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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1 Introduction

3GPP's Dynamic Adaptive Streaming over HTTP (DASH) specifications had been developed in Rel-9 and Rel-10 and are available in TS 26.247 [2]. Despite being integrated into the PSS architecture, the specifications have significant flexibility for deployments also outside the 3GPP services. This has been recognized by other organizations such as MPEG and Open IPTV Forum. In continuous alignment efforts, 3GPP and MPEG have developed a generic format for Dynamic Adaptive Streaming over HTTP (DASH).

These specifications serve an urgent need: With the evolution of radio access technologies towards HSPA & LTE higher data rates are provided allowing more feature rich services with higher quality and access to multimedia services has grown significantly. And the most popular multimedia services today are services delivered over HTTP. Serving content from standard HTTP-servers has many advantages in terms of deployment costs and convergences with regular web services.

With the completion of the specifications, first deployments of services based on DASH and similar technologies are happening. The experiences from initial deployments of massively scalable video streaming delivery over HTTP and advanced radio access technologies result in new use cases, demands and requirements. Improvements for the support of DASH when delivered over 3GPP networks and architectures may be necessary and deployments guidelines are important. Improvements may be in the area of improved user experience, improved bandwidth efficiency or more efficient delivery over HTTP-caching infrastructures.  Furthermore, the combination of DASH with other services and technologies is an ongoing challenge and effort. Not limited to this, but some examples are the delivery of DASH over different 3GPP radio access networks, the combination with presentation technologies such as HTML-5, the support of advanced content protection schemes, or the support for QoS in 3GPP networks.

Service improvements might not require additional TS 26.247 [2] specification work, but do require a detailed analysis of the envisaged use cases, the resulting requirements, the ability to solve these use cases with the existing 3GPP and/or other existing specifications and provide guidelines and deployment examples. The analysis of the use cases could still lead to additional specification work, but this should first be identified and justified from the above analysis.

2 Scope

The present document covers 

-
deployment guidelines for DASH in 3GPP networks and architectures,

-
use cases for the improved support of DASH in 3GPP networks and architectures as well as requirements to support those use cases,

-
recommendations for potentially necessary normative specification work in 3GPP,

-
recommendations for the documentation of potentially informative guidelining work.
3 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 26.247: "Transparent end-to-end Packet-switched Streaming Service (PSS); Progressive Download and Dynamic Adaptive Streaming over HTTP (3GP-DASH)".

[3]
3GPP TS 26.234: "Transparent end-to-end packet switched streaming service (PSS); Protocols and codecs".

[4]
3GPP TS 26.346: "Multimedia Broadcast/Multicast Service (MBMS); Protocols and codecs".

[5]
3GPP TS 26.244: "Transparent end-to-end packet switched streaming service (PSS); 3GPP file format (3GP)".

[6]
IETF RFC 2616: "Hypertext Transfer Protocol – HTTP/1.1", Fielding R. et al., June 1999.

[7]
ISO/IEC 14496-12 | 15444-12: "Information technology – Coding of audio-visual objects – Part 12: ISO base media file format" | "Information technology – JPEG 2000 image coding system – Part 12: ISO base media file format".

[8]
IETF RFC 3926 (October 2004): "FLUTE - File Delivery over Unidirectional Transport", T. Paila, M. Luby, R. Lehtonen, V. Roca, R. Walsh.
[9]
ISO/IEC 23009-1: " Information technology -- Dynamic adaptive streaming over HTTP (DASH) -- Part 1: Media presentation description and segment formats".
4 Definitions, symbols and abbreviations

4.1 Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
longitude: number indicating the longitude in degrees. Negative values represent western longitude.

latitude: number indicating the latitude in degrees. Negative values represent southern latitude.

altitude: number indicating the altitude in meters. The reference altitude, indicated by zero, is set to the sea level.

pan: number measured in degrees and corresponding to the compass direction of the component in the plane parallel to the earth's surface of any vector which points in the same direction that the camera is facing. For example, North corresponds to 0 degrees, East corresponds to 90 degrees, etc. If the camera is pointing in a direction perpendicular to the earth's surface (either straight up at the sky or straight down at the ground), then the value of Pan is undefined. For the direction corresponding to Pan, it is useful to have an indication of whether the direction is "true" or "magnetic".

tilt: number measured in degrees corresponding to the rotational position about the axis in the plane of constant amplitude through the camera centre that is perpendicular to the Pan direction. For example, if the camera is pointing parallel to the earth's surface, Tilt is 0. If the camera is pointing straight up towards the sky, the Tilt is 90 degrees and if the camera is pointing straight down towards the earth Tilt is -90 degrees.

rotation: number measured in degrees corresponding to the rotational position about the axis in the direction that the camera is facing. Since Tilt and Rotation are independent parameters, Rotation is defined for a Tilt value of 0, i.e. the camera is first tilted to be pointing parallel to the earth's surface in the direction that would correspond to Pan. Rotation is then the amount of counter-clockwise rotation about the axis that the camera is facing needed to bring a vector initially pointing straight up towards the sky into alignment with the camera "up" direction. In the event that Pan is undefined as the camera is either pointing straight up or straight down, Rotation can be defined as the amount of rotation needed to bring a vector initially pointing North into alignment with the camera "up" direction.

optical zoom: number indicating the optical magnification scale factor.

digital zoom: number indicating the enlargement scale factor of the image due to cropping and interpolating the pixel dimensions back to the original size.

4.2 Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

4.3 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
3GP
3GPP file format

3GP-DASH
3GPP Dynamic Adaptive Streaming over HTTP

AHS
Adaptive HTTP Streaming

DASH
Dynamic Adaptive Streaming over HTTP (DASH)

FLUTE
File Delivery over Unidirectional Transport

HTML
Hypertext Markup Language

HTTPS

Hypertext Transfer Protocol Secure
MPD
Media Presentation Description

PSS
Packet-switched Streaming Service

SAP
Stream Access Point
URI
Uniform Resource Identifier

URL
Uniform Resource Locator

URN
Uniform Resource Name
5 Relevant Specifications
5.1 Overview
MPEG had initiated a standardization process to provide specifications to enable scalable and flexible video distribution that addresses fixed and mobile networks. The work had been in close coordination with a parallel effort in 3GPP such that the two standards are aligned for broad industry support across different access networks. 3GPP's Release-9 specification on Adaptive HTTP Streaming (AHS) [3], section 12 completed in 2010 served as a baseline for MPEG's DASH [9] (MPEG-DASH) as well as for 3GPP's Release 10’s DASH specification [2] (3GP-DASH). 

Due to the close coordination in the development of 3GP-DASH it is achieved that 3GPP Release 10 DASH can be viewed as a profile of MPEG-DASH with minor extensions. Clause 5.2 provides a description on how 3GP-DASH may be represented as a profile of MPEG-DASH. Beyond the formats defined in both specifications, 3GP-DASH also defines the transport protocol when deployed within PSS as being HTTP [6]. Furthermore, 3GPP also supports the delivery of DASH formats within MBMS [4] using FLUTE as the delivery protocol.

Both specifications rely for the segment formats on the ISO base media file format [7]. In 3GPP, compatibility is achieved with the 3GPP file format [5].
5.2 3GP-DASH as a profile of MPEG-DASH
The 3GP-DASH Release-10 profile as defined in TS26.247 [2], section 7.3.3 and identified by the URN “urn:3GPP:PSS:profile:DASH10” may be described as an MPEG-DASH profile as follows:
tbd
6 Deployment Guidelines
6.1 Introduction

6.2 Content Authoring Guidelines

6.3 Client implementation and client operation guidelines

6.3.1 Guidelines for rate adaptation

6.3.1.1 Introduction

DASH merely specifies the formats for Media Presentation Description (MPD) and media segments, while client operations, such as rate adaptation algorithms, are not specified. The operation of the rate adaptation algorithm might affect the perceived presentation quality as media segments from different representations within one Adaptation Set could be selected to present the same media content component. The perceived quality might be affected by the bitrate of the selected media rate as well as potentially experienced interruptions from buffer underruns due to non-timely arrival of the media segments.
6.3.1.2 Rate adaptation in DASH

When designing rate adaptation algorithm for DASH, one should consider among others:
-
that the rate adaptation algorithm is efficiently utilizing the sharable network capacities, which affects playback media quality,
-
that the rate adaptation algorithm is capable of detecting network congestion and is able to react promptly to prevent playback interruption,
-
that the rate adaptation algorithm can provide stable playback quality even if the network delivery capacities fluctuate widely and frequently,
-
that the rate adaptation algorithm is able to tradeoff maximum instantaneous quality and smooth continuous quality, for example by smoothing short-term fluctuation in the network delivery capacities by using buffering, but still switch to better presentation quality/higher bitrates if more long-term bandwidth increase is observed,
-
that the rate adaptation algorithm is able to avoid excessive bandwidth consumption due to over-buffering media data.
When implementing rate adaptation in DASH, one could balance between different criteria listed above to improve the overall Quality of Experience (QoE) perceived by the user. The guideline of rate adaptation in DASH is summarized based on the QoE metrics specified in 3GPP TS 26.247 [2].
In absence of other information, e.g. from the radio network status, the measurement for certain QoE metrics may be used in rate adaptation in DASH, e.g.:
-
average throughput: average throughput measured by a client in a certain measurement interval;
-
Segment Fetch Time (SFT) ratio: the ratio of Media Segment Duration (MSD) divided by SFT. MSD and SFT denote the media playback time contained the media segment and the period of time from the time instant of sending a HTTP GET request for the media segment to the instant of receiving the last bit of the requested media segment, respectively;

-
buffer level: buffered media time at a client.

6.4 Operational and deployment guidelines
7 Use Cases
7.1 Introduction

The following section introduces use cases that are either supported by 3GP-DASH [2], possibly in combination with other 3GPP technologies, or the use cases are in the context of DASH, but may require extensions in 3GP-DASH or other technologies. Therefore, the use cases are analyzed, potential solutions reusing existing technologies are provided and potential gaps are identified.
7.2 Advertisement Insertion - Insertion into On-Demand Content 

7.2.1 Description

7.2.1.1 Fixed duration advertisement
In a subway, Paul who is 18 years old boy visits the web site for CoD service with DASH enabled-device. He selects a movie. After the movie is played for 10 min on the screen, the actor drives a luxury sports car with his girl friend. Then the advertisement related to the BMW car company is played for 1 min. After finishing the advertisement, the main movie is continued.

At home, Brian who is 18 years old boy visits the web site for watching the same CoD movie with DASH enabled-device. After the movie has started for 10 min, the same advertisement related to the BMW car company is played for 1min. After finishing the advertisement, the main movie is continued.
7.2.1.2 Variable duration advertisement
Paul who is 18 years old boy visits the web site for CoD service with DASH enabled-device. He selects an action movie. After the movie is played for 10 min on the screen the actor drives a luxury sports car. Then the advertisement related to the BMW car company is played for 1 min. After finishing the advertisement, the main movie is restarted.

 Lisa who is 18 years old girl visits the web site for watching the same CoD movie with DASH enabled-device and after the movie have started for 10 min, then the long advertisement for the actress’ dresses on is played for 1 min 30 seconds, because she likes shopping. After finishing the advertisement, the main movie is restarted.

7.2.2 Analysis in the Context of Rel-10 TS 26.247 [2]
This use can be fulfilled 

-
by a server that dynamically generates a targeted MPD for each user. Periods are concatenated with appropriate start times. 
-
If only a common MPD shall be used then Periods can be inserted in a remote element and the remote element provides resolution based on user-preferences/location, etc.

More details need to be analyzed and examples should be provided.
7.3 Advertisement Insertion - Insertion into Live Content 
7.3.1 Description

7.3.1.1 Accessing Live Content 
A service provider offers a free live service. When accessing the live service, the service provider wants to insert an advertisement targeted to the user. The duration of the advertisement may be different, depending on the access time, the access location, the user, etc. Only after having completed the advertisement, the URL of the live service is provided.
7.3.1.2 Advertisement in Live Content
When continuing the service, the service provider wants to add a targeted advertisement of a fixed duration at predetermined positions. Depending on certain business rules certain users may also continue to watch the cheerleaders during the break of the live event. 

7.3.2 Analysis in the Context of Rel-10 TS 26.247 [2]
Use case 2 can be fulfilled "by concatenating" a targeted MPD and the live MPD. However, this is part of a presentation layer outside the scope of DASH. If only a common MPD shall be used then targeted advertising is supported by using a remote element for the targeted advertisement.

7.4 Use Cases 3: Advanced Support for Live Services 

7.4.1 Description

7.4.1.1 Setup

A service provider wants to provide a live soccer event using DASH that can potentially be accessed by millions of users. The service provider provides redundant infrastructure in terms of encoders and servers to enable a seamless switch-over in case any of the components fail during the live event or get overloaded.
7.4.1.2 Use Case A
Anna accesses the service in the bus with her mobile DASH-enabled device, and the service is available immediately. 
7.4.1.3 Use Case B
Continuing Use Case A, across from her sits Paul, who watches the event on his DASH-enabled laptop. A goal is scored and both, despite watching on different screens, celebrate this event at the same time. 
7.4.1.4 Use Case C
Continuing Use Case B, Other people that follow the game on a 3GPP Rel-6 PSS terminal observe the goal within a similar time.
7.4.1.5 Use Case D
Continuing Use Case C, Another goal is scored. Paul tells Anna that the first goal in the game was even more exciting and Anna uses the offering that she can view the event 30 minutes back in time on her DASH-enabled device. After having seen the goal she goes back to the live event.  
7.4.1.6 Use Case E
Continuing Use Case D, the football match gets into overtime, the star player of CF Anolacrab, Lenoil Issem, is brought into the game by the coach of the year, Aloidraug, hits twice the post, but can not score. Due to the extraordinary tension in the match, more and more users join such that the service provider requires migrating the service to the redundant infrastructure without interrupting the service to the users. 
7.4.1.7 Use Case F
Continuing Use Case E, finally penalty shooting is necessary. The live event is interrupted by a short break during which advertisement is added. The exact timing of the ad breaks is unknown due to the extra time of the extension and the start of the penalty shooting is delayed.

7.5 Use Cases for Content Protection

7.5.1 Use Case A – Efficient Caching for Multiple DRM Systems
7.5.1.1 Description

Service provider "WebMedia" acquires various video contents from movie studios and TV broadcasters for delivery over DASH to its registered subscribers. Some of these programs, such as newly-released movies and hit-series TV episodes, are premium content for which the content providers assign usage rights or licenses through WebMedia for access by its subscribers. WebMedia employs three popular DRM systems, Playball, Fairgame and Grapewine to provide the requisite content protection.  Furthermore, a common encryption mechanism "FooCrypt", featuring the use of a single encryption algorithm (but changeable across programs) and common encryption parameter values for any given content item, is implemented by all three of these DRM systems. This enables distribution and caching of the same segments despite different DRM systems are used. WebMedia specifies the use of FooCrypt for content encryption, and ensures that all WebMedia-capable end user devices support FooCrypt in conjunction with one of Playball, Fairgame or Grapewine DRM Agents. Upon DASH-based consumption of such encrypted content, the DRM Agent grants the security key for content decryption and rendering in accordance to the DRM rights or license associated with that content item.  WebMedia passes content usage information and any payments to its content providers as dictated by business agreements.

7.5.1.2 Actors' issues

-
Content Provider – Wants to ensure controlled (and possibly paid) access premium content delivered by its designated service provider, in accordance with assigned usage rights.

-
Service Provider – Wants the ability to honour business contract with content provider for rights-based content access. Desires the simplicity and cost effectiveness of providing a single encrypted version of protected content that is compatible with multiple DRM systems to be supported.

-
User device vendors – want to implement content protection which meet service provider requirements with minimum complexity.

-
End user – wants seamless user experience in viewing HTTP streamed content, and be fully agnostic of any underlying DRM and decryption mechanisms.

7.5.2 Use Case B – Signalling of Rights/License Acquisition Information in MPD

7.5.2.1 Description

The MLF (Major League Foosball) via its designated DASH service provider, Snoozzz.com, wishes to make available live transmission of the 2012 SuperBall game to its subscribers. The game event is targeted to Snoozzz.com enabled clients, all of which support the OpraDRM content protection standard, on devices equipped with the OpraDRM Agent. The OpraDRM related protection information, i.e. the URL to the rights issuer operated by Snoozzz.com for acquiring the associated rights and keys, is nominally contained in the DASH initialization segment. The service provider expects a large audience turnout for reception of the game transmission, but unfortunately, its rights issuer servers have limited TPS (Transactions Per Second) capability to handle the expected high traffic load.  Snoozzz.com is concerned of potentially inferior user experience in excessive start-up delay of playout.  Therefore, it desires an alternative means for delivering rights/licenses acquisition information, or the rights/license itself, to user devices prior to the game. This would allow for the rights/licenses and corresponding key material to be already fetched, cached and made ready for use by the device when the SuperBall game begins.

7.5.2.2 Actors' issues:

-
Content Provider – Wants to ensure its designated service provider can deliver protected live events with low start-up delay.

-
Service Provider – Wants to minimize or better control start-up delay given limited processing capability of its servers to handle rights/licenses acquisition traffic.

-
User device vendors – Want to implement content protection which meet service provider requirements with minimum complexity and high performance.

-
End user – Wants seamless user experience in viewing live HTTP streamed content, and be fully agnostic of any underlying DRM and decryption mechanisms.

7.5.3 Use Case C – Time-Varying Decryption Keys

7.5.3.1 Description

A service provider employs broadcast delivery of live TV services to its users. For protected content, it needs the ability to dynamically change encryption keys, as well as introduce new keys, over the duration of a program transmission. One reason is to ensure greater security for premium content delivery. The service provider also requires the ability to provide overlaid rendering onto the main program, a prerecorded program segment that is protected with a different key; it wants to be able to make such combined presentation decision just before content delivery time.

7.5.3.2 Actors' issues:

-
Service Provider – for protected live programs, it wants

a)
The capability to dynamically vary encryption keys and the associated rights/licenses for greater security;

b)
The ability to carry time-varying encryption keys inband with the live program delivery;

c)
The usability of key rotation with inband key delivery mechanism by both content protection (DRM) and service protection (CAS) technologies;

d)
The capability for key rotation with inband key delivery mechanisms to be useable by multiple concurrent schemes within a given protection technology type (DRM or CAS) in the course of common encryption of the content (see Use Case 3.5.1);

e)
The capability for key rotation with inband key delivery mechanisms to be useable by multiple concurrent schemes within multiple protection technology type (DRM and CAS) in the course of common encryption of the content (see Use Case 3.5.1);

f)
Ability for “just in time” decision on combining the presentation of prerecorded content, protected by different keys, with the main program.

-
User device vendors – Wants to be able to acquire any changed or new licenses/keys in a timely manner to avoid potential presentation problems.

-
End user – Wants seamless user experience in viewing live HTTP streamed content, and be fully agnostic of any underlying DRM and decryption mechanisms.

7.6 Use Case 5: Fast Media Start-up
7.6.1 Description
Alice clicks through in a browser session to start consuming DASH. She is delivered an initial download of data and this allows her user agent to begin fetching media segments. In due time, Alice’s user agent downloads all of the MPD data and Alice is enabled to use all features enabled by the MPD.
7.7 Use Case 6: Advanced Trick Modes

7.7.1 Description
Lisa consumes the latest series of the show "Lost" in SD coded at a bitrate of 2 MBit/s that is distributed to an DASH-ready Client set. Her client is equipped with a H.264/AVC video decoder that is capable to handle H.264/AVC High Profile level 3.0. All of a sudden the phone rings and she pauses the service.

After the phone call, she resumes the service, but realizes that she wants to go backward in time, as she cannot remember the start of the scene. She seeks backward to the last scene changes and resumes the service from there. 

After a while she needs to leave for her Football practice and she decides to continue to watch the movie from her smart phone with H.264/AVC CBP level 1.3. She enters the service and does a fast-forward 64-times of the original speed to the position where he stopped on the TV set. Once she is close, she reduces the search speed gradually down until she recognizes the position. Once the position found, she resumes the service at normal playback speed. 

She meets her friend Max and pauses the service. She remembers the great scene in the show wants to share the scene with her friend. She seeks backward in-time and finally gets to the scene and shares it with her friend.
7.8 Use Case: Content and Device Interoperability
7.8.1 Description
Streaming service provider WebMedia has decided to deploy streaming services based on 3GP-DASH to 3GPP UEs. WebMedia does not have any requirements on the codecs, but due to its large library encoding and transcoding of content is expensive. WebMedia wants to distribute the content efficiently through a CDN and also efficiently over 3GPP access networks. At the same time WebMedia wants to avoid to provide specific Representations for 3GPP devices, but wants to distribute the same content to TV sets, Set-Top boxes and other fixed net devices. To fulfill regulatory requirements and other user demands, WebMedia also needs support for subtitles and closed captioning.

For cost and scalability reasons, WebMedia wants to use exactly one Representation to provide a certain quality for audio and video. WebMedia wants to deliver content to three different terminal classes:

-
Devices supporting WWVGA video rendering and stereo sound, i.e. 400x240@24fps

-
Devices supporting WVGA video rendering and stereo sound, i.e. 800x480@25fps

-
Devices supporting HD video rendering and multichannel sound with display capabilities to be defined. For HD video, WebMedia also has requirements on content protection, namely that at least on of the three DRMs are supported: ReadyPlay, WineWide and PlayFair.

WebMedia is also very cautious to provide best user experience when switching Representations within one Adaptation Set are switched for rate adaptation purposes. Therefore, the MPEG DASH functionalities 

-
segment indexing for On-demand services

-
number-based segment templating for their newly introduced live service

-
segment alignment and subsegment alignment

-
starts with SAP is set to 2

is integrated in the content preparation.
7.9 Advanced Support for Live Services

7.9.1 Description
The use extends the live service use cases in sections 6.3, 6.4, 6.5 and 6.6.
In certain deployment scenarios, low latency for a live distribution service is essential. One example is the in-venue distribution of an event, such as sports event or a concert. In this case, the delay between the actual live action and the presentation on a mobile device is most appropriate as low as possible in the range of a few seconds at most. Other low latency use cases include betting applications or events with user interaction, etc..

In a deployment scenario, the distribution may happen completely or partially not over unicast, but supported by multicast as for example defined in TS 26.346 [3].

7.10 Consistent QoE/QoS for DASH users

7.10.1 Description

A network operator deploying DASH services or a network operator supporting the delivery of DASH services of a service provider has the ambition to provide consistent quality for users in its network. For this purpose, the content provider wants to provide sufficient QoE to all users that have been granted acquisition to the network and the service. It may also have the ambition to provide certain premium users to maintain a certain service quality when the user plane is congested. 

The operator may want to influence its QoS control and radio resource management to actively support such use cases.

The following three cases can happen:

-
The operator is able to read the MPD and knows how client will use the MPD in terms of issuing requests for specific Adaptation Sets, Representations, and so on;
-
The operator is able to read the MPD but does not know how client will use the MPD;
-
The operator does not have access to the MPD.
7.10.2 Proposed Work

To identify the relevant aspects in this area it is proposed to work on the following aspects. 

-
The details of the following is still FFS: 
Define an end-to-end reference architecture to understand the different components in the application and network and to what extent they influence the rate control. This includes servers, QoS architecture, RRM and schedulers as well as the clients implementation for among others, TCP congestion control, HTTP usage, selection of Adaptation Sets, buffer sizes and rate adaptation 

-
The details of the following is still FFS: 
Define a simple reference client architecture that decomposes the different components in the client that influence performance of the work

-
Define some indicative performance metrics for streaming experience to discuss different options and solutions

-
Identify the performance of a DASH client when operating with and without specific treatment in the network, possibly with client support. 

-
Communicate with SA1 on the specific DASH-specific aspects for UPCON and the progress on UPCON.

-
Considering potential optimisation on the various components
7.11 DASH as download format

7.11.1 Description
A content provider wants to offer content with multiple languages as well as with possible different video bitrates such that clients can access according to their capabilities and user preferences. The content provider is looking for a format that is supported in 3GPP and it also considers distribution over HTTP/TCP/IP and multicast MBMS. 

The content provider is quite disappointed to not find any such format until he reads TS 26.247 [2] and MPEG DASH. Looking at the example for the basic-on-demand profile copied below, the DASH Media Presentation perfectly describes a format the can also be used for download services. The MPD permits to offer DVD-like content as download content. The content provider decides to use the MPEG DASH formats for download delivery over unicast and multicast, but it is required to provide all the necessary signalling to completely support this.

	<?xml version="1.0" encoding="UTF-8"?>
<MPD 
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xmlns="urn:mpeg:DASH:schema:MPD:2011"
  xsi:schemaLocation="urn:mpeg:DASH:schema:MPD:2011"
  type="static"
  mediaPresentationDuration="PT3256S"
  minBufferTime="PT1.2S"
  profiles="urn:mpeg:dash:profile:isoff-on-demand:2011">

  <BaseURL>http://cdn1.example.com/</BaseURL>
  <BaseURL>http://cdn2.example.com/</BaseURL>

  <Period>
    <!-- English Audio -->
    <AdaptationSet mimeType="audio/mp4" codecs="mp4a.0x40" lang="en" subsegmentAlignment="true">
      <ContentProtection schemeIdUri="urn:uuid:706D6953-656C-5244-4D48-656164657221"/>
      <Representation id="1" bandwidth="64000">
        <BaseURL>7657412348.mp4</BaseURL>
      </Representation>
      <Representation id="2" bandwidth="32000">
        <BaseURL>3463646346.mp4</BaseURL>
      </Representation>
    </AdaptationSet>
    <!-- French Audio -->
    <AdaptationSet mimeType="audio/mp4" codecs="mp4a.40.2" lang="fr" subsegmentAlignment="true">
      <ContentProtection schemeIdUri="urn:uuid:706D6953-656C-5244-4D48-656164657221"/>
      <Role schemeIdUri="urn:mpeg:dash:role" value="dub"/>
      <Representation id="3" bandwidth="64000">
        <BaseURL>3463275477.mp4</BaseURL>
      </Representation>
      <Representation id="4" bandwidth="32000">
        <BaseURL>5685763463.mp4</BaseURL>
      </Representation>
    </AdaptationSet>
    <!-- Timed text -->
    <AdaptationSet mimeType="text/mp4" codecs="3gp.text" lang="fr" lang="de">
      <Role schemeIdUri="urn:mpeg:dash:role" value="subtitle"/>
      <Representation id="5" bandwidth="256">
        <BaseURL>796735657.mp4</BaseURL>
      </Representation>
    </AdaptationSet>
    <!-- Video -->
    <AdaptationSet mimeType="video/mp4" codecs="avc1.4d0228" subsegmentAlignment="true">
      <ContentProtection schemeIdUri="urn:uuid:706D6953-656C-5244-4D48-656164657221"/>
      <Representation id="6" bandwidth="256000" width="320" height="240">
        <BaseURL>8563456473.mp4</BaseURL>
      </Representation>
      <Representation id="7" bandwidth="512000" width="320" height="240">
        <BaseURL>56363634.mp4</BaseURL>
      </Representation>
      <Representation id="8" bandwidth="1024000" width="640" height="480">
        <BaseURL>562465736.mp4</BaseURL>
      </Representation>
      <Representation id="9" bandwidth="1384000" width="640" height="480">
        <BaseURL>41325645.mp4</BaseURL>
      </Representation>
      <Representation id="A" bandwidth="1536000" width="1280" height="720">
        <BaseURL>89045625.mp4</BaseURL>
      </Representation>
      <Representation id="B" bandwidth="2048000" width="1280" height="720">
        <BaseURL>23536745734.mp4</BaseURL>
      </Representation>
    </AdaptationSet>
  </Period>
</MPD>


7.12 Use Case: Use case description for Efficiency of HTTP-caching infrastructure on DASH
7.12.1 Description
As illustrated in Figure 1, heterogeneous UEs with varying capabilities in terms of processing power, rendering and display techniques are connected to a 3GPP network. A DASH-based service that offers stored (VoD) and live video content needs to address this device heterogeneity by offering representations that match the capabilities of the UEs, e.g. 2D or 3D video at various resolutions, e.g. as low as VGA up to 1080p. The nature of wireless connectivity leads to varying channel conditions for UEs that affect available bandwidth and adds further need for adaptivity in terms of multiple representations per content with different bitrates.
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Figure 1: Multi-representation content and UE heterogeneity.

A DASH-based service is used to deliver multi-representation video content over a 3GPP network to heterogeneous UEs as illustrated in Figure 2. HTTP caching infrastructure is available to be used in the core network. The request characteristics cover different scenarios, e.g. network congestion on the access link or congestion free transmission.
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Figure 2: Illustration of the infrastructure for a DASH-based service.

7.13 Use Case: Multiple Spectator Views offered with DASH
7.13.1 Description

Much of the discussion on 3GPP-DASH has focused on use cases in which a professional content provider has prepared content such as a movie at different bitrates, resolutions, etc. Another interesting use case is that media is recorded by multiple spectators of an event in different locations and/or recording orientations on handheld devices and uploaded to a server. Location could be determined via GPS for outdoor events or via numerous other means for indoor events (such as WiFi RF fingerprint, WiFi and cellular fingerprint, Bluetooth beams, etc.) The determination of location and recording orientation is obviously outside the scope of 3GPP-DASH and is not proposed to be studied as part of the study item. Users at the same event can record video with cell phones or tablets and upload or stream the content to a server. The transfer of the media content from the recording device to the server is outside the scope of 3GPP-DASH and is not proposed to be studied as part of the study item.
When this content is downloaded via a DASH server, information about the location and orientation of the recording device at the event might be relevant in choosing which Adaptation Set or media presentation time to consume. For example, if users record content at an event such as a hockey game, the DASH client might switch to an Adaptation Set showing a view closer to the net at the time of a goal. On the other hand, if a fight breaks out at centre ice, the client might switch to an Adaptation Set that corresponds to video that was recorded closer to centre ice or had zoomed in on the players. Note that there may be other ways of tagging the content besides location and orientation (for example a particular hockey player that is wearing a helmet cam may be tagged, etc.). Users could go to a website and select relevant times of interest at a particular event and the corresponding times and locations for these instances could be downloaded to the user’s client device. For example, a user might select instances of dunks or blocks in a basketball game or instances where a particular player scored, etc. The user might be provided a checklist where they could check multiple types of instances that they are interested in. By downloading the time and position of these relevant instances, the client or user might determine which Segments or Representations to download based on the corresponding view of the event (the position, orientation, amount of zoom, etc. of the camera). The server might also customize the MPD or content for the user based on their selections. Downloading of the relevant times and positions is just an example application and does not need to be included in 3GPP-DASH.
7.13.2 Gap Analysis
7.13.2.1 File support for timed position/location
[Editor's note:
this may describe one potential solution, but further work on this section is pending]
To enable the use case described in S4-120373 [1], the device should be able to record location and orientation information dynamically as media content is recorded.  The device location could be described in terms of latitude, longitude, and altitude as is done in the location information box in 3GPP TS 26.244 [5].

The 'Location Information box'’ [2] (a static box) is as specified in Figure 1 below:

Table 7-14-1: The Location Information box

	Field
	Type
	Details
	Value

	BoxHeader.Size
	Unsigned int(32)
	
	

	BoxHeader.Type
	Unsigned int(32)
	
	'loci'

	BoxHeader.Version
	Unsigned int(8)
	
	0

	BoxHeader.Flags
	Bit(24)
	
	0

	Pad
	Bit(1)
	
	0

	Language 
	Unsigned int(5)[3]
	Packed ISO-639-2/T language code
	

	Name
	String
	Text of place name
	

	Role
	Unsigned int(8)
	Non-negative value indicating role of location
	

	Longitude
	Unsigned int(32)
	Fixed-point value of the longitude
	

	Latitude
	Unsigned int(32)
	Fixed-point value of the latitude
	

	Altitude
	Unsigned int(32)
	Fixed-point value of the Altitude
	

	Astronomical_body
	String
	Text of astronomical body
	

	Additional_notes
	String
	Text of additional location-related information
	


where Longitude, Latitude, and Altitude have the following semantics:

Longitude:  fixed-point 16.16 number indicating the longitude in degrees. Negative values represent western longitude.

Latitude:  fixed-point 16.16 number indicating the latitude in degrees. Negative values represent southern latitude.

Altitude:  fixed-point 16.16 number indicating the altitude in meters. The reference altitude, indicated by zero, is set to the sea level.

In addition to location, the device orientation can be described according to the direction the camera is facing and how it is tilted and rotated. This is illustrated in Figure 7-14-2 below:
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Figure 7-14-2
The parameters Pan, Rotation, and Tilt should be defined to describe device orientation just as Longitude, Latitude, and Altitude describe the device’s position. In addition to the above parameters, a parameter defining the amount of optical or digital zoom could also be useful as a person farther away with more zoom might have a preferable view to another person who is closer to the event with less zoom.

There is support in the ISO Base Media File Format [3] for a timed metadata track. The SDL code for the sample description box is given as follows:

aligned(8) class SampleDescriptionBox (unsigned int(32) handler_type)
extends FullBox('stsd', 0, 0){
int i ;
unsigned int(32) entry_count;
for (i = 1 ; i <= entry_count ; i++){
switch (handler_type){
case ‘soun’: // for audio tracks
AudioSampleEntry();
break;
case ‘vide’: // for video tracks
VisualSampleEntry();
break;
case ‘hint’: // Hint track
HintSampleEntry();
break;
case ‘meta’: // Metadata track
MetadataSampleEntry();
break;
}
}
}
}
MetadataSampleEntry is one of the abstract classes which extends the abstract class SampleEntry. The SDL code for these is given as follows:

aligned(8) abstract class SampleEntry (unsigned int(32) format)
extends Box(format){

const unsigned int(8)[6] reserved = 0;

unsigned int(16) data_reference_index;
}

class MetaDataSampleEntry(codingname) extends SampleEntry (codingname) {
}

The currently defined classes which extend MetaDataSampleEntry are the following:

class XMLMetaDataSampleEntry() extends MetaDataSampleEntry (’metx‘) {

string
content_encoding; // optional


string
namespace;


string
schema_location; // optional


BitRateBox (); // optional
}

class TextMetaDataSampleEntry() extends MetaDataSampleEntry (‘mett’) {

string
content_encoding; // optional


string
mime_format;


BitRateBox (); // optional
}

There is currently no box defined in the ISO base media file format [3] or the 3GPP file format [2] for timed location or orientation information and no XML Schema defined that could be referenced by XMLMetaDataSampleEntry. Either a box can be created specifically for device position and orientation that extends MetaDataSampleEntry with a description of the parameters present in a position/orientation sample or an XML schema and namespace can be created with this information and the namespace can be linked to from XMLMetaDataSampleEntry.
7.13.2.2 MPD indication of positon/orientation for a Representation or Segment
[Editor's note:
this may describe one potential solution, but further work on this section is pending]
The Viewpoint Descriptor [4] can possibly be used for this. The scheme should be defined and identified with a schemeId [4].

7.13.2.3 Synchronization of media content from different devices 

[Editor's note:
this may describe one potential solution, but further work on this section is pending]
The devices should ideally begin recording on Period boundaries. The times to start recording could be published or made known in advance of the event (e.g. on a website). Devices should be synchronized to an accurate wall clock time in some way in order that a change in Segments or Representations with different views can be accomplished without significant gaps in the event timeline. No changes are anticipated to the 3GPP-DASH specification [4] with regards to synchronization. 
7.14 Use cases for operator control of DASH

7.14.1 Introduction

NOTE:
It is assumed initially that in some cases DASH is treated as coming from an operator directly, and in other cases DASH may be treated as typical HTTP traffic where the operator may have no information that the traffic is DASH.

7.14.2 Description

7.14.2.1 Operator control of DASH

A number of subscribers are watching DASH videos in a crowded area (mall on a Saturday afternoon, train station at peak hour while waiting to go to the Alps for the ski season…), saturating the cell capacity.

The operator identifies the congestion and communicate with the UEs to decrease the bitrate for the video to a certain value that would allow the cell to accommodate the load.

7.14.2.2 Operator control using mobile network subscription

As a variant of case §2.1, some of the subscribers have registered (in their mobile subscription) to a "multimedia premium" monthly option to be able to enjoy high quality video even in such situations. Other subscribers have elected to only use a "low cost" mobile subscription, allowing them to enjoy good quality in normal time, but conceding that in such situations, their video service would be of a lower quality.

The operator is able to differentiate among these users and communicate different levels of degradation to the different UEs.

7.14.2.3 Operator management of DASH service over the radio network

As a variant of cases §2.1 and §2.2, the operator may not want to wait until the cell reaches the congestion level. Instead, it may want to limit the maximum aggregated bandwidth for video in order to leave room for other services, other subscribers, etc.

The operator communicates with the UEs to decrease their DASH service to a lower bitrate (possibly at different levels based on UE subscriptions) even before congestion level is reached.

The operator is able to adjust the preferred bitrate of different UEs based on the power consumption at the base station (e.g. due to their location relative to the radio transmitter).
7.14.3 Working assumptions
-
The network is able to evaluate, where possible, the appropriate bitrate to be used by DASH users over a 3GPP radio, based on radio conditions and user subscriptions.
-
The network is able to, where possible, communicate with the UE to select the appropriate bitrate or range of bitrates for the DASH service currently consumed.
7.15 Use Cases for Improved DASH Operation with Proxy Caches

7.15.1 Introduction

It is proposed that the potential benefits of using DASH-aware caches are studied as part of the work done for completing the study item. The improved DASH operation with proxy caches may involve additional signaling between DASH clients and proxy caches. As compatibility with the existing HTTP infrastructure is one of the greatest advantages of DASH, we propose that any additional signaling that is proposed shall be compatible with HTTP 1.1 and existing HTTP cache implementations in a sense that existing HTTP caches shall ignore that additional signaling.

[Editor's note:
This may be revised into a requirements section after review and development of the use case.]
7.15.2 Cache Use Case #1 for Fast Startup

7.15.2.1 Description

Paul, who lives at Europe, uses DASH-enabled mobile device to view DASH-formatted multimedia clips, whose origin servers are located at outside of Europe. His device accesses to the Internet primarily through mobile (3G and above) networks, and the DASH player in his device uses the HTTP proxy cache provided by his mobile network operator for network connection. In the scenario of on-demand streaming, he frequently seeks to some interesting positions of the playback timeline. During such a seeking to position of playback timeline for an MP and selecting a new MP for presentation, he prefers to fast playback startup by tolerating certain level of low and varying playback quality. In the scenario of live streaming, he is used to perform channel zapping between several live channels. During cannel zapping, he also prefers to fast playback startup by tolerating certain level of low and varying playback quality.

When the end-to-end system architecture includes a proxy cache, the time for fetching the segment directly from the proxy cache is smaller than the time for the fetching the segment from the origin server. It is especially true in case the network delivery capacity from a remote network element (the origin server or other proxy cache) to the HTTP proxy cache selected by the DASH player is much lower than the network delivery capacity from the HTTP proxy cache selected by the DASH player to the DASH client. Here, the network delivery capacity not only depends on the bandwidths in the delivery network but also depends on the Round Trip Time (RTT) and receiver advertised window as those affect the achievable HTTP/TCP throughput.

The DASH client may suffer from slow playback startup if the requested segment is not cached especially in the case that segment duration is relatively long and either the content has not been prepared for or the client is not capable of subsegment-based rate adaptation.

The proxy cache may cache multiple representations of an MP if other DASH clients requested the same MP through the proxy cache. The content provider may provide a large number of representations for some popular MP to support hierarchically bandwidth distribution in a large number of DASH clients. The number of representations and the completeness of representations of an MP cached by the proxy cache depend on popularity of the MP on the clients connected to the proxy cache and average bandwidth distribution of the clients, dynamic features of the sharable bandwidths of the clients etc.

In case the proxy cache cached large number representations with fine-scaled bitrate difference, there is a high possibility that the proxy cache does not cache the requested representation requested by the DASH client but caches the alternative representations with slight bitrate differences. 

Notes: 

-
This use case makes some assumptions about the operation of caching. These assumptions may be revised as the use cases are analyzed and developed.

-
It is assumed that the round trip delay between UE and origin server is significantly longer that the round trip delay between UE and cache server.

-
It is assumed that the content provider produces a large number of representations in this use case.

7.15.3 Cache Use Case #2 for Enhanced Rate Adaptation

7.15.3.1 Description

John uses DASH for media streaming with his DASH-enabled device. Proxy caches are employed to serve DASH clients including John’s DASH-enabled device to save bandwidth and reduce delay. John’s DASH-enabled device sends HTTP GET segment requests by parsing a specific Media Presentation Description (MPD). Prior to serving John’s GET segment requests, the proxy cache may have served other DASH clients with the same MP where they created HTTP GET segment requests by parsing the same MPD as John’s DASH-enabled device. The proxy cache may cache segments which have been sent to other clients for serving future clients requests. As DASH clients request segments with dynamically varying the representations, the proxy cache may cache multiple representations, each of which may be completely or incompletely cached. An incompletely cached representation is defined as a representation having segment gaps, i.e. not all segments of the representation are cached.

John, who lives at Europe, has discovered that his DASH-enabled device suffers from frequent playback quality variation and some playback interruptions, both of which he finds annoying. For streaming quality, John prefers to view streaming in a stable playback quality and fewer or preferably no playback interruptions. In addition, higher presentation media quality is preferable. John has also noticed that such quality variations and playback interruptions typically occur when he views MPs for which origin servers are located at outside of Europe such as Asia.

NOTES:
-
This use case makes some assumptions about the operation of caching. These assumptions may be revised as the use cases are analyzed and developed.

-
It is assumed that the round trip delay between UE and origin server is significantly longer that the round trip delay between UE and cache server.

7.16 MBMS-assisted operator service with caching of DASH content at UE terminals
7.16.1 Use case

An operator offers a TiVo-like video delivery service to its subscribers, enabled by content caching capability in the UEs, which is currently available via significant memory/storage capabilities in mobile devices. This service allows users to select from an operator-specified list of on-demand internet video channels (e.g., popular Youtube channels) and/or live TV programs (e.g., evening news, live sports events) with to-be-available future content that they would like to watch from their mobile devices. The content is stored and/or generated at the origin servers based on the DASH file format and an associated media presentation description (MPD) metadata. The users are also provided the option to specify their device capability information and user preferences that help determine the suitable video bitrate, resolution, frame rate etc. parameters to deliver the best possible quality of experience (QoE).
When the relevant videos become available or get posted at the origin servers, the operator network fetches the corresponding MPDs and parts (e.g., first 2 minutes) or all of the DASH media segments and delivers them to the subscribed UE terminals using MBMS and/or unicast-based delivery techniques, preferably during off-traffic (uncongested) hours. The decision on the choice between MBMS/FLUTE or unicast/HTTP methods to efficiently deliver the content to the UEs is made by the operator on a content-by-content basis depending on a various factors including the popularity of the content, number, spatial distribution and subscription profile of the UEs requesting the particular video, bandwidth availability for unicast and broadcast bearers at that time, etc. Upon reception, the UEs cache the videos that were selected by the user, to be presented or played at a later time when requested by the user.
Availability of DASH-formatted video content at the origin servers for such a service delivers a much better QoE to the end user since it allows the operator to fetch and distribute the most suited version of the video based on the device capability profiles, wireless or backhaul link conditions and user preferences, and also it allows the UE to cache the early part of the presentation and adaptively fetch the rest of it with early access to the MPD. The benefit of such a caching functionality in the UEs is mainly two-fold:
1)
enhanced QoE, e.g., in the form of reduced startup delay or reduced buffering problems, with accessing DASH-formatted content as due to the use of cache functionality at the UEs and ability to fetch at least the initial part of the content in advance (fetching the whole content may also be possible depending on the nature of the content and operator policy and network conditions),
2)
efficient distribution of popular content during off-traffic hours using MBMS/FLUTE-based multicasting and/or HTTP-based unicasting capabilities saving bandwidth for the operator network.
7.16.2 Working assumptions

-
It is possible to provide MPD authoring and client adaptation guidelines for the purpose of caching parts or all of DASH-formatted content at the UEs for later viewing.

-
It is possible to provide guidelines for an operator to select (e.g., via access to MPD and/or direct control of the MPD) access method (unicast, MBMS, etc.) for the delivery of DASH-formatted content based on radio conditions, device profiles, user subscription and content popularity.

-
It is be possible for an operator to control and enforce policies on the use of available access techniques (unicast, MBMS, etc.) for the delivery of DASH-formatted content in order to optimize utilization of available network resources.

7.17 Advertisement insertion in the operator network

7.17.1 Introduction

NOTE:
The content to be inserted by the operator is not restricted to advertisements, but can be any regulatory, informative or entertaining content that the operator may wish (or be forced) to present to the subscriber.

7.17.2 Description

7.17.2.1 Advertisement insertion based on user subscription

A subscriber has a "low cost" subscription, allowing a limited bandwidth, restricting his access to high quality multimedia content. As part of his mobile subscription, he has informed his network operator that he is willing to watch some advertisements in exchange of being able to upgrade his multimedia experience (e.g. higher maximum bitrate, or lower degradation of bitrate during congestion situations).

The network operator inserts an advertisement before the DASH videos that this subscriber is playing.

The network operator could also insert an advertisement in the middle of the DASH video (especially for longer content) before the user can resume watching the video.

An other subscriber with the same "low cost" subscription has elected not to have advertisements displayed before watching movies. The network operator in this case will not play an advertisement ahead of (or during) the DASH videos (and will not upgrade the subscriber's experience either).

7.17.2.2 Targeted advertisement insertion

The mobile subscription information of a subscriber indicates that an advertisement shall be inserted before (or during) DASH video content is played to the UE.

Based on the location of the UE, a specific advertisement can be played (e.g. related to sales of a nearby store).

Based on the subscriber information, a different advertisement can be played (e.g. based on gender, age, etc.), taking privacy in account.

Based on the duration of the video, a different advertisement can be played (e.g. a longer advertisement could be played for a 2-hour movie compared to a 20-minute TV series).

Based on the known available bandwidth, a different advertisement can be played (e.g. simple content authoring (e.g. timed graphics) or high quality video depending on the available bandwidth).

7.17.2.3 Bandwidth-related advertisement/message

A subscriber watches a DASH video over a 3GPP radio network. The subscriber enters an area where the bandwidth capacity is too low for the video content to be played satisfactorily, possibly leading to an empty buffer for an unknown duration.

The network operator inserts a low-bandwidth DASH content (not necessarily an advertisement) until the radio network conditions are sufficient for the original video to resume.

7.17.3 Working assumptions

-
The operator's network is deployed in a way that allows the operator to insert DASH content (advertisement or other) before or during a service using DASH.

-
The decision for the network operator to insert additional content and the selection of the content to insert can be based on subscription information, bandwidth information, UE location, and video information.
8 Recommendations
<tbd>
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