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1 Introduction

During SA#47 a new work item was approved in document SP-100032 (also available in S4-100189) on HTTP-based Streaming and Download Services (HTTP_SDS: SA4). The objectives include to provide among others:

· HTTP-based Streaming and Download (HSD) Services

· Clarifications of the relation to PSS architecture and possibly improvements of architecture 

· Enhancement of the Rel-9 specification in a number of areas, such as: 

· Progressive Download Enhancements 

· Adaptive HTTP-based Streaming Improvements

· Codec and Container Format Extensions

· Security and Content Protection Aspects
· Quality-of-Experience

· Normative Client Behaviour

· Guidelines for HTTP-based Streaming and Download (HSD) Services, e.g. Content Preparation, serving from standard HTTP servers and Content Delivery Networks (CDNs), combination with RANs.

In order to fulfil these objectives it was decided at SA4#58 to create a “Permanent Document on Release 9 Example Service Offerings for HTTP-based Streaming and Download and Release-10 Use Cases, Requirements and Working Assumptions”. 

Among others this document is expected to include Use Cases and Example Service Offerings for HTTP-based Streaming and Download Services. Such a document may serve as a baseline to generate guidelines and to identify areas that need specification work beyond the Rel-9 specifications.

This documents provides some first use cases and example service offerings in section 3. These examples should be kept in a permanent document and may be refined for later complete or at least partial integration into an informative guideline section.

Section 4 of this document provides mapping of the examples to the requirements of the HTTP Streaming in MPEG as provided in S4-100442.

2 Proposal

It is proposed 

· to create a “Permanent Document on Release 9 Example Service Offerings for HTTP-based Streaming and Download and Release-10 Use Cases, Requirements and Working Assumptions”.

· that this Permanent Document serves among others as a baseline to generate guidelines and to identify areas that need specification work beyond the Rel-9 specifications. 

· to add the example use cases provided in clause 3 into this permanent document.

3 Use Cases and Examples for Adaptive HTTP Streaming
3.1 On-Demand Streaming Service for different device capabilities

3.1.1 Description of the Use Case

The service provider provides a popular piece of content as On-Demand Streaming. The content has a duration of roughly 150 seconds and consists of one video and one audio component. The On-Demand content is accessible for one week. The service is deployed on a CDN that is optimized to file sizes of around 300 kByte.

The media content is offered with three different media codecs/codec profiles to provide the service to devices with different terminal capabilities, namely:

· video resolution 160x120 with H.263 and AMR audio in 3GP container

· video resolution 320x240 with H.264/MPEG AVC baseline profile with level 1.3 and Low-Complexity AAC audio in a 3GP container
· video resolution 640x480 with H.264/MPEG AVC High profile with level 3.0 and Low-Complexity AAC audio in a 3GP container.

The bitrates of the different representations may differ, but they are not the primary selection criteria. The service offering should permit seeking.

3.1.2 Service Offering

An example for a valid MPD for this service offering is provided below:
	<?xml version="1.0" encoding="UTF-8"?>

<MPD 


type="OnDemand" 


baseUrl="http://www.example.com" 


mediaPresentationDuration="PT2M27.2S" 


minBufferTime="PT5S" 


availabilityStartTime="2010-04-01T09:30:47Z" 


availabilityEndTime="2010-04-07T09:30:47Z" 


xsi:schemaLocation="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009 3GPP-MPD.xsd" 


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 


xmlns="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009">


<ProgramInformation moreInformationURL="http://www.example.com">



<Title>Example 1</Title>


</ProgramInformation>


<Period start="PT0S">



<Representation mimeType='video/3gpp; codecs="s263, samr"' bandwidth="128000" width="160" height="120">




<SegmentInfo duration="PT20S">





<InitialisationSegmentURL sourceURL="rep-263/seg-init.3gs"/>





<Url sourceURL="rep-263/seg-1.3gs"/>





<Url sourceURL="rep-263/seg-2.3gs"/>





<Url sourceURL="rep-263/seg-3.3gs"/>





<Url sourceURL="rep-263/seg-4.3gs"/>





<Url sourceURL="rep-263/seg-5.3gs"/>





<Url sourceURL="rep-263/seg-6.3gs"/>





<Url sourceURL="rep-263/seg-7.3gs"/>





<Url sourceURL="rep-263/seg-8.3gs"/>






















</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="256000" width="320" height="240">




<SegmentInfo duration="PT10S">





<InitialisationSegmentURL sourceURL="rep-264b/seg-init.3gs"/>





<UrlTemplate sourceURL="rep-264b/seg-$Index$.3gs"/>







</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="768000" width="640" height="480">




<SegmentInfo duration="PT4S">





<InitialisationSegmentURL sourceURL="rep-264h/seg-init.3gs"/>





<UrlTemplate sourceURL="rep-264h/seg-$Index$.3gs"/>







</SegmentInfo>



</Representation>


</Period>

</MPD>


The segments for each representation are encoded according to the Initialisation Segment and Media Segment Format as specified in section 12.4.2 of the TS26.234. The ‘sidx’ should be provided to permit accurate seeking.

3.1.3 Example Message Flows

A typical message flow is shown in the figure below. It is assumed that the client has access to the MPD. Then according to 12.6 in TS26.234, the client may parse the MPD and create a list of accessible Segments for each Representation. The client decides for representation 2 in the above list for reasons of codec support and creates the media segment list as follows: 

	Index
	Start Time
	URL

	1
	0s
	http://www.example.com/rep-264b/seg-1.3gs

	2
	10s
	http://www.example.com/rep-264b/seg-2.3gs

	3
	20s
	http://www.example.com/rep-264b/seg-3.3gs

	4
	30s
	http://www.example.com/rep-264b/seg-4.3gs

	5
	40s
	http://www.example.com/rep-264b/seg-5.3gs

	6
	50s
	http://www.example.com/rep-264b/seg-6.3gs

	7
	60s
	http://www.example.com/rep-264b/seg-7.3gs

	8
	70s
	http://www.example.com/rep-264b/seg-8.3gs

	9
	80s
	http://www.example.com/rep-264b/seg-9.3gs

	10
	90s
	http://www.example.com/rep-264b/seg-10.3gs

	11
	100s
	http://www.example.com/rep-264b/seg-11.3gs

	12
	110s
	http://www.example.com/rep-264b/seg-12.3gs

	13
	120s
	http://www.example.com/rep-264b/seg-13.3gs

	14
	130s
	http://www.example.com/rep-264b/seg-14.3gs

	15
	140s
	http://www.example.com/rep-264b/seg-15.3gs


An example message flow is provided in the figure below. The client requests the Initialisation Segment and the first Media Segments of the selected Representation. Requests may be issued in parallel. Playout is started and further media segments are requested, maintaining a buffer to fulfill the minimum buffer requirements. After some initial playout of the media in the first media segment, the client receives a seek request for time tp=65.1 sec. The client immediately issues a request for segment with index 7 that contains this playtime. The client processes the segment using the sidx box to start playing at a random access point closest to the requested seek time. From here on, regular requests to maintain the minimum buffer requirements are issued to the end of the media presentation.
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This use case does not necessarily foresee adaptive switching among representation once one Representation is selected based on terminal capabilities. However, switching Representations is not prevented so a client may switch representation as long as it has the capabilities to access different services. 

3.1.4 Use case analysis

This use case is fully supported by the Rel-9 MPD and Segment Formats.

Optimization potential is for further study.
3.2 On-Demand Adaptive Streaming Service

3.2.1 Description of the Use Case

The service provider provides a popular piece of content as On-Demand Streaming. The content has duration of around 1 hour and 30 minutes one video and one audio component. The On-Demand content is accessible for a long time. The service is deployed on a CDN that is optimized to file sizes of around 2MByte.

The media content is offered for different access bitrates with video resolution 320x240 with H.264/MPEG AVC baseline profile with level 1.3 and Low-Complexity AAC audio in a 3GP container. The service offering should permit seeking and fast forward. It is especially important to support fast startup at the beginning of the service or after switching.

3.2.2 Service Offering

An example for a valid MPD for this service offering is provided below:
	<?xml version="1.0" encoding="UTF-8"?>

<MPD 


type="OnDemand" 


mediaPresentationDuration="PT1H27M48.2S" 


minBufferTime="PT3S" availabilityStartTime="1971-03-06T23:36:47+01:00" 


availabilityEndTime="2051-03-06T09:30:47Z" 


xsi:schemaLocation="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009 3GPP-MPD.xsd" 


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 


xmlns="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009">


<ProgramInformation moreInformationURL="http://www.example.com">



<Title>Example 2: Adaptive On-Demand Streaming</Title>


</ProgramInformation>


<Period start="PT0S">



<SegmentInfoDefault sourceUrlTemplatePeriod="http://www.example.com/rep-$RepresentationID$/seg-$Index$.3gs"/>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="96000" width="320" height="240">




<SegmentInfo duration="PT160S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-96/seg-init.3gs"/>





<UrlTemplate id="96"/>




</SegmentInfo>




<TrickMode alternatePlayoutRate="8.0"/>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="192000" width="320" height="240">




<SegmentInfo duration="PT80S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-192/seg-init.3gs"/>





<UrlTemplate id="192"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="256000" width="320" height="240">




<SegmentInfo duration="PT62.5S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-256/seg-init.3gs"/>





<UrlTemplate id="256"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="320000" width="320" height="240">




<SegmentInfo duration="PT50S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-320/seg-init.3gs"/>






<UrlTemplate id="320"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="384000" width="320" height="240">




<SegmentInfo duration="PT40S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-384/seg-init.3gs"/>





<UrlTemplate id="384"/>




</SegmentInfo>



</Representation>


</Period>

</MPD>


The segments for each representation are encoded according to the Initialisation Segment and Media Segment Format as specified in section 12.4.2 of the TS26.234. The ‘sidx’ is provided to permit accurate seeking by the use of byte range requests. Fragments within the Media segments are typically of 1 second duration, but not each fragment starts at a random access point.

3.2.3 Example Message Flows

A typical message flow is shown in the figure below. It is assumed that the client has access to the MPD. Then according to 12.6 in TS26.234, the client may parse the MPD and may at least virtually create a list of accessible Segments for each Representation. 

Representation with Id=96

	Index
	Start Time
	URL

	1
	0s
	http://www.example.com/rep-96/seg-1.3gs

	2
	160s
	http://www.example.com/rep-96/seg-2.3gs

	3
	320s
	http://www.example.com/rep-96/seg-3.3gs

	…
	…
	….

	33
	5120s
	http://www.example.com/rep-96/seg-33.3gs


Representation with Id=192
	Index
	Start Time
	URL

	1
	0s
	http://www.example.com/rep-192/seg-1.3gs

	2
	80s
	http://www.example.com/rep-192/seg-2.3gs

	3
	160s
	http://www.example.com/rep-192/seg-3.3gs

	…
	…
	….

	66
	5200s
	http://www.example.com/rep-192/seg-67.3gs


Representation with Id=256
	Index
	Start Time
	URL

	1
	0s
	http://www.example.com/rep-256/seg-1.3gs

	2
	62.5s
	http://www.example.com/rep-256/seg-2.3gs

	3
	125s
	http://www.example.com/rep-256/seg-3.3gs

	…
	…
	….

	85
	5250s
	http://www.example.com/rep-256/seg-85.3gs


Representation with Id=320
	Index
	Start Time
	URL

	1
	0s
	http://www.example.com/rep-320/seg-1.3gs

	2
	160s
	http://www.example.com/rep-320/seg-2.3gs

	3
	320s
	http://www.example.com/rep-320/seg-3.3gs

	…
	…
	….

	106
	5250s
	http://www.example.com/rep-320/seg-106.3gs


Representation with Id=384
	Index
	Start Time
	URL

	1
	0s
	http://www.example.com/rep-384/seg-1.3gs

	2
	40s
	http://www.example.com/rep-384/seg-2.3gs

	3
	80s
	http://www.example.com/rep-384/seg-3.3gs

	…
	…
	….

	132
	5240s
	http://www.example.com/rep-384/seg-132.3gs


An example message flow is provided in the figure below. 

1) The client initially requests the Initialization Segment for the 192 kbit/s representation.

2) The client also requests the first 1000 bytes of the first media segment of this representation and after receipt it analyses the ‘sidx’ box and find out the size and duration of the first fragment.

3) The client requests the first fragment by using byte ranges and decides to start playout of the sequence.

4) The client requests a larger chunks of the segments with possible multiple fragments to gradually fill the buffer, but ensuring the continuous playout. The same may be achieved by parallel requests to multiple byte ranges.

5) The client continues to fill the data until the buffer is sufficiently filled by requesting possibly larger pieces of segment. 

6) Once in stable buffer mode, the client prepares in parallel for switching representations, for example by downloading Initialisation Segment for Representation with Id=384. 

7) Once the client discovers that sufficient bandwidth is available, e.g. at tp=130s, it prepares to switch to a new representation by first identifying the segment that contains a possible switch time, in this case http://www.example.com/rep-384/seg-4.3gs, and downloads the ‘sidx’ box for scheduling further downloads.

8) A suitable byte range containing a RAP is chosen to start downloading the new representation and eventually switch to the new Representation. 
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The message flow does not address fast seeking, but seeking would be performed in a similar manner as at startup with the difference that the accessible bandwidth is known and search for a RAP using the ‘sidx’ box is necessary.

3.2.4 Use case analysis

This use case is well supported by the Rel-9 MPD and the provided segment formats as long as the ‘sidx’ box is available.

Optimization potential is ffs. However, any enhancements in fast startup and seeking will significantly improve user experience.

3.3 Adaptive Live Streaming Service

3.3.1 Description of the Use Case

The service provider provides a popular live program as linear TV. The service is deployed on a CDN with an end-to-end delay being in a range of around 30 seconds.

The media content is typically offered for different access bitrates and different device capabilities. 

The live service is typically split into periods where live content is distributed and periods where pre-canned program is inserted, for example for add insertion.

The program is available with a maximum Time Shift Buffer of 90 minutes.

More concrete the meeting starts at 9am at the West Coast, but the service is up from 8:45 showing a black screen only. At 9am, the live session is started which is interrupted by a canned ad starting at 11:01:22.12 seconds. After 15 minutes, the live session will restart. Further details are not known and the MPD is continuously updated. At some time before lunch break, the exact timing for the next ad break is scheduled. The duration of this break is unknown at this time. In the evening the session will terminate.

3.3.2 Service Offering

An example for a valid MPD for this service offering at time NOW of  2010-04-26T08:53:00-08:00 is provided below:
	<?xml version="1.0" encoding="UTF-8"?>

<MPD 


type="Live" 


minBufferTime="PT3S" 


availabilityStartTime="2010-04-26T08:45:00-08:00" 


minimumUpdatePeriodMPD="PT5M0S" 


timeShiftBufferDepth="PT1H30M0S" 


xsi:schemaLocation="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009 3GPP-MPD.xsd" 


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 


xmlns="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009">


<ProgramInformation moreInformationURL="http://www.example.com">



<Title>Example 3: 3GPP SA4 Meeting in Vancouver as Live Broadcast</Title>



<Source>3GPP</Source>


</ProgramInformation>


<Period start="PT0S">



<Representation mimeType='video/3gpp; codecs="avc1.42E00B"' bandwidth="10000" width="320" height="240">




<SegmentInfo duration="PT60S">





<InitialisationSegmentURL sourceURL="http://www.ad-server.com/1-day-black/QVGA/0.3gs"/>





<UrlTemplate sourceURL="http://www.ad-server.com/1-day-black/QVGA/$Index$.3gs"/>




</SegmentInfo>



</Representation>


</Period>


<Period start="PT15M0S">



<SegmentInfoDefault  duration="PT10S" sourceUrlTemplatePeriod="http://www.example.com/Period-2010-04-26T08-45-00/rep-$RepresentationID$/seg-$Index$.3gs"/>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="192000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-LQ/seg-init.3gs"/>





<UrlTemplate id="QVGA-LQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="384000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-HQ/seg-init.3gs"/>





<UrlTemplate id="QVGA-HQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="512000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-VGA-LQ/seg-init.3gs"/>





<UrlTemplate id="VGA-LQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="1024000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-VGA-HQ/seg-init.3gs"/>





<UrlTemplate id="VGA-HQ"/>




</SegmentInfo>



</Representation>


</Period>


<Period start="PT2H01M22.12S">



<SegmentInfoDefault duration="PT10S" sourceUrlTemplatePeriod="http://www.ad-server.com/15min-Ads/$RepresentationID$/$Index$.3gs"/>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="256000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.ad-server.com/15min-Ads/QVGA/0.3gs"/>





<UrlTemplate>






<Id>QVGA</Id>





</UrlTemplate>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="512000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.ad-server.com/15min-Ads/VGA/0.3gs"/>





<UrlTemplate>






<Id>VGA</Id>





</UrlTemplate>




</SegmentInfo>



</Representation>


</Period>


<Period start="PT2H16M22.12S">



<SegmentInfoDefault duration="PT10S" sourceUrlTemplatePeriod="http://www.example.com/Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-$Index$.3gs"/>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="192000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-LQ/seg-0.3gs"/>





<UrlTemplate>






<Id>QVGA-LQ</Id>





</UrlTemplate>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="384000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-HQ/seg-0.3gs"/>





<UrlTemplate>






<Id>QVGA-HQ</Id>





</UrlTemplate>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="512000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-LQ/seg-0.3gs"/>





<UrlTemplate>






<Id>QVGA-LQ</Id>





</UrlTemplate>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="1024000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-LQ/seg-0.3gs"/>





<UrlTemplate>






<Id>QVGA-HQ</Id>





</UrlTemplate>




</SegmentInfo>



</Representation>


</Period>

</MPD>


At time 2010-04-26T12:26:00-08:00 the client has an updated MPD like this :
	<?xml version="1.0" encoding="UTF-8"?>

<MPD 


type="Live" 


minBufferTime="PT3S" 


availabilityStartTime="2010-04-26T08:45:00-08:00" 


minimumUpdatePeriodMPD="PT5M0S" timeShiftBufferDepth="PT1H30M0S" 


xsi:schemaLocation="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009 3GPP-MPD.xsd" 


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 


xmlns="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009">


<ProgramInformation moreInformationURL="http://www.example.com">



<Title>Example 3: 3GPP SA4 Meeting in Vancouver as Live Broadcast</Title>



<Source>3GPP</Source>


</ProgramInformation>


<Period start="PT2H01M22.12S">



<SegmentInfoDefault duration="PT10S" sourceUrlTemplatePeriod="http://www.ad-server.com/15min-Ads/$RepresentationID$/$Index$.3gs"/>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="256000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.ad-server.com/15min-Ads/QVGA/0.3gs"/>





<UrlTemplate id="QVGA"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="512000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.ad-server.com/15min-Ads/VGA/0.3gs"/>





<UrlTemplate id="VGA"/>




</SegmentInfo>



</Representation>


</Period>



<Period start="PT2H16M22.12S">



<SegmentInfoDefault duration="PT10S" sourceUrlTemplatePeriod="http://www.example.com/Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-$Index$.3gs"/>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="192000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-LQ/seg-0.3gs"/>





<UrlTemplate id="QVGA-LQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="384000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-HQ/seg-0.3gs"/>





<UrlTemplate id="QVGA-HQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="512000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-VGA-LQ/seg-0.3gs"/>





<UrlTemplate id="VGA-LQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="1024000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-VGA-HQ/seg-0.3gs"/>





<UrlTemplate id="VGA-HQ"/>




</SegmentInfo>



</Representation>


</Period>


<Period start="PT4H15M18.3S">



<SegmentInfoDefault duration="PT10S" sourceUrlTemplatePeriod="http://www.ad-server.com/120min-Ads/$RepresentationID$/$Index$.3gs"/>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="256000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.ad-server.com/15min-Ads/QVGA/0.3gs"/>





<UrlTemplate id="QVGA"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="512000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.ad-server.com/15min-Ads/VGA/0.3gs"/>





<UrlTemplate id="VGA"/>




</SegmentInfo>



</Representation>


</Period>

</MPD>


At time 2010-04-26T18:45:00-08:00 the client has an updated MPD like this :
	<?xml version="1.0" encoding="UTF-8"?>

<MPD 


type="Live" 


minBufferTime="PT3S" 


availabilityStartTime="2010-04-26T08:45:00-08:00" 


mediaPresentationDuration="PT12H0M0S" 


timeShiftBufferDepth="PT1H30M0S" 


xsi:schemaLocation="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009 3GPP-MPD.xsd" 


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 


xmlns="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009">


<ProgramInformation moreInformationURL="http://www.example.com">



<Title>Example 3: 3GPP SA4 Meeting in Vancouver as Live Broadcast</Title>



<Source>3GPP</Source>


</ProgramInformation>


<Period start="PT8H22M45S">



<SegmentInfoDefault duration="PT10S" sourceUrlTemplatePeriod="http://www.example.com/Period-2010-04-26T17-07-45/rep-$RepresentationID$/seg-$Index$.3gs"/>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="192000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-LQ/seg-0.3gs"/>





<UrlTemplate id="QVGA-LQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.42E00C, mp4a.40.2"' bandwidth="384000" width="320" height="240">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-QVGA-HQ/seg-0.3gs"/>





<UrlTemplate id="QVGA-HQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="512000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-VGA-LQ/seg-0.3gs"/>





<UrlTemplate id="VGA-LQ"/>




</SegmentInfo>



</Representation>



<Representation mimeType='video/3gpp; codecs="avc1.64001E, mp4a.40.2"' bandwidth="1024000" width="640" height="480">




<SegmentInfo>





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-VGA-HQ/seg-0.3gs"/>





<UrlTemplate id="VGA-HQ"/>




</SegmentInfo>



</Representation>


</Period>


<Period start="PT10H45M00S">



<Representation mimeType='video/3gpp; codecs="avc1.42E00B"' bandwidth="10000" width="320" height="240">




<SegmentInfo duration="PT60S">





<InitialisationSegmentURL sourceURL="http://www.ad-server.com/1-day-black/QVGA/0.3gs"/>





<UrlTemplate sourceURL="http://www.ad-server.com/1-day-black/QVGA/$Index$.3gs"/>




</SegmentInfo>



</Representation>


</Period>

</MPD>


The segments for each representation are encoded according to the Initialisation Segment and Media Segment Format as specified in section 12.4.2 of the TS26.234. The ‘sidx’ is provided to permit accurate seeking and time-alignment of media segments.

3.3.3 Example Message Flows

A typical message flow is for ffs, but is aligned with the ones for On-Demand streaming. Updates of the MPD according to the minimumUpdateFrequency need to be considered.

The accessible segment lists for the different times are provided. 

At time 2010-04-26T08:53:00-08:00, only one Period and one Representation is available. This is the accessible segment list.

	Index
	Start Time
	URL

	1
	0s
	http://www.ad-server.com/1-day-black/QVGA/1.3gs

	2
	60s
	http://www.ad-server.com/1-day-black/QVGA/2.3gs

	3
	120s
	http://www.ad-server.com/1-day-black/QVGA/3.3gs

	…
	…
	….

	7
	480s
	http://www.ad-server.com/1-day-black/QVGA/7.3gs


At time 2010-04-26T12:26:00-08:00 as the time shift buffer is 90 minutes, media segments back to 2010-04-26T10:56:00-08:00 are available, i.e. media segments from two periods. We present the segment list of the generic Representation in each Period.

For Period starting at <Period start="PT2H01M22.12S">, i.e. at 2010-04-26T10:46:22.12-08:00, the following media segments are available

	Index
	Start Time
	URL

	58
	570s
	http://www.ad-server.com/15min-Ads/$RepresentationID$/58.3gs

	59
	580s
	http://www.ad-server.com/1-day-black/$RepresentationID$/59.3gs

	60
	590s
	http://www.ad-server.com/1-day-black/$RepresentationID$/60.3gs

	…
	…
	….

	90
	890s
	http://www.ad-server.com/1-day-black/$RepresentationID$/90.3gs


For Period starting at <Period start="PT2H16M22.12S"> i.e. at 2010-04-26T11:01:22.12-08:00, the following media segments are available

	Index
	Start Time
	URL with Base Url http://www.example.com

	1
	0s
	./Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-1.3gs

	2
	10s
	./Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-2.3gs

	3
	590s
	./Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-3.3gs

	…
	…
	….

	508
	5070s
	./Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-508.3gs


At time 2010-04-26T18:45:00-08:00 the client can access media segments back to 2010-04-26T17:15:00-08:00, i.e. media segments from only one periods. We present the segment list of the generic Representation in this Period.

For Period starting at <Period start="PT8H22M45S">i.e. at 2010-04-26T10:46:22.12-08:00, the following media segments are available due to the NOW constraints and he 

	Index
	Start Time
	URL with Base Url http://www.example.com

	44
	430s
	./Period-2010-04-26T17-07-45/rep-$RepresentationID$/seg-44.3gs

	45
	440s
	./Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-45.3gs

	46
	450s
	./Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-46.3gs

	…
	…
	….

	583
	5820s
	./Period-2010-04-26T11-01-22/rep-$RepresentationID$/seg-583.3gs


3.3.4 Use case analysis

This use case is well supported by the Rel-9 MPD and the provided segment formats.

Optimization potential 

· add time stamp to MPD when it was issued

· update and timing model may be supobtimal

· other optimization is ffs. 
3.4 On-Demand Adaptive Streaming Service with Multiple Language Support

3.4.1 Description of the Use Case

The service provider provides a popular piece of content as On-Demand Streaming. The content has duration of around 1 hour and 30 minutes with one video and three audio components for three different languages. The On-Demand content is accessible for a long time. The service is deployed on a CDN that is optimized to file sizes of around 1MByte.

The video component is offered for different access bitrates with video resolution 320x240 with H.264/MPEG AVC baseline profile with level 1.3. The audio is offered in three different languages, for one of the languages in two different bitrates, and encoded as Low-Complexity AAC audio in a 3GP container. The service offering should permit seeking and fast forward. It is especially important to support fast startup at the beginning of the service or after switching.

3.4.2 Service Offering

An example for a valid MPD for this service offering is provided below:
	<?xml version="1.0" encoding="UTF-8"?>

<MPD 


type="OnDemand" 


mediaPresentationDuration="PT1H27M48.2S" 


minBufferTime="PT3S" availabilityStartTime="1971-03-06T23:36:47+01:00" 


availabilityEndTime="2051-03-06T09:30:47Z" 


xsi:schemaLocation="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009 3GPP-MPD.xsd" 


xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 


xmlns="urn:3GPP:ns:PSS:AdaptiveHTTPStreamingMPD:2009">


<ProgramInformation moreInformationURL="http://www.example.com">



<Title>Example 4: Adaptive On-Demand Streaming with different Audio Tracks</Title>


</ProgramInformation>


<Period start="PT0S">



<!-- Video Representations Group 1 -->



<SegmentInfoDefault sourceUrlTemplatePeriod="http://www.example.com/rep-$RepresentationID$/seg-$Index$.3gs"/>



<Representation group="1" mimeType='video/3gpp; codecs="avc1.42E00C"' bandwidth="64000" width="320" height="240">




<SegmentInfo duration="PT125S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-v-64/seg-init.3gs"/>





<UrlTemplate id="v-64"/>




</SegmentInfo>




<TrickMode alternatePlayoutRate="8.0"/>



</Representation>



<Representation group="1" mimeType='video/3gpp; codecs="avc1.42E00C"' bandwidth="160000" width="320" height="240">




<SegmentInfo duration="PT50S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-v-160/seg-init.3gs"/>





<UrlTemplate id="v-160"/>




</SegmentInfo>



</Representation>



<Representation group="1" mimeType='video/3gpp; codecs="avc1.42E00C"' bandwidth="224000" width="320" height="240">




<SegmentInfo duration="PT36S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-v-224/seg-init.3gs"/>





<UrlTemplate id="v-224"/>




</SegmentInfo>



</Representation>



<Representation group="1" mimeType='video/3gpp; codecs="avc1.42E00C"' bandwidth="320000" width="320" height="240">




<SegmentInfo duration="PT25S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-v-320/seg-init.3gs"/>





<UrlTemplate id="v-320"/>




</SegmentInfo>



</Representation>



<!-- Audio Representations Group 2 -->



<Representation group="2" mimeType='audio/3gpp; codecs="mp4a.40.2"' bandwidth="32000" lang="en">




<SegmentInfo duration="PT250S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-a-en-32/seg-init.3gs"/>





<UrlTemplate id="a-en-32"/>




</SegmentInfo>



</Representation>



<Representation group="2" mimeType='audio/3gpp; codecs="mp4a.40.2"' bandwidth="64000" lang="en">




<SegmentInfo duration="PT125S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-a-en-64/seg-init.3gs"/>





<UrlTemplate id="a-en-64"/>




</SegmentInfo>



</Representation>



<Representation group="2" mimeType='audio/3gpp; codecs="mp4a.40.2"' bandwidth="32000" lang="de">




<SegmentInfo duration="PT250S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-a-de-32/seg-init.3gs"/>





<UrlTemplate id="a-de-32"/>




</SegmentInfo>



</Representation>



<Representation group="2" mimeType='audio/3gpp; codecs="mp4a.40.2"' bandwidth="32000" lang="zh">




<SegmentInfo duration="PT250S">





<InitialisationSegmentURL sourceURL="http://www.example.com/rep-a-zh-32/seg-init.3gs"/>





<UrlTemplate id="a-zh-32"/>




</SegmentInfo>



</Representation>




</Period>

</MPD>


The segments for each representation are encoded according to the Initialisation Segment and Media Segment Format as specified in section 12.4.2 of the TS26.234. The ‘sidx’ is provided to permit accurate seeking and by the use of byte range requests as well as accurate synchronization of the different media components. 

3.4.3 Example Message Flows

A typical message flow is shown in the figure below. It is assumed that the client has access to the MPD. Then according to 12.6 in TS26.234, the client may parse the MPD and may at least virtually create a list of accessible Segments for each Representation. 

Representation with Id=”v-64”
	Index
	Start Time
	URL

	1
	0s
	http://www.example.com/rep-v-64/seg-1.3gs

	2
	125s
	http://www.example.com/rep-v-64/seg-2.3gs

	3
	250s
	http://www.example.com/rep-v-64/seg-3.3gs

	…
	…
	….

	43
	5250s
	http://www.example.com/rep-v-64/seg-43.3gs


…

Representation with Id=”a-en-32”
	Index
	Start Time
	URL

	1
	0s
	http://www.example.com/rep-v-en-32/seg-1.3gs

	2
	250s
	http://www.example.com/rep-v-en-32/seg-2.3gs

	3
	500s
	http://www.example.com/rep-v-en-32/seg-3.3gs

	…
	…
	….

	22
	5250s
	http://www.example.com/rep-en-32/seg-22.3gs


…

An example message flow is provided in the figure below. 

1)  and 2) The client initially requests the Initialization Segment for the 160 kbit/s video representation and the 32 kbit/s german version of the audio.

3) and 4) The client also requests the first 1000 bytes of the first media segment of the each Representation and after receipt it analyses the ‘sidx’ box and find out the size and duration of the first fragments.

5) Then the download of the media segments start. 
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Alternatively for this service offering the client may decide to start downloading audio only to provide a fast startup user experience. With the use the ‘sidx’ it may then download the video such that the video once started is synchronized to the audio.

3.4.4 Use case analysis

This use case is well supported by the Rel-9 MPD and the provided segment formats as long as the ‘sidx’ box is available. Important is that the media components in the different representations can be synchronized.

Optimization potential is ffs. 

4 Annex: Examples mapped to Requirements on HTTP Streaming of MPEG Media
	ID
	Requirements on HTTP Streaming of MPEG Media
	Yes
	No
	Partial
	Comments

	Mapping to examples

	
	Content:
	
	
	
	
	

	
	 Aggregation of content and content components:
	
	
	
	
	

	1.a
	This standard shall support the delivery of multiple content components
	X
	
	
	The 3GPP solution builds on the 3GPP file format as encapsulation format. The 3GPP file format is based on the ISO base media file format therefore and features available in the ISO base media file format are also available in the 3GPP Adaptive HTTP Streaming solution.

Specifically, the delivery of multiple content components is supported through the 3GPP file format.
In addition, the 3GPP Adaptive HTTP Streaming solution permits to offer to individual content components in separate Representations such that each content component may be delivered individually,
	All examples above show the delivery of multiple content components.

	1.b
	This standard shall support the storage of multiple content components
	X
	
	
	The storage of multiple content components is supported through the 3GPP file format.
	This is outside of the specification and not part of the examples, but recording of the delivered examples is simple.

	1.c
	This standard shall support the delivery of multiple services that use common content components
	X
	
	
	A service entry point is typically provided by an MPD. The MPD contains Representations whereby each Representation may include one or multiple content components. The specification does not prevent the use of the same Representation in different Media Presentation Descriptions (MPDs) and therefore different services (aka Media Presentations in 3GPP) may use a shared content component.
Furthermore, within one service (Media presentation), the same content component may be used in combination with different other content components (typically from a different media type) through joint presentation of two or more Representations from different groups. Each representation is assigned to a group (by the group attribute) and the client may choose to present any combination of media components assigned to different groups. If for example one group only contains a single Representation, then the encapsulated content component is common.
	Example 1-3 provide the case with multiple content components per Representation. Example 4 provides a case with a single content component for each Representation.

Example 4 shows the usage of the grouping where group 1 collects the video components and group 2 collects the audio components.

	1.d
	This standard should enable convenient conversion between delivery and storage formats to facilitate storage of delivered content and vice versa
	X
	
	
	This process is very simple. For example, the concatenation of all segments of a representation results in a valid 3GPP/ISO base media file format file.

Other simple conversion methods may be applied as the 3GPP Adaptive HTTP Streaming Solution uses atoms and boxes from the 3GPP and ISO base file format.
	This is not part of the examples

	1.e
	This standard shall support flexible combination of content components for delivery or presentation; such as changing the subtitle language during streaming of a movie
	X
	
	
	Flexible selection and combination of content components is enabled through the selection and combination of multiple Representations, each containing one content component.

Selection of media components within a single file or Representations mapped to group 0 is enabled by the use of the features provided in the ISO base media file format. 


	The example 4 from above shows options to for example dynamically switch between two languages, e.g. English-German.

	1.f
	This standard shall support the use of previously delivered content components along with components currently being delivered in a single presentation
	X
	
	
	Local caching of content previously delivered over HTTP is supported by regular HTTP caching on the HTTP streaming client.

Any other delivery/storage that can populate an HTTP cache may be used. As an example beyond HTTP based delivery, content may be pushed over MBMS (3GPP Multimedia Broadcast/Multicast Service). . 
	This is not addressed in the examples.

	
	 Type of content:
	
	
	
	
	

	1.g
	This standard shall support any type of MPEG media (and possibly other non-MPEG media), including current and future MPEG codecs, in protected or unprotected form
	X
	
	
	The solution is based on the 3GPP file format, and inherently the ISO base media file format. In other words, the solution can easily work for any codec that can be encapsulated and stored in an ISO base media file format file.
	The examples show the use of different types of media, such as audio and video as well as different codecs defined by MPEG or defined outside MPEG, e.g. H.263.

	1.h
	This standard shall be based on one or both of ISO/IEC 13818-1, ISO/IEC 14496-12, and their extensions. The extensions defined by this standard should maintain backward compatibility with the above specifications
	X
	
	
	The solution is based on ISO/IEC 14496-12 and extensions are done in a backwards compatible manner.

In addition, the framework defined in 3GPP is generic and independent of the encapsulation format. Requirements on segment properties are provided, such that other instantiations can use the same framework.

As an example, the Open IPTV Forum has extended the generic 3GPP Adaptive HTTP Streaming framework to support ISO/IEC 13818-1.
	All examples use 3GP file format based media segments.

	1.i
	This standard shall support delivery of timed metadata such as the current program title for TV content
	X
	
	
	The MPD contains elements such that for each Period, Program Information such as titles can be delivered. A media presentation may be split into consecutive periods, and period boundaries may be used for ad-splicing, logical content segmentation, etc.

In addition, although not explicitly described, the solution is not codec or media type specific, and therefore supports all types of timed metadata as the ISO base media file format.
	The inclusion of Program Information at Period Level is shown in the above examples, especially in the live case.

	1.j
	This standard shall support the signaling of the conformance points of each content component
	X
	
	
	The solution allows for the signaling of conformance points of each component both when these components are delivered separately or in multiplexed streams. This signaling is provided through RFC4281. 

Furthermore, the Initialisation Segment can be used to signal conformance points. An Initialisation Segment contains initialisation information for a Representation (e.g. codec initialization data) but no media samples.
	The signalling of the codec parameters through RFC4281 is shown in the above examples for different codecs, profiles and levels.

The usage of the Initialisation Segment is also exemplified in all of the above examples.

	1.k
	This standard shall support splicing of content and content components
	X
	
	
	The solution is described in such a way that sufficient information (including timing) is given that enables a client to splice content from the same and different representations that are assigned to the same group.

Encoded content may be spliced on the content creation side by using separate Periods. Different sets of encoding parameters may be used across periods.
Splicing of content from different representations on the receiver side is possible (although not always trivial), and signaling is provided on when this can be performed through simple concatenation.


	The details of splicing are not discussed, but switching between different Representations is explained.

	
	Delivery:
	
	
	
	
	

	2.a
	[Void, inherent in HTTP]
	
	
	
	
	

	2.b
	This standard shall support streaming of content and content components over HTTP 1.1
	X
	
	
	The 3GPP solution is based on HTTP 1.1, and is designed for streaming of media over HTTP. No other protocol is necessary to deliver all information to HTTP streaming clients.
	All messages in the above examples are delivered through simple HTTP messages.

	2.c
	The media files prepared for this standard should be deliverable using progressive download with minimal changes
	X
	
	
	Each segment contains one or more movie fragment/media data pairs, which naturally makes media data interleaved such that increasing byte ranges result in increasing media time. 

Furthermore, the concatenation of all segments generates a valid 3GPP/ISO base media file format file. 

These ensure that the media files prepared can be can be used for progressive download.
	This use case is not discussed in the above examples.

	2.d
	[Void, out of scope]
	
	
	
	
	

	2.e
	[Void, out of scope]
	
	
	
	
	

	2.f
	This standard shall support streaming of live content of possibly indefinite length, including PVR functionalities such as pause and time-shifted play
	X
	
	
	The support for live streaming is provided as the segments may be generated on-the-fly on the encoder/server. The generated segments are announced in the MPD. To support the announcement of newly generated segments

an MPD update procedure is defined that allows for streaming of content of indefinite length. 

Furthermore, the segments of a live service may be cached in the network for a certain duration such that network PVR is supported. The exact duration of the caching is provided through content availability signalling and the time shift buffer attribute in the MPD.

Client side PVR is also supported by simple recording of the stream. However, this is a client implementation feature and it not in scope of the 3GPP specification.


	The support of live streaming is explained in example 3. The available segments at different time instances shows the capability of the specification to support network PVR functionalities.

	2.g
	[Void, covered by 2.c]
	
	
	
	
	

	2.h
	[Void , covered by 4.b]
	
	
	
	
	

	2.i
	[Void, covered by 3.e]
	
	
	
	
	

	2.j
	The standard shall support random access
	X
	
	
	Random access is provided in the file format, and signalling of random access point positions (in the MPD and the segment format) is also present to help avoid unnecessary download of content which is not playable.
	The support of seeking and random access is shown in example 2 above.

	2.k
	The standard shall support trick modes at least to the extent that the underlying formats support them in local playback.
	X
	
	
	Random access is provided in the file format, and signalling of random access point positions (in the MPD and the segment format) is also present. 

Specific trick mode representations are supported and signalling is provided in the MPD.
	A trick mode example is not explicitly discussed, but it is shown that certain Representations are explicitly marked as trick-mode enabled. The included media data may be decoded at higher speed than the original playout speed.

	2.l
	The standard shall not require any extension to HTTP 1.1. It shall support the efficient use of HTTP optimized infrastructures such as Content Delivery Networks (CDNs), caches and proxies
	X
	
	
	HTTP 1.1 is used without modification, and HTTP request responses are cacheable. Message exchange is restricted to HTTP GET and HTTP Partial GET messages.
	All messages in the above examples are delivered through simple HTTP GET and partial get request and request responses. 

	2.m
	The standard shall allow segmentation of the content. The standard shall not require fixed size or fixed duration segments during delivery of content
	X
	
	
	Segmentation is a fundamental concept of the solution, and neither fixed length nor size is required.
	The details of providing segmented contents is shown in all examples.

	2.n
	The standard should introduce minimal transport overhead and should incur minimal presentation startup delay
	X
	
	
	The transport overhead is negligible compared to the 3GPP/ISO base media file format.

Start-up delay is minimized by careful design of size and acquisition procedures of initialisation information (in the MPD and/or Initialisation Segment). The information necessary to startup the presentation is generally distributed such that fast startup with one Representation is enabled. In addition, means are provided for easy mapping of time to segments and byte ranges in segments, such that the client can use GET and/or partial GET messages to instantaneously access the media presentation at the requested presentation time. 
	Different aspects of start-up delay are shown. For example minimum size of MPD is achieved through the use of templates. Also the distribution of initialisation information across segments permits small MPD size. Furthermore, fast start-up is enabled by downloading only the essential segments or segment parts.

	2.o
	The standard shall support description of media components for delivery and presentation
	X
	
	
	The solution provides the possibility to send metadata describing the representations in the MPD and/or initialisation Segment.
	All examples show the MPD as the description of the media components as well as the how the media components can be accessed.

	2.p
	The standard shall support interactive selection of media components for delivery and presentation, for example view selection in multi-view content
	X
	
	
	The solution builds upon the client actively selecting media components for adaptation or other reasons as each media component may be provided in a separate Representation.
	This use case is not explicitly addressed in the above examples, but for example by selecting the language in Example 4, this feature is enabled.

	2.q
	This standard shall support prioritization of content and content components
	X
	
	
	Preference for certain Representations may for example be signalled in the media presentation description through the quality attribute.
	No example is provided on the quality attribute.

	2.r
	[Void, covered by 1.i and 1.j]
	
	
	
	
	

	2.s
	This standard shall support signaling the relationship among content components
	X
	
	
	This is supported through the group attribute in the MPD (which is similar to the alternate group in the ISO base media file format) to signal that certain Representations are alternatives to each other. Furthermore, Representations in different non-zero groups may be presented jointly.
	The group signalling method is provided in example 4. The video representations in group 1 are alternatives to each other and are to be combined with one of the alternatives of group 2.

	2.t
	The standard should support network transition during delivery of the content
	X
	
	
	As the content is delivered over standard HTTP in multiple requests, and HTTP is session-unaware, with each new request the content may be fetched over a different access network. The HTTP streaming client will then combine the received data on the client.
	This use case is inherently supported by the exclusive use of HTTP and the individual requests without the client maintaining a session with the network.

	2.u
	[Void, out of scope]
	
	
	
	
	

	
	Decoding and Presentation Support:
	
	
	
	
	

	3.a
	This standard shall support conveying synchronization information of content components
	X
	
	
	Synchronization of content components is provided through the fragment adjustment and segment information boxes, in addition to presentation timestamps signalled in the file format structures.
	In example 1-3, the content components are multiplexed and can be represented jointly using the information in the tfad.

In example 4, the use of the sidx enables the synchronized presentation.

	3.b
	This standard shall support mechanisms to minimize drift between its source and destination reference clocks during live streaming
	X
	
	
	Synchronization between client and server is achieved by the expectation that both entities have access to an accurate enough wall-clock time. 

Then the timing provided in the MPD based on UTC provides means that the client that is synchronized to UTC is also synchronized to a server that itself is synchronized to a server and has generated the MPD using this UTC time. Synchronization of clocks to UTC is implicitly supported through existing clock synchronization methods.


	Thy synchronization mechanism is exemplified by example 3.

	3.c
	[Void, inherently covered by conformance point of lower layers]
	
	
	
	
	

	3.d
	[Void, covered by 2.f]
	
	
	
	
	

	3.e
	This standard shall enable continuous decoding and presentation of content under various network conditions, for example by defining a buffer model
	X
	
	
	The MPD defines a buffer model for the entire media presentation. Specifically, the MPD contains a mandatory attribute minBufferTime, which provides the minimum amount of initially buffered media that is needed to ensure smooth playout provided that each Representation is delivered at or above the value of its bandwidth attribute (also mandatory).  This is the simple buffer model in the solution that enables continuous decoding and presentation of content under various network conditions. 


	The buffer model is discussed in example 1 above by using the minBufferTime attribute.

	
	

 Service Control:
	
	
	
	
	

	4.a
	This standard shall support discovery of service information
	X
	
	
	This is provided by providing a locator to the MPD and/or initialization segment (with embedded MPD). The initialization segment has the same MIME type and file extension as the underlying encapsulation format, and MPD has the MIME type vnd.3gpp.mpd and file extension '3gm' defined.
	The download of the MPD through HTTP is exemplified in all examples above.

	4.b
	This standard shall support service initialization using the service information
	X
	
	
	This is provided through execution of the MPD and/or initialization segment (with embedded MPD). 
	This is also discussed in all examples above.

	
	Adaptation:
	
	
	
	
	

	5.a
	The standard shall enable adaptation of content along axes such as bitrate, temporal resolution, spatial resolution, quality/fidelity or view perspective
	X
	
	
	Adaptation is possible along any axis, and it is not even required by the client to know what axis it is adapting along (e.g. when the quality attribute is used).

Selection of Representations is client driven and is typically based on the attributes describing the Representation. Attributes on the Representation level provide information on bandwidth, spatial resolution, quality, language as well as information on if the segments start with random access points.


	Example 1 permits adaptation along quality and codec parameters.

Example 2 permits adaptation with bandwidth parameters.

Example 3 permits adaptation based on bandwidth parameters and spatial resolution.

Example 4 permits adaptation based on bandwidth parameters and language codes.

	5.b
	The standard shall support initial selection, and dynamic adaptation of the content without presentation interruption during delivery
	X
	
	
	The solution is designed with bitrate adaptation as one of the most fundamental features. Adaptation to other environmental circumstances and changes is also supported.
	All example show how dynamic changes across representation within one group are enabled. The timing with the sidx and tfad permits synchronization of content across Representations.

	
	Content Protection:
	
	
	
	
	

	6.a
	This standard shall support delivery of protected content
	X
	
	
	Content protection is provided through the file format and can be signaled in the MPD.
	No example yet

	6.b
	This standard shall support indicating which content components are protected, and which content protection and rights management systems are used
	X
	
	
	Content protection can be signaled for each representation in the MPD. The DRM and protection scheme can be indicated through the schemeIdUri attribute and scheme-specific information provided through the extensible SchemeInformation element. 
	No example yet

	6.c
	This standard shall be independent of any particular rights management system
	X
	
	
	The use of a particular DRM or content protection system is not required. 

The specific system used for content protection can be signaled through the MPD. No updates to the solution are needed for new rights management systems.
	No example yet
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