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1 Summary

This contribution proposes a new Streaming Profile for JVT CODEC. The proposed profile is targeted at applications delivering streaming video over IP networks, including both wired and wireless networks. The target environment is characterized by existence of transmission errors and asymmetric processing requirements (client side decoder can be significantly restricted). The proposed profile aims to provide all the necessary tools for efficient and robust video streaming while keeping the decoder complexity at acceptable levels.

The proposed Streaming Profile consists of the Baseline profile with the addition of all JVT error resilience tools (FMO, data partitioning), B-pictures for coding efficiency, and S-pictures (SI and SP pictures) for error resilience and quality-of-service (e.g. bandwidth adaptation). 

2 Requirements

The Streaming profile targets deployment of high-quality video streaming over IP networks, both wired and wireless.

The general requirements for Streaming profile are:

· Support delivering video over existing IP networks, including both wired and wireless networks. 

· Provide SDTV quality at bit rates that are available over existing broadband networks, with a target average bit rate of approximately 1Mbps. 

· Provide 50% bitrate savings over existing video coding standards on bitrates available on 3G mobile networks.

· Support both mobile and broadband deployment of video streaming applications.

· Provide tools to support random access and trick modes for interactive control of streaming. 

· Support local playback for applications where the video is downloaded rather than streamed.
The error resiliency and bandwidth adaptation requirements for the Streaming profile are:

· Support robust delivery over unreliable packet-oriented transport whose packet loss rates match those of existing wired and wireless IP networks, includes the ability to withstand random errors and produce usable video. 
· Support different levels of error protection so that different parts of the video coding data can receive different protection from others.
· Provide tools to implement bandwidth adaptation of the delivered video stream.
The following are not requirements for the streaming profile:

· Latency is not considered a strong requirement for the streaming profile, though an encoder could limit latency for applications requiring “live” video by appropriate tool selection, such as avoiding the use of B-pictures. 

· Encoding complexity can be much higher than decoding complexity as the resources available for encoding are assumed to be much higher than those for decoding on the client device. 
3 Proposal

3.1 Streaming Profile Definition

The tools included in the proposed streaming profile are shown in the following table.

	
	Profile

	Visual Tools
	Baseline
	Main  
	 Streaming

	CABAC Entropy Coding
	
	X
	

	Adaptive Block-Size Transform
	
	X
	

	B-Pictures
	
	X
	X

	S-Pictures (SI/SP)
	
	
	X

	Data Partitioning
	
	
	X

	Flexible Macroblock Ordering
	X
	X
	X

	VLC Entropy Coding
	X
	X
	X

	I-Picture
	X
	X
	X

	P-Picture
	X
	X
	X

	In-loop deblocking filter
	X
	X
	X

	Interlaced
	X
	X
	X

	1/4-sample motion compensation
	X
	X
	X

	4x4 Motion Compensation (only 8x8 for B-pictures).
	X
	X
	X

	Chrominance Format
	4:2:0
	4:2:0
	4:2:0


3.2 Level Definitions

The levels for the profile follow those defined in the Committee Draft.

4 Rationale
4.1 Why a new Profile? 

We believe a new profile targeted at streaming applications is needed for the following reasons:

· Streaming vs. Baseline: While the existing Baseline profile includes some of the tools necessary for the streaming applications it is targeted at low-latency applications, such as video telephony and is missing key tools, such as B-pictures, for non-real time streaming applications. 

· Streaming vs. Main: While the Main profile includes B-pictures, the performance gains of the CABAC and ABT tools do not justify the complexity increase in complexity restrained streaming applications. The additional functionalities provided by S-pictures are missing in the Main Profile but very desirable in streaming environment.
· Error Resilience: No current profile includes all of the JVT error resilience tools. 

4.2
Tool Selection

The following tools were added in the proposed Streaming profile compared to Baseline:

· B-pictures: B-pictures provide high-performance with reasonable decoding complexity. The encoding complexity and latency required for B-pictures is not an issue for the streaming applications targeted by this profile. 

The following tools are included in the Streaming Profile but are not currently included in either Baseline or Main profiles:

· Data Partitioning: Data partitioning is useful for error resilience, in particular for applications that apply uneven error protection and for schemes that use duplication for error robustness.
· S-Pictures: This tool is useful for error resilience, trick modes (e.g. random access), and switching between streams coded at different bit rates in response to changing delivery conditions.

The following tools were excluded from the Streaming Profile but are in the Main profile: 

· Adaptive Block Transform: The coding efficiency gains compared to the additional complexity are not sufficient for this application. 

· CABAC: The coding gain of CABAC compared to the additional complexity is not necessary for streaming applications. 

4.2 Comparison to MPEG-4 Simple and Advanced Simple Profiles
We compare the features of the proposed profile to the MPEG-4 Simple Profile (SP) and Advanced Simple Profile (ASP). The applications targeted by the JVT Streaming Profile are very similar to those served by the MPEG-4 Advanced Simple profile When comparable tools exist in both MPEG-4 and JVT, we can see that the proposed Streaming profile and the MPEG-4 ASP profiles are quite similar. 

	
	Profiles

	Visual Tools
	MPEG-4

Simple
	MPEG-4

Advanced Simple  
	JVT Streaming

	I-VOP
	X
	X
	X

	P-VOP
	X
	X
	X

	B-VOP
	
	X
	X

	4-MV, Unrestricted MV
	X
	X
	X

	Slice Resynchronization
	X
	X
	X

	Data Partitioning
	X
	X
	X

	Reversible VLC
	X
	X
	

	Interlace
	
	X
	X

	Global Motion Compensation
	
	X
	

	¼ Sample Interpolation
	X
	X
	X

	Data Partitioning
	X
	X
	X

	Flexible Macroblock Ordering
	
	
	X

	S-Pictures
	
	
	X


4.2
Comparison to MPEG-4 Simple and Advanced Simple at Various Levels

The following table compares the existing MPEG-4 Simple Profile and Advanced Simple Profile definitions. 

Table A.1 – Level Limits

	Level Number
	Maximum Picture Size (macroblocks)
	Maximum Processing Rate (macroblocks/second)
	Reference Frames Supported
	Maximum Video Bitrate
	Maximum HRD/VBV Buffer Size

(in 16K units)
	Maximum Slice Size (bits)

	JVT@L1
	99
	1,485
	3
	TBD
	TBD
	TBD

	SP@L0,1
	99
	1,485
	-
	64
	10
	2048

	ASP@L0,1
	99
	2,970
	-
	128
	10
	2048

	JVT@L11
	396
	2,970
	5
	TBD
	TBD
	TBD

	SP@L2
	396
	5,940
	-
	128
	40
	4096

	ASP@L2
	396
	5,940
	-
	384
	40
	2048

	JVT1.2
	396
	5,940
	5
	TBD
	TBD
	TBD

	JVT2
	396
	11,880
	5
	TBD
	TBD
	TBD

	SP@L3
	396
	11,880
	-
	384
	40
	8192

	ASP@L3
	396
	11,880
	-
	768
	80
	4096

	JVT2.1
	792
	19,800
	5
	TBD
	TBD
	TBD

	JVT2.2
	1,620
	20,250
	4
	TBD
	TBD
	TBD

	ASP@L4
	792
	23,760
	-
	3,000
	86
	8192

	JVT3
	1,620
	40,500
	4
	TBD
	TBD
	TBD

	ASP@L5
	1,620
	48,600
	-
	8,000
	112
	8192

	JVT3.1
	3,600
	108,000
	4
	TBD
	TBD
	TBD

	JVT3.2
	5,120
	216,000
	3
	TBD
	TBD
	TBD

	JVT4
	9,660
	245,760
	3
	TBD
	TBD
	TBD

	JVT5
	19,200
	491,520
	3
	TBD
	TBD
	TBD


5 Conclusion

We have proposed a new Streaming Profile that consists of the Baseline profile plus error resilience tools and S-pictures. This toolset meets the requirements of video streaming over mobile and IP networks: robustness to errors and the ability to respond to changes in network bandwidth. The functionality of the Streaming Profile is comparable that provided by the MPEG-4 Advanced Simple Profile and targets similar applications. 

The following issues are still open:

· Inclusion of Adaptive B picture interpolation coefficients. We have not yet had a chance to study the performance and applicability tool for this profile definition. 

We recommend that the Streaming Profile be adopted as a new profile in the Joint Video Team Final Committee Draft. 
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