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1. Introduction

This document presents simulation results for SVC Layer Aware Bearer Allocation in MBMS using realistic video stream and recorded loss traces based on the channel model described in Annex A of the draft TR 26.904 in [1]. Calculation of the theoretical gain in terms of used channel capacity of using SVC in MBMS can be found in the draft TR 26.904 Section 6.1.3.3 [1] . The agreed upon channel model and settings are used in this document to further analyze the performance of SVC in terms of video quality when using multi-level MCS Allocation. The simulation results target the use case "SVC Layer Aware Bearer Allocation in MBMS" (see Section 6.1.2.3 [1]).
2. Channel settings
Draft TR 26.904 Section 6.1.3.3 [1] is based on three unique transmission scenarios. In order to preserve a satisfying coverage, this document considers the most promising scenarios A and B which are listed again in Table 2. Each scenario is investigated within an MBSFN area that consists of 19 cooperating sectors of an 57sectors cell layout.
	Scenario
	AVC
	SVC base layer
	SVC enhancement layer

	A
	MCS 1
	MCS 1
	MCS 2

	B
	MCS 2
	MCS 2
	MCS 3


Table 2: MCS levels for AVC and SVC layers for scenario A, B and C
A set of target coverage areas was defined by a circle around the middle sector, thus all user trajectories proceed within this target area. It covers ~96% of the area of cooperating sectors in Scenario A and ~83% in Scenario B, thereby omitting areas with bad reception in the AVC / SVC base layer MCS, which are predominately located nearby the edge of the cooperating sectors in the channel model. This is done to ensure a well performing AVC transmission as reference for evaluation of multi-level MCS SVC transmission. 
The error trace files are generated in a simulation environment where 100 UEs randomly traverse the MBSFN area with the given restrictions and cover a distance of 600 m, therefore total traversing distance is 60 km (= 100 UE x 600 m). The simulation settings are described in detail in Annex-A of draft TR 26.904 [1]. Figure 1 shows the trajectories of all UEs movement in a 19 sector layout (thick blue lines) with scenario A (left) and scenario B (right) within the target coverage area (green circle), where the colours of the trajectory represent the values of BLER measurements. The top plots show the MCS used for AVC reference and SVC base layer, whereas the bottom plots depict BLER values achieved by the MCS used for the SVC Enhancement layer. 
	
	Scenario A
	Scenario B

	    SVC Enhancement Layer            AVC Reference / SVC Base Layer
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Figure 1: Trajectories of 100 UEs in 19 sector cell area with MCS1 (top) and MCS2 (bottom)
The distance between the measurement points is 1m. A pedestrian walking speed is assumed, where the UE is moving at approximately 3.6 km/h (= 1 m / sec). Since the distance between the measurement points is 1m, the period between measurements is 1 sec, and the total measurement time is 16,7 hours (= 100UEs x 600 measurement points x 1 sec / 3600). It is assumed that the BLER of a measurement point generally represents the average BLER experienced by the UE until moving 1 m to next measurement point.
3. Video coding

We compare an single layer AVC stream with an SVC stream using CGS with 2 layers. The source video consists of a concatenation of 4 sequences, where each sequences has been encoded with a constant bitrate for AVC and slightly higher bitrate for SVC in order to achieve a total average bitrate of approximately 270kbit for AVC and 300kbit for SVC, leading to a SVC overhead of about 10%. The GOP size is 8 frames at a frame rate of 15fps. The SVC Streams have been encoded with two unique base layer ratios of roughly 30% and 50%. All coding parameters can be found in Table 1.
Table 1: Bitrate and video quality of simulated video sequences for AVC Reference and SVC Streams with 30% and 50% base layer ratio.
	AVC Reference
	
	SVC Base Layer Ratio ~30%
	
	SVC Base Layer Ratio ~50%

	 Seq.
Name
	AVC
	 
	SVC EL
	SVC BL
	
	 
	SVC EL
	SVC BL
	 

	
	Bitrate

[kbit]
	PSNR 

[dB]
	 
	Bitrate

[kbit]
	PSNR

[dB]
	Bitrate

[kbit]
	PSNR

[dB]
	 BL ratio
	 
	Bitrate

[kbit]
	PSNR

[dB]
	Bitrate

[kbit]
	PSNR

[dB]
	BL ratio

	
	
	
	 
	
	
	
	
	
	 
	
	
	
	
	

	city
	226.94
	36.10
	
	235.34
	36.43
	67.71
	29.73
	0.29
	
	258.68
	36.22
	135.35
	33.17
	0.52

	crew
	282.82
	35.24
	
	316.17
	34.94
	90.20
	30.50
	0.29
	
	312.41
	34.79
	154.75
	32.66
	0.50

	harbour
	278.09
	30.75
	
	303.30
	30.77
	83.48
	26.32
	0.28
	
	308.65
	30.58
	153.87
	28.43
	0.50

	soccer
	278.43
	35.77
	
	317.51
	35.74
	98.22
	31.02
	0.31
	
	322.05
	35.67
	160.02
	33.06
	0.50

	average
	266.57
	34.47
	
	293.08
	34.47
	84.90
	29.39
	0.29
	
	300.45
	34.32
	151.00
	31.83
	0.50


All encodings provide approximately similar video quality in terms of PSNR. The enhancement layer PSNR of the SVC stream with 30% base layer ratio matches the AVC PSNR precisely, whereas the SVC stream with 50% base layer ratio has 0.15db lower PSNR quality on encoding side. This is due to the limited rate control of the used JSVM reference encoder and has to be considered when interpreting simulation results.

Given the base layer ratios of the SVC streams, it is possible to calculate the gain in UCC for the specific configuration introduced by multi-level MCS SVC transmission, as described in draft TR 26.904 Section 6.1.3.3 [1]. Figure 2 covers the corresponding base layer ratios for both scenarios. 
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Figure 2: Gain of multi-level MCS SVC Transmission in terms of additional services compared to AVC Reference Transmission
4. Simulation Setup

The selected video streams are encapsulated in RTP packets according to their specific RTP payload format and subsequently into IP streams. Real-time transmission of transport-blocks was simulated according to the BLER measurements over time of the recorded UE traces as described in Annex A of draft TR 29.904 [1]. This process is repeated 100 times for each UE with a time-seeded random generator in order to obtain statistically relevant results. Subsequently, quality evaluation of the transmission results in terms of PSNR was done as described in [2], based on an error-resilient decoder that further allows to calculate erroneous seconds ratio (ESR) as a metric for play out robustness.
5. Results

Due to the lower robustness for the SVC enhancement layer, users will experience a graceful degradation behaviour when entering areas with bad reception conditions of the enhancement layer. The simulation results allow analyzing the video quality degradation experienced by users for each scenario during traversing the user trajectories with transmission scheduling scenario A and B (cp . Section 2) using AVC or SVC encodings (cp. Section 3). Figure 2 shows the cumulative distribution of average user PSNR for both scenarios, whereas Figure 3 shows the cumulative distribution of video quality (PSNR) degradation of SVC compared to AVC. Note that SVC stream with 50% base layer ratio has 0.15db lower PSNR quality on encoding side, which has to be considered when interpreting Figure 2 and Figure 3. Furthermore, Figure 4 shows the cumulative distribution of play out robustness (1 - ESR) for AVC reference and SVC, where both SVC base layer ratios are represented with a single line due to equal performance and for the sake of legibility.
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Figure 3: Cumulative distribution of average PSNR using AVC or SVC (30% BL ratio and 50% BL ratio) for transmission scenario A and scenario B within a 19 Cells sector cell area.
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Figure 4: Cumulative distribution of PSNR degradation using AVC or SVC (30% BL ratio and 50% BL ratio) for transmission scenario A or B within a 19 Cells sector cell area.
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Figure 5: Cumulative distribution of play out robustness (1 - ESR) using AVC or SVC for transmission scenario A or B within a 19 Cells sector cell area.
The results in Figure 2 and Figure 3 show that the average quality degradation of both scenarios is below 0.2dB in terms of PSNR. Less than 5% of users experience a quality degradation of more than 0.3dB PSNR and the maximum PSNR degradation observed in the simulation setup is 0.46dB for scenario A and 1.4dB for scenario B, where the latter is experienced by an outlying single user with 99% of users experiencing a quality degradation below 0.8dB PSNR.
The (1-ESR) measurements in Figure 4 show the difference of base layer (SVC ESR_BL) and enhancement layer play out robustness (SVC ESR_EL). It can be seen that the play out robustness of AVC reference is preserved for the SVC base layer when using multi-level MCS SVC transmission.
5. Conclusion
The theoretical analysis in draft TR 26.904 Section 6.1.3.3 [1] shows gains in terms of additional channel capacity or additional services achieved by using SVC transmission combined with multi-level MCS allocation. In this document we analyze the costs in terms of quality degradation of multi-level MCS SVC transmission compared to AVC single layer transmission. The simulation setup considered the agreed upon channel model and settings and featured 100 UEs randomly traversing the cell layout for 10 minutes at walking speed. The gains reported in [1] are achieved with a PSNR degradation below 0.46dB and less than 0.1dB in average for scenario A and below 1.4dB and 0.2dB in average scenario B, while maintaining the play out robustness of AVC reference for the SVC base layer.
6. Proposal

We propose to include the presented evaluation in Section 6.1.3 of the draft TR [2].

7. References
[1] 3GPP SA4 Tdoc S4-100954, "Draft TR 26.904 Improved video coding support (Release 10) v. 0.0.5", San Francisco, USA, 1.12.2010.

[2] R. Skupin, C. Hellge, T. Schierl and T. Wiegand, "Fast Application-level Video Quality Evaluation for Extensive Error-Prone Channel Simulations", 15th International Workshop on Computer-Aided Modeling Analysis and Design of Communication Links and Networks (CAMAD), Miami, 2010







- 8/9 -

