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Abstract
In VVC Draft 5, the total number of the context variables for entropy coding the syntax element sig_coeff_flag is significantly increased by allocating three separate sets of context variables for different dependent quantization states. This contribution proposes to reduce the number of context variables in the two additional context sets associated with dependent quantization states 2 and 3, motivated by the observation that the context variables associated with the local sum of the partially reconstructed level values locSumAbsPass1 > 0 in a context subset corresponding to the same transform block zone often exhibit similar probability distribution. The proposed method reportedly provides 0.01%, 0.00%, and 0.xx-0.05% luma BD-rates for the AI, RA, and LB settings, respectively, under the common test conditions (CTC) while achieving reduction of context variables by 24 or 40% of the total number of context variables associated with dependent quantization states 2 and 3.

Introduction
In VVC Draft 5 [1], the total number of the context variables for entropy coding the syntax element sig_coeff_flag is significantly increased by allocating three separate sets of context variables for entropy coding transform coefficient levels corresponding to different dependent quantization states, indicated by the variable QState.
This contribution proposes to reduce the number of context variables in the two additional context sets associated with entropy coding sig_coeff_flag in dependent quantization states 2 and 3.

Proposed method
In this contribution, the number of the context variables in the context sets associated with dependent quantization states 2 and 3 are significantly reduced. It is motivated by the observation that the context variables associated with locSumAbsPass1 > 0 in a context subset corresponding to the same transform block (TB) zone often exhibit similar probability distribution, where the variable locSumAbsPass1 is the sum of absolute values of partialy reconstructed coefficient levels from a local template.
In the proposed method, the number of the context variables is reduced to 2 from 6 for some context subsets. The 1st context variable is selected when locSumAbsPass1 is equal to 0. The 2nd context variable is selected, otherwise. Context reduction is applied to the 4 context subsets corresponding to the TB zones with d < 5 and QState equal to 2 or 3 in a luma TB and to the 2 context subsets corresponding to the TB zones associated with d < 2 and QState equal to 2 or 3 in a chroma TB, leading to overall context reduction by 24.

Experimental results
The proposed method was integrated into the VTM5.0 reference software [2]. The coding results generated by the proposed method were evaluated against the anchor results generated by the unmodified VTM5.0 reference software. Table 1 summarizes the experimental results conducted under the CTC defined in [3]. The detailed simulation results can be found in the attached spreadsheets.

Table 1: Summary of the average BD bitrate results using the proposed method (will be further updated)
	
	All Intra Main10 

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.06%
	0.03%
	100%
	99%

	Class A2
	0.00%
	-0.01%
	-0.06%
	100%
	101%

	Class B
	0.01%
	-0.09%
	0.02%
	100%
	97%

	Class C
	0.01%
	-0.10%
	0.03%
	100%
	98%

	Class E
	0.01%
	-0.05%
	-0.05%
	100%
	97%

	Overall 
	0.01%
	-0.07%
	0.00%
	100%
	98%

	Class D
	-0.01%
	0.18%
	-0.06%
	100%
	97%

	Class F
	-0.01%
	0.02%
	0.02%
	99%
	98%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.05%
	0.07%
	99%
	98%

	Class A2
	0.02%
	0.02%
	-0.10%
	99%
	101%

	Class B
	0.01%
	-0.02%
	-0.35%
	99%
	94%

	Class C
	-0.04%
	-0.11%
	-0.18%
	99%
	92%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	-0.02%
	-0.17%
	99%
	96%

	Class D
	0.02%
	-0.11%
	0.04%
	98%
	95%

	Class F
	-0.01%
	-0.02%
	0.06%
	99%
	92%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	
	
	
	
	

	Class C
	0.02%
	0.21%
	-0.01%
	99%
	95%

	Class E
	-0.20%
	-0.30%
	-0.03%
	99%
	95%

	Overall
	
	
	
	
	

	Class D
	0.02%
	-0.30%
	0.56%
	97%
	95%

	Class F
	-0.05%
	-0.37%
	0.50%
	45%
	73%


Table 1: Summary of the average BD bitrate results using the proposed method
	
	Random Access Main 10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.05%
	0.07%
	99%
	98%

	Class A2
	0.02%
	0.02%
	-0.10%
	99%
	101%

	Class B
	0.01%
	-0.02%
	-0.35%
	99%
	94%

	Class C
	-0.04%
	-0.11%
	-0.18%
	99%
	92%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	-0.02%
	-0.17%
	99%
	96%

	Class D
	0.02%
	-0.11%
	0.04%
	98%
	95%

	Class F
	-0.01%
	-0.02%
	0.06%
	99%
	92%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.01%
	0.09%
	0.08%
	99%
	97%

	Class C
	0.02%
	0.21%
	-0.01%
	99%
	95%

	Class E
	-0.20%
	-0.30%
	-0.03%
	99%
	95%

	Overall
	-0.05%
	0.03%
	0.02%
	99%
	96%

	Class D
	0.02%
	-0.30%
	0.56%
	97%
	95%

	Class F
	-0.01%
	-0.46%
	0.69%
	97%
	94%



Conclusions
This contribution proposes to reduce the number of context variables in the two additional context sets associated with dependent quantization states 2 and 3. The experimental results are reportedly shown that the proposed method has negligible impact on BD rate performance while significantly reducing the number of context variables for entropy coding the syntax element sig_coeff_flag.
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