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1 Introduction
3GPP SA4 is about codecs. In today's world of mobile communication, multimedia services/apps and codecs play a central role. They are enablers for driving new business. Codecs are essential for delivering content to mobile terminals. Codecs provide an important interoperability points and we need content and service providers to be confident that their used codecs are supported on as many target devices as possible. At the same time we need operators and terminal manufacturers to be confident that the codecs are bandwidth-efficient and manageable in terms of complexity, power consumption and memory. Moreover, it is utmost important that these constraints do not harm the introduction of new codecs, otherwise the definition of the codecs to use will be done outside 3GPP SA4. Managing the codecs supported should be a primary task for SA4 to assure interoperability and efficiency across multiple networks and multiple content providers.
This document discusses the current practice for codec specification and provides motivation for providing specification of service-independent buckets for media codecs.
2 Status Quo
SA4 Charter

The 3GPP Webpage (http://www.3gpp.org/SA4-Codec) clearly defines 3GPP SA4’s responsibility with respect to codecs.
Specifically it says: "TSG SAWG4 Codec deals with the specifications for speech, audio, video, and multimedia codecs, in both circuit-switched and packet-switched environments. Other topics within the mandate of SA WG4 are: quality evaluation, end-to-end performance, and interoperability aspects with existing mobile and fixed networks (from codec point of view)."

More specifically the charter of the WG4 group is defined as

The responsibilities of WG4 (Codec) include the following items:

· Development and maintenance of specifications for speech, audio, video, and multimedia codecs, as required to enable services specified for 3G terminals and systems.

· Guidance to other 3GPP groups concerning required QoS parameters and other system implications, including channel coding requirements, imposed by different multimedia codecs in both circuit-switched and packet-switched environments.

· Speech, audio, video, and multimedia quality evaluation (including new evaluation methods, testing, verification, characterisation, selection criteria)

· End-to-end performance, including terminal characteristics, of speech, audio, video, and multimedia services.

· Interoperability aspects with existing mobile and fixed networks from the codec point of view.

In conducting its work, the Codec WG will strive to specify the best possible technical solutions at the same time as considering the planned global use of the codecs and the flexibility needs imposed by different regional requirements and preferences, including possible differences in quality/capacity trade-offs.

The two highlighted bullet points stress 3GPP SA4's responsibility for codecs for both 3G terminals and systems and to provide interoperability with existing mobile and fixed networks. The charter may a bit ambiguous in certain areas.
· Is SA4 only responsible for codecs (selection and qualification) in 3GPP specified services (MTSI, PSS, MBMS, etc.) or does it have a mandate on codecs for 3G terminals in general? We believe that 3GPP SA4 should consider specifying codecs independently of, or at least beyond, 3GPP services. The same or at least very similar codecs are used across 3GPP services and in non-3GPP services (typically called "Apps").
· The interoperability focuses on existing mobile and fixed networks. However codec interoperability is just as important with existing content and content provisioning tools, especially when moving to UEs (smart phones, tablets) that are capable of consuming content that is (also) targeted to other platforms (TV, PCs, etc.).
More discussion follows.
Discussion in Context of IVS
In document S4-090818, a discussion in this matter had already been provided in the context of the work item on Improved Video Support for PSS and MBMS. The TR26.903 heavily uses the term “Baseline Terminal” and “Advanced Terminal” and provides definitions 

advanced terminal: a user equipment terminal that permits rendering video at higher quality than common for UEs in the market at time of generation of the document. Typically display resolutions or VGA or higher are supported. Examples are netbooks or laptops.

baseline terminal: a user equipment terminal that permits to render video at typical quality as available in the market at time of generation of the document. Typically display resolutions of QVGA are supported. 

This hints that there exist different terminal classes and there is no "one-codec-fits-all". Typical characteristics to be taken into consideration in the classification are of capabilities of Video Terminals may be:

1. Display size and supported frame rate (for example taken to define “HD ready” devices), 3D capabilities, etc.
2. Available access technology and supported bitrates

3. Available processors and/or supported hardware, for example docked to a high-end device

For other media types such as audio, other rendering capabilities are essential such as multi-channel rendering, surround sound capabilities, etc...
Codec Specifications in 3GPP 

3GPP user service specifications such as PSS and MBMS typically do not address UE attributes such as displays, user interfaces, supported hardware, etc... Therefore, the definition of terminal classes through any of those capabilities is not appropriate for 3GPP user service specifications.

Codecs are specified for the following services

·  TS 26.140: Multimedia Messaging Service (MMS); Media formats and codecs

·  TS 26.141: IP Multimedia System (IMS) Messaging and Presence; Media formats and codecs

·  TS 26.234: Transparent end-to-end Packet-Switched Streaming Service (PSS); protocols and codecs

·  TS 26.235: Packet-switched conversational multimedia applications; Default codecs

·  TS 26.346: Multimedia Broadcast/Multicast Service (MBMS); protocols and codecs

Following are excerpts on codec specifications in TS26.234  highlighting some potential issues for interoperability and confidence in determining which codecs are supported: 
· Section 7.2: Speech
· If speech is supported, the AMR decoder shall be supported for narrow-band speech [18][63][64][65]. The AMR wideband speech decoder, [20][66][67][68], shall be supported when wideband speech working at 16 kHz sampling frequency is supported.
· Section 7.3: Audio
· If audio is supported, then one or both of the following two audio decoders should be supported:
· Enhanced aacPlus, as specified in 3GPP TS 26.401 [28], 3GPP TS 26.410 [29] and 3GPP TS 26.411 [30].
· Extended AMR-WB, as specified in 3GPP TS 26.290 [24], 3GPP TS 26.304 [25] and 3GPP TS 26.273 [26].
· Section 7.3a: Synthetic Audio
· If synthetic audio is supported, the Scalable Polyphony MIDI (SP-MIDI) content format defined in Scalable Polyphony MIDI Specification [56].
· Section 7.4: Video
· If a PSS client supports video, ITU-T Recommendation H.263 Profile 0 Level 45 decoder [22] shall be supported. In addition, a PSS client should support:
· H.263 Profile 3 Level 45 decoder [22];
· MPEG-4 Visual Simple Profile Level 3 decoder [24] with the following constraints:
· H.264 (AVC) Constrained Baseline Profile Level 1.3 decoder [90] without requirements on output timing conformance (Annex C of [90]).
· If H.264 (AVC) High Profile is supported by a PSS client, the decoder shall support decoding any stream compliant to H.264 (AVC) High Profile Level 3.0 [43] with frame_mbs_only_flag=1, without requirements on output timing conformance (Annex C of ITU-T Recommendation H.264 [43]).
· Section 7.5: Still images
· If still images are supported, ISO/IEC JPEG [61] together with JFIF [62] decoders shall be supported.
· Section 7.6: Bitmap graphics
· If bitmap graphics is supported, the following bitmap graphics decoders should be supported 

· Section 7.7: Vector graphics
· If vector graphics is supported, …
· Section 7.8: Text
· If text is supported, …
· Section 7.9: Timed Text
· If timed text is supported, …
· Section 7.11: Timed Graphics
· If timed graphics is supported, …
· Section 8: Scene Descriptions
· There are several options ...
PSS uses RTSP-based negotiation of parameters, which may resolve some interoperability issues. However, fallback to the mandatory codecs after an unnecessary negotiation phase is not atypical. Note that DASH uses the same codecs as TS 26.234. In this case, offering of the content may require offering the same content with optional codecs. This puts unnecessary burden on content generation, content storage and management and cache-based delivery. Less options, or at least better structuring the options, would be better. 
Following are excerpts on codec specifications in TS26.346 highlighting some potential issues for interoperability and confidence in determining which codecs are supported:
· Section 10.2: Speech
If speech is supported, the AMR decoder, as specified in 3GPP TS 26.071 [48], 3GPP TS 26.090 [49], 3GPP TS 26.073 [50] and 3GPP TS 26.107 [51], shall be supported for narrow-band speech. The AMR wideband speech decoder, 3GPP TS 26.171 [52], 3GPP TS 26.190 [53], 3GPP TS 26.173 [54] and 3GPP TS 26.204 [55], shall be supported when wideband speech working at 16 kHz sampling frequency is supported.
· Section 10.3: Audio
· If audio is supported, then the following two audio decoders should be supported:
· Enhanced aacPlus, as specified in 3GPP TS 26.401 [28], 3GPP TS 26.410 [29] and 3GPP TS 26.411 [30].
· Extended AMR-WB, as specified in 3GPP TS 26.290 [24], 3GPP TS 26.304 [25] and 3GPP TS 26.273 [26].
· Section 10.5: Video
· If video is supported, H.264 (AVC) Constrained Baseline Profile Level 1.3 decoder (ITU-T Recommendation H.264|  ISO/IEC 14496-10 [43]) without requirements on output timing conformance (annex C of [43]) should be supported.
· Note that MBMS does not offer dynamic negotiation of media codecs. To ensure the maximum level of interoperability, H.264 (AVC) is the only video decoder recommended for MBMS. However, it is to be noted that ITU-T Recommendation H.263 profile 0 level 45 decoder (ITU-T Recommendation H.263 [45] and H.263 annex X [46]) shall be supported for PSS (3GPP TS 26.234 [47]) and hence may be used for MBMS User Service.
Optional codecs in MBMS/broadcast services cause major interoperability issues. Also, even for MBMS it is expected that there will be services that target low-end terminals, e.g., in developing countries. Then there may be other services that target HD broadcast TV type of content focusing on smart phones and tablets.

3 Problems

The current way to specify codecs in 3GPP SA4 has some obvious problems, or at least disadvantages:

· Recommendation for individual codecs are of little help for different services, especially DASH and MBMS, but also for PSS and MTSI. For MBMS and DASH, in case of a codec being recommended, the service offering/content provider can only rely on mandatory codecs or all alternatives need to be offered to make sure that UEs can join/select. For PSS and MTSI, a significant negotiation is necessary, and also client and server need to implement common codecs to agree on a suitable codec/profile/level.
· UEs typically support multiple user services or even seamless switchover (PSS, MBMS) so it is unnecessary to have individual and possibly different codec specifications for different services. Also duplication of the same text over different user service specifications is prone to errors and usually causes problems. For decoding support, we do not see any reasons to provide service-specific sets of codecs
· The specifications often include the terminology: If <a media type/codec> is supported, <codec> shall/should be used. For interoperability purposes this definition does not provide practical guidance for content providers.
· Currently available mobile terminals are often very heterogeneous in terms of radio capabilities, rendering capabilities, complexity and memory support, etc... The well-established categorization of feature phones, smart phones and tablets hints to this heterogeneity. It cannot be expected that these different types of phones can support the same level of codecs.  But this should not harm the innovation and interoperability for high-end phones. This is harmful for interoperability and the problems will inevitably get more difficult with more heterogeneity among terminal types and with more codecs being developed.
· Removing mandatory codec support (especially for codecs that get deprecated) in newer releases is quite difficult.  This imposes ever expanding testing and development complexity which is damaging for both OEMs and operators in terms of time to market. 
· 3GPP codec buckets are only defined for specific user services. However, a 3GPP codec bucket may be very attractive not only for 3GPP user services. Content/services providers wanting to provide services also (but not only) for 3G terminals desire to have confidence on a restricted and well-defined set of mandatory codecs. 3GPP SA4 should acknowledge that a large amount of multimedia traffic is not within 3GPP services, but codec support is still very relevant for 3GPP players (mobile operators and UE manufactures) for efficiency and processing. Providing such common sets of codecs will increase 3GPP operator and manufacturers influence on the delivery and processing of multimedia applications. 
· The definition of new codecs and upgrade of codec profile/levels is only possible with new releases, but the codec support may or may not change over each release. Release independent specification of codec buckets would be beneficial.
· For each non-mandatory codec, an exact negotiation mechanism for each codec and for each service needs to be in place that can be signalled in the negotiation protocol of the respective service. In 3GPP currently RTSP/SDP requires MIME type registration for the codec as well as the profile/level, RFC4281 for MP4 file, USD for MBMS, the MPD for DASH using the codecs parameter, etc… The author does not know the codec signalling for circuit-switched services (H.223, etc.), for MMS, for packet-switched conversational services, etc... 
· Support for decoding is relevant for any service. However the support for encoding is relevant for only a subset of services and even within those services there is no necessity that the encoding and decoding capabilities are matching. Tying encoding and decoding capabilities is unnecessary and may result in unnecessary restrictions for the user experience.
· The definition of 3GPP codecs is not aligned with typical roadmaps of operators and terminal manufacturers. Focusing more on the set of mandatory supported codecs will increase interoperability and 3GPP SA4 can provide relevant evaluation, selection and qualification processes, possibly even comparing different codecs. 
4 Proposal
General

We believe that 3GPP SA4 as the codec group of 3GPP (and therefore extremely relevant looking at the expected amount of multimedia traffic) should revisit the way how codecs are specified. Specifically we believe that within the long Release-11, 3GPP SA4 can take on the effort to prepare a new way to specify codecs to be prepared for new codecs expected in the near future including codecs for 3D support, the new "H.265" video codec, new audio codecs developed in 3GPP and elsewhere, etc.
Here is an initial set of recommendations on how to proceed on this work within the context of 3GPP SA4

· Established a 3GPP service-independent Technical Specification that provides a small set of buckets/profiles/categories (referred to as buckets in the remainder), each including a mandatory set of codec

· Buckets should be abstract, but have a specific target device category in mind
· type: feature, smart, tablet
· video rendering capabilities: display size, 3D, external interfaces
· audio rendering capabilities: stereo, surround, etc.
· complexity/compactness, memory, processing power, etc.
The bucket definition may be added as an informative part to provide motivation for a bucket, but does not have any mandatory aspects.

· There should be buckets for encoding support and separate buckets for decoding support 

· The the total number of buckets should be as small as reasonably practical
· Buckets should be onion-shelled at least to some extent, i.e., there is a minimal bucket around which concentric, increasing in size, supersets are built around it. 
· Within a bucket,
· mandate codec support 

· minimize/eliminate options 

· There should be a signalling mechanism to signal bucket support

· Each bucket should have assigned a unique identifier, e.g. a URN
· Service specification should reference buckets w/o changing the essence of existing specifications
· A bucket is a claim (terminal and content complies) and a permission (client conforming to bucket can access content conforming to bucket), i.e. it can be associated to terminals (meaning that the terminal can decode the included codecs) and content (meaning that the content can be rendered if the terminal supports this bucket)

· Content and terminal may comply to multiple buckets, especially if buckets are onion-shelled and/or buckets have overlapping set of codecs.
· The inclusion/exclusion of media types in buckets needs to be considered carefully.  For example, video and audio are clearly very important, while text, graphics, and still images, etc… may need more consideration.
Additional Considerations

What about codecs outside buckets? Obviously it would be very useful to have a single repository of codecs and 3GPP should obviously allow for codecs that are not in specific buckets. For this purpose this generic codec specification may list any codec that is available in 3GPP and may also collect the signalling/negotiation capabilities for this codec.

Adding codecs in the 3GPP repository should not create a too significant hurdle. However including codecs in buckets should be based on strict rules focused on creating buckets that are broadly applicable and market driven. It is recognized that a given bucket is essentially a snapshot of market status and technology state. The means to update the bucket is to create a new one and possibly terminate others as they become obsolete.
5 Potential Work Item Justification and Objectives
Introduction

We believe that 3GPP SA4 should start work on this subject in Release-11. For this purpose a work item should be established. This section provides a proposed core for such a work item, namely the justification and the objectives. Revisions of the below sections are expected based on the discussions at SA4#65. If started, we believe that such a Work Item should run until the end of Release-11.
Justification

3GPP SA4 is about codecs. In today's world of mobile communication, multimedia services/apps and codecs play a central role. They are enablers for driving new business. Codecs are essential for delivering content to mobile terminals. Codecs are important interoperability points as content and service providers need confidence that their used codecs are supported on as many target devices as possible.  At the same time operators and terminal manufacturers need confidence that the codecs are bandwidth-efficient and manageable in terms of complexity, power consumption and memory. Moreover, it is important that these constraints do not harm the introduction of new codecs, otherwise the definition of the codecs in use will be done outside 3GPP SA4. Managing the codecs supported should be a primary task for SA4 to assure interoperability and efficiency across multiple networks and multiple content providers.

With more heterogeneity of devices (feature phones, smart phones, tablets, etc.), services coming over the top (3GPP and non-3GPP), and with new emerging codecs, the current way how 3GPP SA4 defines codecs becomes increasingly challenging. Therefore, a complementary way to define codecs specifications for 3GPP is necessary to enable codecs to be collected in a small set of buckets where the codecs are mandatory. 
Objectives

The objectives of the work are as follows:

· Established a 3GPP service-independent Technical Specification that provides a small set of buckets/profiles/categories (referred to as buckets in the remainder of this document), each including a mandatory set of codecs. Furthermore, such a specification should include a list of all 3GPP codecs

· Define the exact definition rules and properties for a bucket. This includes informative motivation (target space) for the bucket, the exact procedures that constitute a bucket, and the rules how to document and define a bucket.
· Define buckets based on the existing user service specifications. Separate buckets for encoding and decoding support.
· Define an identifier and signalling for each bucket

· Consider updating the User Service specifications to refer to the new codec specifications instead of maintaining individual codec specifications for each user service.
· Provide a list of all codecs that are used in 3GPP user services and also provide the appropriate signalling and negotiation means for each of the codecs.
Expected Deliverable

As deliverable from such a work item it is expected to have a new SA4-controlled Technical Specification for user-service independent codec collection that contains the following information:

· List of all supported codecs in 3GPP user services including

· A list of all supported codecs in 3GPP user services for decoding

· A list of all supported codecs in 3GPP user services for encoding

· The relevant signalling/negotiation code points the different codecs in different user service environments

· Definition of relevant buckets that collects a set of mandatory codecs

· Definition on how to define the buckets

· Definition of a few initial relevant buckets for encoding and decoding
· Assignment of mandatory codecs/profiles/levels to these buckets

· Unique identifier for the buckets

· Signalling and registration means for the buckets
· Update of existing user service specifications to refer to the new technical specification to the extent necessary. 
6 Procedural Proposal
We propose to,
· to discuss at SA4#65

· the relevance of such a work item
· the general 3GPP SA4 support for this
· the details of the scope, justification, and working procedures
· Establish a Work Item for Release-11 either during this meeting, or latest during SA4#66, based on this document, specifically clause 5.
Qualcomm supports such a work item and will provide sufficient resources (rapporteur) to complete the work in the Release-11 timeframe.
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