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1 Introduction

At SA4#82, a set of simulation conditions for the multi-stream multiparty video conferencing service has been agreed and included into draft TR 26.948. This contribution proposes simulation condition for studying the potential use of SHVC for the MBMS service, with comparison to simulcast using HEVC. Simulation results based on the proposed test conditions are also provided in this document. 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 31.9% for 1.5x spatial scalability and 18.7% for 2x spatial scalability, and the max gain was up to 40.5%.

For the cross-layer RAP non-aligned case, the average 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%.

It is proposed to agree on the proposed test conditions for MBMS, and include the test conditions as well as the simulation results to the next version of the draft TR 26.948. The text changes are provided in Tdoc S4-150357.
2 Simulation conditions
2.1 Considerations
For MBMS, the video bitstreams should be encoded with the so-called random access coding structure to achieve the highest compression efficiency. To enable late tuning-in and channel switching in MBMS, insertion of frequent random access points (RAPs) is needed.

Bitrate is an important consideration for simulations of MBMS service. While the actual maximum bit-rate for MBMS service should be further discussed, for this test, it is suggested that the following bitrates are tested:
· For 540p @30 fps, the target bitrate is about 1.5 mbps

· For 720p @30 fps, the target bitrate is about 2.6 mbps

· For 1080p @30 fps, the target bitrate is about 4.5 mbps

The above bitrates should be used for selecting the QP for encoding the bitstream for the simulations. For example, to match the above bitrate suggestion, for encoding of class B 720p @30 fps, the set of four QPs used for encoding was {22, 25, 28, 31} so that the target bitrate (i.e., 2.6 mbps) would lie between the bitrates of the bitstreams encoded with QP 25 and QP 28. Note that four QPs are usually used for generation of the BD curves for coding efficiency comparisons.
2.2 Proposed simulation conditions
With the above points in mind, the following test conditions are specified for testing of potential video codecs for MBMS:

1) Codecs (profiles): HEVC Main profile vs Scalable Main profile.
2) Software version: SHM-8.0.

3) Test sequences, resolutions and frame rates:
Two sets of the test sequences are used, as follows:

a. 720p / 1080p at frame rate 24, 25, or 30fps, corresponding to the Class E and B sequences as listed in Table 2 of TR 26.906 (the relevant parts of the table is copied below for convenience). This configuration corresponds to the 1.5 times spatial enhancement from the first layer to the second layer.
For the sequences Kimono and ParkScene, for which the original sequences were only of 24 fps, the frame rate to be used is 24 fps for both resolutions. For the sequences Cactus and BasketballDrive, for which the original sequences were of 50 fps, the frame rate to be used is 25 fps. For the sequences BQTerrace, for which the original sequences were of 60 fps, the frame rate to be used is 30 fps. For the sequences which the original sequence are of 50fps or 60 fps, the frames with odd indices (assuming the initial index being 0) are dropped to achieve the half frame rate.
	Class
	Sequence
	Spatial resolution
	Frame rate

	Class B
	Kimono
	1920x1080
	24 fps

	
	ParkScene
	1920x1080
	24 fps

	
	Cactus
	1920x1080
	50 fps

	
	BasketballDrive
	1920x1080
	50 fps

	
	BQTerrace
	1920x1080
	60 fps

	Class E
	Kimono_720p
	1280x720
	24 fps

	
	ParkScene_720p
	1280x720
	24 fps

	
	Cactus_720p
	1280x720
	50 fps

	
	BasketballDrive_720p
	1280x720
	50 fps

	
	BQTerrace_720p
	1280x720
	60 fps


b. 540p / 1080p at frame-rate 24, 25, or 30fps. This configuration corresponds to the 2 times spatial enhancement from the first layer to the second layer. The 540p input sequences are produced by using TAppDownConvert module provided in SHM software.
4) GOP and prediction structures:
a. GOP size is 8.

b. The hierarchical B-picture structure as used for each layer as in the HEVC random access common test condition.

c. IRAP picture type is CRA except for the first IRAP picture, for which IDR is used.

5) RAP distance: 2 seconds (i.e., one RAP every 64 pictures when frame rate is 30 fps and every 48 pictures when frame rate is 24 or 25 fps):
a. For SHVC encoding, two options are tested, where the first option is with cross-layer aligned RAPs with RAP distance of 2 seconds for both layers, and the second option is with RAP distance of 2 seconds for the base layer, and longer RAP distance of 4 seconds for the enhancement layer (i.e., one RAP every 128 pictures when frame rate is 30 fps and every 96 pictures when frame rate is 24 or 25 fps).

6) QP Configuration:
a. Fixed QP configuration is used without rate control to avoid uncertainty due to different rate control algorithms. Cascaded QP setting (e.g. higher QP for P pictures than I pictures, higher QP for B pictures than P pictures is allowed. When temporal level is used, higher QP for higher temporal level than lower temporal level in hierarchical coding structures) is allowed.
b. For coding of enhancement layer: Two sets of delta QP values, deltaQP = {0, +2}. The delta QP value specifies the difference between the initial EL QP and the initial BL QP for collocated pictures in the two layers. For example, when deltaQP = 0, for each picture of a particular resolution, the same QP that was used for the base layer is used; when deltaQP = 2, for each picture in enhancement layer, the QP that was used for the base layer plus 2 is used.
c. The following QP set is used for both simulcast and SHVC: {22, 25, 28, 31}
7) Number of reference pictures in each reference picture lists (for forward prediction and backward prediction):

a. For simulcast and single-layer: each reference picture list may contain up to 2 reference pictures.

b. For SHVC:
i. For base layer: the same as for simulcast.

ii. For enhancement layer: each reference picture list may contain up to 3 reference pictures (i.e., 2 from the same layer and additionally one from base layer for inter-layer prediction).

8) Inter-layer prediction (ILP)

a. For simulcast: each layer is encoded independently.

b. For SHVC: each picture in enhancement layer may use collocated picture in the base layer for reference.
9) Rate-distortion optimized quantization is disabled.
10) The motion vector search range, in units of integer luma samples, is restricted to 64 in both directions.

11) MTU size matching is not enabled.
12) Temporal scalability is not enabled.

3 Simulation results
3.1 Simulcast vs SHVC with aligned IRAP pictures
Table 1 and Table 2 show the summary of the test results. For the given test condition, SHVC provides BD-rate gains up to 40.5% for Kimono sequences with QP different of 2 between the first layer (i.e., QP set of 22, 25, 28, 31) and the second layer (i.e., QP set of 24, 27, 30, 33). The overall average gain is (31.9%, 26.2%, 25.3%) for QP delta 2.
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%


For the configuration where the first layer and the second layer have spatial resolutions of 540p and 1080p, respectively, the performance of SHVC drops. The BD-rate gain is up to 27%. The overall average gain is 18.7%for QP delta 2. This is an expected result as a higher spatial resolution ratio between the first layer and the second layer means lower cross-layer correlation.

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%


3.2 Simulcast vs SHVC with non-aligned IRAP pictures
SHVC supports a so-call step-wise up-switching feature by allowing IRAP pictures in the second layer occurs less frequently than IRAP pictures in the first layer. For example, IRAP pictures in the first layer occur every 2 seconds whereas IRAP pictures in the second layer occur every 4 seconds. This feature can improve the coding efficiency of SHVC while still allowing the same joining time interval (e.g., every 2 seconds) compared to simulcast.
Figure 1 illustrates the effect of step-wise up-switching when a user changes channel at the worst case scenario. In the best case scenario, the first immediate IRAP pictures in both layers after a user switches channel are aligned. In the worst case scenario, the first immediate IRAP pictures in both layers after a user switches channel are not aligned, the user would see base service for a short period of time until the next IRAP occurs in the second layer.
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Figure 1 – Effect of step-wise up-switching to channel switching

Table 3 and Table 4 show the summary of the test results. For the given test condition, SHVC provides BD-rate gains up to 40.6%. The overall average gain is 32.9% for QP delta 2.

In similar trend as reported for IRAP aligned case, for the configuration where the first layer and the second layer have spatial resolutions of 540p and 1080p, respectively, the performance of SHVC drops. The BD-rate gain is up to 26.8%. The overall average gain is 20% for QP delta 2.
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%
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