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Abstract
This document reports the transform skip modification proposed in CE7-1.2d-alternative and the transform skip binarization proposed in CE7-2.2a-alternative for lossless coding. Two test scenarios are tested: In the first scenario, the anchor base uses only regular transform residaul coding (TR) for lossless coding with BDPCM support in luma and the test base uses only transform skip (TS) residual coding with BDPCM support in luma and chroma. In the 2nd scenario, the anchor base is AHG18 lossless branch and the test base is the method 1 in JVET-P0082, which enables transform (TR) residual coding, transform skip (TS) residual coding,and BDPCM for lossless coding. The two methods are implemented on top of method 1 in JVET-P0082, which enables transform (TR) residual coding, transform skip (TS) residual coding,and BDPCM for lossless coding. The results show:    
· 1st test scenario (TR only v.s. TS only)
· CE7-1.2d-alternative: 
Overall:    -1.64% AI, 0.40% RA, xxx% LB
Class F:    -2.92% AI, -1.39% RA, -2.37% LB
Class TGM: -7.03% AI, -9.45% RA, xxx% LB
· 2nd test scenario (AHG18 v.s. TS + TR)
· CE7-1.2d-alternative: 
Overall:    -2.72% AI, -1.28% RA, -1.51% LB
· CE7-2.2a-alternative: 
Overall:    -3.30% AI, -1.69% RA, -1.92% LB

Method 1:
	DepQuant = 1: -2.72% AI, -1.28% RA, -1.51% LB
   DepQuant = 0: -2.91% AI, xxx% RA, xxx% LB

Method 2:
	DepQuant = 1: -3.30% AI, -1.69% RA, xxx% LB
   DepQuant = 0: -3.52% AI, -2.03% RA, xxx% LB
Proposed Method
Method 1
In CE7-1.2d [1], a method of Rice Golomb coding is applied to encode the transform skip residuals after the context coded bin limit is reached. If there’s no context bin that can be used for any of the component of a coefficient, the abs(level) is coded using Rice-Golomb coding and followed by a bypass coded sign flag. The rice parameter is derived as follows for this case:
auiGoRicePars[std::min(sum, 31)]
Otherwise, if one or more bins for a coefficient in the 1st pass is context coded but there’s no context bin for any component in for the coefficient in the 2nd pass. abs(level) – 1 is coded using Rice-Golomb coding. The rice parameter is derived as follows for this case:
auiGoRicePars[std::min(sum + 4, 31)]
If one or more bins for a coeffcient in the 2nd path is context coded, the remainder (if gt9 flag is 1) is coded using Rice-Golomb coding, where the rice parameter is derived as follows:
auiGoRicePars[ std::min(std::max(sum -8, 0), 31) ]
In this proposal, the method of CE7-1.2d-alternative is tested on top of the lossless coding proposed in method 1 of JVET-P0082 [3], where transform (TR) residual coding, transform skip (TS) residual coding, and BDPCM are enabled for lossless.
Method 2
In CE7-2.2a [2], a new binarization is proposed for transform skip residual coding, where the binarization is adjusted depending on the dynamic range of the coefficient. The binarization is also tested on top of the Rice-Golomb coding after bypass switch proposed in CE7-1.2d-alternative (CE7-2.2a-alternative). In this proposal, CE7-2.2a-alternative is tested on top of the lossless coding proposed in JVET-P0082 [3], where transform (TR) residual coding, transform skip (TS) residual coding,and BDPCM are enabled for lossless.
Simulation Results
Test scenario 1
In the first scenario, the anchor base uses only regular transform residaul coding (TR) for lossless coding with BDPCM support in luma and the test base uses only transform skip (TS) residual coding with BDPCM support in luma and chroma.
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	TR ONLY
	TS ONLY+CE7-1.2d*
	
	TR ONLY
	TS ONLY+CE7-1.2d*
	
	TR ONLY
	TS ONLY+CE7-1.2d*
	

	Class A1
	2.2
	2.2
	-0.01%
	2.3
	2.3
	1.45%
	 
	 
	 

	Class A2
	1.8
	1.8
	0.54%
	1.9
	1.8
	2.03%
	 
	 
	 

	Class B
	2.1
	2.1
	-0.21%
	2.3
	2.2
	2.64%
	2.3
	2.3
	-0.02%

	Class C
	2.1
	2.1
	-0.27%
	2.6
	2.5
	4.11%
	2.6
	2.6
	-0.04%

	Class D
	2.0
	2.0
	-1.45%
	2.8
	2.7
	3.50%
	2.8
	2.8
	-0.03%

	Class E
	3.0
	3.0
	-1.04%
	 
	 
	 
	3.4
	3.4
	0.01%

	Class F
	5.7
	5.9
	-2.92%
	40.2
	42.2
	-1.39%
	61.2
	64.4
	-2.37%

	TGM
	12.5
	13.5
	-7.03%
	113.4
	127.7
	-9.45%
	142.8
	155.1
	-35.94%

	All (A1, A2, B, C, E)
	2.2
	2.2
	-0.20%
	2.3
	2.2
	2.67%
	2.7
	2.7
	-0.02%

	Overall
	4.1
	4.3
	-1.64%
	25.3
	27.8
	0.40%
	35.8
	31.9
	-4.90%

	Enc Time[%]
	109%
	111%
	#NUM!

	Dec Time[%]
	103%
	106%
	#NUM!




Test scenario 2
Dependent Quantization ON (DepQuant = 1)

In the simulation, the anchor is AHG18 VTM-6.0 Lossless branch. The following settings are used to run both the anchor and test: TransquantBypassEnable : 1, CUTransquantBypassFlagForce : 1, CostMode : lossless, InternalBitDepth : 0. QP value was set as 0. Additionally, BDPCM is set to be 1 for the test. Table 1 and 2 shows the results of method 1 and 2.
Table 1: Results of method 1 (CE7-1.2d-alternative on lossless coding)
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	AHG18 LL
	Proposal
	
	AHG18 LL
	Proposal
	
	AHG18 LL
	Proposal
	

	Class A1
	2.2
	2.3
	-1.03%
	2.3
	2.3
	-0.42%
	 
	 
	 

	Class A2
	1.7
	1.8
	-1.74%
	1.9
	1.9
	-0.42%
	 
	 
	 

	Class B
	2.1
	2.1
	-1.57%
	2.3
	2.3
	-0.29%
	2.3
	2.3
	-0.32%

	Class C
	2.1
	2.1
	-1.81%
	2.6
	2.6
	-0.38%
	2.6
	2.6
	-0.40%

	Class D
	1.9
	2.0
	-3.21%
	2.8
	2.8
	-0.62%
	2.7
	2.8
	-0.53%

	Class E
	2.9
	3.0
	-2.89%
	 
	 
	 
	3.3
	3.4
	-1.01%

	Class F
	5.5
	5.8
	-4.51%
	39.4
	41.5
	-3.10%
	60.7
	64.6
	-3.36%

	TGM
	12.3
	12.9
	-4.66%
	112.6
	116.7
	-3.52%
	142.4
	148.1
	-3.61%

	Overall (A1, A2, B, C, E)
	2.2
	2.2
	-1.78%
	2.3
	2.3
	-0.37%
	2.6
	2.7
	-0.52%

	Overall
	4.0
	4.2
	-2.72%
	25.1
	26.0
	-1.28%
	35.6
	37.2
	-1.51%

	Enc Time[%]
	108%
	109%
	113%

	Dec Time[%]
	94%
	100%
	101%



Table 2: Results of method 1 (CE7-2.2a-alternative on lossless coding)
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	AHG18 LL
	Proposal
	
	AHG18 LL
	Proposal
	
	AHG18 LL
	Proposal
	

	Class A1
	2.2
	2.3
	-1.00%
	2.3
	2.3
	-0.36%
	 
	 
	 

	Class A2
	1.7
	1.8
	-1.73%
	1.9
	1.9
	-0.37%
	 
	 
	 

	Class B
	2.1
	2.1
	-1.62%
	2.3
	2.3
	-0.29%
	2.3
	2.3
	-0.31%

	Class C
	2.1
	2.1
	-1.73%
	2.6
	2.6
	-0.34%
	2.6
	2.6
	-0.36%

	Class D
	1.9
	2.0
	-3.10%
	2.8
	2.8
	-0.56%
	2.7
	2.8
	-0.47%

	Class E
	2.9
	3.0
	-2.73%
	 
	 
	 
	3.3
	3.4
	-0.99%

	Class F
	5.5
	5.8
	-5.01%
	39.4
	42.0
	-3.46%
	60.7
	65.0
	-3.55%

	TGM
	12.3
	13.5
	-8.80%
	112.6
	120.7
	-6.14%
	142.4
	153.2
	-6.01%

	Overall (A1, A2, B, C, E)
	2.2
	2.2
	-1.75%
	2.3
	2.3
	-0.33%
	2.6
	2.7
	-0.50%

	Overall
	4.0
	4.3
	-3.30%
	25.1
	26.7
	-1.69%
	35.6
	38.2
	-1.92%

	Enc Time[%]
	110%
	111%
	115%

	Dec Time[%]
	96%
	100%
	101%



Dependent Quantization OFF (DepQuant = 0)
In the simulation, the anchor is AHG18 VTM-6.0 Lossless branch. The following settings are used to run both the anchor and test: TransquantBypassEnable : 1, CUTransquantBypassFlagForce : 1, CostMode : lossless, InternalBitDepth : 0. QP value was set as 0. Additionally, BDPCM is set to be 1 and DepQuant is set to be 0 for the test. Table 3 and 4 shows the results of method 1 and 2.
Table 3: Results of method 1 (CE7-1.2d-alternative on lossless coding) with DepQuant=0
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	AHG18 LL
	Proposal
	
	AHG18 LL
	Proposal
	
	AHG18 LL
	Proposal
	

	Class A1
	2.2
	2.3
	-1.11%
	2.3
	2.3
	-0.52%
	 
	 
	 

	Class A2
	1.7
	1.8
	-1.75%
	1.9
	1.9
	-0.48%
	 
	 
	 

	Class B
	2.1
	2.1
	-1.72%
	
	
	
	
	
	

	Class C
	2.1
	2.1
	-1.99%
	2.6
	2.6
	-0.78%
	2.6
	2.6
	-0.83%

	Class D
	1.9
	2.0
	-3.39%
	2.8
	2.8
	-1.07%
	2.7
	2.8
	-0.98%

	Class E
	2.9
	3.0
	-3.15%
	 
	 
	 
	3.3
	3.4
	-1.44%

	Class F
	5.5
	5.8
	-4.78%
	39.4
	41.7
	-3.52%
	
	
	

	TGM
	12.3
	12.9
	-5.02%
	112.6
	117.4
	-4.03%
	
	
	

	Overall (A1, A2, B, C, E)
	2.2
	2.2
	-1.92%
	
	
	
	
	
	

	Overall
	4.0
	4.2
	-2.91%
	
	
	
	
	
	

	Enc Time[%]
	107%
	#NUM!
	#NUM!

	Dec Time[%]
	93%
	#NUM!
	#NUM!



Table 4: Results of method 1 (CE7-2.2a-alternative on lossless coding) with DepQuant=0
	 
	All Intra
	Random Access
	Low delay B

	
	ratio
	bit-rate savings
	ratio
	bit-rate savings
	ratio
	bit-rate savings

	
	AHG18 LL
	Proposal
	
	AHG18 LL
	Proposal
	
	AHG18 LL
	Proposal
	

	Class A1
	2.2
	2.3
	-1.10%
	2.3
	2.3
	-0.49%
	 
	 
	 

	Class A2
	1.7
	1.8
	-1.74%
	1.9
	1.9
	-0.43%
	 
	 
	 

	Class B
	2.1
	2.1
	-1.78%
	2.3
	2.3
	-0.57%
	
	
	

	Class C
	2.1
	2.1
	-1.95%
	2.6
	2.6
	-0.76%
	2.6
	2.6
	-0.81%

	Class D
	1.9
	2.0
	-3.33%
	2.8
	2.8
	-1.04%
	2.7
	2.8
	-0.96%

	Class E
	2.9
	3.0
	-3.01%
	 
	 
	 
	3.3
	3.4
	-1.44%

	Class F
	5.5
	5.8
	-5.36%
	39.4
	42.2
	-3.92%
	60.7
	85.4
	-38.16%

	TGM
	12.3
	13.5
	-9.14%
	112.6
	121.3
	-6.58%
	
	
	

	Overall (A1, A2, B, C, E)
	2.2
	2.2
	-1.90%
	2.3
	2.3
	-0.58%
	
	
	

	Overall
	4.0
	4.3
	-3.52%
	25.1
	26.8
	-2.03%
	
	
	

	Enc Time[%]
	107%
	108%
	#NUM!

	Dec Time[%]
	90%
	97%
	#NUM!
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