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The initial evaluation result of the SVC layer aware multi-bearer allocation was presented in S4-100576 in #59th Prague meeting and discussed in detail. The use case and solution for SVC layer aware bearer allocation exists in section 6.1.2.3 in current IVCS TR. Based on the previous discussion, this P-CR proposes to include evaluation results on Combined Effect of UEP and Differentiated Modulation in IVCS TR.
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6.1
2D Use Cases
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Solution Integration Approaches
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6.1.3
Performance Evaluation
6.1.3.1    ……..

6.1.3.2
Combined Effect of UEP and Differentiated Modulation
In section 6.1.2.3, a solution for SVC layer aware bearer allocation is described. In this section, the effect of Differentiated Modulation (i.e. layer aware bearer allocation) when combined with application layer UEP (Unequal Error Protection) method is presented. Similar to the case of UEP, the PSNR performance of SVC is compared to the case of single layer H.264/AVC when the MBSFN channel loss model is applied.

In this evaluation, two MBSFN channels of 9Mbps throughput and 3Mbps throughput are used for carrying SVC enhancement layer stream and base layer stream respectively. In addition, FECs using Raptor code is applied to the two streams in several different ratios to test the combined effect of UEP. H.264/AVC stream is transmitted using 6Mbps throughput channel. Due to different channel efficiency, the number of physical blocks used for carrying the streams may be different. In order for fair comparison, the same number ofphysical blocks are used for transmitting SVC streams and AVC stream.  Table 1x describes the MCS levels used in the three physical channels and physical block size.

	MCS
	Modulation
	Code Rate
	Data rate
(Mbps in 5 MHz)
	Block Size
(Bytes/BLK)

	1
	QPSK
	1/2
	3.0
	375

	2
	16QAM
	1/2
	6.0
	750

	3
	64QAM
	1/2
	9.0
	1125


Table.1x: MCS levels, data rates and physical block size
Soccer CIF and 4CIF sequences are encoded with the JSVM 13.1. The size of H.264/AVC encoded file is 4,845,608 bits (PSNR = 35.2dB), and the size of SVC encoded file is
 5,082,762 bits (enhancement=4,565,728, base=517,064). The number of FEC packets added to AVC file is 119, hence the code rate of H.264/AVC single layer is 0.91.  The protection period of FEC is 4 GoP length (=2 seconds), of which the size of GoP is 16 in 30Hz frame rate. Since 6Mbps throughput channel is used for H.264/AVC, total 889 physical blocks are transmitted through the radio channel. FEC redundancy packets for SVC layers are produced to match the physical block usage of 889. 

Three different FEC ratios are tested to evaluate the effect of UEP. In the Case-1 test, 113 FEC packets are given to enhancement layer (code rate = 0.91) and 115 FEC packets are assigned for base layer (code rate=0.52). As a result, base layer pretention is enhanced while sacrificing enhancement layer protection. In the Case-2 test, enhancement layer data transmitted via 9Mbps channel is protected more with FEC packets, and in the Case-3 test, the FEC coding ratio of the enhancement layer and base layer are relatively even. 
Detail of the sample file generation and FEC rates are described in Table 2x  below;
	
	
	
	


	
	
	
	
	
	

	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	

	


	


	


	
	

	

	
	
	
	
	

	


	


	

	

	
	

	
	
	

	

	
	

	
	
	

	

	
	

	

	
	
	


	Codec
	AVC
	SVC
	UEP
scenario

	
	
	Enhance layer
	Base layer
	(Altogether)
	

	Sequence
	
Soccer 
	Soccer
	

	Resolution / Frame rate
	4CIF / 30Hz
	4CIF / 30Hz
	CIF / 30Hz
	
	

	PSNR [dB]
	35.2dB


	35.2 dB
	30.2 dB
	35.2 dB
	

	Bit-rate [Mbps]
	2.27Mbps
	2.14Mbps
	0.24 Mbps
	2.38 Mbps
	

	Physical channels
(Throughput)
	MCS-2 
16QAM
(6Mbps)
	MCS-3
64QAM
(9Mbps)
	MCS-1
QPSK
(3Mbps)
	
	

	physical blocks/sec
(without parity)
	404
	254
	86
	340
	

	physical blocks/sec
(with parity)
	443
	279
	164
	443
	Case 1

	
	
	349
	94
	
	Case 2

	
	
	314
	129
	
	Case 3

	FEC Code Rate (=k/n)
	0.91
	0.92
	0.52
	
	Case 1

	
	
	0.73
	0.91
	
	Case 2

	
	
	0.81
	0.66
	
	Case 3


Table 2x   Detail of Sample File Description
% Common Factors
· GOP size : 16
· FEC Protection Period : 4 GoP (=2 seconds)
· MBSFN Layout : 7 sector layout (ISD=500m)
Figure 1x shows the evaluation result of PSNR performance at each coverage point in 7 MBSFN sector layout. 

In the Figure 1x, it is observed that the source file PSNR (=35.2dB) of both the H.264/AVC stream and the SVC stream are maintained up to 45% area. The PSNR curves of the three UEP cases degrade in different pattern respectively to the coding ratios of enhancement layers. The Case-1 curve falls first because enhancement layer protection is weaker than base layer protection. The Case-2 curve falls next and followed by Case-2 curve in the order of FEC coding ratio of enhancement layer. 

The video quality of H.264/AVC (dotted line) drops quickly to the minimum level after the 67% coverage area, however the PSNR of SVC streams maintain 30.2 dB up to 95% ~ 98% coverage. It is also observed that the effect of base layer protection by FEC is relatively minimal in the three cases, although the Case-2 curve drops slightly earlier than others. The reason may be because the channel quality of 3Mbps throughput (QPSK) is clear enough that the application level protection is not so effective.    
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Figure 1x: Comparison of PSNR Curves of H.264/AVC and SVC
Figure 2x~3x shows coverage v.s. PSNR curves in 19 sector layout and 37 sector layout. In the following figures, only the Case-3 coding ratio of even distribution of FEC packets is tested. Although the performance disparity between the AVC and SVC is slightly reduced, the effect of graceful quality degradation of SVC is identified and outperforms AVC in the bad reception area.

Based on these result, it can be concluded that SVC may deliver improved quality video when radio bearers of multiple MCS levels are used for transmitting SVC layers.

	Codec
	AVC
	SVC

	
	
	Enhancement layer
	Base layer

	MCS-level
(channel throughput)

	MCS-2 16QAM

(6Mbps
)
	MCS-3 64QAM

(9Mbps)
	MCS-1 QPSK

3Mbps

	Case-3 Code rate
(Parity packets)
	Code rate = 0.91
(119)
	Code rate = 0.81
(266)
	Code rate = 0.66
(64)


Table.2x: MCS levels, coding rates and number of parity packets
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Figure 2x: PSNR Curves in 19 MBSFN Sector Layout
[image: image3.png]PSNR [dB]

ISD : 500m, 37Cell

36
34
o
30 4
28
2
24
2

20 +

Modulation

AVC - MCS2 16QAM
SVC (base) - MCS1 QPSK
(enh.) - MCS3 64QAM

———————— AVC (AL-FEC code rate = 0.91)
—— SVC (AL-FEC code rate

base = 0.66 / enh. = 0.81)

0.0

T T T T T
0.2 0.4 0.6

Coverage





Figure 3x: PSNR Curves in 37 MBSFN Sector Layout

*************  End of 1st Change ******************
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