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Abstract
This contribution shows the results of combined tests of the CE8-4.1c, JVET-M0279 and JVET-N0094. The CE8-4.1 reorders residuals for intra predicted and transform skipped blocks. JVET-M0279 proposed a flag that indicates whether all of the signs in the current block are identical or not. JVET-N0094 proposed to derive the context models for coefficient coding from three previously decoded neighboring coefficients located at the right, bottom, and bottom-right positions of the current to-be-decoded coefficient. A separate context set is defined for transform skip mode. The experimental results for joint tests are reported in the tables below:
(1) Normal QP (22, 27, 32, 37) IBC on
	
	Luma BD rates (AI / RA / LD)

	
	Class F
	TGM
	Overall

	JVET-M0279+JVET-N0094 test 3
	-1.79%/ -1.43%/- x.xx %
	-2.77% / -1.89%/- x.xx %
	-x.xx% / - x.xx % /- x.xx %

	CE8-4.1c+JVET-M0279+JVET-N0094 test 3
	-2.34%/ -1.83%/- x.xx %
	-3.28%/ -2.15%/- x.xx %
	-x.xx% / - x.xx % /- x.xx %


(2) Normal QP (22, 27, 32, 37) IBC off
	
	Luma BD rates (AI / RA / LD)

	
	Class F
	TGM
	Overall

	JVET-M0279+JVET-N0094 test 3
	-2.64% / -2.03%/- x.xx %
	-5.66%/ -3.26%/- x.xx %
	-x.xx% / - x.xx % /- x.xx %

	CE8-4.1c+JVET-M0279+JVET-N0094 test 3
	-3.53%/ -2.70%/- x.xx %
	-7.29%/ -4.12%/- x.xx %
	-x.xx% / - x.xx % /- x.xx %



Proposed methods
CE8-4.1c: Rearrangement of the residual block
CE8-4.1 [1] proposed three different tests. 
· CE8-4.1a: To maintain the statistics of the syntax elements for residual coding, JVET-N0428 proposed to flip a residual block horizontally or vertically according to the intra mode. In this method, the intra prediction mode can be divided into three categories – using mainly top-reference modes, left-reference modes, and others. 
· Top-reference modes : VER_IDX -3 to 80
· Left-reference modes : -14 to HOR_IDX + 3, Planar mode, DC mode
· CE8-4.1b: In this method, the residual blocks are rotated by 180 degrees when the current block is a transform skipped and intra predicted block. It is applied from 4x4 to 32x32 TS blocks as well.
· CE8-4.1c: In this test, the methods described above, flipping and rotating are combined together. In detail, 4x4 TS (transform skip) blocks are flipped like in test a, and larger TS blocks are always rotated if they are coded as intra modes.

JVET-M0279: Sign coding
JVET-M0279 [2] proposed sign coding for transform skip mode. It is observed that the signs of coefficients in the transform skip block have high correlation each other than those of transformed coefficients. Therefore, it is proposed to have a flag that indicates whether all of the signs of the current block are identical or not, when the currently coded block is transform-skipped.

JVET-N0094: Context modelling method for coefficient coding
JVET-N0094 [3] proposed context modelling for coefficient coding of transform skip mode. Context indexes are derived from three neighbors (right, bottom, and bottom-right). Three tests are proposed.
· Test 1: In this test only the number of neighbors for transform skip mode is reduced. Same context sets are used for both transform and transform skipped TU. Therefore, the number of contexts are exactly the same as that in VTM4.0 (i.e, 232).
·  Test 2: In this test, separate context sets for transform skip mode for sig_coeff_flag, par_level_flag, abs_level_gt1_flag, and abs_level_gt3_flag are implemented on top of test 1. The number of contexts is 265 whereas in VTM4.0, the number of contexts is 232.
·  Test 3: In this test, separate context sets for last_sig_coeff_x_prefix and last_sig_coeff_y_prefix: are implemented on top of test 2. The number of contexts is 295 whereas in VTM4.0, the number of contexts is 232.

Simulation results
Following two combined tests (Test 1 and Test 2) have been run under the CE8 test conditions [4] with two different configurations: IBC on and IBC off. 
· Test a: JVET-M0279 + Test 3 of JVET-N0094
· Test b: CE8-4.1c + JVET-M0279 + Test 3 of JVET-N0094
Test a
Normal QP, IBC on
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0_IBC1
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	-0.03%
	-0.05%
	-0.02%
	104%
	105%

	Class C
	-0.21%
	-0.12%
	-0.23%
	104%
	105%

	Class E
	-0.04%
	-0.07%
	0.02%
	104%
	104%

	Overall 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.10%
	-0.08%
	-0.15%
	103%
	106%

	Class F
	-1.79%
	-1.28%
	-1.38%
	105%
	106%

	Class SCC
	-2.77%
	-1.89%
	-1.88%
	105%
	102%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0_IBC1
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	0.00%
	-0.21%
	-0.20%
	101%
	99%

	Class C
	-0.11%
	0.24%
	0.08%
	102%
	103%

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.02%
	0.39%
	0.39%
	102%
	102%

	Class F
	-1.43%
	-0.97%
	-0.92%
	103%
	102%

	Class SCC
	-1.89%
	-0.89%
	-0.95%
	102%
	100%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0_IBC1
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class E
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.02%
	1.72%
	0.45%
	103%
	102%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class SCC
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!



Normal QP, IBC off
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	-0.02%
	-0.01%
	0.03%
	102%
	100%

	Class C
	-0.20%
	-0.18%
	-0.15%
	103%
	105%

	Class E
	-0.05%
	-0.13%
	-0.10%
	105%
	106%

	Overall 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.12%
	-0.02%
	-0.22%
	103%
	106%

	Class F
	-2.64%
	-2.05%
	-1.90%
	105%
	103%

	Class SCC
	-5.66%
	-4.43%
	-4.51%
	107%
	100%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	-0.01%
	-0.03%
	-0.09%
	104%
	103%

	Class C
	-0.12%
	-0.02%
	-0.23%
	103%
	105%

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.01%
	-0.20%
	-0.21%
	103%
	105%

	Class F
	-2.03%
	-1.35%
	-1.31%
	104%
	104%

	Class SCC
	-3.26%
	-2.30%
	-2.37%
	103%
	101%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class E
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.06%
	1.19%
	1.16%
	104%
	106%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class SCC
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!



Test b
Normal QP, IBC on
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0_IBC1
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	-0.06%
	-0.04%
	0.01%
	103%
	102%

	Class C
	-0.36%
	-0.16%
	-0.29%
	103%
	105%

	Class E
	-0.08%
	-0.07%
	0.05%
	104%
	103%

	Overall 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.30%
	-0.37%
	-0.21%
	102%
	104%

	Class F
	-2.34%
	-1.57%
	-1.73%
	104%
	104%

	Class SCC
	-3.28%
	-2.14%
	-2.18%
	105%
	102%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0_IBC1
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	-0.02%
	-0.01%
	-0.04%
	102%
	99%

	Class C
	-0.18%
	0.19%
	-0.12%
	102%
	103%

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.15%
	0.24%
	0.38%
	102%
	104%

	Class F
	-1.83%
	-1.20%
	-1.27%
	103%
	104%

	Class SCC
	-2.15%
	-1.10%
	-1.14%
	102%
	100%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0_IBC1
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class E
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.05%
	0.63%
	1.26%
	102%
	102%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class SCC
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!



Normal QP, IBC off
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	-0.06%
	-0.07%
	-0.05%
	102%
	100%

	Class C
	-0.34%
	-0.25%
	-0.28%
	101%
	103%

	Class E
	-0.14%
	-0.07%
	-0.09%
	104%
	106%

	Overall 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.32%
	-0.35%
	-0.34%
	102%
	103%

	Class F
	-3.53%
	-2.76%
	-2.90%
	103%
	102%

	Class SCC
	-7.29%
	-5.97%
	-6.03%
	104%
	100%

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	-0.18%
	0.01%
	-0.14%
	103%
	106%

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.07%
	-0.15%
	-0.08%
	103%
	105%

	Class F
	-2.70%
	-2.05%
	-1.81%
	103%
	105%

	Class SCC
	-4.12%
	-3.05%
	-3.07%
	102%
	102%

	
	
	
	
	
	

	
	　
	　
	Low delay B Main10 
	　
	　

	
	　
	　
	Over VTM-4.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class E
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.01%
	1.16%
	0.53%
	104%
	105%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class SCC
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!


[bookmark: _GoBack]
Conclusions
The experimental results show that the proposed combined methods bring some coding gains, especially in Class F and TGM sequences. In case of TGM sequences, Test 1 achieves BD-rates -1.79% / -1.43% /- x.xx % and Test 2 achieves BD-rates of -2.34%/ -1.83%/- x.xx % for AI/RA/LB, respectively. Therefore, it is proposed to adopt one of combined methods in the VVC draft test and VTM-5.
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