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Abstract
In the scaling process for transform coefficients in the current VVC draft specification, chroma QP offset Qp′CbCr is introduced to apply to the TU coded with JCCR. It is because the residual energy distribution of the transform block with JCCR might be different from that without JCCR. Nevertheless, the current draft specification does not support scaling list for the transform block coded with JCCR. This contribution proposes scaling list for transform blocks with joint coding of chroma residual (JCCR). When a given transform block is coded with JCCR and both tu_cbf_cb and tu_cbf_cr are equal to 1, scaling list for JCCR are used for the scaling process. An alternate solution is also proposed to avoid signalling of additional scaling lists. The solution consists in deriving the scaling factors in case of JCCR by averaging the scaling factors applying to the Cb and Cr components.
Introduction
In the last JVET meeting, inter chroma transform is introduced as an extension of joint coding of chroma residual (JCCR), where a total of three joint chroma coding modes are adaptively applied based on the coded block flag of chroma components. Specifically, residual signal of the chroma component with JCCR are reconstructed depending on tu_cbf_cb and tu_cbf_cr as shown in Table 1.
Table 1. specification of reconstruction of chroma residuals and TuCrResMode
	tu_cbf_cb
	tu_cbf_cr
	reconstruction of Cb and Cr residuals
	TuCResMode

	1
	0
	resCb[ x ][ y ] = resJointC[ x ][ y ] 
resCr[ x ][ y ] = ( CSign * resJointC[ x ][ y ] ) >> 1
	1

	1
	1
	resCb[ x ][ y ] = resJointC[ x ][ y ] 
resCr[ x ][ y ] = CSign * resJointC[ x ][ y ]
	2

	0
	1
	resCb[ x ][ y ] = ( CSign * resJointC[ x ][ y ] ) >> 1
resCr[ x ][ y ] = resJointC[ x ][ y ]
	3


In the scaling process for transform coefficients, quantization parameter qP is derived as follows:
· If cIdx is equal to 0 and transform_skip_flag[ xTbY ][ yTbY ] is equal to 0, the following applies:
qP = Qp′Y		(8‑950)
· Otherwise, if cIdx is equal to 0 (and transform_skip_flag[ xTbY ][ yTbY ] is equal to 1), the following applies:
qP = Max( QpPrimeTsMin, Qp′Y )		(8‑951)
· Otherwise, if TuCResMode[ xTbY ][ yTbY ] is equal to 2, the following applies:
qP = Qp′CbCr		(8‑952)
· Otherwise, if cIdx is equal to 1, the following applies:
qP = Qp′Cb		(8‑953)
· Otherwise (cIdx is equal to 2), the following applies:
qP = Qp′Cr		(8‑954)
Since TuCResMode is equal to 2, the residual energy distribution of the transform block with JCCR might be different from that without JCCR, special treatment of quantization parameter offset is introduced in VVC draft specification. 
On the other hand, the intermediate scaling factor m[ x ][ y ] is depending on the matrixId specified in Table 7-6 of VVC draft spec-vE. The matrixId is a function of cIdx and cIdx is derived as follows:
· If cIdx is equal to 0 or TuCResMode[ xTbY ][ yTbY ] is equal to 0, codedCIdx is set equal to cIdx.
· Otherwise, if TuCResMode[ xTbY ][ yTbY ] is equal to 1 or 2, codedCIdx is set equal to 1.
· Otherwise, codedCIdx is set equal to 2.
This means that when joint chroma coding modes is equal to 2, scaling list for Cb component is used whereas chroma QP offset for JCCR is used to derive qP.
[bookmark: _Ref20920202]Proposed method (#1) and spec changes
The proposed methods introduces 2 additional scaling list for JCCR with a joint chroma coding mode of 2 for each block size.
When a given chroma transform block is coded with JCCR and both tu_cbf_cb and tu_cbf_cr are equal to 1, scaling list for JCCR is used. The following texts green highlighted are spec change by the proposed modification.
[bookmark: _Ref20913725]Scaling list data syntax
	scaling_list_data( ) {
	Descriptor

		for( sizeId = 1; sizeId < 7; sizeId++ )
	

			for( matrixId = 0; matrixId < 8; matrixId ++ ) {
	

				if( ! ( ( ( sizeId = = 1 ) && ( matrixId % 4 = = 0 ) ) | | 
				( ( sizeId = = 6 ) && ( matrixId % 4 != 0 ) ) ) ) {
	

					scaling_list_pred_mode_flag[ sizeId ][ matrixId ]
	u(1)

	…
	


Scaling list data semantics
Table 7‑6 – Specification of matrixId according to sizeId, prediction mode and colour component
	sizeId
	CuPredMode
	cIdx
(Colour component)
	matrixId

	2, 3, 4, 5, 6
	MODE_INTRA
	0 (Y)
	0

	1, 2, 3, 4, 5, 6
	MODE_INTRA
	1 (Cb)
	1

	1, 2, 3, 4, 5, 6
	MODE_INTRA
	2 (Cr)
	2

	1, 2, 3, 4, 5, 6
	MODE_INTRA
	1 (Cb when TuCResMode is 2)
	3

	2, 3, 4, 5, 6
	MODE_INTER,
MODE_IBC
	0 (Y)
	4

	1, 2, 3, 4, 5, 6
	MODE_INTER,
MODE_IBC
	1 (Cb)
	5

	1, 2, 3, 4, 5, 6
	MODE_INTER,
MODE_IBC
	2 (Cr)
	6

	1, 2, 3, 4, 5, 6
	MODE_INTER,
MODE_IBC
	1 (Cb when TuCResMode is 2)
	7



[bookmark: _Ref11422802]Table 7‑7 – Specification of default values of ScalingList[ 1 ][ matrixId ][ i ] with i = 0..3
	i
	0
	1
	2
	3

	ScalingList[ 1 ][ 1,2,3,5,6,7 ][ i ]
	16
	16
	16
	16



[bookmark: _Ref11422827]Table 7‑8 – Specification of default values of ScalingList[ 2 ][ matrixId ][ i ] with i = 0..15
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 2 ][ 0..7 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16



[bookmark: _Ref11422835]Table 7‑9 – Specification of default values of ScalingList[ 3..5 ][ matrixId ][ i ] with i = 0..63
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 3..5 ][ 0..7 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	i − 16
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 3..5 ][ 0..7 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	i − 32
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 3..5 ][ 0..7 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	i − 48
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 3..5 ][ 0..7 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16



[bookmark: _Ref11422844]Table 7‑10 – Specification of default values of ScalingList[ 6 ][ matrixId ][ i ] with i = 0..63
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 6 ][ 0, 4 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	i − 16
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 6 ][ 0, 4 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	i − 32
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 6 ][ 0, 4 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	i − 48
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	ScalingList[ 6 ][ 0, 4 ][ i ]
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16



The five-dimensional array ScalingFactor[ sizeId ][sizeId][ matrixId ][ x ][ y ], with x, y = 0..( 1  <<  sizeId ) − 1, specifies the array of scaling factors according to the variables sizeId specified in Table 7‑5 and matrixId specified in Table 7‑5. 
The elements of the quantization matrix of size 2x2, ScalingFactor[ 1 ][ 1 ][ matrixId ][ x ][ y ], with i = 0..3, matrixId = 1, 2, 3, 5, 6, 7, are derived as follows:
x = DiagScanOrder[ 1 ][ 1 ][ i ][ 0 ]		(7‑61)
y = DiagScanOrder[ 1 ][ 1 ][ i ][ 1 ]		(7‑62)
ScalingFactor[ 1 ][ 1 ][ matrixId ][ x ][ y ] = ScalingList[ 1 ][ matrixId ][ i ]	(7‑63)
The elements of the quantization matrix of size 4x4, ScalingFactor[ 2 ][ 2 ][ matrixId ][ x ][ y ], with i = 0..15, matrixId = 0..7, are derived as follows:
x = DiagScanOrder[ 2 ][ 2 ][ i ][ 0 ]		(7‑64)
y = DiagScanOrder[ 2 ][ 2 ][ i ][ 1 ]		(7‑65)
ScalingFactor[ 2 ][ 2 ][ matrixId ][ x ][ y ] = ScalingList[ 2 ][ matrixId ][ i ]	(7‑66)
The elements of the quantization matrix of size 8x8, ScalingFactor[ 3 ][ 3 ][ matrixId ][ x ][ y ], with i = 0..63, matrixId = 0..7, are derived as follows:
x = DiagScanOrder[ 3 ][ 3 ][ i ][ 0 ]		(7‑67)
y = DiagScanOrder[ 3 ][ 3 ][ i ][ 1 ]		(7‑68)
ScalingFactor[ 3 ][ 3 ][ matrixId ][ x ][ y ] = ScalingList[ 3 ][ matrixId ][ i ]	(7‑69)
The elements of the quantization matrix of size 16x16, ScalingFactor[ 4 ][ 4 ][ matrixId ][ x ][ y ], with i = 0..63, j = 0..1, k = 0..1, matrixId = 0..7, are derived as follows:
x = DiagScanOrder[ 3 ][ 3 ][ i ][ 0 ]		(7‑70)
y = DiagScanOrder[ 3 ][ 3 ][ i ][ 1 ]		(7‑71)
ScalingFactor[ 4 ][ 4 ][ matrixId ][ x * 2 + k ][ y * 2 + j ] = ScalingList[ 4 ][ matrixId ][ i ]	(7‑72)
ScalingFactor[ 4 ][ 4 ][ matrixId ][ 0 ][ 0 ] = scaling_list_dc_coef_minus8[ 0 ][ matrixId ] + 8	(7‑73)
The elements of the quantization matrix of size 32x32, ScalingFactor[ 5 ][ 5 ][ matrixId ][ x ][ y ], with i = 0..63, j = 0..3, k = 0..3, matrixId = 0..7, are derived as follows:
x = DiagScanOrder[ 3 ][ 3 ][ i ][ 0 ]		(7‑74)
y = DiagScanOrder[ 3 ][ 3 ][ i ][ 1 ]		(7‑75)
ScalingFactor[ 5 ][ 5 ][ matrixId ][ x * 4 + k ][ y * 4 + j ] = ScalingList[ 5 ][ matrixId ][ i ]	(7‑76)
ScalingFactor[ 5 ][ 5 ][ matrixId ][ 0 ][ 0 ] = scaling_list_dc_coef_minus8[ 1 ][ matrixId ] + 8	(7‑77)
The elements of the quantization matrix of size 64x64, ScalingFactor[ 6 ][ 6 ][ matrixId ][ x ][ y ], i = 0..63, j = 0..7, k = 0..7, matrixId = 0, 4, are derived as follows:
x = DiagScanOrder[ 3 ][ 3 ][ i ][ 0 ]		(7‑78)
y = DiagScanOrder[ 3 ][ 3 ][ i ][ 1 ]		(7‑79)
ScalingFactor[ 6 ][ 6 ][ matrixId ][ x * 8 + k ][ y * 8 + j ] = ScalingList[ 6 ][ matrixId ][ i ]	(7‑80)
ScalingFactor[ 6 ][ 6 ][ matrixId ][ 0 ][ 0 ] = scaling_list_dc_coef_minus8[ 2 ][ matrixId ] + 8	(7‑81)
When ChromaArrayType is equal to 3, the elements of the chroma quantization matrix of size 64x64, ScalingFactor[ 6 ][ 6 ][ matrixId ][ x ][ y ], with i = 0..63, j = 0..7, k = 0..7, matrixId = 1, 2, 3, 5, 6, and 7 are derived as follows:
x = DiagScanOrder[ 3 ][ 3 ][ i ][ 0 ]		(7‑82)
y = DiagScanOrder[ 3 ][ 3 ][ i ][ 1 ]		(7‑83)
ScalingFactor[ 6 ][ 6 ][ matrixId ][ x * 8 + k ][ y * 8 + j ] = ScalingList[ 5 ][ matrixId ][ i ]	(7‑84)
ScalingFactor[ 6 ][ 6][ matrixId ][ 0 ][ 0 ] = scaling_list_dc_coef_minus8[ 1 ][ matrixId ] + 8	(7‑85)
For a quantization matrix with rectangular size, the five-dimensional array ScalingFactor[ wId ][hId][ matrixId ][ x ][ y ], with wId = 0..6, hId = 0..6, matrixId = 0..7, x = 0..( 1  <<  wId ) − 1, y = 0..( 1  << hId ) − 1, and wId != hId, specifies the array of scaling factors for size (1 << wId)x(1 << hId). The elements of ScalingFactor[ wId ][hId][ matrixId ][ x ][ y ] are generated by using ScalingList[ maxSizeId ][ matrixId ][ i ] with maxSizeId = max( wId, hId ), as follows:
k = min( maxSizeId, 3 ), 
x = DiagScanOrder[ k ][ k ][ i ][ 0 ]
y = DiagScanOrder[ k ][ k ][ i ][ 1 ]
ratioW = ( 1 << wId )  /  ( 1 << k )
ratioH = ( 1 << hId )  /  ( 1 << k )
diffWH = 1 << abs(wId − hId)		(7‑86)
if( wId > hId )
	ScalingFactor[ wId ][ hId ][ matrixId ][ x ][ y ] =
		ScalingList[ maxSizeId ][ matrixId ]
			[ Raster2DiagScanPos[ k ][ k ][ ( 1 << k ) * ( ( y * diffWH ) / ratioW ) + x / ratioW ] ]
else( wId < hId )
	ScalingFactor[ wId ][ hId ][ matrixId ][ x ][ y ] =
		ScalingList[ maxSizeId ][ matrixId ]
			[ Raster2DiagScanPos[ k ][ k ][ ( 1 << k ) * ( y / ratioH ) + (x * diffWH) / ratioH ] ]
Option avoiding signalling additional scaling lists (#2)
Instead of signalling additional scaling lists for JCCR with a joint chroma coding mode of 2 for each block size, an alternate solution is to derive the quantization matrix in case of JCCR with a joint chroma coding mode of 2 from the ScalingFactor tables applying for the Cb and Cr components.
The syntax changes described in section 2 do not apply.
[bookmark: _Ref522189399][bookmark: _Toc15254022]Instead, the following syntax changes are made in clause 8.7.3 "Scaling process for transform coefficients".

…
· The intermediate scaling factor m[ x ][ y ] is derived as follows:
–	If one or more of the following conditions are true, m[ x ][ y ] is set equal to 16:
· sps_scaling_list_enabled_flag is equal to 0.
· transform_skip_flag[ xTbY ][ yTbY ] is equal to 1.
–	Otherwise if TuCResMode[ xTbY ][ yTbY ] is not equal to 2, the following applies:
m[ x ][ y ] = ScalingFactor[ Log2( nTbW ) ][ Log2( nTbH ) ][ matrixId ][ x ][ y ], 
			with matrixId as specified in Table 7‑5		(8‑958)
–	Otherwise (TuCResMode[ xTbY ][ yTbY ] is equal to 2), the following applies:
m[ x ][ y ] = ( ScalingFactor[ Log2( nTbW ) ][ Log2( nTbH ) ][ matrixId1 ][ x ][ y ] + 
            ScalingFactor[ Log2( nTbW ) ][ Log2( nTbH ) ][ matrixId2 ][ x ][ y ] + 1 ) >> 1
			with matrixId1 as specified in Table 7‑5 with cIdx set to 1 and			with matrixId2 as specified in Table 7‑5 with cIdx set to 2	(8‑959)
…

This solution avoids signalling and storing additional scaling list tables.
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