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1 Introduction

This contribution introduces the WMV9 video codec as an advanced video codec for 3GPP services such as PSS, MMS and perhaps conversational services. WMV9 is recognized as having significant quality advantages over H.263 and MPEG4 Simple profile. In comparison with MPEG4 AVC, WMV9 achieves similar perceived quality[4,5] with lower resource requirements[2] in a commercially available form. 

WMV9 is a proprietary codec developed by Microsoft. The WMV9 bitstream specification is being submitted to internationally recognized Standards defining organisations.
Section 2 contains some introductory technical information about the WMV9 codec.
Section 3 presents some representative data of key technical differentiators, in terms of perceived quality and resource requirements (mips and memory) of the decoder.
Section 4 details the necessary specifications and other items that Microsoft will make available under 3GPP rules to enable WMV9 to be successfully integrated into 3GPP rel 6.

Section 5 details proposed actions and conclusions.

2 Technical information on proposed WMV9 profile
WMV9  is a motion-compensated hybrid codec, somewhat similar to other block-based video codecs. It supports:

· I, P and B frames

· Advanced I frame coding 
· Fast 16-bit variable size transform 

· Advanced Motion compensation

· 1 or 4 motion vectors per macroblock

· 1/4 pixel motion accuracy

· Adaptive bi-linear & bi-cubic (4tap) interpolation filter.
· Optional post processing

· Scalar quantization adapted according to QP value

· Parallel processing-friendly adaptive VLC entropy coding 

· Adaptive in-loop de-block filtering
· Multiple leaky-bucket VBV
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Figure 1 – Block diagram of WMV9 decoder

3 Quality metrics and resource requirements.
WMV9 achieves similar quality to H.264 with lower mips and memory requirements. This conclusion has been reached by a number of independent tests[4,5]. PSNR and PQR provide interesting but sometimes conflicting information. Ultimately expert viewing is needed to accurately compare. Below we present some some of the supportive evidence:
3.1 Quality Comparison

This section Compares WMV9 as encoded using Windows Media Encoder 9 Series from http://www.microsoft.com/windowsmedia/download with H.264 encoder JM6.1e. 
3.1.1 PSNR Analysis

There are two sets of PSNR results – one independent provided by TandbergTV[5] and the second from Microsoft’s own evaluation. Tandberg’s work shows that in the range 500 – 3000 kbps, WMV 9 has simillar PSNR to H.264 Baseline. An example is shown below. (Figure 2). In our own evaluation, H.264 encoded in the same manner as the Nokia proposal [3] (single reference frame etc), is compared to WMV9 Main profile and is shown in figures 3a and 3b.  In general, PSNR figures are quite similar across a broad range of sources and bitrates.
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Figure 2 – Tandberg PSNR comparison between WMV9, H.264 and MPEG4 between 500kbps and 3 mbps.
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Figure 3a – PSNR comparison between WMV9, H.264 at approx 60kbps to 500kbps.
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Figure 3b – PSNR comparison between CIF 15fps WMV9, H.264
3.1.2 PQR Analysis

PQR analysis by Tektronix PQA200 shows WMV9 main profile to be superior to H.264 baseline[5], and similar to H.264 main profile.
In PQA, the lowest numbers indicate lower visual distortion relatative to source. Figure 4 below shows PQR figures for WMV and H.264 at 1.5 mbps for a number of well known clips.
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Figure 4 – PQR comparison between WMV9, H.264, MPEG4 and MPEG2 at 1.5 mbps.

3.1.3 Expert viewing – demo

Subjective quality tests by experts are widely agreed to be better than objective measurements to judge video quality, particulary when comparing different codecs. Attached are AVI files representing decoded WMV9 Main profile and H.264 baseline. Typically H.264 is smoother with less detail, and WMV9 is detailed but with some evident ringing artifacts.
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3.2 Mips comparison
It has been independently shown[ 2] that an H.264 baseline decoder is 2-3 times more complex than an H.263 decoder. Our own comparisons with WMV9 and MPEG4 Simple profile indicate that WMV9 main profile is approx 1.5 times more complex to decode (and MPEG4 SP is close to H.263) so we can infer that H.264 Baseline is as much as twice as complex as WMV9 main profile to decode. 
This deduction is confirmed by empirical measurement as described below in table 1. The table below compares the MCPS figures Nokia reported[3] for H.264 Baseline, with Microsoft’s own calculation of MCPS for WMV9 Main profile decode on the same processor. On average WMV9 Main profile requires less than ½ the cycles of H.264 baseline. For this comparison, Nokia’s H.264  figures from SA4#27 were reused. content was 15 fps QCIF material at 64 kbps.  Test performed on Armulator with Arm925T.  
We also note that WMV9 main profile encode is much faster than H.264 baseline: the clips tested were 10 seconds in duration. Encode took 8 seconds for WMV, and 360 seconds for H.264. Encode was performed on Intel P4 1.7 Ghz. Although we can expect H.264 encode to improve significantly as it is productised, there must be some doubt as to whether the quality reported for H.264 will be achievable with real time encode.

	Sequence
	Millions of cycles per second

	
	WMV9
	H.264

	Foreman
	27
	70.0

	News
	17
	45.9

	Container
	19
	45.5

	Silent
	18
	50.8

	Glasgow
	25
	48.5

	Average
	21.2
	52.14


Table 1. Computational complexity of WMV9 main and H.264 Baseline.
3.3 Memory comparison

Primarily because of the use of multiple reference frames, the H.264 baseline decoder requires upto 50% more memory than the WMV9 decoder.
	Profiles
	WMV-9 VBV buffer size
	WMV-9 
decoded picture buffer size
	H.264 VBV buffer size
	H.264 
decoded picture buffer size
	Approx WMV9 vs. H.264

	WMV-9: 

SP@LL 
H.264:    

Baseline Level 1 

(QCIF at 15 fps)
	327,680 bits 
= 40 KB
	74.25 KB
	175,000 bits

= 21.36 KB
	148.5 KB
	114.25 KB vs 169.8 KB

WMV-9 saves ~ 32%

	WMV-9: 

SP@ML 
H.264:    

Baseline Level 1.2 

(CIF at 15 fps)
	1,261,568 bits 
= 154 KB
	297 KB
	1,000,000 bits

= 122 KB
	891 KB
	451 KB vs 1013 KB

WMV-9 saves ~ 55%

	WMV-9: 

MP@LL
H.264:    

Baseline Level 2

(CIF at 30 fps) 
	5,000,000 bits

= 610 KB
	297 KB
	2,000,000 bits

= 244 KB
	891 KB
	907 KB vs 1135 KB

WMV9 saves ~ 20%


Table 2. Comparison of WMV9 and H.264 Baseline buffer requirements.

Note:  WMV-9’s higher VBV sizes are key to accommodate packet losses for streaming/wireless applications. 

4 Proposed Documents to be contributed

The following items would be needed for successful inclusion of WMV9 in 3GPP rel6 for PSS and MMS, and would be provided by Microsoft as future input documents to SA4

1) Comprehensive documentation of WMV9 codec bitstream and decoder model for selected profile, providing sufficient information for independent decoder and encoder implementation.
2) Specification describing the binding of WMV9 in the 3GP file format.

3) RTP Payload specification for streaming of WMV9 in PSS.
4) Portable reference source code available under FRAND license.
5 Proposed actions and conclusions

We believe that the evidence presented here indicates that there can be some doubt that H.264 should be the automatic selection for Rel6. WMV9 is productised [for example includes rate control and can encode in real-time], produces similar quality,  and has significantly lower complexity and memory requirements.

It is proposed that H.264 Baseline and WMV9 Main profile be evaluated in the PSM SWG to determine which is the most appropriate for use in 3GPP Rel6 Multimedia services.

We propose that the basic evaluation criteria should be expert viewing to determine perceived quality being superior to H.263 to an agreed extend and terminal resource requirements not exceeding an agreed amount.
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