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1. Overview

This document presents various aspects that we propose to consider when discussing the introduction of H.264 / MPEG4 AVC
 into 3GPP services. The term 3GPP services stands for Multimedia Messaging Service (MMS), Packet-Based Streaming Service (PSS) and Packet-Based Conversational Service (PCS). New evolving services, such as MBMS may also be addressed in this context.

2. Introduction

H.264 is a well known standard due to its excellent properties compared to other technologies. H.264 shows some important main features, such as

· Improved compression methods compared to H.263 and to MPEG-4 SP
· Error robust capability

· Network adaptation capability

On the other hand, currently there are some difficulties associated with H.264 codec, for example

· High complexity

· Lack of market acceptance and content

· Lack of stability due to evolving discussions in MPEG / MPEG LA

The designers of H.264 introduced 3 profiles that represent different kind of applications. The methods of each profile differ, however there is a basic kernel that is used by all 3 profiles. The levels itself are scaling e.g. the data rate, image size, memory or computational power. 
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Table 1 Overview of H.264 Profiles

3. Requirements for H.264 Usage in 3GPP Services

3.1 Supported Profiles and Levels
As seen from the previous figure, the H.264 experts intended the baseline profile to be used in mobile environment. We think also that the Baseline Profile is well suited for mobile multimedia applications. Due to limited resources, e.g. computational power, memory, battery or display capabilities we see a strong need to limit the supported levels to level 1. Level 1 allows the same image sizes, frame rate and bandwidth than H.263 baseline which mandatory for all 3GPP services.

Some on-going activities in the JVT address further extensions, for example Baseline Profile at Level1* which is planned to operate at 128 kb/sec. As a general framework, we think it might be worth considering this or a further extension to the H.264 standard for inclusion in 3GPP services after their completion at JVT. In any case, we believe the specification of one profile only seems sufficient for 3GPP applications.

3.2 Decoder Requirements

The exact specification of the decoder part is essential for compatibility with other systems than those specified by 3GPP. Therefore it is highly recommended to avoid the definition of a special version of H.264 decoders and/or to mandate special additional features that are only mandated for 3GPP services. Instead, 3GPP should consider a fully H.264 compliant specification only.
We recommend the discussion on the usage of H.264 baseline decoder with support of all mandatory feature set. This includes compatibility with FMO and ASO decoding ability (constraint_set1_flag not restricted). By this concept, 3GPP would specify a fully H.264 compliant standard. Additional features as the SEI (Supplemental Enhancement Information) are optional in H.264 and shall not be introduced in 3GPP.  Any specific versions of H.264 for 3GPP shall be avoided which would lead to incompatibility problems with devices that are baseline-conform.
3.3 Encoder Requirements

The encoder allows much more flexibility than the decoder. In the case that only a subset of available features of a profile is used, the encoder still produces a standard compliant bit stream.

However we see a strong need not to mandate such a limitation, because each baseline compliant 3GPP device would anyway be able to decode any baseline stream. In order to allow the reusability of video content for non-3GPP devices we recommend but not mandate to limit the encoding tools in such a way that also Main and Extended profile decoders can cope with this content. 

3.4 Complexity and Power Consumption

H.264 is known from its great new features but also from its high complexity. In this section, we want to quantify this measure.

For this purpose, we draw the attention of the reader to the publication by Infineon in their ResearchTrends, Edition 15, January 2004 [1]. On page 6, they report on a complexity comparison of MPEG-4 SP and H.264 on an ARM926 simulator. For the comparison, a non-optimized C/C++ code and an optimized C++ code was used (provided by the Heinrich Hertz Institute in Berlin) for encoder and decoder application using 15 fps QCIF video. The complexity figures are shown in Table 2.

	
	ARM926 simulator, non-optimized C/C++ code
	ARM9, optimized C++ code

	MPEG-4 SP
	280 MHz
	125 MHz

	H.264
	1300 MHz
	740 MHz


Table 2 Complexity figures of MPEG-4 and H.264 encoder and decoder on ARM9

The paper [1] concludes that on the ARM9 platform, the complexity of H.264 is 5...6 times higher than that of MPEG-4 SP. The clock frequency of the processor must be lifted significantly above the amount required to run MPEG-4 SP. As a consequence, the power consumption reaches a level that today’s batteries cannot sustain for long.

3.5 Backward Compatibility and Future Migration

As new video services have just reached the market, we see it as a wrong signal to start changing the status of H.263 and MPEG4 visual as specified in the appropriate Rel-5 documents. Hence keeping H.263 baseline as the mandatory video is essential.

For the time being we do not want to mandate any H.264 encoder/decoder in order to prevent cannibalization of the usage of H.263 technology and in particular in order to avoid the generation of new incompatibility issues. Our vision is to achieve a smooth transition from today’s technology to the next video codec area of the future. For this, first a check of market needs and reaction may be recommended in a mid/long term run. In the future, H.264 may develop to a well-accepted video coding technology for 3GPP services beyond Rel-6 time frame.

3.6 Others

We would not mandate any display capabilities inside a 3GPP specification. It is exclusively up to the manufacturer’s decision which properties may be supported by the display.

The efficiency and quality of H.263 is well known for various bit rates. As for every codec, the quality increases by increasing the bit rate. Hence in cases when an improved quality is needed, the application of H.263 baseline at a higher rate (e.g. at 128 kb/sec instead of 64 kb/sec) seems to be a feasible alternative to switching the codec technology from H.263 to H.264. H.263 at 128 kb/sec is currently under ITU-T SG16 AAP approval process [2] introducing the new level 45.
4. Recommendation and Conclusion

This paper presents various aspects that are necessary to consider when discussing the inclusion of a new video codec into the 3GPP specifications. We recommend to keep H.263 baseline as the mandatory PSS/MMS codec in Rel-6 in order to allow settling the evolved video services market and to avoid the generation of new incompatibility issues. Our vision is to achieve a smooth transition from today’s technology to the next video codec area of the future. For this, before specifying H.264 for 3GPP services, first a check of market needs and reaction may be recommended in a mid/long term run. In the future, H.264 may develop to a well-accepted video coding technology for 3GPP services beyond Rel-6 time frame. 
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� 	H.264 will be used as synonym for H.264 and MPEG4 AVC
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