3GPP TSG SA4#86 meeting
S4-151317
26-30 October, 2015, San Jose Del Cabo, Mexico
Agenda item: 
11.5
Source: 
INTERDIGITAL COMMUNICATIONS
, Qualcomm Incorporated

Title: 
FS_VE_3MS Additional simulation results for MMVC and telepresence
Document for
Discussion and Agreement
1 Introduction
A description of use cases and simulation results of video enhancements in 3GPP MMVC and IMS based telepresence was discussed at the 84th SA4 meeting, and agreed and included in TR 26.948. 

As background, Figure 1 illustrates a typical MMVC/telepresence session, where there is a mix of premium users (high-end device in Figure 1) and regular users (low-end device in Figure 1). 
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Figure 1. A typical MMVC/telepresence session consisting of users with different device capabilities
As described in TR 26.948, the current active speaker (A) sends two video resolutions (one “high” @ 1080p + one “medium” @720p), coded using either SHVC or HEVC simulcast. The previous active speaker (B) sends one video resolution (“medium” @720p) and one thumbnail (@240p) video, coded using HEVC simulcast. All other UEs send only one thumbnail video, coded using HEVC.

This contribution presents additional simulation results for the use case where the previous active speaker sends both medium and thumbnail video as described in TR26.948, but uses SHVC for encoding. The results show one scenario with 240p resolution thumbnail (i.e., 3x relative size to 720p resolution) and another scenario with 360p thumbnail (i.e., 2x relative size to 720p resolution).
The simulations were run independently by both source companies and thus cross checked.

For the 3x spatial scalability case where the medium representation is 720p and thumbnail resolution is 240p, the average BD-rate decrease for SHVC comparing to HEVC simulcast was around 6.7%, and the BD-rate increase for SHVC comparing to HEVC single layer coding (720p) was around 13.1%.

For the 2x spatial scalability case where the medium representation is 720p and thumbnail resolution is 360p, the average BD-rate decrease for SHVC comparing to HEVC simulcast was around 18.3%, and the BD-rate increase for SHVC comparing to HEVC single layer coding (720p) was around 19.2%.
It is proposed to include the results reported in this document into the next version of TR 26.948.
2 MMVC simulation results for 3x and 2x spatial scalability
The following test sequences, Class E, was used for 2x and 3x spatial scalability MMVC tests, as shown in Table 1.
For spatial 3x scalable video coding, Class-E (1280x720) sequences were used as the enhancement layer and the corresponding subsampled sequences of 424x240 were used as the base layer.
For spatial 2x scalable video coding, Class- E (1280x720) sequences were used as enhancement layer and the corresponding subsampled 640x360 sequences were used as base layer.
Table 1. Sequences for 3x/2x spatial scalability MMVC test

	Class
	Sequence
	Spatial resolution
	Original Frame rate
	Tested frame rate

	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


For both 3x and 2x spatial scalability cases, the QP settings for the base layer were {25, 28, 31, 34}, and the QPs used for the enhancement layer were {27, 30, 33, 36} and {29, 32, 35, 38}, respectively.
The following test conditions were used for the simulation:

1. The motion vector search range is 64.

2. Up to 2 active temporal reference pictures are used for inter prediction of each coding picture.
3. Cross-layer picture type aligned where the base layer and enhancement layer share the same RAP distance (approximately 2 seconds).

The SHM9.0 reference software was used for the simulation.
2.1 Results for 3x spatial scalability
For the 3x spatial scalability scenario, SHVC has average 6.7% uplink BD-rate saving and 13.1% downlink BD-rate cost comparing simulcast. The sequence-specific results are shown in the table below.
Table 2. MMVC 3X (720p/240p) spatial scalability Results (SHVC vs. simulcast)

	Sequences
	Uplink BD-rate saving
	Downlink BD-rate cost

	Kimono
	12%
	13%

	ParkScene
	5%
	12%

	Cactus
	6%
	14%

	BasketballDrive
	8%
	12%

	BQTerace
	2%
	14%

	Average
	6.7%
	13.1%


2.2 Results for 3x spatial scalability

For 2x spatial scalability scenario, SHVC has average 18.3% uplink BD-rate saving and 19.2% downlink BD-rate cost comparing simulcast. The sequence-specific results are shown in the table below.
Table 3. MMVC 2X (720p/360p) spatial scalability Results (SHVC vs. simulcast)

	Sequences
	Uplink BD-rate saving
	Downlink BD-rate cost

	Kimono
	28%
	12%

	ParkScene
	17%
	20%

	Cactus
	18%
	20%

	BasketballDrive
	20%
	14%

	BQTerace
	9%
	30%

	Average
	18.3%
	19.2%


2.3 Comparison between 2x and 3x spatial scalability

Even though the bandwidth saving using SHVC for 3x ratio is less than that for 2x ratio, further investigation shows that the total uplink bandwidth usage between 2x and 3x is quite similar when SHVC is used.
Table 4 illustrates the details of the base layer (BL) bitrate, enhancement layer (EL) bitrate, BL quality and EL quality between 2x and 3x spatial scalability. It shows that the enhancement layer (720P) picture quality is almost the same (0.14 dB difference) for 2x and 3x scalability. Further, the overall bitrates of both layers are also approximately the same (1.57% difference) between 2x and 3x scalability. In other words, SHVC may be used as a tool by the previous active speaker (B) to provide higher resolution thumbnail (360p) instead of low resolution thumbnail (240p) at similar quality and similar uplink bandwidth.
Table 4. MMVC 2X (720p/360p) vs. 3X (720p/240p) comparison
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	Kimono

 

 

 

 

 

 

 
	25
	27
	1595.53
	425.20
	2020.73
	39.43
	1122.21
	830.64
	1952.85
	39.20
	-3.36%
	-0.23

	
	28
	30
	1013.95
	276.44
	1290.38
	37.52
	709.08
	539.81
	1248.89
	37.29
	-3.22%
	-0.23

	
	31
	33
	625.92
	176.42
	802.33
	35.65
	427.72
	346.09
	773.81
	35.43
	-3.55%
	-0.22

	
	34
	36
	410.92
	110.16
	521.09
	33.98
	291.34
	216.00
	507.34
	33.78
	-2.64%
	-0.20

	
	25
	29
	1095.99
	425.20
	1521.19
	38.11
	572.66
	830.64
	1403.30
	37.90
	-7.75%
	-0.21

	
	28
	32
	673.08
	276.44
	949.52
	36.21
	319.89
	539.81
	859.70
	35.98
	-9.46%
	-0.23

	
	31
	35
	428.38
	176.42
	604.80
	34.47
	190.88
	346.09
	536.97
	34.22
	-11.21%
	-0.25

	
	34
	38
	278.34
	110.16
	388.50
	32.85
	127.39
	216.00
	343.39
	32.59
	-11.61%
	-0.26

	ParkScene

 

 

 

 

 

 

 
	25
	27
	2190.67
	319.43
	2510.11
	36.77
	1864.29
	826.26
	2690.55
	36.70
	7.19%
	-0.07

	
	28
	30
	1329.03
	208.27
	1537.30
	34.89
	1097.99
	523.13
	1621.12
	34.81
	5.45%
	-0.08

	
	31
	33
	784.47
	135.48
	919.95
	33.10
	624.01
	328.87
	952.88
	33.00
	3.58%
	-0.10

	
	34
	36
	474.93
	85.20
	560.14
	31.46
	374.75
	200.58
	575.32
	31.35
	2.71%
	-0.11

	
	25
	29
	1542.12
	319.43
	1861.55
	35.49
	1172.16
	826.26
	1998.42
	35.39
	7.35%
	-0.10

	
	28
	32
	910.71
	208.27
	1118.98
	33.66
	639.47
	523.13
	1162.60
	33.54
	3.90%
	-0.12

	
	31
	35
	539.92
	135.48
	675.40
	31.96
	349.03
	328.87
	677.91
	31.82
	0.37%
	-0.14

	
	34
	38
	319.41
	85.20
	404.62
	30.39
	194.14
	200.58
	394.72
	30.23
	-2.45%
	-0.16

	Cactus

 

 

 

 

 

 

 
	25
	27
	2888.89
	528.40
	3417.28
	37.22
	2401.35
	1130.71
	3532.07
	37.09
	3.36%
	-0.12

	
	28
	30
	1849.04
	365.98
	2215.02
	35.36
	1505.61
	763.81
	2269.42
	35.20
	2.46%
	-0.15

	
	31
	33
	1158.39
	249.96
	1408.35
	33.50
	918.78
	510.58
	1429.37
	33.34
	1.49%
	-0.16

	
	34
	36
	767.70
	167.09
	934.79
	31.86
	609.73
	334.29
	944.02
	31.69
	0.99%
	-0.17

	
	25
	29
	2083.81
	528.40
	2612.20
	35.95
	1522.23
	1130.71
	2652.95
	35.77
	1.56%
	-0.17

	
	28
	32
	1298.58
	365.98
	1664.56
	34.07
	905.20
	763.81
	1669.01
	33.90
	0.27%
	-0.17

	
	31
	35
	834.74
	249.96
	1084.70
	32.35
	550.96
	510.58
	1061.54
	32.16
	-2.14%
	-0.19

	
	34
	38
	547.04
	167.09
	714.13
	30.74
	352.37
	334.29
	686.67
	30.53
	-3.85%
	-0.21

	Basketball

 

 

 

 

 

 

 
	25
	27
	2699.12
	509.06
	3208.18
	38.49
	2225.02
	1019.61
	3244.63
	38.38
	1.14%
	-0.12

	
	28
	30
	1755.88
	355.22
	2111.09
	36.67
	1410.98
	704.50
	2115.48
	36.53
	0.21%
	-0.14

	
	31
	33
	1123.02
	245.72
	1368.73
	34.83
	873.35
	483.40
	1356.75
	34.68
	-0.88%
	-0.15

	
	34
	36
	771.77
	169.17
	940.94
	33.21
	601.97
	327.30
	929.28
	33.05
	-1.24%
	-0.16

	
	25
	29
	1959.66
	509.06
	2468.72
	37.24
	1449.48
	1019.61
	2469.10
	37.15
	0.02%
	-0.09

	
	28
	32
	1242.72
	355.22
	1597.93
	35.39
	870.31
	704.50
	1574.81
	35.30
	-1.45%
	-0.09

	
	31
	35
	822.24
	245.72
	1067.96
	33.69
	547.37
	483.40
	1030.77
	33.58
	-3.48%
	-0.11

	
	34
	38
	560.24
	169.17
	729.41
	32.09
	367.16
	327.30
	694.46
	31.95
	-4.79%
	-0.14

	BQTerrace

 

 

 

 

 

 

 
	25
	27
	2473.98
	306.75
	2780.73
	36.52
	2288.29
	841.09
	3129.38
	36.50
	12.54%
	-0.02

	
	28
	30
	1439.46
	194.54
	1634.00
	34.92
	1309.08
	522.95
	1832.02
	34.88
	12.12%
	-0.04

	
	31
	33
	861.50
	127.37
	988.87
	33.29
	765.35
	330.20
	1095.56
	33.22
	10.79%
	-0.07

	
	34
	36
	541.77
	83.01
	624.78
	31.70
	474.68
	208.00
	682.68
	31.59
	9.27%
	-0.10

	
	25
	29
	1704.54
	306.75
	2011.30
	35.45
	1489.65
	841.09
	2330.74
	35.40
	15.88%
	-0.05

	
	28
	32
	1008.11
	194.54
	1202.65
	33.83
	850.13
	522.95
	1373.08
	33.75
	14.17%
	-0.08

	
	31
	35
	623.26
	127.37
	750.63
	32.21
	502.34
	330.20
	832.55
	32.09
	10.91%
	-0.13

	
	34
	38
	389.54
	83.01
	472.55
	30.58
	302.59
	208.00
	510.59
	30.41
	8.05%
	-0.17

	Average
	1.57%
	-0.14
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