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1. Introduction

In S4-040477, we proposed optimizations to video encoders and bitstreams to take advantage of the flexibility of 3G bearers and improve performance of 3GPP multimedia services, especially under stringent low delay requirements.  In this contribution, we provide additional evidence for the benefits of the proposed approach for both H.264 and H.263+ codecs. We provide ROHC simulation results for both codecs in VBR and EBR modes of operation and respond to the clarifications requested at the SA4#32 meeting (S4-040600).

2. Review of the proposed scheme 
In S4-040477, we proposed the following restrictions on the encoder and the bitstreams and called it EBR (Explicit Bit Rate).
1. Synchronous delivery of video. Video is captured at a constant frame rate at the camera and delivered at the same frame rate to the user. For example, video at 10 frames per second requires one video frame to be delivered once every 100 ms. 

2. Encoders generate fixed size SDUs from a set of payload sizes supported by RAN2. SDUs include video slices or NAL units and the associated RTP/UDP/IP overheads. We consider the case of DCH with 20 ms TTI, resulting in SDU sizes of 160, 120, 80, 40 and dtx for every TTI. As lower layers are enhanced, such restrictions on encoders can be relaxed for further improvements. The video payloads are restricted to 155, 115, 75 and 35. The remaining 5 bytes are reserved for compressed IP/UDP/RTP headers.
To illustrate this idea, we show typical output from a video encoder with VBR rate control in Figure 1. Video encoders based on Motion Estimation (ME) and prediction on Displayed Frame Differences (DFDs) generate much bigger Intra coded frames (Frame #1) in the figure, compared with Predicted frames (Frames 2—6). The video is assumed to be at 10 frames per second. Figure 2 shows how this data could be transmitted on a Constant Bit Rate (CBR) channel, with a fixed PDU size of 160 bytes per TTI. It can be seen that the I frame takes up to 200 ms, longer than its budgeted 100 ms for synchronous delivery. In contrast, frames 4 and 5 take much less than the 100 ms. 
Figure 3 shows typical encoder output with multiple packet sizes. In this case, the available packet sizes are 0, 40, 80, 120 and 160 bytes, same as those on DCH with 64kbps assignment. Note that the I frame is limited to 800 bytes for 10 frames per second, with zero buffering delay. In this example, the subsequent P frame requires 800 bytes, as the DFDs are large and thus more bits are required to represent texture information. Figure 4 shows transmission of this data, with one slice every 20 ms. Dtx is used when a frame requires fewer than 800 bytes, thereby reducing interference to other users. 
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Figure 1 Typical Video Encoder Output in VBR mode
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Figure 2 VBR Transmission on CBR Channel. PDU=160
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Figure 3 Typical Video Encoder Output in EBR mode
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Figure 4 EBR Transmission on EBR Channel. PDU={0,40,80,120,160}
To summarize, VBR encoding for delivery on CBR channels requires variable amount of time for delivery. Typically, buffering is used at the receiver to compensate for this, resulting in an increase in the latency. In the proposed approach, we take advantage of the EBR channels available in UTRAN and impose EBR encoding at the sender. This reduces latency, without increasing distortion or bitrate.  

The second advantage of matching SDU sizes to available PDU sizes results in reduction of the number of macroblocks corrupted for each packet loss. Results for H.263+ and H.264 for both EBR and VBR are presented in Section 3. Section 4 presents ROHC behavior for EBR and VBR.
3. Simulations Results
H.263 experimental setup
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Experimental setup for H.263+
The encoded video RTP packets are given to the VCEG network simulator. The network simulator uses the specified packet error mask and transmits or drops the packets based on the error mask. The corrupted (only packet errors, no bit errors) bitstream is decoded by the H.263+ decoder. For lost slices a simple copy from previous frame error concealment technique is used. If the first slice of the frame is lost, the entire frame is dropped (redundant picture header feature is not used, hence it is not possible to decode subsequent slices of the frame if the first slice is lost).

The PSNR is calculated between the input video stream and the decoded video stream. The same setup is used for both EBR and VBR modes of operation.

Results obtained for foreman sequence for different error masks are shown below. The original sequence was 75 frames at 5 fps. The pictures are first coded in normal order and after that in reverse order and then again in normal order etc. to get a bitstream without abrupt scene changes. The total length of the created bitstream is 90 seconds. For all conditions EBR performed better than VBR when packets errors were present.
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Figure 5 H.263+ with 0.5% BLER
[image: image7.emf]PSC: H.263+ with 1.5 % packet loss
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Figure 6 H.263+ with 1.5% BLER
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Figure 7 H.263+ Slice Distribution
H.264 experimental setup


[image: image9]
Experimental setup for H.264. PSNR is calculated between input video stream and decoded video stream inside the encoder 

The encoded video RTP packets are delivered through the error mask simulator. The corrupted MB based on the error mask is concealed by copying the collocated MB from the previous reconstructed frame. The PSNR is calculated between the input video stream and the decoded video stream. Results obtained for foreman sequence for different error masks are shown below. The original sequence was 150 frames at 10 fps. The pictures are first coded in normal order and after that in reverse order and then again in normal order etc. to get a bitstream without abrupt scene changes. The total length of the created bitstream is 90 seconds. For 3% packet loss EBR performed better than VBR. For 1.5 % packet loss both EBR and VBR had almost same performance.
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Figure 8 H.264 with 3% BLER
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Figure 9 Stuffing Bitrate for H.264 in EBR mode
4. ROHC Behavior 

The following setup was used to study the behavior ROHC header compression on the video packets generated by H.264 and H.263+ in both VBR and EBR modes.

U Mode:

Optimistic Approach Agreement Value (OAA) = 2

Initialization Refresh  (IR) refresh period          = 150 packets

First Order state (FO) refresh period                  = 50 packets,

Window Width (for reference values)                = 14

OAA = Optimistic Approach Agreement Value

O mode: 

OAA                  = 2 

RTT                    = 3 packets

Window Width  = 14

R mode: 

RTT = 3 packets

For all three modes, CRC condition at decompressor was 1 out of 1, that is we go to a lower state after one error.

The following figures show the histograms of compressed ROHC packet sizes in various ROHC modes for H.264, H.263+ in VBR and EBR modes. The results are shown for 1% packet loss. From the figures, it can be seen that compressed header size is less than 5 bytes most of the time, for the O mode and the R mode.  

The last bar in the charts show that the probability of >5 bytes for EBR is slightly lower than that for VBR, for both H.264 and H.263+ video codecs. From Figure 11, it can be seen that the probability of 160 byte packet occurrence at 41.9 kbps is around 0.58. If the ROHC header exceeds 5 bytes when the EBR packet size is 160 bytes, we expect to drop the payload and send the header (sometimes called “blank and burst”). From Figure 11, it can be seen that the probability ROHC header being greater than 5 bytes is 0.0027. Thus the probability of introducing additional packet loss due to limiting ROHC header to 5 bytes in this case is  0.16%. Thus, while EBR introduces additional packet loss (0.16% in this case), the loss in quality is negligible compared to the gains from aligning RTP packets to PDUs.
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Figure 10 H.264 VBR at 1% Packet Error
[image: image13.emf]H.264 EBR 1% packet error
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Figure 11 H.264 EBR at 1% Packet Error
[image: image14.emf]H.263 VBR 1% packet error
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Figure 12 H.263+ VBR at 1% Packet Error
[image: image15.emf]H.263+ EBR 1% packet error
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Figure 13 H.263+ EBR at 1% Packet Error
5. Interoperability with GERAN and other networks
For PSC, it is required for the proposed scheme to interoperate with GERAN, UTRAN, 3GPP2 and Internet devices. When the air interfaces on the uplink and downlink do not support the same rate set, it is not possible to use EBR. Further, internet devices may not support EBR packetization at the sender. Note that EBR packetization does not impose any additional requirements on the decoder.

We propose that EBR packetization is specified as an optional requirement at the sender. At session initiation, the sender is aware of the rates supported on the uplink. We envisage SDP negotiation between the sender and the receiver to arrive at a common rate set for EBR encoding. If this negotiation fails, the sender and receiver fall back to VBR mode of operation. This enables in-network video telephony services to benefit from enhanced user experience (due to improved error resiliency and lower latency) while not sacrificing interoperability with other networks.  
6. Conclusions
In this contribution, we show that EBR constraints on video encoders enable efficient delivery of video streams over 3GPP bearers. These benefits include i) lower latency and ii) robustness to channel errors [3]. The benefits were demonstrated with H.263+ and H.264 video codecs.  
7. Recommendations

· We recommend to adopt the optimizations presented here as an optional enhancement for Packet Switched Conversational Services.
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