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Abstract
This contribution proposes a two-pass transform skip (TS) residual coding method. The proposed method reduces the worst case number of checking of whether to perform bypass or context coding from 8 per coefficient position to 1 per coefficient position. Similar to VVC6 transform residual coding, after reaching to the maximum limit of the context coded bin, the proposed method switches to the Rice-Golomb coding. Following results are reported. 
· CTC QP: 
· Overall: 0.00% (AI), 0.01% (RA), -0.05x.xx% (LB) luma BD-rate
· Class SCC: 0.25% (AI), 0.17% (RA), -0.03% (LB) luma BD-rate
· Low QP: 
· Class SCC: -0.69% (AI), -1.46% (RA), -0.46% (LB) luma BD-rate

Problem statement 
In VVC 6, the transform skip (TS) residual levels of a coefficient group (CG) are coded in three passes over the scan positions as follows:
· Pass 1: Following flags are signalled
· sig_coeff_flag
· coeff_sign_flag
· greater 1 flag (abs_level_gtx_flag[0])
· parity (par_level_flag) flag 
· Pass 2: 
· greater than 3 flag (abs_level_gtx_flag[1]) 
· greater than 5 flag (abs_level_gtx_flag[2])  
· greater than 7 flag (abs_level_gtx_flag[3])
· greater than 9 flag (abs_level_gtx_flag[4]) 
· Pass 3: Rice-Golomb coding of remaining absolute level (abs_remainder) 
This contribution solves the following issues of VVC 6 TS residual coding.
1. In TS residual coding, before coding each flag of each coefficient, it is required to check if the number of context coded bins are available or not. If the context coded bins are available, the flag is context coded. Otherwise, the flag is by-pass coded. Since there are total 8 flags, in worst case scenario, the number of checking is 8 per coefficient. This worst case checking is significantly higher than that of the regular transform coefficient coding, which performs only 1 such checking 1 per coefficient. 
2. The syntax structure of the by-pass coded coefficient of the transform and TS residual coding is different. In transform residual coding, once the context coded bins exceed the limit, the rest of the coefficients that have not been coded yet are coded using the syntax dec_abs_level using only Rice-Golomb coding. However, in case of TS residual coding, when the context coding bins have been used up, the coefficients that have not been coded yet are coding using the remaining flags followed by Rice-Golomb Coding of the remainder.  For instance, assume the number of context coded bins reached to maximum limit before coding of sig_coeff_flag of a coefficient. For that coefficient (and all subsequent coefficients), following compares the syntax of the transform residual and TS residual coding of VVC 6.
· TS residual coding: sig sign  gt1 parity gt3 gt5 gt7  gt9 abs_remainder
· Transform residual coding: dec_abs_level sign  

Proposed method
In the proposed method, a CG is coded in two passes. In the first pass, all of the flags are context coded and in the second pass remainder values are Rice-Golomb coded. In the first pass, instead of the checking the availability of the context coded bins at each flag, the proposed method checks the availability of the context coded bins once at each coefficient position. At the beginning of each coefficient coding, a condition is checked if the remaining number of context coded bins greater than or equal to 8 or not. If the remaining number of context coded bins is greater than or equal to 8, all of the flags are context coded; otherwise, pass 1 is skipped and remainder value is coded using Rice-Golomb code.  
The pseudo-code of the proposed method is given below. 
Pass 1: for(n = 0; n <= numSbCoeff  - 1 && remainingCtxBin >= 8; n++ )
		decode sig_coeff_flag
		decode coeff_sign_flag
		decode abs_level_gtx_flag[0] // gt1 flag
		decode par_level_flag
		decode abs_level_gtx_flag[1] // gt3
		decode abs_level_gtx_flag[2] // gt5
		decode abs_level_gtx_flag[3] // gt7
		decode abs_level_gtx_flag[4] // gt9
        iFirstPassBypassPos = n;
Pass 2 (a): for(n = 0; n < iFirstPassBypassPos; n++ )
     	decode abs_remainder_using_RG_Coding
Pass 2 (b): for(n = iFirstPassBypassPos; n <= numSbCoeff  - 1; n++ )
        decode abs_remainder_using_RG_Coding
        decode coeff_sign_flag
In the proposed method, a coefficient can be classified into one of the following two categories:
· The decoded coefficients before reaching to the maximum limit of the context coded bins. In the above pseudo-code, the coefficients which satisfy n < iFirstPassBypassPos condition are classified into this category. For these coefficients, all of the flags are context coded and the minimum level value (baseLevel) is 10.
· The decoded coefficients after reaching to the maximum limit of context coded bins. In the above pseudo-code, the coefficients which do not satisfy n < iFirstPassBypassPos condition are classified into this category. For these coefficients, none of the flags are signalled and the minimum level value (baseLevel) is 0. 
Similar to VVC draft 6, the Rice parameter is derived based on sum of top and left coefficients, however, sum is adjusted based on the minimum level ( baseLevel). In the above pseudo-code, if n < iFirstPassBypassPos , baseLevel = 10; otherwise baseLevel = 0. Assume, locSumAbs is the sum of top and left coefficients. The highlighted portion is the additional adjustment ( as compared to VVC draft 6) of  locSumAbs  value based on the base level. 
        locSumAbs  -= (2 * baseLevel)
          locSumAbs = clip3 (0  , 31, locSumAbs)

Similar to VVC6, the proposed method also selects Rice parameter value from the predefined look-up table.  However, the proposed method uses same look-up table for both TS and transform residual coding whereas VVC6 uses two separate look-up tables (one for transform residual coding and another for TS residual coding). In the proposed method, both transform and TS residual coding method share same look-up table and that look-up table is same as VVC 6 transform residual coding look-up table. The entries of the look-up table is given below.

    const uint32_t auiGoRicePars[32] =
    {
      0, 0, 0, 0,
      0, 0, 0, 1, 1, 1,
      1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 2,
      2, 2, 2, 2, 2, 2, 3, 3, 3, 3
    };
Similar to VVC6 transform residual coding, after reaching to the maximum context coded bin limit, the proposed method switches to the Rice-Golomb coding without signaling any flag. For instance, assume the number of context coded bins reached to maximum limit before coding of sig_coeff_flag of a coefficient. For that coefficient (and all subsequent coefficients), following compares the syntax of the transform residual and TS residual coding of VVC 6 and proposed method.
· TS residual coding: sig sign  gt1 parity gt3 gt5 gt7  gt9 abs_remainder
· Transform residual coding: dec_abs_level sign 
· Proposed TS residual coding: abs_remainder  sign 

Simulation results
The proposed methods are tested under both CTC and low QP (2, 7, 12, 17) settings. Table 1 and Table 2 shows the results of the proposed method under CTC and low QP setting.  
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Table 1:  results of proposed method under CTC QP ( LDB results will be updated)
	
	All Intra Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.01%
	-0.01%
	100%
	101%

	Class A2
	0.00%
	0.00%
	0.02%
	100%
	101%

	Class B
	0.00%
	-0.02%
	-0.04%
	101%
	102%

	Class C
	0.01%
	-0.02%
	-0.01%
	100%
	104%

	Class E
	0.00%
	0.08%
	0.00%
	101%
	104%

	Overall 
	0.00%
	0.01%
	-0.01%
	100%
	102%

	Class D
	0.01%
	0.01%
	-0.07%
	99%
	106%

	Class F
	0.10%
	0.07%
	0.03%
	101%
	99%

	Class SCC
	0.25%
	0.30%
	0.29%
	100%
	99%

	
	
	
	
	
	

	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.01%
	0.01%
	100%
	100%

	Class A2
	0.02%
	0.11%
	0.07%
	101%
	100%

	Class B
	-0.02%
	0.04%
	0.09%
	101%
	102%

	Class C
	0.01%
	-0.01%
	0.04%
	101%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	0.03%
	0.06%
	101%
	101%

	Class D
	-0.04%
	-0.17%
	-0.16%
	100%
	101%

	Class F
	0.10%
	0.05%
	0.19%
	100%
	100%

	Class SCC
	0.17%
	0.14%
	0.20%
	99%
	99%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	  
	  
	  
	  
	  

	Class A2
	  
	
	  
	  
	  

	Class B
	-0.04%
	0.11%
	-0.32%
	101%
	101%

	Class C
	0.01%0.01%
	-0.01%-0.01%
	-0.03%-0.03%
	101%101%
	104%104%

	Class E
	-0.13%-0.13%
	0.07%0.07%
	-0.14%-0.14%
	102%102%
	102%102%

	Overall
	-0.05%
	0.06%
	-0.17%
	101%
	102%

	Class D
	-0.04%-0.04%
	0.10%0.10%
	-0.18%-0.18%
	101%101%
	107%107%

	Class F
	0.16%0.16%
	0.11%0.11%
	0.54%0.54%
	99%99%
	99%99%

	Class SCC
	-0.03%-0.03%
	0.01%0.01%
	0.09%0.09%
	100%100%
	104%104%
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	All Intra Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.02%
	0.04%
	100%
	97%

	Class A2
	0.00%
	0.00%
	0.00%
	100%
	98%

	Class B
	-0.01%
	0.00%
	0.01%
	100%
	98%

	Class C
	-0.04%
	-0.03%
	-0.02%
	98%
	99%

	Class E
	-0.06%
	-0.04%
	-0.05%
	100%
	98%

	Overall 
	-0.02%
	-0.01%
	-0.01%
	99%
	98%

	Class D
	-0.04%
	-0.04%
	-0.03%
	99%
	101%

	Class F
	-1.00%-1.00%
	-0.28%-0.28%
	-0.28%-0.28%
	99%99%
	98%98%

	Class SCC
	-0.69%-0.69%
	-0.40%-0.40%
	-0.38%-0.38%
	98%98%
	97%97%

	
	
	
	
	
	

	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	0.00%
	0.00%
	0.01%
	100%
	101%

	Class C
	-0.02%
	-0.02%
	-0.02%
	100%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	
	
	
	
	

	Class D
	-0.06%
	-0.04%
	0.00%
	99%
	101%

	Class F
	-1.33%-1.33%
	-0.44%-0.44%
	-0.35%-0.35%
	100%100%
	109%109%

	Class SCC
	-1.46%-1.46%
	-0.39%-0.39%
	-0.41%-0.41%
	100%100%
	113%113%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	  
	  
	  
	  
	  

	Class A2
	  
	
	  
	  
	  

	Class B
	-0.01%
	-0.01%
	0.00%
	100%
	98%

	Class C
	-0.01%
	0.01%
	-0.03%
	100%
	100%

	Class E
	-0.07%
	0.00%
	0.01%
	100%
	99%

	Overall
	-0.03%
	0.00%
	-0.01%
	100%
	99%

	Class D
	-0.04%
	0.05%
	-0.08%
	99%
	100%

	Class F
	-0.34%-0.34%
	-0.18%-0.18%
	-0.19%-0.19%
	100%100%
	100%100%

	Class SCC
	-0.46%-0.46%
	-0.19%-0.19%
	-0.13%-0.13%
	100%100%
	98%98%



Conclusion
The proposed method reduces the worst case number of checking of whether to perform bypass or context coding from 8 per coefficient position to 1 per coefficient position. Experimental results show that 0.25% (AI), 0.17% (RA), -0.03% (LB) luma BD-rate of SCC sequences under CTC test conditions. In low QP test settings, the proposed method can achieve -0.69% (AI), -1.46% (RA), -0.46% (LB) luma BD-rate of SCC sequences. 
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