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Abstract
In VVC, Rice parameter derivation for coefficient level coding is determined based on the sum of absolute levels of five neighboring coefficients. However, it is not always five neighboring coefficients available. Therefore, in this contribution, Rice parameter derivation method based on the number of available neighboring coefficients is investigated. It has been reported from experimental results that the proposed Rice parameter derivation provides better coding performance.
For QP = 2, 7, 12, 17 (Luma BD-rates for overall, Class F, TGM)
· Overall: -0.02% (AI), 0.0% (RA), 0.0% (LD)
· Class F: -0.03% (AI), -0.13% (RA), -0.12% (LD)
· TGM: -0.14% (AI), -0.05% (RA), -0.11% (LD)
Proposed method
In VTM-6.0 coefficient level coding, Rice parameter is determined based on the sum of absolute levels of five neighboring transform coefficients and corresponding base level.
	RiceParam = RiceParamTable[ Clip3(0, 31, locSumAbs –baseLevel * 5)], 
where baseLevel can be equal to 4, 0. When we calculate the sum of absolute levels of neighboring coefficients (locSumAbs), neighboring coefficients which is positioned outside of the current transform block is not considered. Therefore, five neighboring transform coefficients are not always taken into consideration, if the coefficient is adjacent to the transform block boundary.
In this document, it is proposed to reflect the number of available neighboring coefficients as follows:
	RiceParam = RiceParamTable[ Clip3(0, 31, locSumAbs –baseLevel * locNumNb)], 
where locNumNb indicates the number of actual available neighboring coefficients.
Experimental results
The proposed method was implemented on top of VTM 6.0 and the results are reported using both VTM common test condition and low QP test condition, defined in CE7 [1]. As shown in the results, the proposed method shows noticeable performance improvement for Class F and TGM sequences at low QPs, without any encoding/decoding complexity increases.

Table I. Test results at CTC and lowQP condition
	
	All Intra Main10 

	
	Over VTM-6.0
	Over VTM-6.0_lowQP

	
	Y
	U
	V
	EncT
	[bookmark: _GoBack]DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.01%
	99%
	99%
	0.00%
	0.00%
	0.00%
	100%
	101%

	Class A2
	0.00%
	0.00%
	-0.01%
	99%
	100%
	0.00%
	-0.01%
	-0.01%
	99%
	101%

	Class B
	0.00%
	0.00%
	0.01%
	98%
	98%
	0.00%
	-0.02%
	-0.01%
	100%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	99%
	99%
	-0.07%
	-0.03%
	-0.02%
	99%
	97%

	Class E
	0.00%
	0.00%
	0.04%
	99%
	98%
	0.00%
	0.01%
	0.00%
	100%
	100%

	Overall 
	0.00%
	0.00%
	0.01%
	99%
	99%
	-0.02%
	-0.01%
	-0.01%
	100%
	100%

	Class D
	0.00%
	-0.01%
	-0.02%
	99%
	100%
	-0.10%
	-0.08%
	-0.08%
	99%
	96%

	Class F
	0.00%
	0.02%
	-0.01%
	100%
	98%
	-0.03%
	-0.04%
	-0.06%
	100%
	98%

	TGM
	0.00%
	-0.01%
	0.00%
	99%
	97%
	-0.14%
	-0.12%
	-0.14%
	100%
	99%

	
	
	
	
	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-6.0
	Over VTM-6.0_lowQP

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

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

	Class A2
	0.00%
	0.03%
	0.02%
	101%
	101%
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class B
	0.01%
	0.04%
	0.00%
	100%
	100%
	0.01%
	0.01%
	0.02%
	101%
	101%

	Class C
	-0.01%
	0.02%
	-0.11%
	99%
	99%
	-0.02%
	-0.03%
	0.01%
	100%
	100%

	Class E
	　
	
	　
	　
	　
	　
	
	　
	　
	　

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

	Class D
	-0.01%
	0.03%
	0.07%
	100%
	99%
	-0.03%
	-0.09%
	-0.05%
	100%
	100%

	Class F
	-0.01%
	-0.07%
	0.02%
	100%
	99%
	-0.13%
	-0.16%
	-0.16%
	100%
	101%

	TGM
	-0.01%
	-0.04%
	-0.01%
	100%
	100%
	-0.05%
	0.02%
	-0.01%
	101%
	101%

	
	
	
	
	
	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM-6.0
	Over VTM-6.0_lowQP

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　
	　
	
	　
	　
	　

	Class B
	0.01%
	0.01%
	-0.21%
	100%
	100%
	0.00%
	0.00%
	0.00%
	100%
	101%

	Class C
	0.00%
	-0.01%
	-0.01%
	100%
	99%
	-0.01%
	0.00%
	-0.02%
	100%
	99%

	Class E
	0.00%
	-0.17%
	0.73%
	100%
	100%
	0.01%
	-0.03%
	0.02%
	100%
	100%

	Overall
	0.00%
	-0.04%
	0.09%
	100%
	100%
	0.00%
	-0.01%
	0.00%
	100%
	100%

	Class D
	0.00%
	0.02%
	0.10%
	100%
	98%
	-0.03%
	0.05%
	-0.04%
	101%
	101%

	Class F
	0.09%
	0.13%
	0.13%
	100%
	99%
	-0.12%
	-0.15%
	-0.12%
	101%
	102%

	TGM
	0.01%
	0.03%
	0.00%
	100%
	100%
	-0.11%
	-0.06%
	-0.03%
	100%
	99%



Conclusions
This document proposes a simple modification on Rice parameter derivation in coefficient level coding. Since actual number of neighboring coefficients are taken into consideration, the proposed method provides performance improvement, without any complexity increase. We suggest inclusion of proposed modification into next version of VTM software.
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Specification

	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.
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:
· If transform_skip_flag[ x0 ][ y0 ] is equal to 1, trafoSkip is set equal to 1 and the following applies:
locSumAbs = 0
if( xC > 0 )
	locSumAbs += AbsLevel[ xC − 1 ][ yC ]
if( yC > 0 )	(9‑9)
	locSumAbs += AbsLevel[ xC ][ yC − 1 ]
locSumAbs = Clip3( 0, 31, locSumAbs )
· Otherwise (transform_skip_flag[ x0 ][ y0 ] is equal to 0), trafoSkip is set equal to 0 and the following applies:
locSumAbs = 0
locNumNb = 0
if( xC < (1 << log2TbWidth) − 1 ) {
   locNumNb++
	locSumAbs += AbsLevel[ xC + 1 ][ yC ]
	if( xC < (1 << log2TbWidth) − 2 ) {
      locNumNb++
		locSumAbs += AbsLevel[ xC + 2 ][ yC ]
   }
	if( yC < (1 << log2TbHeight) − 1 ) {
      locNumNb++
		locSumAbs += AbsLevel[ xC + 1 ][ yC + 1 ]	(9‑10)
   }
}
if( yC < (1 << log2TbHeight) − 1 ) {
   locNumNb++
	locSumAbs += AbsLevel[ xC ][ yC + 1 ]
	if( yC < (1 << log2TbHeight) − 2 ) {
      locNumNb++
		locSumAbs += AbsLevel [ xC ][ yC + 2 ]
   }
} 
locSumAbs = Clip3( 0, 31, locSumAbs − baseLevel * locNumNb )
The following applies:
· If baseLevel is equal to 0, the variable s is set equal to Max( 0, QState − 1 ) and given the variables locSumAbs, trafoSkip and s, the Rice parameter cRiceParam and the variable ZeroPos[ n ] are derived as specified in Table 9‑78.
· Otherwise (baseLevel is greater than 0), given the variables locSumAbs and trafoSkip, the Rice parameter cRiceParam is derived as specified in Table 9‑78.

Table 9‑78 – Specification of cRiceParam and ZeroPos[ n ] based on locSumAbs, trafoSkip and s

	trafoSkip
	s
	locSumAbs
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

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

	1
	
	cRiceParam
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1

	
	0
	ZeroPos[ n ]
	0
	0
	0
	0
	0
	1
	2
	2
	2
	2
	2
	2
	4
	4
	4
	4

	
	1
	ZeroPos[ n ]
	1
	1
	1
	1
	2
	3
	4
	4
	4
	6
	6
	6
	8
	8
	8
	8

	
	2
	ZeroPos[ n ]
	1
	1
	2
	2
	2
	3
	4
	4
	4
	6
	6
	6
	8
	8
	8
	8

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

	0
	
	cRiceParam
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	3
	3
	3
	3

	1
	
	cRiceParam
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2
	2
	2
	2

	
	0
	ZeroPos[ n ]
	4
	4
	4
	4
	4
	4
	4
	8
	8
	8
	8
	8
	16
	16
	16
	16

	
	1
	ZeroPos[ n ]
	4
	4
	12
	12
	12
	12
	12
	12
	12
	12
	16
	16
	16
	16
	16
	16

	
	2
	ZeroPos[ n ]
	8
	8
	12
	12
	12
	12
	12
	12
	12
	16
	16
	16
	16
	16
	16
	16
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