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1. Introduction

The effect of Unequal Error Protection (UEP) has been discussed since SA4 56th meeting [1]. PSNR performance of SVC UEP method was evaluated against single layer H.264/AVC. The preliminary simulation result [2] showed that video quality of H.264/AVC suffers fast quality degradation, while SVC UEP shows graceful quality degradation as the packet loss rate is increased. This contribution presents further simulation result based on MBSFN channel model presented in [6].
2. Assumptions and Simulation Settings
The assumptions for simulation are mostly same as the previous contribution [2]. PSNR of H.264/AVC single layer stream and SVC two layer stream were established same. With this condition, bit rate of H.264/AVC is slightly (10% ~ 15%) smaller than SVC. FECs are generated so that the output rate of both codec is identical. As a result, H.264/AVC is protected 10% ~ 15% more with parity. 
Foreman QCIF and CIF sequences are encoded with the JSVM 13.1. The number of packets generated by H.264/AVC encoding is 262, while SVC encoder generates 297 packets if PSNR is set to identical. In order to make output bit rates of the two sample files identical, 82 FEC packets are added to H.264/AVC file, and 47 FEC packets are added to SVC file, as a result, the size of output files of both codec becomes 344 (= video+parity)
In order to create best UEP effect, 1:8 ratio of base : enhancement layer is set to create SVC stream.. Therefore, the code rate of H.264/AVC single layer is 0.76, and in the case of SVC after applying UEP, the code rate of base layer is 0.5, and no parity packet was assigned to enhancement layer. 
Details of sample video settings are as followings:

-
GOP size : 16

-
Video packet size (slice size) : 500 bytes ± α

-
PSNR ratio of spatial base : enhancement layer = 27.5 dB : 35.4 dB

-
Bitrate ratio of base : enhancement layer = 47.9 (kbps) : 383 (kbps).
The cell layouts assumed in this simulation is MBSFN sector deployment model over 57 interference sector layout, as proposed in [6]. 64QAM, 1/2 rate coding channel is selected for transmission of the video streams. The UEP performance is tested in the cases of single sector MBSFN, 7 sector MBSFN and 19 sectors MBSFN. 
Figure 1 shows the channel characteristics presented in [6]. It is noted that BLER performance is improved as many sectors participate in MBSFN transmission. This characteristic is correlated in Figure 3. 
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Figure 1  Merged Curves of ISD=500m and 1732m (9Mbps only)
*Note: In the previous contribution, we used JSVM 13.1 codec and Raptor module for PSNR loss calculation. However the method requires computationally intensive process and complexity due to NAL unit processing. In this revised experiment, the success probability of Raptor repair is calculated using function (1). This induces packet reception rate, hence average PSNR performance is evaluated using function (2). This simplified method for PSNR calculation has been proven in [4][5], thus widely accepted in many papers. 
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3. Simulation Result
Figure 2 shows PSNR performance curves of the two encoded streams, focused in the coverage area between 40% ~ 65%. 7 MBSFN sector layout of ISD=500m, and 9Mbps throughput channel (64QAM, 1/2 coding) is tested.
PSNR of H.264/AVC stream and SVC stream starts identical from 35dB. SVC suffers quality degradation at 47% coverage area as it loses enhancement packets. H.264/AVC maintains quality until 50% area, however the quality degrades quickly thereafter. Compared to H.264/AVC, SVC showed graceful quality degradation after 52% coverage area, and outperforms H.264 in the end.
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Figure 2: Comparison of PSNR Curves of H.264/AVC and SVC
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Figure 3: PSNR Curves in Various MBSFN Sector Layouts
Figure 3 shows coverage v.s. PSNR curves in various sector layouts. As indicated in Figure 1, the coverage of both the H.264/AVC and SVC are improved as many sectors participate in MBSFN transmission. The effect of graceful quality degradation using SVC UEP against H.264/AVC is observed in the curves.
4. Conclusion
The performance of H.264 single layer EEP and SVC UEP with 2 layer configuration is evaluated. Although H.264/AVC is given advantage with more FEC protection, SVC UEP showed better performance in bad signal reception area, hence exhibits graceful quality degradation.  
Therefore, it is proposed to include the evaluation result in IVCS TR and continue to investigate solutions to improve video services based on the proposed UEP method.
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4. Appendix – Detail of Sample File Parameters
A. Used sequence for JSVM 9.15 Encoder
	H.264
	SVC

	
	Base layer
	Enhancement layer

	Foreman (CIF) 30Hz
	Foreman (QCIF) 15Hz
	Foreman (CIF) 30Hz


B. A number of packets & code rate
	
	H.264
	SVC
	SVC+UEP (base layer)

	Video packets
	262
	297
	47

	Parity packets
	82
	47
	47

	Total packets
	344
	344
	94

	Code rate
	0.76
	0.86
	0.5


1sector   7sectors   9sectors  37sectors
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