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1 Introduction

Timely feedback about packet losses from receiver to sender is an extremely powerful technique to enable applications to provide a good quality of service to the user. This contributions provides simulations results for a video application when the channel is potentially lossy. It is shown that timely reception of packet loss feedback information contributes to significant performance improvements.  
Most video codecs (e.g. H.263, H.263+, MPEG-4, H.264, etc) are based on motion estimation (ME) and displaced frame differences (DFDs) coding. When such codecs are used in conversational services, channel errors cause the prediction loop state at the encoder to be mismatched to the prediction loop state at the decoder state. This mismatch causes error introduced in one video frame to propagate to subsequent video frames. This drift continues until the encoder arrests the error propagation by taking some appropriate action (e.g. sending an I, IDR frame, etc).

In the next section, we present experimental setup and objective results for using timely feedback as an error resiliency tool. We propose to modify Clause 7.3 TR26.914 to include packet loss feedback as a tool to packet loss handling in MMToIP.
2 Experimental Results

In this section, we show the error resilience performance of an error-event driven feedback technique compared to a scheme using periodic intra-frame refresh scheme. The intra-frame refresh rate for the baseline scheme is set to 50 (No Feedback IR = 50) and 100 frames (No Feedback IR = 100). Since the frame rate for the experiments is 10fps, these periods correspond to intra-frame refresh rates of 5 and 10 seconds respectively. For demonstration of the proposed scheme, feedback delays of 200 (Feedback, 2 frame delay) and 500 milliseconds (Feedback, 5 frame delay), are used. For the channel error, a BLER of 1.5% was used. In Figure 5 and 6, we show the PSNR traces of the different schemes for Foreman and Carphone QCIF sequence. In these figures, clean corresponds to the case without packet losses. For the clean case, the intra frame rate is 100 frames (10 seconds). The feedback scheme requests for intra-blocks for all the blocks that correspond to the lost positions. As a simplification, for these experiments, each packet was assumed to contain an entire frame. As can be seen from the results, the feedback scheme shows much better performance than the fixed period IR scheme, since the proposed scheme can stop the error propagation in a relatively short time i.e., 200 or 500 msec. 

In Table 1 and 2, we show objective metrics and bitrate to demonstrate the performance under error-prone conditions. Average PSNR is the traditional performance metric. Standard deviation of PSNR is an objective metric that shows the fluctuation of the decoded video quality under error-prone condition. Percentage Degraded Video Duration (pDVD) shows the percentage of error-propagation intervals (corruption intervals) of the video sequence due to packet losses. pDVD is defined as, 
pDVD(x)    = (Σn 1((PSNRnc – PSNRne)>x)) / N

where, PSNRnc and PSNRne are the PSNR of the nth frame under error-free and error-prone conditions, respectively, 1(y) is 1 if y is true and 0 otherwise, x  is a predefined threshold (1dB for the results), and N is the number of frames in the video sequence. The error propagation mitigating ability of the optimal scheme can be better understood by using these objective metrics. As one can see, the proposed scheme achieves much lower pDVD, and STD PSNR, which correspond to lower error propagation and improved video quality. 
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Figure 5. PSNR trace of periodic IR scheme and IR with fast feedback: Foreman QCIF.

Table 1. Average PSNR and objective metrics for the IR schemes for Foreman QCIF sequence.

	
	Avg PSNR [dB]
	STD PSNR [dB]
	pDVD [%]
	Bitrate [Kbps]

	Clean 

(IR = 100 frames)
	32.35
	0.80
	NA
	64.69

	No Feedback
(IR = 100 frames)
	26.92
	7.09
	45.67
	64.69

	No Feedback
(IR = 50 frames)
	28.98
	6.11
	35.67
	66.60

	Feedback
(Delay 2 frames)
	32.03
	2.57
	3.67
	67.11

	Feedback
(Delay 5 frames)
	31.57
	3.51
	8.33
	67.86
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Figure 6. PSNR trace of periodic IR scheme and IR with fast feedback: Carphone QCIF.

Table 2. Average PSNR and objective metrics for the IR schemes for Carphone QCIF sequence.

	
	Avg PSNR [dB]
	STD PSNR [dB]
	pDVD [%]
	Bitrate [Kbps]

	Clean
(IR = 100 frames)
	33.80
	0.64
	NA
	59.29

	No Feedback
(IR = 100 frames)
	32.07
	2.30
	45.67
	59.29

	No Feedback
(IR = 50 frames)
	32.56
	2.36
	29.00
	61.04

	Feedback
(Delay 2 frames)
	33.78
	1.33
	3.67
	63.58

	Feedback
(Delay 5 frames)
	33.55
	1.71
	8.00
	63.58


3 Conclusions
It was demonstrated that error-event notification via a fast feedback mechanism is an efficient tool for handling packet losses in MMToIP. 

We propose to replace the last sentence in Clause 7.3 of TR 26.914 with,
“A feedback mechanism to report error-events is an essential tool to mitigate the effects of packet loss and maintain acceptable media quality in typical 3GPP environments.”
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