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Abstract

Test Model under Consideration (TMuC) has been being constructed since JCT-VC Dresden meeting. This suggested Test Model is intended to provide a coding efficiency close to the best performing proposals in the subjective test of the CfP submissions and also to provide a complexity point that is close to that of the lowest complexity submissions shown to provide substantial improvement of coding efficiency [1]. So far, four sub-versions are available at the SVN server, named as TMuC0.1 (modified from stripped A124 software [2]), TMuC02 (with HHI’s tools added), TMuC0.3 (with Tandberg’s tools added), and TMuC0.4 (with Qualcomm’s tools added).

This document presents the experimental results conducted on TMuC0.1, TMuC0.2, and TMuC0.3 in order for JCTVC to evaluate the performance of different TMuC sub-versions with different tools. For comparison, experimental results from JM16.2 with the same encoder parameter settings are used as the bench mark for comparison. BD-values [3] of PSNR gain and bit-rate savings over JM16.2 were calculated. The detailed results could be found from the attached Excel file. Please note that the coding performance difference between different TMuC sub-versions could not be simply subtracting one BD-value from another one.
1 Experimental results on IPPP coding
1.1  Common test condition
1. IPPP with only the 1st frame coded as an I-frame.

2. 30 frames.

3. 2 reference frames for P-frames.

4. Motion search range is 128 with fast search enabled.
5. P-frame QP = I-frame QP+1

6. 18 CFP sequences are used.

1.2 Overall performance comparison
Table I
	Sequence
	Δbit-rate compared to JM16.2

	
	Stripped

A124
	TMuC0.1
	TMuC0.2
	TMuC0.3

	BasketballPass_416x240_50
	-21.01%
	-21.39%
	-13.76%
	-15.10%

	BlowingBubbles_416x240_50
	-30.73%
	-30.76%
	-27.49%
	-26.74%

	BQSquare_416x240_60
	-31.71%
	-31.74%
	-29.54%
	-30.25%

	RaceHorses_416x240_30
	-24.16%
	-24.25%
	-22.82%
	-22.43%

	BasketballDrill_832x480_50
	-36.99%
	-36.65%
	-32.05%
	-32.61%

	BQMall_832x480_60
	-26.57%
	-26.33%
	-21.23%
	-21.07%

	PartyScene_832x480_50
	-30.24%
	-30.42%
	-28.28%
	-28.01%

	RaceHorses_832x480_30
	-28.13%
	-28.42%
	-27.63%
	-27.38%

	vidyo1_720p_60
	-40.73%
	-40.13%
	-34.57%
	-34.72%

	vidyo3_720p_60
	-33.24%
	-34.00%
	-28.87%
	-29.08%

	vidyo4_720p_60
	-43.01%
	-42.95%
	-37.24%
	-37.15%

	BasketballDrive_1920x1080_50
	-56.23%
	-56.33%
	-55.03%
	-55.17%

	BQTerrace_1920x1080_60
	-52.01%
	-51.98%
	-52.21%
	-52.74%

	Cactus_1920x1080_50
	-37.39%
	-37.76%
	-35.69%
	-36.26%

	Kimono1_1920x1080_24
	-48.14%
	-48.16%
	-47.52%
	-47.87%

	ParkScene_1920x1080_24
	-44.91%
	-44.90%
	-43.79%
	-43.66%

	PeopleOnStreet_2560x1600_30_crop
	-24.92%
	-25.00%
	-21.52%
	-21.22%

	Traffic_2560x1600_30_crop
	-42.68%
	-42.53%
	-40.48%
	-40.12%

	
	Stripped

A124
	TMuC0.1
	TMuC0.2
	TMuC0.3

	Average
	-36.27%
	-36.32%
	-33.32%
	-33.42%


The encoders of different TMuC sub-versions were compiled with the default settings provided. Maximum CU size is set as 128x128 with max partition depth set as 5. Maximum TU size is set as 64x64. SBAC is used for “Stripped A124” and “TMuC0.1” while CABAC with threshold for multi-codeword coding set as 0 is used for the rest. For TMuC0.2, AIS, MRG, 6-tap MOMS interpolation filter, and IMP were enabled. ALF and Quadtree TU were enabled with default settings.
1.3 Entropy performance comparison

Table II

	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.1

CAVLC
	TMuC0.1

SBAC
	TMuC0.2

CAVLC
	TMuC0.2

CABAC
	TMuC0.2

PIPE
	TMuC0.2

V2V

	BasketballPass_416x240_50
	-6.70%
	-21.39%
	11.56%
	-13.76%
	-13.08%
	32.98%

	BlowingBubbles_416x240_50
	-17.65%
	-30.76%
	-6.49%
	-27.49%
	-27.02%
	0.34%

	BQSquare_416x240_60
	-20.10%
	-31.74%
	-12.67%
	-29.54%
	-29.19%
	-4.16%

	RaceHorses_416x240_30
	-13.18%
	-24.25%
	-5.75%
	-22.82%
	-22.44%
	-7.44%

	BasketballDrill_832x480_50
	-21.26%
	-36.65%
	-7.49%
	-32.05%
	-31.74%
	-21.48%

	BQMall_832x480_60
	-11.84%
	-26.33%
	2.23%
	-21.23%
	-20.91%
	-10.96%

	PartyScene_832x480_50
	-17.11%
	-30.42%
	-11.33%
	-28.28%
	-28.08%
	-23.25%

	RaceHorses_832x480_30
	-15.92%
	-28.42%
	-9.70%
	-27.63%
	-27.37%
	-22.71%

	vidyo1_720p_60
	-18.96%
	-40.13%
	11.36%
	-34.57%
	-34.30%
	-16.30%

	vidyo3_720p_60
	-12.68%
	-34.00%
	14.36%
	-28.87%
	-28.47%
	-13.44%

	vidyo4_720p_60
	-23.63%
	-42.95%
	6.10%
	-37.24%
	-36.83%
	-18.67%

	BasketballDrive_1920x1080_50
	-38.80%
	-56.33%
	-25.59%
	-55.03%
	-54.84%
	-52.45%

	BQTerrace_1920x1080_60
	-38.52%
	-51.98%
	-28.08%
	-52.21%
	-52.07%
	-49.01%

	Cactus_1920x1080_50
	-16.60%
	-37.76%
	-0.31%
	-35.69%
	-35.47%
	-32.64%

	Kimono1_1920x1080_24
	-30.50%
	-48.16%
	-20.07%
	-47.52%
	-47.35%
	-45.06%

	ParkScene_1920x1080_24
	-29.04%
	-44.90%
	-13.74%
	-43.79%
	-43.58%
	-40.26%

	PeopleOnStreet_2560x1600_30_crop
	-10.00%
	-25.00%
	1.98%
	-21.52%
	-21.29%
	-20.73%

	Traffic_2560x1600_30_crop
	-27.55%
	-42.53%
	-13.08%
	-40.48%
	-40.31%
	-38.33%

	
	TMuC0.1

CAVLC
	TMuC0.1

SBAC
	TMuC0.2

CAVLC
	TMuC0.2

CABAC
	TMuC0.2

PIPE
	TMuC0.2

V2V

	Average
	-20.56%
	-36.32%
	-5.95%
	-33.32%
	-33.02%
	-21.31%


The data of “TMuC0.1 SBAC” is the same as the data of “TMuC0.1” in Table I. The data of “TMuC0.2 CABAC” is the same as the data of “TMuC0.2” in Table I. In TMuC0.2, MultiCodewordThreshold and MaxPIPEBufferDelay were always set to be 0. Note that TMuC0.2 V2V results include the overhead to allow 8 parallel bin decoders (default setting).
Table III

	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.3 Bugfix

CABAC
	TMuC0.3 Bugfix

V2V

	BasketballPass_416x240_50
	-15.10%
	-8.31%

	BlowingBubbles_416x240_50
	-26.74%
	-22.47%

	BQSquare_416x240_60
	-30.25%
	-26.38%

	RaceHorses_416x240_30
	-22.43%
	-19.61%

	BasketballDrill_832x480_50
	-32.61%
	-30.67%

	BQMall_832x480_60
	-21.07%
	-19.09%

	PartyScene_832x480_50
	-28.01%
	-26.89%

	RaceHorses_832x480_30
	-27.38%
	-26.21%

	vidyo1_720p_60
	-34.72%
	-32.45%

	vidyo3_720p_60
	-29.08%
	-26.63%

	vidyo4_720p_60
	-37.15%
	-34.61%

	BasketballDrive_1920x1080_50
	-55.17%
	-54.55%

	BQTerrace_1920x1080_60
	-52.74%
	-52.38%

	Cactus_1920x1080_50
	-36.36%
	-35.47%

	Kimono1_1920x1080_24
	-47.87%
	-47.24%

	ParkScene_1920x1080_24
	-43.66%
	-42.96%

	PeopleOnStreet_2560x1600_30_crop
	-21.22%
	-20.97%

	Traffic_2560x1600_30_crop
	-40.12%
	-39.58%

	
	TMuC0.3 Bugfix

CABAC
	TMuC0.3 Bugfix

V2V

	Average
	-33.42%
	-31.47%


1.4 Interpolation performance comparison

Table IV
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.2
6-tap MOMS
	TMuC0.2

4-tap MOMS
	TMuC0.2

12-tap DIF
	TMuC0.3
Tandberg filter

	BasketballPass_416x240_50
	-13.76%
	-14.72%
	-14.30%
	-13.75%

	BlowingBubbles_416x240_50
	-27.49%
	-27.00%
	-27.97%
	-27.48%

	BQSquare_416x240_60
	-29.54%
	-24.98%
	-30.53%
	-29.54%

	RaceHorses_416x240_30
	-22.82%
	-23.35%
	-23.06%
	-22.81%

	BasketballDrill_832x480_50
	-32.05%
	-32.23%
	-33.33%
	-32.05%

	BQMall_832x480_60
	-21.23%
	-21.79%
	-22.27%
	-21.23%

	PartyScene_832x480_50
	-28.28%
	-26.36%
	-28.82%
	-28.28%

	RaceHorses_832x480_30
	-27.63%
	-27.70%
	-27.82%
	-27.62%

	vidyo1_720p_60
	-34.57%
	-37.22%
	-37.20%
	-37.96%

	vidyo3_720p_60
	-28.87%
	-30.92%
	-31.00%
	-28.87%

	vidyo4_720p_60
	-37.24%
	-39.42%
	-39.79%
	-37.24%

	BasketballDrive_1920x1080_50
	-55.03%
	-55.49%
	-55.66%
	-55.03%

	BQTerrace_1920x1080_60
	-52.21%
	-52.10%
	-52.60%
	-52.21%

	Cactus_1920x1080_50
	-35.69%
	-36.35%
	-36.16%
	-35.69%

	Kimono1_1920x1080_24
	-47.52%
	-48.11%
	-48.19%
	-47.52%

	ParkScene_1920x1080_24
	-43.79%
	-44.75%
	-44.85%
	-43.79%

	PeopleOnStreet_2560x1600_30_crop
	-21.52%
	-21.94%
	-21.97%
	-21.52%

	Traffic_2560x1600_30_crop
	-40.48%
	-41.82%
	-41.75%
	-40.48%

	
	TMuC0.2

6-tap MOMS
	TMuC0.2

4-tap MOMS
	TMuC0.2

12-tap DIF
	TMuC0.3
Tandberg filter

	Average
	-33.32%
	-33.68%
	-34.29%
	-33.50%


The data of “TMuC0.2 6-tap MOMS” is the same as the data of “TMuC0.2” in Table I. The data of “TMuC0.3 Tandberg filter” is generated from TMuC0.3 software compiled with only the interpolation changes enabled (With all the Tandberg tools disabled, TMuC0.3 can generate exactly the same results as TMuC0.2 except 1 byte more for I-frames).
1.5 Advanced motion vector prediction performance comparison

Table V
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.2

without AVMP
	TMuC0.2

with AVMP

	BasketballPass_416x240_50
	-13.76%
	-13.10%

	BlowingBubbles_416x240_50
	-27.49%
	-27.52%

	BQSquare_416x240_60
	-29.54%
	-29.64%

	RaceHorses_416x240_30
	-22.82%
	-22.63%

	BasketballDrill_832x480_50
	-32.05%
	-32.94%

	BQMall_832x480_60
	-21.23%
	-21.89%

	PartyScene_832x480_50
	-28.28%
	-28.64%

	RaceHorses_832x480_30
	-27.63%
	-27.30%

	vidyo1_720p_60
	-34.57%
	-34.86%

	vidyo3_720p_60
	-28.87%
	-28.29%

	vidyo4_720p_60
	-37.24%
	-37.22%

	BasketballDrive_1920x1080_50
	-55.03%
	-55.29%

	BQTerrace_1920x1080_60
	-52.21%
	-52.39%

	Cactus_1920x1080_50
	-35.69%
	-36.00%

	Kimono1_1920x1080_24
	-47.52%
	-47.44%

	ParkScene_1920x1080_24
	-43.79%
	-43.44%

	PeopleOnStreet_2560x1600_30_crop
	-21.52%
	-22.15%

	Traffic_2560x1600_30_crop
	-40.48%
	-40.78%

	
	TMuC0.2

without AVMP
	TMuC0.2

with AVMP

	Average
	-33.32%
	-33.42%


The data of “TMuC0.2 without AVMP” is the same as the data of “TMuC0.2” in Table I, as AMVP is disabled by default in TMuC0.2.
1.6 Interleaved motion vector prediction performance comparison

Table VI
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.2

with IMP
	TMuC0.2

without IMP

	BasketballPass_416x240_50
	-13.76%
	-12.95%

	BlowingBubbles_416x240_50
	-27.49%
	-26.92%

	BQSquare_416x240_60
	-29.54%
	-29.18%

	RaceHorses_416x240_30
	-22.82%
	-21.46%

	BasketballDrill_832x480_50
	-32.05%
	-31.44%

	BQMall_832x480_60
	-21.23%
	-20.30%

	PartyScene_832x480_50
	-28.28%
	-27.80%

	RaceHorses_832x480_30
	-27.63%
	-26.80%

	vidyo1_720p_60
	-34.57%
	-34.19%

	vidyo3_720p_60
	-28.87%
	-28.67%

	vidyo4_720p_60
	-37.24%
	-37.11%

	BasketballDrive_1920x1080_50
	-55.03%
	-54.70%

	BQTerrace_1920x1080_60
	-52.21%
	-52.22%

	Cactus_1920x1080_50
	-35.69%
	-35.53%

	Kimono1_1920x1080_24
	-47.52%
	-47.35%

	ParkScene_1920x1080_24
	-43.79%
	-43.47%

	PeopleOnStreet_2560x1600_30_crop
	-21.52%
	-20.98%

	Traffic_2560x1600_30_crop
	-40.48%
	-39.77%

	
	TMuC0.2

with IMP
	TMuC0.2

without IMP

	Average
	-33.32%
	-32.82%


The data of “TMuC0.2 with IMP” is the same as the data of “TMuC0.2” in Table I.

1.7 Merge mode performance comparison

Table VII
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.2

with MRG
	TMuC0.2

without MRG

	BasketballPass_416x240_50
	-13.76%
	-15.10%

	BlowingBubbles_416x240_50
	-27.49%
	-27.60%

	BQSquare_416x240_60
	-29.54%
	-29.96%

	RaceHorses_416x240_30
	-22.82%
	-22.07%

	BasketballDrill_832x480_50
	-32.05%
	-31.80%

	BQMall_832x480_60
	-21.23%
	-21.07%

	PartyScene_832x480_50
	-28.28%
	-28.11%

	RaceHorses_832x480_30
	-27.63%
	-27.05%

	vidyo1_720p_60
	-34.57%
	-35.45%

	vidyo3_720p_60
	-28.87%
	-29.65%

	vidyo4_720p_60
	-37.24%
	-37.35%

	BasketballDrive_1920x1080_50
	-55.03%
	-54.36%

	BQTerrace_1920x1080_60
	-52.21%
	-51.91%

	Cactus_1920x1080_50
	-35.69%
	-35.32%

	Kimono1_1920x1080_24
	-47.52%
	-47.01%

	ParkScene_1920x1080_24
	-43.79%
	-43.31%

	PeopleOnStreet_2560x1600_30_crop
	-21.52%
	-20.74%

	Traffic_2560x1600_30_crop
	-40.48%
	-39.94%

	
	TMuC0.2

with MRG
	TMuC0.2

without MRG

	Average
	-33.32%
	-33.21%


The data of “TMuC0.2 with MRG” is the same as the data of “TMuC0.2” in Table I.

1.8 ALF performance comparison

Table VIII
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.1

with ALF
	TMuC0.1

without ALF
	TMuC0.2

with ALF
	TMuC0.2

without ALF

	BasketballPass_416x240_50
	-21.39%
	-19.94%
	-13.76%
	-13.20%

	BlowingBubbles_416x240_50
	-30.76%
	-29.44%
	-27.49%
	-27.23%

	BQSquare_416x240_60
	-31.74%
	-30.50%
	-29.54%
	-29.56%

	RaceHorses_416x240_30
	-24.25%
	-22.04%
	-22.82%
	-21.92%

	BasketballDrill_832x480_50
	-36.65%
	-32.60%
	-32.05%
	-31.06%

	BQMall_832x480_60
	-26.33%
	-24.23%
	-21.23%
	-20.21%

	PartyScene_832x480_50
	-30.42%
	-28.23%
	-28.28%
	-27.72%

	RaceHorses_832x480_30
	-28.42%
	-25.53%
	-27.63%
	-25.73%

	vidyo1_720p_60
	-40.13%
	-38.38%
	-34.57%
	-32.50%

	vidyo3_720p_60
	-34.00%
	-28.73%
	-28.87%
	-25.28%

	vidyo4_720p_60
	-42.95%
	-40.30%
	-37.24%
	-35.25%

	BasketballDrive_1920x1080_50
	-56.33%
	-52.81%
	-55.03%
	-52.38%

	BQTerrace_1920x1080_60
	-51.98%
	-46.64%
	-52.21%
	-51.63%

	Cactus_1920x1080_50
	-37.76%
	-34.71%
	-35.69%
	-33.66%

	Kimono1_1920x1080_24
	-48.16%
	-42.64%
	-47.52%
	-41.92%

	ParkScene_1920x1080_24
	-44.90%
	-41.98%
	-43.79%
	-41.71%

	PeopleOnStreet_2560x1600_30_crop
	-25.00%
	-18.52%
	-21.52%
	-15.29%

	Traffic_2560x1600_30_crop
	-42.53%
	-39.04%
	-40.48%
	-38.40%

	
	TMuC0.1

with ALF
	TMuC0.1

without ALF
	TMuC0.2

with ALF
	TMuC0.2

without ALF

	Average
	-36.32%
	-33.13%
	-33.32%
	-31.37%


The data of “TMuC0.1 with ALF” is the same as the data of “TMuC0.1” in Table I. The data of “TMuC0.2 with ALF” is the same as the data of “TMuC0.2” in Table I.

1.9 IBD performance comparison

Table IX
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.1

with IBD
	TMuC0.1

without IBD
	TMuC0.2

with IBD
	TMuC0.2

without IBD

	BasketballPass_416x240_50
	-21.39%
	-20.47%
	-13.76%
	-13.66%

	BlowingBubbles_416x240_50
	-30.76%
	-30.39%
	-27.49%
	-26.68%

	BQSquare_416x240_60
	-31.74%
	-31.25%
	-29.54%
	-30.20%

	RaceHorses_416x240_30
	-24.25%
	-23.77%
	-22.82%
	-22.49%

	BasketballDrill_832x480_50
	-36.65%
	-36.05%
	-32.05%
	-31.70%

	BQMall_832x480_60
	-26.33%
	-26.29%
	-21.23%
	-21.49%

	PartyScene_832x480_50
	-30.42%
	-29.77%
	-28.28%
	-28.46%

	RaceHorses_832x480_30
	-28.42%
	-27.90%
	-27.63%
	-27.18%

	vidyo1_720p_60
	-40.13%
	-39.68%
	-34.57%
	-35.54%

	vidyo3_720p_60
	-34.00%
	-33.48%
	-28.87%
	-29.59%

	vidyo4_720p_60
	-42.95%
	-42.08%
	-37.24%
	-38.68%

	BasketballDrive_1920x1080_50
	-56.33%
	-55.32%
	-55.03%
	-54.49%

	BQTerrace_1920x1080_60
	-51.98%
	-51.48%
	-52.21%
	-52.25%

	Cactus_1920x1080_50
	-37.76%
	-37.00%
	-35.69%
	-35.57%

	Kimono1_1920x1080_24
	-48.16%
	-47.45%
	-47.52%
	-46.94%

	ParkScene_1920x1080_24
	-44.90%
	-44.17%
	-43.79%
	-43.26%

	PeopleOnStreet_2560x1600_30_crop
	-25.00%
	-24.68%
	-21.52%
	-21.36%

	Traffic_2560x1600_30_crop
	-42.53%
	-41.93%
	-40.48%
	-40.38%

	
	TMuC0.1

with IBD
	TMuC0.1

without IBD
	TMuC0.2

with IBD
	TMuC0.2

without IBD

	Average
	-36.32%
	-35.73%
	-33.32%
	-33.33%


The data of “TMuC0.1 with IBD” is the same as the data of “TMuC0.1” in Table I. The data of “TMuC0.2 with IBD” is the same as the data of “TMuC0.2” in Table I.

1.10 Block size performance comparison

Table X
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.1

128x128
	TMuC0.1

16x16
	TMuC0.2

128x128
	TMuC0.2

16x16

	BasketballPass_416x240_50
	-21.39%
	-12.79%
	-13.76%
	4.65%

	BlowingBubbles_416x240_50
	-30.76%
	-22.54%
	-27.49%
	-12.91%

	BQSquare_416x240_60
	-31.74%
	-26.29%
	-29.54%
	-20.57%

	RaceHorses_416x240_30
	-24.25%
	-19.67%
	-22.82%
	-14.56%

	BasketballDrill_832x480_50
	-36.65%
	-24.41%
	-32.05%
	-7.52%

	BQMall_832x480_60
	-26.33%
	-18.52%
	-21.23%
	-3.09%

	PartyScene_832x480_50
	-30.42%
	-24.45%
	-28.28%
	-18.88%

	RaceHorses_832x480_30
	-28.42%
	-20.39%
	-27.63%
	-14.85%

	vidyo1_720p_60
	-40.13%
	-18.37%
	-34.57%
	32.60%

	vidyo3_720p_60
	-34.00%
	-14.31%
	-28.87%
	30.23%

	vidyo4_720p_60
	-42.95%
	-18.61%
	-37.24%
	33.11%

	BasketballDrive_1920x1080_50
	-56.33%
	-32.94%
	-55.03%
	-13.28%

	BQTerrace_1920x1080_60
	-51.98%
	-32.66%
	-52.21%
	-20.77%

	Cactus_1920x1080_50
	-37.76%
	-19.03%
	-35.69%
	-1.20%

	Kimono1_1920x1080_24
	-48.16%
	-28.10%
	-47.52%
	-15.99%

	ParkScene_1920x1080_24
	-44.90%
	-28.76%
	-43.79%
	-15.65%

	PeopleOnStreet_2560x1600_30_crop
	-25.00%
	-17.13%
	-21.52%
	-8.67%

	Traffic_2560x1600_30_crop
	-42.53%
	-24.46%
	-40.48%
	-2.86%

	
	TMuC0.1

128x128
	TMuC0.1

16x16
	TMuC0.2

128x128
	TMuC0.2

16x16

	Average
	-36.32%
	-22.41%
	-33.32%
	-3.90%


The data of “TMuC0.1 128x128” is the same as the data of “TMuC0.1” in Table I. The data of “TMuC0.2 128x128” is the same as the data of “TMuC0.2” in Table I. The data of “TMuC0.1 16x16” and “TMuC0.2 16x16” is generated by setting maximum CU size as 16x16 with max partition depth set as 2 and maximum TU size as 16x16.
2 Experimental results on all Intra-frame coding
2.1  Common test condition

1. 10 frames and the number of skip frames is 15
2. 18 CFP sequences are used.

2.2 Overall performance comparison

Table XI
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.1
	TMuC0.2
	TMuC0.3

	BasketballPass_416x240_50
	-19.87%
	-22.55%
	-23.90%

	BlowingBubbles_416x240_50
	-15.36%
	-18.12%
	-18.80%

	BQSquare_416x240_60
	-7.20%
	-9.56%
	-10.82%

	RaceHorses_416x240_30
	-19.84%
	-22.82%
	-23.11%

	BasketballDrill_832x480_50
	-30.06%
	-33.20%
	-35.15%

	BQMall_832x480_60
	-20.30%
	-23.70%
	-24.09%

	PartyScene_832x480_50
	-13.79%
	-17.14%
	-17.34%

	RaceHorses_832x480_30
	-19.57%
	-22.77%
	-23.21%

	vidyo1_720p_60
	-24.00%
	-26.65%
	-27.52%

	vidyo3_720p_60
	-23.14%
	-27.52%
	-28.83%

	vidyo4_720p_60
	-22.82%
	-25.71%
	-26.12%

	BasketballDrive_1920x1080_50
	-29.49%
	-34.49%
	-34.83%

	BQTerrace_1920x1080_60
	-24.21%
	-27.35%
	-28.75%

	Cactus_1920x1080_50
	-24.64%
	-28.21%
	-29.49%

	Kimono1_1920x1080_24
	-33.28%
	-35.45%
	-35.55%

	ParkScene_1920x1080_24
	-20.71%
	-24.14%
	-24.10%

	PeopleOnStreet_2560x1600_30_crop
	-20.43%
	-23.52%
	-23.12%

	Traffic_2560x1600_30_crop
	-23.64%
	-26.86%
	-26.49%

	
	TMuC0.1
	TMuC0.2
	TMuC0.3

	Average
	-21.80%
	-24.99%
	-25.62%


The encoders of different TMuC sub-versions were compiled with the default settings provided. Maximum CU size is set as 128x128 with max partition depth set as 5. Maximum TU size is set as 64x64. SBAC is used for “Stripped A124” and “TMuC0.1” while CABAC with threshold for multi-codeword coding set as 0 is used for the rest. For TMuC0.2, AIS were enabled. ALF and Quadtree TU were enabled with default settings.

3 Experimental results on hierarchical B-frame coding
3.1  Common test condition

1. Hierarchical B-frame coding with only the 1st frame coded as an I-frame.

2. 33 frames.

3. 4 reference frames for P-frames and 2 reference frames for B-frame LIST0 and LIST1.

4. Motion search range is 128 with fast search enabled.
5. P-frame QP = I-frame QP+1, B-frame QP = I-frame QP+2
6. 16 CFP sequences are used (exclude two 2560x1600) sequences.

3.2 Overall performance comparison

Table XII
	Sequence
	Δbit-rate compared to JM16.2

	
	TMuC0.1
	TMuC0.2
	TMuC0.3

	BasketballPass_416x240_50
	-25.43%
	-17.96%
	-19.25%

	BlowingBubbles_416x240_50
	-29.39%
	-25.97%
	-25.82%

	BQSquare_416x240_60
	-22.97%
	-18.55%
	-19.64%

	RaceHorses_416x240_30
	-29.94%
	-29.14%
	-29.60%

	BasketballDrill_832x480_50
	-41.67%
	-39.62%
	-40.31%

	BQMall_832x480_60
	-27.93%
	-25.98%
	-26.41%

	PartyScene_832x480_50
	-26.29%
	-26.03%
	-26.07%

	RaceHorses_832x480_30
	-35.96%
	-36.27%
	-36.52%

	vidyo1_720p_60
	-37.43%
	-32.97%
	-33.58%

	vidyo3_720p_60
	-37.39%
	-34.66%
	-35.80%

	vidyo4_720p_60
	-45.30%
	-40.99%
	-40.80%

	BasketballDrive_1920x1080_50
	-61.83%
	-61.28%
	-61.28%

	BQTerrace_1920x1080_60
	-42.36%
	-43.82%
	-43.92%

	Cactus_1920x1080_50
	-40.92%
	-38.82%
	-39.53%

	Kimono1_1920x1080_24
	-57.97%
	-57.59%
	-57.76%

	ParkScene_1920x1080_24
	-45.58%
	-45.20%
	-45.23%

	
	TMuC0.1
	TMuC0.2
	TMuC0.3

	Average
	-38.02%
	-35.93%
	-36.35%


The encoders of different TMuC sub-versions were compiled with the default settings provided. Maximum CU size is set as 128x128 with max partition depth set as 5. Maximum TU size is set as 64x64. SBAC is used for “TMuC0.1” while CABAC with threshold for multi-codeword coding set as 0 is used for the rest. For TMuC0.2, AIS, MRG, 6-tap MOMS interpolation filter, and IMP were enabled. ALF and Quadtree TU were enabled with default settings.
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