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Abstract
This contribution reports a result of a rice parameter selection method in the CE. The proposed method focuses on the regular residual coding for operation range extensions of VVC. Since a distribution of residual coefficient values becomes wider for high bit depths and high through-put, the current rice parameter range makes a performance degradation. Such the distribution depends on not an internal bit depth but the content itself. To address this issue, this contribution decomposes the locSumAbs value into shift parameter and index parameter of the pre-defined look-up table.
Problem Statement
In the current VVC, a rice parameter for regular residual coding is derived using pre-defined look-up table. First, locSumAbs value is calculated as the sum of absolute of five available neighbouring coefficients. Then, locSumAbs value is updated as follows:
locSumAbs = Clip3( 0, 31, locSumAbs − baseLevel * 5 )
where baseLevel is 4 or 0 based on the remainder coding or bypass coding, respectively.
The rice parameter is derived using this locSumAbs with the LUT. In the current design, the rice parameter range is constrained from 0 to 3.
For the operation range extensions, both the coefficients and locSumAbs value may significantly increase. In this case, the maximum rice parameter is insufficient, which make the performance degradation.
Proposal
Proposed approach
This contribution proposes a rice parameter derivation method for the over 10 bit coding. It means that the proposed method does not affect the coding performance in VVC version 1 condition.
In order to re-use the existing pre-defined look-up table, locSumAbs value is decomposed into shift value and index value. After that, the rice parameter is looked up by the index and modified by shift value.
Proposed text change
The green high lighted parts are added to the latest VVC version 1 specification.
[bookmark: _Ref521414586][bookmark: _Ref531785844]9.3.3.2 Rice parameter derivation process for abs_remainder[ ] and dec_abs_level[ ]
Inputs to this process are the base level baseLevel, the colour component index cIdx, the luma location ( x0, y0 ) specifying the top-left sample of the current transform block relative to the top-left sample of the current picture, the current coefficient scan location ( xC, yC ), the binary logarithm of the transform block width log2TbWidth, and the binary logarithm of the transform block height log2TbHeight.
Output of this process is the Rice parameter cRiceParam.
The variables shiftRice is set equal to 0.
Given the array AbsLevel[ x ][ y ] for the transform block with component index cIdx and the top-left luma location ( x0, y0 ), the variable locSumAbs is derived as specified by the following pseudo-code process:
[bookmark: _Hlk59661587]locSumAbs = 0
if( xC < ( 1  <<  log2TbWidth ) − 1 ) {
	locSumAbs  +=  AbsLevel[ xC + 1 ][ yC ]
	if( xC < ( 1  <<  log2TbWidth ) − 2 )
		locSumAbs  +=  AbsLevel[ xC + 2 ][ yC ]
	if( yC < ( 1  <<  log2TbHeight ) − 1 )
		locSumAbs  +=  AbsLevel[ xC + 1 ][ yC + 1 ]	(1518)
}
if( yC < ( 1  <<  log2TbHeight ) − 1 ) {
	locSumAbs  +=  AbsLevel[ xC ][ yC + 1 ]
	if( yC < ( 1  <<  log2TbHeight ) − 2 )
		locSumAbs  +=  AbsLevel[ xC ][ yC + 2 ]
}
shiftRice = FloorLog2( locSumAbs  >>  3 ) )
localSumAbs = localSumAbs  >>  ShiftRice
Variable localSumAbs is updated as follows:
locSumAbs = Clip3( 0, 31, locSumAbs − baseLevel * 5 )
Given the variable locSumAbs, the Rice parameter cRiceParam is derived as specified in Table 128. The variable cRiceParam is then refined as:
cRiceParam = cRiceParam + shiftRice
When baseLevel is equal to 0, the variable ZeroPos[ n ] is derived as follows:
ZeroPos[ n ] = ( QState < 2 ? 1 : 2 )  <<  cRiceParam	(1519)
[bookmark: _Toc55408366]Table 1 – Specification of cRiceParam based on locSumAbs
	locSumAbs
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	cRiceParam
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	2
	2

	locSumAbs
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	cRiceParam
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	3
	3
	3
	3


Experimental Results
The proposed method is implemented on the VTM-12.0 with CE modification in JVET-U2022. Simulation conditions follows JVET-U2018. Experimental results are not yet obtained due to configuration mismatch. The following data is borrowed by the corss-checker and summarized as in the following tables.
Table 2 Summary results for the HDR PQ conditions
	HDR PQ
	AI

	　
	Over VTM12.0_cebase

	　
	wPsnrY
	wPsnrU
	wPsnrV
	psnrY
	psnrU
	psnrV
	EncT
	DecT

	PQ444
	-0.10%
	-0.08%
	-0.09%
	-0.10%
	-0.09%
	-0.10%
	102%
	100%

	PQ422
	-0.08%
	-0.09%
	-0.10%
	-0.09%
	-0.09%
	-0.09%
	101%
	100%

	Overall 
	-0.09%
	-0.09%
	-0.09%
	-0.09%
	-0.09%
	-0.09%
	101%
	100%

	
	
	
	
	
	
	
	
	

	　
	LDB

	　
	Over VTM12.0_cebase

	　
	wPsnrY
	wPsnrU
	wPsnrV
	psnrY
	psnrU
	psnrV
	EncT
	DecT

	PQ444
	-0.01%
	-0.02%
	0.00%
	-0.01%
	-0.02%
	-0.01%
	102%
	100%

	PQ422
	0.00%
	0.00%
	-0.03%
	0.00%
	0.00%
	-0.03%
	100%
	100%

	Overall
	0.00%
	-0.01%
	-0.02%
	0.00%
	-0.01%
	-0.02%
	101%
	100%

	
	
	
	
	
	
	
	
	

	　
	RA

	　
	Over VTM12.0_cebase

	　
	wPsnrY
	wPsnrU
	wPsnrV
	psnrY
	psnrU
	psnrV
	EncT
	DecT

	PQ444
	-0.02%
	-0.04%
	-0.03%
	-0.01%
	-0.03%
	-0.03%
	102%
	100%

	PQ422
	-0.02%
	-0.01%
	-0.04%
	-0.01%
	-0.01%
	-0.03%
	101%
	101%

	Overall
	-0.02%
	-0.02%
	-0.03%
	-0.01%
	-0.02%
	-0.03%
	102%
	101%

	
	
	
	
	
	
	
	
	

	Overall PQ
	-0.04%
	-0.04%
	-0.05%
	-0.04%
	-0.04%
	-0.05%
	101%
	100%


Table 3 Summary results for the HDR HLG conditions
	HDR HLG
	AI

	　
	Over VTM12.0_cebase

	　
	psnrY
	psnrU
	psnrV
	EncT
	DecT

	HLG444
	-0.07%
	-0.04%
	-0.05%
	103%
	101%

	HLG422
	-0.09%
	-0.06%
	-0.06%
	103%
	101%

	Overall 
	-0.08%
	-0.05%
	-0.06%
	103%
	101%

	
	
	
	
	
	

	　
	LDB

	　
	Over VTM12.0_cebase

	　
	psnrY
	psnrU
	psnrV
	EncT
	DecT

	HLG444
	0.00%
	0.02%
	0.03%
	102%
	100%

	HLG422
	0.00%
	0.03%
	0.02%
	102%
	101%

	Overall
	0.00%
	0.02%
	0.02%
	102%
	101%

	
	
	
	
	
	

	　
	RA

	　
	Over VTM12.0_cebase

	　
	psnrY
	psnrU
	psnrV
	EncT
	DecT

	HLG444
	-0.01%
	0.01%
	0.01%
	102%
	101%

	HLG422
	0.01%
	0.01%
	0.01%
	104%
	101%

	Overall
	0.00%
	0.01%
	0.01%
	103%
	101%

	
	
	
	
	
	

	Overall HLG
	-0.03%
	-0.01%
	-0.01%
	103%
	101%


Table 4 Summary results for the SVT RGB conditions
	SVT RGB
	AI

	　
	Over VTM12.0_cebase

	　
	psnrG
	psnrB
	psnrR
	EncT
	DecT

	SVT16
	-0.50%
	-0.61%
	-0.62%
	102%
	98%

	SVT12
	-0.36%
	-0.31%
	-0.31%
	102%
	101%

	Overall 
	-0.43%
	-0.46%
	-0.46%
	102%
	99%

	
	
	
	
	
	

	　
	LDB

	　
	Over VTM12.0_cebase

	　
	psnrG
	psnrB
	psnrR
	EncT
	DecT

	SVT16
	-0.59%
	-0.67%
	-0.68%
	99%
	99%

	SVT12
	-0.18%
	-0.18%
	-0.18%
	102%
	101%

	Overall
	-0.39%
	-0.42%
	-0.43%
	100%
	100%

	
	
	
	
	
	

	　
	RA

	　
	Over VTM12.0_cebase

	　
	psnrG
	psnrB
	psnrR
	EncT
	DecT

	SVT16
	-0.58%
	-0.56%
	-0.58%
	100%
	99%

	SVT12
	-0.18%
	-0.14%
	-0.15%
	103%
	101%

	Overall
	-0.38%
	-0.35%
	-0.37%
	101%
	100%

	
	
	
	
	
	

	Overall RGB
	-0.40%
	-0.41%
	-0.42%
	101%
	100%


Conclusion
In this contribution, it was reported that a result of a rice parameter selection method in the CE provided by the cross-checker.
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