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Evaluation of Solutions
6.1
2D Use Cases

6.1.3
Performance Evaluation
6.1.3.1
SVC Layer Aware Bearer Allocation in MBMS
6.1.3.1.1 
Introduction

MBMS service delivery over MBSFN cannot adapt to the reception of individual receivers. Delivery of Scalable Video Coding (SVC) coded layered video data with different modulation and coding schemes (MCS) for the individual layers could be used to cope with varying reception conditions by providing physical layer unequal error protection (UEP).

Hierarchically layered video, such as SVC coded video, allows separate transmission of video layers that can be decoded with graceful degradation on the UE. Multi-level MCS allocation schemes can be used to realise physical layer unequal error protection (PL-UEP) for the individual SVC layers.

Based on the MCS schemes in Table A2 and BLER performance data in Fig. A2 to Fig. A5, Annex A, the presented results analyze the theoretical gain in terms of additional services or capacity and costs in terms of a possibly occurring quality degradation for users with bad reception conditions when using multi-level MCS SVC transmission with physical layer UEP compared to single MCS AVC transmission. It furthermore compares the theoretical results using SVC with a similar setup using simulcast.

6.1.3.1.2 
Evaluation setup

The presented setup targets a reduction of the overall required transmission cost of a service by the use of SVC in combination with PL-UEP. The general idea is to provide a basic quality using more robust MCS and the quality enhancement layer using less robust MCS. In comparison with a single layer service in the more robust MCS, such a service gives the same robustness in terms of continuous playout while allocating less resources in the more robust and more expensive channel. The cost reduction is gained by providing temporarily lower quality video to the users within bad reception conditions. UE with good reception receive the SVC base and enhancement layer stream with highest quality while UE with bad reception may only receive the lower quality SVC base layer. The percentage of users with bad reception depends on the difference in coverage of the chosen MCS schemes for base and enhancement layer. Figure 1 shows an exemplary setup, where the AVC single layer and the SVC base layer is allocated to MCS 1 and the enhancement layer in MCS 2. The figure shows the resulting difference in terms of coverage.
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Fig. 1: Exemplary setup considered in the evaluation.
Three different transmission scenarios are under consideration. For scenario A, AVC transmission with MCS 1 serves as reference for SVC transmission using MCS 1 for the SVC base layer and MCS 2 for the SVC enhancement layer. AVC Simulcast transmission of low quality (LQ) streams with MCS 1 and high quality (HQ) streams with MCS 2 is evaluated accordingly. Scenario B and C continue in this manner with higher MCS schemes, as can be seen from Table 1. 
	Scenario
	AVC
	SVC base layer
Simulcast LQ
	SVC enhancement layer
Simulcast HQ

	A
	MCS 1
	MCS 1
	MCS 2

	B
	MCS 2
	MCS 2
	MCS 3

	C
	MCS 3
	MCS 3
	MCS 4


Table 1: MCS levels for AVC and SVC layers for scenario A, B and C

6.1.3.1.3 
Results

Transmission with multi-level MCS setup directly affects the achievable data rate for a given bandwidth. For SVC and Simulcast transmission, MCS are (time- or frequency-) multiplexed according to the SVC base layer ratio or the ratio of Simulcast LW to Simulcast HQ bitrates, which will be refered to as multiplex rate in the following. Thus, the channel capacity for a given constant birate changes according to the multiplex ratio. For instance, with 50% average base layer ratio of all SVC services in scenario A, 50% of MCS 1 data rate for base layer (= 0.5 Mbps) plus 50% of MCS 2 data rate for enhancement layer (= 1.5 Mbps) are available. AVC Simulcast transmission with a high quality AVC stream of twice the bitrate in the low quality AVC stream behaves accordingly. This leads to 2 Mbps total channel capacity for multi-level MCS SVC transmission while single MCS AVC transmission with MCS 1 allows 1 Mbps at the same coverage. 

A wide range of multiplex ratios has been considered in order to provide multiple operation points with varying quality for the SVC base layer and the Simulcast LQ stream. Note that the selection of optimal operation point is considered to be up to the needs of the service providers. For the selected scenarios, gains in terms of additional channel capacity can be observed for SVC and AVC Simulcast transmission compared to AVC transmission due to the multi-level MCS allocation, as depicted in Fig. 2.
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Fig. 2: Available data rate per scenario and SVC Base layer ratio

The reference AVC stream for all following calculations has a bitrate of 500 kbps. In order to provide a satisfying quality of the SVC base layer and of the Simulcast LQ stream, a bitrate range from 100 to 300 kbps has been considered, preserving equal quality of both. The SVC enhancement layer and the Simulcast HQ stream are assumed to have the same quality as the AVC reference stream. For overall evaluation, it is further necessary to consider the coding overhead introduced by SVC. Table 2 gives an exemplary calculation of gains in terms of additional services with multi-level MCS SVC transmission compared to the 500 kbps reference AVC stream in scenario A. Available channel capacity for AVC is 1 Mbps for MCS 1 in the selected scenario and a SVC overhead of 10% is assumed.

	AVC bitrate [kbps]
	Multiplex ratio
	SVC BL bitrate [kbps]
	SVC EL bitrate [kbps]
	AVC chan. capacity [kpbs]
	AVC UCC
	SVC Chan. Capacity [kbps]
	SVC UCC
	AVC services per chan.
	SVC services per chan.
	Difference [services]
	SVC gain [services]

	500
	18%
	100
	450
	1000
	50%
	2636
	21%
	2
	4.79
	2.79
	139.67%

	500
	27%
	150
	400
	1000
	50%
	2455
	22%
	2
	4.46
	2.46
	123.14%

	500
	36%
	200
	350
	1000
	50%
	2273
	24%
	2
	4.13
	2.13
	106.61%

	500
	45%
	250
	300
	1000
	50%
	2091
	26%
	2
	3.80
	1.80
	90.08%

	500
	55%
	300
	250
	1000
	50%
	1909
	29%
	2
	3.47
	1.47
	73.55%
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Table 2: Exemplary calculation of SVC gains for scenario A.

Fig. 3 to Fig. 6 show the gain of multi-level MCS SVC (solid lines) and AVC Simulcast (dashed lines) transmission compared to single MCS AVC transmission in terms of additional services for all defined scenarios and varying SVC overheads from 0% to 30%. SVC base layer and Simulcast LQ stream bitrate from 100 to 300 kbps have been selected to represent all reasonable operation points.
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Fig. 3: Gain in terms of additional services with SVC overhead of 0%
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Fig. 4: Gain in terms of additional services with SVC overhead of 10%
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Fig. 5: Gain in terms of additional services with SVC overhead of 20%
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Fig. 6: Gain in terms of additional services with SVC overhead of 30%
For multi-level MCS SVC transmission, notable gains can be achieved in all scenarios with small SVC overhead and small base layer ratios. In case of high SVC overhead and high bitrates (i.e. for SVC base layer or Simulcast LQ stream), satisfying gains are still achievable for scenario A. Gains for AVC Simulcast transmission decrease faster with rising bitrate than gains for multi-level MCS SVC transmission.
Further exemplary calculation that compares AVC Simulcast with mutli-level MCS SVC transmission in terms of additional services is given in Table 4 and serves as basis for Fig. 7 to Fig. 9.

	AVC LQ bitrate [kpbs]
	AVC HQ bitrate [kpbs]
	Multiplex ratio
	SVC BL bitrate [kbps]
	SVC EL bitrate [kbps]
	Simul Chan. capacity [kbps]
	AVC Simul UCC
	SVC UCC
	AVC Simul services per chan.
	SVC services per chan.
	Difference [services]
	SVC gain [services]

	100
	500
	17%
	100
	450
	2667
	23%
	21%
	4.44
	4.79
	0.35
	7.85%

	150
	500
	23%
	150
	400
	2538
	26%
	22%
	3.91
	4.46
	0.56
	14.27%

	200
	500
	29%
	200
	350
	2429
	29%
	24%
	3.47
	4.13
	0.66
	19.11%

	250
	500
	33%
	250
	300
	2333
	32%
	26%
	3.11
	3.80
	0.69
	22.20%

	300
	500
	38%
	300
	250
	2250
	36%
	29%
	2.81
	3.47
	0.66
	23.42%
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Table 3: Exemplary gain calculation of SVC vs. AVC Simulcast for scenario A.

Fig. 6 to Fig. 8 show the difference of gains for SVC and AVC Simulcast transmission for scenarios A, B and C for varying SVC overhead. It can be seen that SVC transmission outperforms AVC Simulcast in all relevant operation points, i.e. SVC base layer or Simulcast LQ bitrate above 150 kbps to preserve a satisfying quality. 
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Fig. 7: Gain comparison of SVC and Simulcast for SVC Scenario A
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Fig. 8: Gain comparison of SVC and Simulcast for SVC Scenario B
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Fig. 9: Gain comparison of SVC and Simulcast for SVC Scenario C

Fig. A2 to Fig. A5 in Annex A give an estimate on the coverage of a specific MCS setting given a minimum BLER. In order to establish a satisfying quality in terms of image fidelity and continuous playout of video without additional application-layer FEC, it is assumed that a BLER of less than 0.001 has to be maintained. According to these constrains, costs for multi-level MCS allocation with SVC or Simulcast can be estimated for the specified scenarios. The difference in coverage is calculated as the percentage of measured area that is provided only low quality video. Table 3 give the coverage of all MCS schemes at a BLER of 0.001 for different amounts of cooperating MBSFN cells and the cost in terms of coverage.
	Cooperating Cells
	MCS 1 Coverage
	MCS 2 Coverage
	MCS 3 Coverage
	MCS 4 Coverage

	7 Cell
	98%
	85%
	60%
	32%

	19 Cell
	95%
	87%
	75%
	48%

	37 Cell
	86%
	83%
	74%
	57%


4






























































































































Table 4: Coverage of MCS schemes and costs of scenarios.

Since scenario A features a satisfying coverage for base layer quality and capacity for additional services is gained by providing lower quality video to only a relatively small amount of users, it seems to be the most reasonable multi-level MCS configuration. The reasonable operation points with satisfying coverage and acceptable base layer quality are represented with scenario A, a base layer above 150 kbps (30% of reference AVC bitrate) and 10% to 20% SVC overhead, where a benefit of up to 100% in terms of additional services can be observed for the proposed multi-level MCS SVC transmission compared to single MCS AVC transmission. Compared to AVC Simulcast, multi-level MCS SVC transmission shows benefit of up to 45% at the relevant operation points above 150 kbps base layer or Simulcast LQ stream bitrate across all considered SVC overhead values.
6.1.3.1.4 Conclusion

The theoretical analysis showed gain in terms of additional channel capacity or additional services can be achieved when using multi-level MCS allocation. SVC transmission combined with multi-level MCS allocation outperformes AVC Simulcast at all reasonable operation points, while preserving the same coverage as reference single MCS AVC transmission for the base layer quality, even  with consideration of SVC coding overhead. The advantages are gained by providing temporarily lower quality video to the users within bad reception conditions. The given MCS schemes and cell layouts allow service providers fine tuning of the trade-off between costs in terms of user within bad reception condition and gains in terms of additional services.
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