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1. Introduction

The simulation result on Unequal Error Protection using Raptor FEC [1] was proposed and discussed in SA4 56th meeting. The contribution showed that SVC may outperform AVC in area of bad signal reception, if the proposed UEP technique is used. 
However, there was an issue raised that the simulation should be performed in environments close to LTE that the evaluation of solutions should be presented in fair and realistic ground. 
This contribution brings further results on simulation based on past RAN1 study on the MBSFN performance. 
2. Background
In the past discussion on [1], PSNR performance of SVC UEP (Unequal Error Protection) method was evaluated against EEP (Equal Error Protection), and single layer H.264. Figure 1 shows the simulation result that the video quality of SVC EEP and H.226 both suffer fast quality degradation, while SVC UEP shows graceful quality degradation as the packet loss increases. The result demonstrates benefit of SVC in providing improved video service in the area of bad signal reception. 
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Figure 1: PSNR comparison between H.264 single layer and SVC EEP, UEP

However, an argument raised on the result was that, bit rate of H.264 single layer is generally smaller than SVC if the PSNR is made equal, that it may show different result if the reduced bit-rate of H.264 is used for reinforcing FEC protection. The argument is taken into account and further simulation result is brought here in this respect.
In this revised experiment, the PSNR of H.264 and SVC was established same. This will provide a bit favourable ground to H.264 because bit rate of H.264 is slightly smaller than SVC. FECs are generated so that the output rate of both codec is identical. As a result, H.264 is protected 10% ~ 15% more with parity. 
In order to create channel model close to LTE MBMS, channel characteristics of MBSFN has been broadly investigated. Figure 1 shows a throughput performance of MBSFN in various MCS settings [2]. According to this simulation result, MBSFN channel of 4Mbps throughput suffers packet loss from 84% coverage area, and it reaches to 20% packet loss at 87% coverage. Note in LTE channel, 4Mbps of information rate in 5MHz bandwidth can be achieved when QPSK modulation and 3/4 channel coding rate is applied. Other throughput curves show rapid BLER change in narrow coverage range. 
Although this channel model is not sufficient to use for our purpose, we provide initial simulation result using the 4Mbps BLER curve in Figure 2. In our future experiment, BLER model of MBSFN channel in much broader range of coverage will be established, and the channel model will be used in evaluation of proposed solutions.
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Figure 2: MBSFN throughput performance in the case of 5MHz bandwidth allocation [2]
3. Simulation Result
In order to create best UEP effect, 1:8 ratio of base layer and enhancement layer is set to create SVC stream. The minimum outage quality of base layer is 29dB.

Foreman QCIF and CIF sequences are encoded with the JSVM 13.1. The other detailed simulation environments are as follows:
-
GOP size : 16

-
Spatial base / enhancement layer PSNR : 29.5 dB / 37.2 dB

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

-
Bitrate of base layer/ bitrate of enhancement layer: 994/2847(Kbps).
In this sample video file, total number of H.264 video packet is 349, and SVC is 382, if we set the PSNR of both files identical. For each file, we added 45 parity packets to H.264, and 12 packets to SVC, as a result, the size of output files of both codec becomes 394 (= video+parity). The code rate of H.264 single layer is 0.89, and in the case of SVC after applying UEP, the code rate of base layer is 0.80, and no parity packet was assigned to enhancement layer. 
The simulation was performed in a situation where BLER grows from 1% to 20%, which corresponds to channel quality between 84% to 87% coverage in Figure 1.
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Figure 2: BLER-PSNR curve.

Figure 3 shows BLER-to-PSNR curve of the two video streams. The PSNR of H.264 and SVC UEP starts identical from 37.2 dB. SVC suffers quality degradation as it loses enhancement packets. H.264 maintains quality until 7% of packet loss, however the quality degrades quickly thereafter. Compared to H.264, SVC showed graceful quality degradation up to 20% packet loss, and outperforms H.264 in the end.

Figure 4 shows rather realistic graph of Coverage-to-PSNR curve focused on 83% ~ 87% coverage area. Although this coverage range is too narrow to convince definite benefit of SVC UEP, it is expected that similar effect of graceful quality degradation in broad range of coverage may be achieved if higher modulation and coding rate is applied in the channel model.
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Figure 3: Coverage-PSNR curve.
4. Conclusion
The performance of H.264 single layer with EEP and SVC 2 layer with UEP according to BLER is presented. The experiment was performed in a situation that bandwidth is 4Mbps and BLER is between 0.01~0.2. The quality of H.264 and SVC was established same. Therefore video bitrate of SVC is larger than that of h.264. Total bitrate(video+parity) of SVC and H.264 were made same by adjusting code rate, so H.264 is protected by more parity. H.264 represents high quality than SVC in low-loss section but after BLER 0.07, SVC represents high quality than H.264. It means that if we use proposed method, basic QoS could be in larger coverage. Therefore, more coverage of providing basic QoS can be expected by utilizing the UEP strategy.
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4. Appendix (Simulation parameter & result table)
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
	349
	382
	43

	Parity packets
	45
	12
	11

	Total packets
	394
	394
	54

	Code rate
	0.89
	0.97
	0.8


C. Simulation result
	
	
	H.264
	SVC+UEP

	Coverage
	BLER
	PSNR [dB]

	0.83
	0.01
	37.2
	37.2

	0.843
	0.03
	37.2
	31.9

	0.846
	0.05
	37.2
	26.6

	0.856
	0.1
	10.5
	25.1

	0.868
	0.2
	9.0
	18.2
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