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1 Introduction
This contribution presents the simulation results for evaluation of video enhancements in 3GPP multi-stream multiparty video conferencing (MSVC). The tests were conducted as per the test conditions specified in TR 26.948 v0.1.0 in S4-150146. The simulations were run independently by both source companies and thus cross checked.
For the cross-layer RAP aligned case, the average BD-rate decrease for SHVC comparing to HEVC simulcast was around 8.03% for 2x spatial scalability and 27.34% for 1.5x spatial scalability, and the max gain can be up to 35.5%.
For the cross-layer RAP non-aligned case, the average BD-rate decrease for SHVC comparing to HEVC simulcast was around 10.76% for 2x spatial scalability and 27.94% for 1.5x spatial scalability, and max gain was up to 35.6%.
Additional test results are also provided for the case where the base layer is of 960x540 and enhancement layer is of 1280x720 for the Class-VC_E sequences. The average BD-rate decrease for SHVC comparing to HEVC simulcast was around 18.76%, and the 21.2%.

It is proposed to include the results reported in this document into the next version of TR 26.948. The exact text changes are provided in Tdoc S4-150357.
2 MSVC simulation results
The results reported here are based on the test conditions specified in TR 26.948 v0.1.0 in S4-150146.
Two sets of the test sequences, Class-B/Class E and Class-VC_E, were used for MSVC tests, as shown in Table 1 and Table 2.
For spatial 1.5x scalable video coding, Class-E sequences (1280x720) were used as the base layer and Class-B sequences (1920x1080) were used as the enhancement layer.
For spatial 2x scalable video coding, Class-VC_E (1280x720) sequences were used as enhancement layer and the corresponding subsampled 640x360 sequences were used as base layer.
Table 1. Sequences for 1.5x spatial scalability MSVC test

	Class
	Sequence
	Spatial resolution
	Original Frame rate
	Tested frame rate

	Class B
	Kimono
	1920x1080
	24 fps
	24 fps

	
	ParkScene
	1920x1080
	24 fps
	24 fps

	
	Cactus
	1920x1080
	50 fps
	25 fps

	
	BasketballDrive
	1920x1080
	50 fps
	25 fps

	
	BQTerrace
	1920x1080
	60 fps
	30 fps

	Class E
	Kimono_720p
	1280x720
	24 fps
	24 fps

	
	ParkScene_720p
	1280x720
	24 fps
	24 fps

	
	Cactus_720p
	1280x720
	50 fps
	25 fps

	
	BasketballDrive_720p
	1280x720
	50 fps
	25 fps

	
	BQTerrace_720p
	1280x720
	60 fps
	30 fps


Table 2. Sequences for 2x spatial scalability MSVC test
	Class
	Sequence
	Spatial resolution
	Original Frame rate
	Tested Frame rate

	Class 
VC-E
	FourPeople
	1280x720
	60 fps
	30 fps

	
	Johnny
	1280x720
	60 fps
	30 fps

	
	KristenAndSara
	1280x720
	60 fps
	30 fps


For 1.5x spatial scalability case, the QP settings for the base layer were {25, 28, 31, 34}, and the QPs used for the enhancement layer were {25, 28, 31, 34} and {27, 30, 33, 36}.
For 2x spatial scalability case, the QP settings for the base layer were {19, 22, 25, 28}, and the QPs used for the enhancement layer were {19, 22, 25, 28} and {21, 24, 27, 30}.
The following test conditions were specified in TR 26.948 v0.1.0 for MSVC:

1. The motion vector search range is 32.

2. The size of each slice in a picture is 1200 bytes except the last slice in each picture that may be smaller.
3. Up to 2 active temporal reference pictures are used for inter prediction of each coding picture.
4. Test option 1: cross-layer picture type aligned where the base layer and enhancement layer share the same RAP distance (approximately 2 seconds).

5. Test option 2: cross-layer picture type not aligned where the base layer RAP distance is approximately 2 seconds and the enhancement layer RAP distance 2 times as that of the base layer.

The SHM9.0 reference software is used for the simulation and the common test condition (CTC) encoding parameters are applied except the above test parameters specified.
2.1 MSVC results for aligned IRAP pictures
The summarized BD-rate results for cross layer IRAP aligned case is presented in Table 3 and Table 4.
For 1.5x spatial scalability scenario, SHVC has overall 27.34% BD-rate decrease comparing simulcast when deltaQP is 2, and the max gain can be up to 35.5%.
For 2x spatial scalability scenario, SHVC has overall 8.03% BD-rate decrease comparing simulcast when the deltaQP is 2, and the max gain can be up to 10.6%.

Table 3. MSVC IRAP 1.5X Aligned Results (SHVC vs. simulcast)

	
	1.5x spatial scalability 

(Class-B)

	
	deltaQP
	Y
	U
	V

	Kimono 
	0
	-21.5%
	-21.4%
	-20.4%

	ParkScene 
	0
	-13.1%
	-10.0%
	-9.1%

	Cactus 
	0
	-18.8%
	-14.3%
	-10.9%

	BasketballDrive 
	0
	-24.2%
	-17.4%
	-16.9%

	BQTerrace 
	0
	-8.5%
	5.7%
	13.6%

	Average gain SHVC vs. Simulcast
	
	-17.22%
	-11.48%
	-8.74%

	Kimono 
	2
	-35.5%
	-36.3%
	-34.8%

	ParkScene 
	2
	-22.7%
	-18.1%
	-18.0%

	Cactus 
	2
	-29.7%
	-27.1%
	-25.3%

	BasketballDrive 
	2
	-33.6%
	-29.6%
	-28.7%

	BQTerrace 
	2
	-15.2%
	-3.2%
	-2.2%

	Average gain SHVC vs. Simulcast
	
	-27.34%
	-22.86%
	-21.8%


Table 4. MSVC IRAP 2X Aligned Results (SHVC vs. simulcast)

	
	2x spatial scalability 

(Class-VC_E)

	
	deltaQP
	Y
	U
	V

	FourPeople 
	0
	-7.7%
	-2.7%
	-0.1%

	Johnny 
	0
	-2.8%
	4.3%
	7.2%

	KristenAndSara 
	0
	-6.3%
	-2.6%
	-0.1%

	Average gain SHVC vs. Simulcast
	
	-5.6%
	-0.33%
	2.33%

	FourPeople 
	2
	-10.6%
	-4.9%
	-1.8%

	Johnny 
	2
	-4.5%
	6.2%
	7.3%

	KristenAndSara
	2
	-9.0%
	-3.2%
	-2.8%

	Average gain SHVC vs. Simulcast
	
	-8.03%
	-0.63%
	0.9%


2.2 MSVC results for cross-layer RAP non-aligned test case
The summarized BD-rate results for cross-layer RAP non-aligned case is presented in Table 5 and Table 6
For 1.5x spatial scalability scenario, SHVC has overall 27.9% BD-rate decrease comparing simulcast when deltaQP is 2, and the max gain can be up to 35.6%.
For 2x spatial scalability scenario, SHVC has overall 10.76% BD-rate decrease comparing simulcast when deltaQP is 2, and the max gain can be up to 12.8%.
Table 5. MSVC IRAP 1.5X Non-Aligned Results (SHVC vs. simulcast)

	
	1.5x spatial scalability 

(Class-B)

	
	deltaQP
	Y
	U
	V

	Kimono 
	0
	-21.6%
	-21.4%
	-20.3%

	ParkScene 
	0
	-14.1%
	-10.5%
	-9.0%

	Cactus 
	0
	-20.1%
	-15.7%
	-12.3%

	BasketballDrive 
	0
	-24.4%
	-17.2%
	-16.7%

	BQTerrace 
	0
	-9.4%
	3.6%
	9.6%

	Average gain SHVC vs. Simulcast
	
	-17.92%
	-12.24%
	-9.74%

	Kimono 
	2
	-35.6%
	-36.4%
	-34.6%

	ParkScene 
	2
	-23.4%
	-18.3%
	-17.5%

	Cactus 
	2
	-30.7%
	-28.2%
	-26.4%

	BasketballDrive 
	2
	-33.7%
	-29.6%
	-28.5%

	BQTerrace 
	2
	-16.3%
	-5.0%
	-6.1%

	Average gain SHVC vs. Simulcast
	
	-27.94%
	-23.5%
	-22.62%


Table 6. MSVC IRAP 2X Non-Aligned Results (SHVC vs. simulcast)

	
	
	2x spatial scalability 

(Class-VC_E)

	
	deltaQP
	Y
	U
	V

	FourPeople 
	0
	-9.6%
	-5.6%
	-2.7%

	Johnny 
	0
	-5.8%
	0.1%
	2.3%

	KristenAndSara 
	0
	-8.3%
	-5.7%
	-2.9%

	Average gain SHVC vs. Simulcast
	
	-7.9%
	-3.73%
	-1.1%

	FourPeople 
	2
	-12.8%
	-7.7%
	-4.5%

	Johnny 
	2
	-8.2%
	1.7%
	1.6%

	KristenAndSara
	2
	-11.3%
	-6.0%
	-5.7%

	Average gain SHVC vs. Simulcast
	
	-10.76%
	-4%
	-2.86%


2.3 Additional MSVC test results
Besides the test conditions specified on TR 26.948 v0.1.0, additional down-sampled sequences for Class VC-E has been tested where the base layer is 960x540 and enhancement layer is class VC-E.

With the same RAP aligned test conditions, SHVC has overall 17% BD-rate decrease comparing simulcast when deltaQP is 2, and the max gain can be up to 19.8%. 
With the same non-RAP aligned test conditions, SHVC has overall 18.76% the BD-rate decrease comparing simulcast when deltaQP is 2, and the max gain can be up to 21.2%
Table 7. MSVC IRAP Aligned Results Class-VC_E (BL540P/EL720P) 

	
	1.5x spatial scalability (Class-VC_E)

	
	deltaQP
	Y
	U
	V

	FourPeople 
	0
	-11.6%
	-6.6%
	-5.1%

	Johnny 
	0
	-7.3%
	-0.3%
	1.9%

	KristenAndSara 
	0
	-12.1%
	-9.3%
	-8.2%

	Average gain SHVC vs. Simulcast
	
	-10.33%
	-5.4%
	-3.8%

	FourPeople 
	2
	-17.4%
	-16.5%
	-16.7%

	Johnny 
	2
	-13.8%
	-13.6%
	-15.6%

	KristenAndSara
	2
	-19.8%
	-20.1%
	-22.1%

	Average gain SHVC vs. Simulcast
	
	-17%
	-16.73%
	-18.13%


Table 8. MSVC IRAP Non-Aligned Results Class-VC_E (BL540P/EL720P) 

	
	1.5x spatial scalability (Class-VC_E)

	
	deltaQP
	Y
	U
	V

	FourPeople 
	0
	-13.0%
	-9.2%
	-7.1%

	Johnny 
	0
	-9.7%
	-4.6%
	-2.6%

	KristenAndSara 
	0
	-13.7%
	-11.7%
	-10.8%

	Average gain SHVC vs. Simulcast
	
	-12.13%
	-8.5%
	-6.83%

	FourPeople 
	2
	-18.8%
	-18.5%
	-18.4%

	Johnny 
	2
	-16.3%
	-16.7%
	-18.5%

	KristenAndSara
	2
	-21.2%
	-21.7%
	-23.7%

	Average gain SHVC vs. Simulcast
	
	-18.76%
	-18.96%
	-20.2%
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