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1. Introduction

Use case of graceful quality degradation in MBMS service when entering bad signal reception area has been discusses and included in IVS TR 26.903 [3] (section 5.2.4.2). As part of solution integration approach, Unequal Error Protection (UEP) technique by use of FEC bits has been discussed [1]. The UEP solution by FEC is application oriented approach and it does not require underlying layer support. However, the similar effect of UEP may also be achieved by transmitting SVC layers using radio bearers of different MCS levels. Use case and simulation result of this approach are presented in this document.
2. SVC Layer Aware Multi-level MCS Allocation
Figure 1 shows an example that two SVC layers are allocated to two MBMS radio bearers of different MCS levels. The high-priority base layer is transmitted using robust QPSK modulation, while the enhancement layer is transmitted using high rate but low-coverage 64QAM modulation. The combined effect is that UEs in good signal area will receive both streams, however in bad reception area, UEs will only receive base layer stream. 
Compared to the case where H.264/AVC single layer is assigned to single radio bearer (16QAM), as depicted in Figure 1, the coverage of SVC base layer (QPSK) is better than AVC single layer. Therefore advanced type SVC UEs may continue to receive low quality base layer data even in bad reception area, while baseline type AVC UEs may suffer severe quality degradation. 

The performance of the proposed Multi-level MCS method is evaluated using simulation layout consists of 7 MBSFN sectors surrounded by 50 interference sectors (see [2] for reference). 4 different MCS channels as listed in Table 1 are allocated to transmit AVC and SVC streams. Figure 2 shows BLER characterstics of the physical channels. 

Foreman QCIF and CIF sequences are encoded with the JSVM 13.1. In this sample video file, total number of packets generated by H.264/AVC encoder is 262 packets, and PSNR is 35.4dB. The information bit rate is 397.7 kbps and it is transmitted using MCS-2 channel (16QAM, 1/2 rate coding). The channel throughput of MCS-2 is 6Mbps and the physical block size is 6000 bit/block. With this block capacity, average 66 block/second (=397.7/6) can be used for transmitting the AVC file.
In order to match the radio resource usage of AVC, MCS-1 and MCS-3 channel is selected to transmit SVC base layer and enhancement layer, respectively. The channel throughput of MCS-1 is 3Mbps, and the throughput of MCS-3 is 9Mbps. Physical block capacity in MCS-1 channel is 3000bit/block, and the block capacity in MCS-3 channel is 9000bit/block. Considering the channel throughput of MCS-1 and MCS-3, the ideal ratio of Base : Enhancement matching the resource usage of AVC is 1 : 9. This will result in allocation of 1.76 physical blocks for Enhancement data for every allocation of 1 block for Base data. With this block allocation ratio, total 174 physical blocks are necessary for transmitting SVC data, and the block usage becomes identical to AVC.
Using the target bit ratio of base : enhancement = 1 :9, SVC file is generated to have identical PSNR as AVC file (35.4dB). Total number of generated packets is 297 packets (= Base:47 + Enhancement:250), and the target bit rate becomes 430.9 kbps without including parity data. Note that when PSNR is set to identical, bit rate of SVC is generally larger than AVC due to coding overhead, and in this case, it is 8% larger bit rate than AVC file (397.7kbps). Detail of video parameters is listed in Appendix A. 
	MCS
	Modulation
	Code Rate
	Data rate
(Mbps in 5 MHz)
	Block Size

(Bytes/BLK)

	0
	QPSK
	1/6
	1.0
	125

	1
	QPSK
	1/2
	3.0
	375

	2
	16QAM
	1/2
	6.0
	750

	3
	64QAM
	1/2
	9.0
	1125


Table.1: MCS levels, data rates and physical block size
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Figure 1  AVC single layer (16QAM) v.s. SVC Base (QPSK) + Enhancement (64QAM)
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Figure 2 BLER v.s coverage in 7 sector MBSFN area (ISD=500m)
3. Simulation Result
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Figure 3:  Effect of SVC differentiated modulation.

Figure 3 is simulation result showing PSNR-to-coverage performance of AVC and SVC streams. The coverage is a normalized ratio of measured area in MBSFN area composed of 7 sectors.
In the result, PSNR of AVC drops from 65% coverage and it becomes worst after 85% coverage. However the PSNR of SVC starts to degrade from 30% area and it holds the base layer quality from 55% until 90% coverage area.
This shows that SVC with multi-level MCS allocation method has good coverage performance than H.264/AVC, and the effect of graceful quality degradation is significant than UEP method based on application level FEC method. 
4. Conclusion
Base on discussion, we propose to include the use case, solution and evaluation result of multi-level MCS allocation method for SVC in IVCS TR. 
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4. Appendix A – 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. Simulation parameter

	Codec
	AVC

(Single)
	SVC

	
	
	Enhancement layer
	Base layer

	Bit-rate [Kbps]
	397.7
	430.9
	47.9

	Number of packets
	262
	250
	47

	PSNR [dB]
	35.4
	35.4
	27.5

	MCS-level
	MCS-2
	MCS-3
	MCS-1

	Number of blocks 
	174
	111
	63


SVC Enhancement       AVC                 SVC Base


64QAM (9Mbps)      16QAM(6Mbps)      QPSK(3Mbps)  
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