Systems layer

If the Representation @mimeType attribute equalieb/mp4”, then the carriage of A/V content anitex
information (e.g. subtitles) SHALL be in complianeéh the [AVC] requirements on usage of the MPdtemns layer
format, with the following remarks, exceptions autlitional requirements:

» For every Representation, a [TS26234] InitialisatRegment SHALL be available.

» For all non-partial Representations, a referendbeadnitialisation Segment SHALL be present in a
<InitialisationSegmentURL>-element in the <RepréaBon>-element.

» For all Partial Representation a reference to glsicommon Initialisation Segments SHALL be present
a <InitialisationSegmentURL> in the <Segmentinfodf> element.

e An Initialisation Segment SHALL be delivered withME type “video/mp4”.

» Initialisation Segments SHALL be formatted as sfiediin [TS26234], section 12.4.2.2. For every naedi
stream of the (set of partial) Representationti®moov-box in the Initialisation Segments SHALL contain
atrak-box describing the samples of the media strearsrimpliance with [ISOFF].

* Every Representation SHALL consist of Media Segm#mit are formatted as specified in [TS26234}icec
12.4.2.3.

* A Media Segment SHALL be delivered with MIME typeideo/vnd.3gpp.segment” as specified in
[TS26244]

e To allow a client to seek to any Segment with d@aierindex and start playback with perfect audidéa
synchronization, everyaf-box of a track that contains audio SHOULD contiT S26244}fad-box. The
contents of the box SHALL be such that if the dlistarts the playback of the audio samples of arfea
as specified in the box, then the audio and videheoSegment are played in perfect sync.

» The Initialisation Segment and the Media Segmemrg$amatted such that a file that consists ofitfialisation
Segment and an arbitrary selection of Media Segenafithe (set of partial) Representation(s), stamemtder of
the sequence_number in theirmfhd-box, is an [ISOFF] compliant file. (Note that tlsimtement assumes that
[ISOFF] allows for ‘gaps’ in theequence_numbers of consecutivenoof-boxes; i.e. the difference in the
sequence_number of consecutivenoof-boxes may be larger than one.)

An informative annex on the use of the MP4 filenflat systems layer is provided in Appendix C.

4.3 Video

4.4 Audio

4.5 Subtitles
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5 Protocols

5.1 Live streaming

Streaming of live content will be done followingethules described in [TS26234]: the MPD may be tgmtlperiodically
at the interval described in the MPD, and succesgérsions of the MPD will be guaranteed to betidahin the
description of segments that are already in thé p&g synchronization of terminals and the liveaining server will
be addressed by external protocols such as NTRuivaent.

If a timeshift window is specified in the MPD, itayibe used by the terminal to know at any momerntiwkegments
are effectively available for downloading. If thimeshift information is not present in the MPDe tierminal may
assume that all segments described in the MPD wdrglalready in the past are available for downtgadrhis may be
used to implement network PVR functionality on egemhich have not finished yet.

Periods may be used in the live streaming scetamppropriately describe successive live eventis different
encoding or adaptive streaming properties. Timesiiif still be possible across the boundarieswftsevents, provided
that the timeshift window is large enough.

5.2 Trick play
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6 Content & Service protection
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Appendix A. MPD Schema

<?xml version="1.0" encoding="UTF-8"?>

<xs:schema xmlns:oipf="urn:oipf:adaptive_streaming" xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

targetNamespace="urn:oipf:adaptive_streaming" xmlIns:pss="urn:3GPP:metadata:2009:PSS:HTTPStreaming">
<xs:import namespace="urn:3GPP:metadata:2009:PSS:HTTPStreaming" schemalocation="3gppMPD.xsd" />

<xs:complexType name="RepresentationType">
<xs:complexContent>
<xs:extension base="pss:RepresentationType">
<xs:sequence>
<xs:element minOccurs="0" maxOccurs="unbounded" name="component" type="oipf:ComponentType"/>
</xs:sequence>
<xs:attribute name="switchGroup" type="xs:unsignedint" use="optional"/>
<xs:attribute name="partial" type="xs:boolean" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="SegmentinfoDefaultType">
<xs:complexContent>
<xs:extension base="pss:SegmentinfoDefaultType">
<xs:sequence>
<xs:element maxOccurs="1" minOccurs="0" name="InitialisationSegmentURL" type="pss:UrlType"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="ComponentType">
<xs:attribute name="id" type="xs:string" use="optional"/>
<xs:attribute name="type" type="xs:string" use="required"/>
<xs:attribute name="lang" type="xs:string" use="optional"/>
<xs:attribute name="angle" type="xs:string" use="optional"/>
<xs:attribute name="channels" type="xs:unsignedint" use="optional"/>
<xs:attribute name="impaired" type="xs:boolean" use="optional"/>

</xs:complexType>

</xs:schema>
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Appendix B. Component Management

The <Representation> element defined in [TS2628dfsponds to a particular version of the full eoritwith all its
elements (video, audio, subtitles, etc). The déffitirepresentations listed in the MPD corresposd t full, alternate
versions that differ in a particular aspect (bérdanguage, etc). This means that the terminakavévery moment
download and present segments of only one repisamtWhile this provides a quite simple and giinéfiorward model
it has an important lack of flexibility in the follving sense: if there are many alternatives foariqular component
(e.g. audio at different languages) and there laceaanumber of different bitrate alternatives,calinbinations shall be
available at the server.

For instance, if a service provides 3 audio langsand the video in 4 bitrate levels, then it wikd to provide 12
different representations; however, there will beups of 3 representations which share exactlsdmee bulky video
(they only differ in audio). This causes an impottaaste of storage space in the server. Everi§énver can be
optimized with respect to this (e.g. to build tlegments in real time from the elementary streanredtseparately in its
disks), this cannot be done in the HTTP caches;iwim general are not aware of the protocol andsitmdarities
between the content pointed by different URLs.

In order to solve this problem, OIPF includes thaaept of Partial Representations in the MPD. Presef the
@partial attribute in the <Representation> elenmahitates that the representation does not inciliddements
available for presentation at the terminal, buyanbkubset of them (e.g. “audio in Spanish”). AfPBterminal will be
able to identify the representations that it regmimnd will download their segments independeatyposing the final
combination at terminal side. In case of the exansgrvice above, the server may serve 4 repregargatith 4
different bitrate versions of a movie with Englisidio, and separately it can serve 2 additionakssmtations, each
with just the audio in a different language. Thesywall the 12 combinations mentioned above wilpbssible (all
bitrates at all languages) but with roughly a tlifdhe required storage in the server and the H@adhes.

As the multiplicity of representation happens imtsimensions (bitrate versions and alternate coptamew attribute
‘SwitchGroup’ has been added to the <Representadement. The terminal uses this attribute totien
representations which contain effectively the safternative version of the content, only at diffgrbitrates.
Representations that have different values ingliment have different content.

This component-aware scenario relates to the psdoeselecting and displaying the desired sebaffmonents. This
process also takes place for content that is deli/ehrough other mechanisms, and is not spedificdntent that is
delivered via the HTTP adaptive protocol descriletthis document. In the context of OIPF (for exdenusing the
DAE “Extensions to video/broadcast for playbaclselected components”), this process operates lmast
information from the MPEG2-TS or MP4 meta-data.sTihformation is also available in the context GfTHP Adaptive
Streaming in the Initialisation Segment.
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This leads to the following informative process domponent selection in case of content that iedeled using this
specification:

1. Retrieve the MPD. If the MPD includes both, dedfdgu want to play the partial or non-partial
Representations. It is RECOMMENDED to use the phrépresentations.

2. In case of a non-partial Representation:
a) Based on meta-data in the MPD (typically the @badthwattribute), select an initial Represenation.
b) If present, retrieve the Init Segment of the Re@néstion.
¢) Retrieve Media Segments of the chosen Represemtatio

d) Find the elementary streams in the downloadedS@egment / Media Segments. Typically select oneovide
and one audio stream. If there are options, sélect those.

e) Setup the “player” to play the selected elemenstnrgams. Play them.

f) While playing, allow the user to select from othdditional elementary streams in the Init Segmémedia
Segments.

g) If you want to switch to a different bitrate, sdlan alternate non-partial Representation andraasfrom
step 2b.

3. In case of a Partial Representation:

a) Based on meta-data in the MPD (typically the @badthwattribute and the <Component>-element) select
the initial Represenations.

b) If present, retrieve the Init Segment of the Period
c) Retrieve Media Segments of the chosen Represematio

d) Based on the @id’s of the <Components>-elementssiog information from the Init Segment, setug th
“player” to play the selected elementary streantesy Bhem.

e) While playing, allow the user to select from ofadditional Components/elementary streams.
If other/additional streams are selected, continum step c.

f) If you want to switch to a different bitrate selectalternate partial Representation in the sanitets@&roup
and continue from step C.

Notice that the initialization segments will alwag@ntain the full description of all component aittives, so it will be
guaranteed that there is no identifiers confligseen them (e.g. two languages with the same MIPE®{D or MP4
trackID). The parsing of this initialization segmemd the corresponding settings of the chipsettect the appropriate
components will be responsibility of the applicatighe media player).
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Appendix C. Usage of The MP4 File Format
C.1 Audio/Video Synchronization

Unlike MPEG2-TS, the MP4 system layer ([ISOFF]) sloet define a system clock or global timestampslthk the
various elementary streams to the system clockeds every track has its own independent timespecified based on
the durations of each sample. The decoding and esitign time of a sample is calculated by summipghe durations
of all samples since the start of the track.

In the context of adaptive streaming (and espsacialtase of live streaming), a client may wanstiart playback at any
point in the content without having access to thations of all samples since the start of thektrabis would not be a
problem if at the start of each segment, audiovéahelo would be perfectly aligned. This howeveras$ possible,
because video frames and audio frames are typiga#igual in duration. Consequently, a segmentcibratiains in
integer number of audio and video frames will n¢drequal durations of audio and video data. Ttablpm is
illustrated in the following example.

Say for example that a movie consists of an audibeavideo elementary stream, where the videongpkd at 25fps
and the audio is sampled at 48 Khz and framed u<i2g audio samples per frame. This means thatureion of a
video frame is 40 ms and the duration of an augimé is 21,33 ms. Say also that these elementaanss are delivered
using this specification and the MP4 system layh the following parameters:

« timescale as specified in thavhd-box: 25 (“ticks” per second)

e timescale as specified in thadhd-box of the video track: 25

« timescale as specified in thalhd-box of the audio track: 48000
« segment duration as specified in the MPD: 2 seconds

For this caseT able 2 gives an overview of the allocation of audio amtkw frames to the first 12 segments of this
movie:

Table 2: Example Audio/Video Synchronization

Segment index 0 1 2 3 4 5 6 7 8 9 10 11 12
Video start time (ticks) 0 50 100 150 200 250 300 350 400 450 500 550 600
Audio start time (ticks) 0,00 50,13 100,27 149,87 200,00 250,13 300,27 349,87 400,00 450,13 500,27 549,87 600,00
#Video frames 50 50 50 50 50 50 50 50 50 50 50 50 50
#Audio frames 94 94 93 94 94 94 93 94 94 94 93 94 94
Video duration (ticks) 50 50 50 50 50 50 50 50 50 50 50 50 50
Audio duration (ticks) 50,13 50,13 49,60 50,13 50,13 50,13 49,60 50,13 50,13 50,13 49,60 50,13 50,13

So in this example audio and video are perfectynadd in segments 0, 4, 8 and 12. However if antbeeks to for
example segment 5, then it would need to delay-playof the audio for 0.13 ticks or 5ms comparethtvideo to
achieve perfect audio video synchronization.
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To signal this to the client, [TS26244] specifies tfad-box, which this specification recommends to ing&x the audio
track.Figure 3 depicts a close up of the situation at the stasegment 5 in this example:

Segment 5
Video frames V1 H V2 | V3
Audio frames Al [ a2 [ a3 [ | a
T
Audio “tfad” 1:"empty” “ 2:“start from here”
Video played vi H V2 'i v3
Audio played n2 A3 | A | A

Figure 3: Example tfad-box

Thetfad-box allows to specify to add empty-time into ackrat the accuracy of the timescale of tindad-box, which in
this example is 25 and equal to the video. Ta#box also allows specifying to skip certain sammiga track at the
timescale of the track, which is this example i8@& To achieve perfect AV sync in this examplgnsent 5 would
therefore need to includetfad-box with the following contents:

e Entry 1 (“1:empty” inFigure 3):
e segment_duration=1
* media_time= -1 (i.e. “empty” time)
e Entry 2 (“2:start from here” ifrigure 3):
» segment duration=99
* media_time=1664
A client that starts playing at Segment 5 couldthéebox to synchronize audio and video, whicH wesult in the
playing of the samples as depicted in the bottolihdfidigure 3. A client that continues playing the content from

Segment 4 assumingly already has synchronizeduidie and video tracks and should ignoretfhd-box and add the
samples of Segment 5 back to back with the sanabli8segment 4.
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C.2 Partial Representations

Via Partial Representations, this specificationwai services to offer the various elementary steeaha presentation as
separate downloads/streams (see Appendix B). drcse it is required that there is one singléalisation Segment
describing the samples in all Media Segments dPaitial Representations and that the concatenafitire Initialisation
Segment and the Media Segments is an [ISOFF] cantdile. This section illustrates how such reqoiest can be met
by working out the example of Appendix B in condtion with the MP4 system layer.

In this example a service offers a video in fourdtes and audio in three languages (English, lrand German),
where two languages (French and German) are offerexkparate retrieval as separate Representakange 2 depicts
a potential allocation of movie and track fragmentsegments and representations for the firstsiegments of this
example.

S0
Repre_sentatlpp 1 s ‘ T1, video ‘ s2 ‘ T1, video ‘ s3 ‘ T1, video |
(qual1, video, audio:en) : 7 3
‘ T5, audio ‘ ‘ T5, audio ‘ ‘ T5, audio |
Representation 2 :[g; . 52 : 53 :
(qual2, video, audiozen) : ‘ T2, video ‘ ‘ T2, video ‘ ‘ T2, video |
|2 ;| F8 F14
‘ T5, audio ‘ ‘ T5, audio ‘ ‘ T5, audio |
Representation 3 :[g; " s2 - s3 .
(qual3, video, audiozen) :| 5 ‘ T3, video ‘ HI) ‘ 13, videa ‘ 5‘ T3, video | :
: = . Segment sequence TrackID of
‘ TS5, audio ‘ ‘ T5, audio ‘ ‘ T5, audio | 3
: number in MPD track fragment
Representation 4 gy S2 [=r o S3 [ n iy : \
(qual4, video, audio:en) |, ‘ T4 video ‘ Flo‘ T4; videa ‘ FIB‘ T4; videa I s3
: . : : . — [F13
i\ [ 15, audio | | 15, audio |:| | 75, audio | ‘
Representation 5 :[g; : HHE h S3 [ ;
(audiofr) |5 | 76, audio ” .Fll‘ T aYcia ” ‘Fl‘l‘ 16, siiclio I‘ Fragment sequence
5 H ber in mfhd-box
Representation 6 :[s1 - Is2 - ) - nim
(audio:de) | pg ‘ T7, audio ‘ Flz‘ T7, audio ‘ F18‘ T7, audio |

Figure 4: Partial Representation Example

Each Segment has a sequence number in the MPDoatalres a single movie fragment with a certain sega number
in themfhd-box. Segments of Representations 1 though 4 eohtath audio (English) and video track fragmenighis
example the service has chosen to put each videk ¢m its own TracklID, such that each track careligs own set of
configuration parameters in thevhd-box.

If a client selects to retrieve German audio aadsiplaying the video at a quality 3 while inciagghe quality with
each consecutive segment, then it will retrievesthguence of Segments as depicted in Figure 3.

| T7, au

S1 | 13, video a1 |52 [ 12, video 53 [ 11, video
B |51 | T7, audio ‘ g —r ‘SZ [ T7, audio ‘ FI3———— |S3
T5, audio e ——r T5, audio || [F12 15, audio ‘ F18

Figure5: Partial Representation Retrieval

When stored as depicted (Initialisation Segmest,fiviedia Segments in sequence of the Fragmeneseguumber)
this is a valid [ISOFF] file. Note that to play sHiile, the client will need to switch to those e@tracks that were
selected for download.

Note that the MPD could also include four additioman-partial Representations, that reference dneesMedia
Segments as Representations 1 through 4 in thim@gaand the same (or a different) Initialisati®egment. In this
way the same service (and the same HTTP cachesbecased for Clients that do not support paréipfesentations.
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