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1. Introduction
At SA4#32, the video codec selection and related system integration has been completed in time for Rel-6, and the resulting specification texts are available for approval at SA4. It is noted that concerns on the adoption of H.264/AVC and the request for further testing have been raised by individual companies at SA4#30 and thereafter. This document summarizes the current status of the video codec selection and highlights key results and decisions taken during the process.

This document only addresses MMS, PSS, PSC, and 3G-324M. Since work on video codecs for MBMS is ongoing, this service is not covered in this report.

2. Video Codec Selection Process Overview

The video codec selection for Rel-6 was initiated at SA4#28. Two proponents notified the intention to submit a candidate on Oct. 3 2003: 1) H.264/AVC [1] proposed by Nokia and 2) WMV9 proposed by Microsoft. The candidate qualification criteria were defined during the first ad-hoc meeting. One candidate was withdrawn before SA4#29 and H.264/AVC was agreed to meet the candidate qualification criteria at SA4#29. In the following meetings SA4#30 - SA4#32 additional data were presented illustrating the performance improvements of H.264/AVC compared to Rel-5 video codecs. Furthermore, the status (recommended) and configuration of H.264/AVC was specified for MMS, PSS, PSC, and 3G-324M and the specification text was continuously revised to accommodate all required system aspects. These specification texts were agreed by the video codec ad-hoc during SA4#32 and are available for approval at SA4.

3. Qualification

S4-030712 Video Codec Candidate Qualification Criteria (AHVIC-018) (Video Ad-Hoc) describes the candidate qualification criteria for the video codec selection process in 3GPP Rel-6. It includes criteria for coding efficiency, resource consumption and error resilience analysis.

Considing coding efficiency the qualification criteria required that a candidate must have the same or better Y-PSNR than the reference when encoded at a 50% higher bit rate. This criteria must be achieved  for at least 3 out of 5 clips.

The resource consumption must be measured on Armulator, emulating Arm925T, and must be reproducible with the delivered ARM decoder. For the measurements, the same bit streams as used for PSNR measurements have to be used. For complexity, processor cycles per second (averaged over the whole clip) and for memory code-size, static memory, dynamic memory had to be reported.

Considering error resilience, the proponent has to provide sufficient documentation that allows evaluating the error resilience against packet loss. In particular, the packetization and resynchroni-sation properties should be addressed. The description shall allow evaluating if the provided error resilience has similar properties as the reference.

The selected test material and reference codec (MPEG-4 Simple Profile) was provided by Fraunhofer-IIS and submitted on Nov. 10 in S4-030718 Test Material and Reference Results for Video Codec Candidate Qualification Criteria (Fraunhofer IIS).
S4-030739 Response to Video Codec Qualification, MPEG-4 AVC (Nokia) includes the PSNR results for AVC plus the remaining qualification material (decoder executable, decoder complexity and error resilience documentation). During SA4#29 it was agreed that the qualification criteria are met for MPEG-4 AVC.

S4-030855 Revised Video Codec Submission Material describes the material that is required to complete the standardization process as approved at SA4#32. Considering the requirements “Results from objective tests” and “Documentation of resource consumption for encoder and decoder” it was agreed during SA4#29 that the results which are already presented by Nokia are sufficient.
4. Performance

In addition to the response for qualification criteria for H.264/AVC (S4-040739), several other documents and results have been provided to further illustrate the performance gain over other existing video codecs.

S4-030871 Report of The Formal Verification Test on AVC (Liason from SC 29/WG 11) provides extensive subjective test results from MPEG comparing H.264/AVC with other MPEG codecs. The MD-Baseline test uses appropriate frame sizes and bit-rates for 3G services and concludes: “When compared to MPEG-4 Visual SP, AVC Baseline Profile achieved a coding efficiency improvement of 2 times or greater in 14 out of 18 statistically conclusive cases”.

S4-040048 Grounds for Nokia’s AVC Proposal (Nokia) provides the reasoning for Nokia’s AVC proposal together with extensive set of justification material. Among other things, there are results for encoding complexity presenting also the quality PSNR drop (about 0.5 dB) caused by low-complexity encoding compared to rate-distortion optimized encoding. It is estimated that 15-Hz QCIF encoding can be achieved with a 200-MHz general-purpose processor (such as ARM) and 15-Hz sub-QCIF encoding with a 100-MHz processor.

S4-040494 Performance Characterization of H.263, H263+ and H.264 on 3GPP bearers (France Telecom, Qualcomm, Siemens) shows that H.264 is at least as robust as other codecs under typical packet loss conditions.

SA-040533 Video Simulations for MBMS Streaming – First Results (Nokia) shows that for the tested sequence (foreman) an average performance gain of more than 2 dB between H.263 and H.264 under error-free as well as error-prone conditions can be achieved. It also shows that 32 kbps H.264/AVC performs equal to 64 kbps H.263 in error-free as well as error-prone conditions.

S4-040332 Complexity and Coding Efficiency of H.264 / MPEG4 AVC and H.263 Baseline (Siemens & Qualcomm) includes PSNR-plots comparing H.264 and H.263. The analysis of simulation test results shows that the coding efficiency lies in the range of 1.4 -1.7.

5. Status and Configuration of H.264/AVC

During SA4#30 (Feb. 23-27, Malaga) the discussion on status (mandatory vs. optional) and configuration (profile, level, additional constraints, etc.) for individual services (MMS, PSS, PSC, 3G-324M) was started. In addition, the relevant issues for system integration (packetization format, file format) were addressed.

Consensus was found that H.264/AVC is a recommended codec for MMS, PSS, PSC and 3G-324M. It was felt that requiring H.264/AVC is not appropriate because of three reasons: 1) 3GPP already has a required codec. 2) complexity is still a problem for low/mid-range terminals. 3) Concerns about non-technical aspects related to licensing.

The main decisions on the H.264/AVC configuration are summarized as follows (for details see specification texts listed below): For all services, the Baseline Profile is proposed. For MMS, PSS, and PSC level 1b (128 kbps) is required while for 3G-324M level 1 (64 kbps). For MMS and PSS only the intersection with the Main Profile is required (constraint_set1_flag=1). 

For system aspects, the main focus was on the 3GP file format and RTP packetization. For those services that use RTP (PSS and PSC) the RTP payload format for AVC is proposed [2]. For PSC only the single NAL unit and non-interleaved packetization mode may be used. For PSS also the interleaved packetization mode may be used. For storage in 3GP files, the AVC file format is adopted [3]. Other system aspects that were considered are the interworking of HRD and de-interleaving buffers (S4-040424) and the interworking between interleaving and rate adaptation (S4-040510).

At SA4#32 the Video Codec Ad-Hoc group has completed the technical aspects of codec selection and system integration and has produced the following change requests:

S4-040563 CR 26.244 004 Storage of H.264 (AVC) video in 3GP files

S4-040564 CR 26.234 075 Introduction of the H.264 (AVC) video codec into the PSS service

S4-040565 CR 26.235 008 Introduction of the H.264 video codec into packet-switched conversational services

S4-040548 CR 26.140 008 Update of MMS codecs and formats with H.264 (Rel-6)

S4-040379 CR 26.111 010 rev2 3G-324M Improvements – video and general parts
S4-040534 CR 26.911 014 rev2 3G-324M Improvements – video and general parts

6. Concerns and Comments

At SA4#30 and thereafter, some companies have raised concerns about the adoption of H.264/AVC as a new video codec for Rel-6. Since these concerns could not be removed they are repeated here together with some comments.

Complexity and encoder specification: Concerns have been raised about the fact that the encoder is not fully specified in H.264/AVC since only the decoding process, bit-stream syntax, bit-stream semantics and constraints on bit-streams are specified.. Related to this issue is the concern that the computational complexity for an encoder is not specified either. Hence, it is not clear how much complexity is required to achieve the reported performance gain. Furthermore, the quality of the encoding process is not guaranteed (like for any video codec). Ensuring the quality of the encoding process is felt an important aspect in 3GPP compliant implementations.

As a response to this concern it is noted that video and speech coding traditionally use different approaches in specification. While the former only specifies the decoder, speech codecs are fully specified including a bit-exact encoder. Both approaches have advantages and disadvantages and both approaches have shown to be effective in history. As for any other video codec in 3GPP, H.264/AVC does not specify the encoder. 

From a procedural point of view, SA4 has already agreed that H.264/AVC meets the complexity requirements by approving that it meets the qualification criteria (S4-030712) and that all the requested submission material (S4-030855) is provided. This is stated in the video codec ad-hoc group meeting report (S4-030859), approved by SA4 in SA4#29.

During the video codec ad-hoc session at SA4#32, no company but Siemens had remaining concerns about encoding complexity.

Further test results: Concerns have been raised that not enough test results have been provided for typical 3G channel conditions, e.g., using higher intra rates and smaller slices. This data would help to configure H.264/AVC for existing services.

During SA4#32 two documents have been presented that do provide such data (S4-040494 and S4-040533). Both contribution show that H.264 is at least as robust as other codecs under typical packet loss conditions. In S4-040533, an average performance gain of 2 dB between H.263 and H.264 under error-free as well as error-prone conditions is demonstrated. 

It was propsed that further testing may be addressed more appropriately in a Characterization Phase after the selection. I.e., the group felt that sufficient proof is provided for the adoption of H.264 (see S4-030739) but recognized that there is an interest for several companies to get a better understanding of the performance on typical 3G channels. The first step to specify common test conditions was performed by Nokia, France Telecom, and Qualcomm during SA4#32.

During the video codec ad-hoc session at SA4#32, no company but Siemens stated that they would make the adoption of H.264/AVC dependent on additional test results.
“may” vs. “should”: Concerns have been raised about the wording that should be used to declare a codec as “optional” in specification texts. Siemens noted that according to TR 21.801 Annex E, the term “should” describes a “recommendation” and not “optional”.

During the second video codec ad-hoc meeting (Lund, October 28-30, 2003) this issue was already discussed. According to Siemens, the wording to describe the current working assumption (“optional H.264”) is not correct in the proposal. The word “may” must be used instead of “should”. “should” does not describe the decision at SA4#30. The chairman noted that the exact wording has not been decided at SA4#30. Instead, only the word “optional” is used. After a short discussion on the correct wording (“may” vs. “should”) all delegates (Ericsson, Nokia, Panasonic, NEC, Qualcomm, Toshiba, ST, Philips, Siemens) were asked on their opinion. All but Siemens expressed that “should” was their interpretation of “optional” and should be used in the specification text.

During SA4#32 plenary, Ericsson noted that the term “may” describes a permission not an option. Furthermore, 3 noted that it fully supports the concerns raised by Siemens.

7. Conclusions

The Video Codec Ad-Hoc group has completed the technical aspects of codec selection and system integration and has produced specification text for adoption by SA4. Considering the significant performance gain that H.264/AVC offers over any Rel-5 video codec it is recommended to approve the provided change requests. For this decision, SA4 is asked to carefully weigh the demonstrated advantages against the above mentioned concerns.
8. Meeting Reports
The following is a list of meeting reports from the video codec ad-hoc group:

S4-030715 Draft Meeting report AHVIC#1  (AHVIC-022)

S4-030859 Meeting Report on Video Codec Ad-Hoc during SA4#29

S4-040129 Draft Meeting Report on Video Codec Ad-Hoc during SA4#30

S4-040225 Draft Meeting Report on Video Codec Ad-Hoc #2

S4-040349 Revised Meeting Report on Video Codec Ad-Hoc during SA4#31
S4-040495 Draft Meeting Report on Video Codec Ad-Hoc during SA4#32
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