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1 Introduction
This contribution proposes the use case of video enhancements in 3GPP Multimedia Broadcast Multicast Services (MBMS). Both HEVC simulcast and SHVC solutions are introduced for the use case and the metrics for comparison of the potential solutions for the use cases are presented.
It is proposed to include the use case and the corresponding solutions and metrics in this document into the next version of TR 26.948. 
2 MBMS Use case
This use case considers MBMS with subscription based differentiated video services. It should be reasonable to assume that two different classes of video services may be provided (as providing more classes would be heavy for any broadcast system), e.g., the normal video service of 720p@30fps and the premium video service of 1080p@30fps. UEs may subscribe to either of the two services because of its decoding and rendering capabilities, network access conditions, power saving strategies, price, and/or other considerations. UEs receiving the normal service receives and renders the lower quality video with lower resolution, and UEs receiving the premium service receives and renders the higher quality video with higher resolution.

Due to the use of the broadcast mode in eMBMS, all bits required for both services are assumed to be transmitted on all the network paths, from the content provider to the BM-SC, from the BM-SC to MBMS-GW, from MBMS-GW to eNodeB, as well as the air interface between eNodeB and UEs, as shown in Figure 1.
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Figure 1. An MBMS use case with premium and normal video services

The metrics for comparison of the potential solutions for this use case are:

1) Bandwidth used for transmission of the video data (in the network links from the content provider to the BM-SC, and all the way to the UEs)

2) Quality for normal-service UEs and premium-service UEs

3) Decoding complexity for normal-service UEs and premium-service UEs

4) Encoding complexity

3 Solutions for the MBMS Use Case

The solutions from video coding point of view apply to the above MBMS use case in the same manner. Therefore, in the discussion of the solutions, no difference is made to which use case the solutions apply.
3.1 HEVC simulcast for MBMS
One solution from video coding point of view for the MBMS use case with premium and normal video services is to use HEVC simulcast, where two independently encoded HEVC bitstreams representing the same video content, but with different spatial resolutions, are transmitted (from the content provider to the BM-SC, and all the way to the UEs), as shown in Figure 2. The two HEVC bitstreams are associated with two different the MBMS User Service IDs. Each premium-service UE receives, decodes, and renders the video bitstream with the higher resolution only, while each normal-service UE receives, decodes, and renders the video bitstream with the lower resolution only.
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Figure 2. Use of HEVC simulcast in the MBMS use case with premium and normal video services

3.2 SHVC for MBMS
Another solution from video coding point of view for the MBMS use case with premium and normal video services is to use SHVC, where one encoded SHVC bitstream with two layers of different spatial resolutions, is transmitted (from the content provider to the BM-SC, and all the way to the UEs), as shown in Figure 3. The sub-bitstreams of the two layers of the SHVC bitstream are associated with two different the MBMS User Service IDs. Each premium-service UE receives and decodes both layers and renders the higher layer, while each normal-service UE receives, decodes, and renders the base layer only.
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Figure 3. Use of SHVC in the MBMS use case with premium and normal video services

4 Comparison of the Solutions
For comparison of solutions with HEVC simulcast and SHVC, test conditions and preliminary results of the simulations were reported in contribution SA-150355.

The comparison can be summarized as follow:

a) SHVC solution requires less bandwidth for transmitting the encoded streams from content provider, BM-SC, MBMS-GW and eNodeB. For service with 540p and 1080p resolution, the bandwidth saving ranges from 7.7% to 27% depending on the content and coding configuration. For service with 720p and 1080p resolution, the bandwidth saving ranges from 14.9% to 40.6%.

b) Decoding complexity at UEs is mainly proportional to the resolution(s) of the video represented in the bitstream.
c) In term of encoding complexity, the additional complexity of SHVC encoder compared to HEVC single layer encoder is the up-sampling filter and one additional reference picture, which is negligible when compared to other processes in HEVC encoding system.
4.1 Transmission bandwidth
For solution with HEVC simulcast, the bandwidth for transmission from the content provider to the BM-SC, and all the way to the UEs is the bandwidth required for transmitting one HEVC coded 1080p@30fps stream and one HEVC coded 720p@30fps stream. For solution with SHVC, the bandwidth for transmission from content provider to BM-SC is the bandwidth required for transmitting one SHVC stream containing two layers (i.e, 720p@30fps for base layer and 1080p@30fps).

The simulation results is reported in TR 26.948 for MBMS are relevant. For the cross-layer RAP non-aligned case, the average bandwidth decrease (i.e., based on BD-rate decrease) for SHVC comparing to HEVC simulcast was around 32.9% for 1.5x spatial scalability and 20% for 2x spatial scalability, and the max gain was up to 40.6%. For the cross-layer RAP aligned case, the average bandwidth decrease was around 31.9% for 1.5x spatial scalability and 18.7% for 2x spatial scalability, and the max gain was up to 40.5%. The results are tabulated in the following tables.

Table 1 – Test results for IRAP aligned Class B (BL 720p – EL 1080p)
	Test Sequences
	QP delta
BL & EL
	BD-Rate Comparison

	
	
	SHVC Vs. Simulcast

	
	
	Y
	U
	V

	Kimono
	0
	-28.4%
	-20.9%
	-18.7%

	ParkScene
	0
	-19.5%
	-15.3%
	-15.1%

	Cactus
	0
	-23.4%
	-19.2%
	-12.5%

	BasketballDrive
	0
	-26.5%
	-15.5%
	-15.9%

	BQTerrace
	0
	-14.9%
	4.9%
	10.4%

	Average
	-22.5%
	-13.2%
	-10.4%

	Kimono
	2
	-40.5%
	-34.5%
	-33.3%

	ParkScene
	2
	-28.9%
	-24.6%
	-25.2%

	Cactus
	2
	-32.7%
	-30.5%
	-27.5%

	BasketballDrive
	2
	-36.1%
	-30.3%
	-29.8%

	BQTerrace
	2
	-21.5%
	-11.2%
	-10.5%

	Average
	-31.9%
	-26.2%
	-25.3%


Table 2 – Test results for IRAP aligned Class B (BL 540p – EL 1080p)
	Test Sequences
	QP Delta
BL & EL
	BD-Rate Comparison

	
	
	SHVC Vs. Simulcast

	
	
	Y
	U
	V

	Kimono
	0
	-19.2%
	-11.9%
	-9.5%

	ParkScene
	0
	-10.2%
	-8.5%
	-8.7%

	Cactus
	0
	-13.7%
	-9.7%
	-3.9%

	BasketballDrive
	0
	-16.6%
	-4.9%
	-6.1%

	BQTerrace
	0
	-7.7%
	1.7%
	6.2%

	Average
	-13.5%
	-6.7%
	-4.4%

	Kimono
	2
	-27.0%
	-18.9%
	-16.8%

	ParkScene
	2
	-14.8%
	-12.0%
	-12.1%

	Cactus
	2
	-18.4%
	-14.4%
	-10.3%

	BasketballDrive
	2
	-23.0%
	-12.5%
	-13.0%

	BQTerrace
	2
	-10.2%
	-2.1%
	0.1%

	Average
	-18.7%
	-12.0%
	-10.4%


Table 3 – Test results for IRAP non-aligned Class B (BL 720p – EL 1080p)
	Test Sequences
	QP Diff of BL & EL
	BD-Rate Comparison

	
	
	SHVC Vs. Simulcast

	
	
	Y
	U
	V

	Kimono
	0
	-28.4%
	-20.7%
	-18.3%

	ParkScene
	0
	-20.2%
	-15.9%
	-15.2%

	Cactus
	0
	-25.4%
	-21.4%
	-14.5%

	BasketballDrive
	0
	-26.8%
	-15.8%
	-16.2%

	BQTerrace
	0
	-16.6%
	3.0%
	7.5%

	Average
	-23.5%
	-14.2%
	-11.3%

	Kimono
	2
	-40.6%
	-34.5%
	-33.1%

	ParkScene
	2
	-29.6%
	-25.2%
	-25.4%

	Cactus
	2
	-34.3%
	-32.2%
	-29.0%

	BasketballDrive
	2
	-36.4%
	-30.5%
	-30.1%

	BQTerrace
	2
	-23.4%
	-13.1%
	-13.5%

	Average
	-32.9%
	-27.1%
	-26.2%


Table 4 – Test results for IRAP non-aligned Class B (BL 540p – EL 1080p)
	Test Sequences
	QP Diff of BL & EL
	BD-Rate Comparison

	
	
	SHVC Vs. Simulcast

	
	
	Y
	U
	V

	Kimono
	0
	-18.9%
	-11.0%
	-8.5%

	ParkScene
	0
	-11.7%
	-9.6%
	-9.0%

	Cactus
	0
	-16.3%
	-12.8%
	-6.4%

	BasketballDrive
	0
	-17.0%
	-5.0%
	-6.5%

	BQTerrace
	0
	-10.1%
	-0.1%
	3.4%

	Average
	-14.8%
	-7.7%
	-5.4%

	Kimono
	2
	-26.8%
	-18.3%
	-16.0%

	ParkScene
	2
	-15.9%
	-13.1%
	-12.7%

	Cactus
	2
	-20.6%
	-17.0%
	-12.5%

	BasketballDrive
	2
	-23.4%
	-12.7%
	-13.3%

	BQTerrace
	2
	-13.2%
	-4.8%
	-3.5%

	Average
	-20.0%
	-13.2%
	-11.6%


4.2 Decoding complexity

Decoding complexity or overhead at UEs depends on how many layers an UE needs to decode. For solution with HEVC simulcast, an UE needs to decode one layer stream, i.e., either stream of 720p@30fps or stream of 1080p@30fps. Decoding complexity for UEs receiving normal-service when solution with SHVC is used can be assumed the same as when solution with HEVC simulcast is used because UEs receiving normal-service can ignore coded data for enhancement layer. 

The overhead decoding complexity for UEs receiving premium-service when SHVC solution is used depends on the dependent layer the highest layer has. For our case, the additional decoding complexity is the decoding of the base layer (i.e., 720p resolution). All in all, decoding complexity at UEs is mainly proportional to the resolution(s) of the video represented in the bitstream
4.3 Encoding complexity

For solution with HEVC simulcast, the content provider has to encode one 1080p@30fps video stream and one 720p@30fps video stream; on the other hand, for solution with SHVC, the content provider has to encode one stream with two layers (i.e, 720p@30fps for base layer and 1080p@30fps). Comparing to HEVC simulcast encoding complexity, while the additional SHVC encoding complexity for the content provider depends on the implementation design of up-sampling filter and inter-layer prediction, such additional encoding complexity is not significant / negligible when compared to other processes (e.g., motion prediction, transformation, etc). 
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