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Abstract
This contribution proposes to remove the luma-chroma dependency for chroma residual scaling in the luma mapping with chroma scaling (LMCS). Instead of using the reconstructed  average of all corresponding luma prediction samples to derive a scaling factor on-the-fly, a fixed chroma scaling factor for each LMCS model is used. This fixed chroma scaling factor is calculated once according to a representative luma sample, and then used for all blocks that refer to the same LMCS model. Two methods are provided to select the representative luma sample, including using a selected LMCS bin index and a luma value in the reshaped domain.
For SDR content under the CTC, the overall BD-rate changes for {Y, Cb, Cr} are listed as follows.
	
	Method #1
	RA
	-0.01%
	-0.03%
	-0.03%

	SDR, CTC
	
	LDB
	0.01%
	0.06%
	-0.11%

	
	Method #2
	RA
	-0.01%
	-0.08%
	-0.07%

	
	
	LDB
	0.01%
	0.09%
	-0.14%


When enabling the proposed methods to both dual tree and single tree, the overall BD-rate changes {Y, Cb, Cr} versus VTM5.0 anchor are listed as follows.
	

SDR, non-CTC
	Method #1
	AI
	-0.01%
	-0.06%
	-0.13%

	
	
	RA
	0.02%
	-0.70%
	-0.73%

	
	
	LDB
	0.05%
	-0.68%
	-0.76%

	
	Method #2
	AI
	-0.01%
	-0.05%
	-0.14%

	
	
	RA
	0.02%
	-0.77%
	-0.75%

	
	
	LDB
	0.04%
	-0.69%
	-0.78%


When enabling the LMCS on HDR PQ sequences and enabling the proposed methods to both dual tree and single tree, the overall BD-rate changes {DE100, PSNR-L100, wPSNR-Y, wPSNR-Cb, wPSNR-Cr} versus VTM5.0 HDR CTC anchor are listed as follows.
	
	Method #1
	AI
	
	
	-1.64%
	14.15%
	8.34%

	HDR,  non-CTC
	
	RA
	
	
	-1.61%
	13.87%
	5.89%

	
	Method #2
	AI
	0.65%
	-0.71%
	-0.20%
	-2.68%
	-12.07%

	
	
	RA
	-0.14%
	-0.73%
	-0.49%
	-4.14%
	-13.73%




The encoding and decoding times are found to be similar with VTM5.0 for both SDR and HDR tests. 
Chroma residual scaling in VVC draft 5
In the current VVC draft 5 [1], the chroma residual scaling (CRS) process in LMCS is performed at block level with the scaling factor derived on-the-fly. More specifically, the average luma value of the whole corresponding luma prediction block is firstly derived and then used to identify a piece-wise function index to identify a chroma scaling factor. Due to the dependency of the chroma scaling factor on all the samples in the corresponding luma prediction block, CRS cannot be started until all the luma prediction samples of the whole block are available. This results in a potential latency for processing the chroma samples.
In addition, the support of dual tree potentially introduces a long latency for chroma scaling factor derivation [2]. In the worst case, CRS cannot be kicked off until the whole 64x64 luma prediction block is available.
Proposed solution
To solve the above problems, a per-slice fixed chroma scaling factor is proposed in this contribution. Without loss of generality, two methods are proposed to select a representative scaling factor. In method #1, the fixed chroma scaling factor is derived as the median piece-wise function index of the LMCS model (e.g., the median value among the signaled LMCS minimum bin index and the signaled LMCS maximum bin index). In method #2, the fixed chroma scaling factor is derived as the piece-wise function index calculated from the median value of reshaped luma values. 
By using the proposed method, one chroma scaling factor is calculated for each LMCS model, and then used for all blocks in slices referring to the same LMCS model. Therefore, the dependency between luma component and chroma component in LMCS is totally removed. And CRS can be activated on top of the dual tree without any latency issue.
Proposed spec changes
The proposed changes on top of VVC draft 5 [1] are described as below. Newly added parts are highlighted in yellow, and the deleted parts from [1] are highlighted in green strikethrough.
Proposed spec changes for Method #1
7.4.6.4 Luma mapping with chroma scaling data semantics
The variable ChromaScaleCoeff[ i ], with i = 0…15, is derived as follows:
if ( lmcsCW[ i ] = = 0 )
	ChromaScaleCoeff[ i ] = (1 << 11)
else					(7‑94)
	ChromaScaleCoeff[ i ] = InvScaleCoeff[ i ]
The variable varScale is derived as follows:
varScale = ChromaScaleCoeff[ (lmcs_min_bin_idx + LmcsMaxBinIdx) >> 1]

8.7.5.3 Picture reconstruction with luma dependent chroma residual scaling process for chroma samples
Inputs to this process are:
· a location ( xCurr, yCurr ) of the top-left sample of the current transform block relative to the top-left sample of the current picture,
· a variable nCurrSw specifying the transform block width,
· a variable nCurrSh specifying the transform block height,
· a variable tuCbfChroma specifying the coded block flag of the current chroma transform block,
· an (nCurrSw)x(nCurrSh) array predSamples specifying the chroma prediction samples of the current block,
· an (nCurrSw)x(nCurrSh) array resSamples specifying the chroma residual samples of the current block.
Output of this process is a reconstructed chroma picture sample array recSamples.
The reconstructed chroma picture sample recSamples is derived as follows for i = 0..nCurrSw − 1, j = 0..nCurrSh − 1:
· If one of the following conditions is true, recSamples[ xCurr + i ][ yCurr + j ] is set equal to Clip1C( predSamples[ i ][ j ] + resSamples[ i ][ j ] ):
· slice_chroma_residual_scale_flag is equal to 0
·  nCurrSw * nCurrSh is less than or euqal to 4
· tu_cbf_cb [ xCurr ][ yCurr ] is equal to 0 and tu_cbf_cr [ xCurr ][ yCurr ] is equal to 0
· Otherwise, the following applies:
· For the derivation of the variable varScale the following ordered steps apply:
1. The variable invAvgLuma is derived as follows:
invAvgLuma = Clip1Y( ( 
	 + nCurrSw * nCurrSh * ( ( SubWidthC * SubHeightC ) / 2 ) ) / 	(8‑996)
		( nCurrSw * nCurrSh *SubWidthC * SubHeightC ) )
2. The variable idxYInv is derived by invoking the identification of piece-wise function index process for a luma sample as specified in clause 8.8.2.3 with the variable lumaSample set equal to invAvgLuma as the input and idxYInv as the output. 
3. The variable varScale is derived as follows:
			varScale = ChromaScaleCoeff[ idxYInv]
· The recSamples is derived as follows:
· If tuCbfChroma is equal to 1, the following applies:
resSamples[ i ][ j ] = Clip3( −( 1 << BitDepthC ), ( 1 << BitDepthC ) − 1, resSamples[ i ][ j ] )	(8‑998)
recSamples[ xCurr + i ][ yCurr + j ] = Clip1C( predSamples[ i ][ j ] + 	(8‑999)
	Sign( resSamples[ i ][ j ] ) * ( ( Abs( resSamples[ i ][ j ] ) * varScale + ( 1 << 10 ) ) >> 11 ) )
· Otherwise (tu_cbf is equal to 0), the following applies:
			recSamples[ xCurr + i ][ yCurr + j ] = Clip1C(predSamples[ i ][ j ] )

Proposed spec changes for Method #2
7.4.6.4 Luma mapping with chroma scaling data semantics
The variable ChromaScaleCoeff[ i ], with i = 0…15, is derived as follows:
if ( lmcsCW[ i ] = = 0 )
	ChromaScaleCoeff[ i ] = (1 << 11)
else					(7‑94)
	ChromaScaleCoeff[ i ] = InvScaleCoeff[ i ]
The variable varScale is derived as follows:
1. The variable invMidLumaValue is derived as follows:
maxLumaValue = (1  <<  BitDepthY ) − 1 )
idxY = maxLumaValue >> Log2( OrgCW ) 
invMaxLumaValue = Clip1Y( LmcsPivot[ idxY ] + ( ScaleCoeff[ idxY ] * ( maxLumaValue - InputPivot[ idxY ] ) +  ( 1 << 10 ) ) >> 11 )

minLumaValue = 0
idxY = 0
invMinLumaValue = Clip1Y( LmcsPivot[ 0 ] + ( ScaleCoeff[ idxY ] * ( minLumaValue − InputPivot[ idxY ] ) +  ( 1 << 10 ) ) >> 11 )

invMidLumaValue = (invMinLumaValue + invMaxLumaValue) >> 1
2. The variable idxYInv is derived by invoking the identification of piece-wise function index process for a luma sample as specified in clause 8.8.2.3 with the variable lumaSample set equal to invMidLumaValue as the input and idxYInv as the output. 
3. The variable varScale is derived as follows:
			varScale = ChromaScaleCoeff[ idxYInv]

8.7.5.3 Picture reconstruction with luma dependent chroma residual scaling process for chroma samples
Inputs to this process are:
· a location ( xCurr, yCurr ) of the top-left sample of the current transform block relative to the top-left sample of the current picture,
· a variable nCurrSw specifying the transform block width,
· a variable nCurrSh specifying the transform block height,
· a variable tuCbfChroma specifying the coded block flag of the current chroma transform block,
· an (nCurrSw)x(nCurrSh) array predSamples specifying the chroma prediction samples of the current block,
· an (nCurrSw)x(nCurrSh) array resSamples specifying the chroma residual samples of the current block.
Output of this process is a reconstructed chroma picture sample array recSamples.
The reconstructed chroma picture sample recSamples is derived as follows for i = 0..nCurrSw − 1, j = 0..nCurrSh − 1:
· If one of the following conditions is true, recSamples[ xCurr + i ][ yCurr + j ] is set equal to Clip1C( predSamples[ i ][ j ] + resSamples[ i ][ j ] ):
· slice_chroma_residual_scale_flag is equal to 0
·  nCurrSw * nCurrSh is less than or euqal to 4
· tu_cbf_cb [ xCurr ][ yCurr ] is equal to 0 and tu_cbf_cr [ xCurr ][ yCurr ] is equal to 0
· Otherwise, the following applies:
· For the derivation of the variable varScale the following ordered steps apply:
4. The variable invAvgLuma is derived as follows:
invAvgLuma = Clip1Y( ( 
	 + nCurrSw * nCurrSh * ( ( SubWidthC * SubHeightC ) / 2 ) ) / 	(8‑996)
		( nCurrSw * nCurrSh *SubWidthC * SubHeightC ) )
5. The variable idxYInv is derived by invoking the identification of piece-wise function index process for a luma sample as specified in clause 8.8.2.3 with the variable lumaSample set equal to invAvgLuma as the input and idxYInv as the output. 
6. The variable varScale is derived as follows:
			varScale = ChromaScaleCoeff[ idxYInv]
· The recSamples is derived as follows:
· If tuCbfChroma is equal to 1, the following applies:
resSamples[ i ][ j ] = Clip3( −( 1 << BitDepthC ), ( 1 << BitDepthC ) − 1, resSamples[ i ][ j ] )	(8‑998)
recSamples[ xCurr + i ][ yCurr + j ] = Clip1C( predSamples[ i ][ j ] + 	(8‑999)
	Sign( resSamples[ i ][ j ] ) * ( ( Abs( resSamples[ i ][ j ] ) * varScale + ( 1 << 10 ) ) >> 11 ) )
· Otherwise (tu_cbf is equal to 0), the following applies:
			recSamples[ xCurr + i ][ yCurr + j ] = Clip1C(predSamples[ i ][ j ] )


Simulation results
The proposed methods were implemented based on the VTM-5.0 reference software [3] and tested based on the common test conditions as specified in [4]. 
Applying the proposed CRS methods to single tree only
Simulation results of Method #1 and Method #2 under the CTC are provided in Table 1 and Table 2, respectively. The anchor is VTM5.0, in which the CRS is only enabled in single tree.
[bookmark: _Hlk9182280]Table 1: Simulation results of the proposed method #1 versus SDR CTC
	
	　Random Access

	
	　Over VTM-5.0　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	-0.15%
	0.05%
	101%
	100%

	Class A2
	-0.01%
	0.11%
	-0.01%
	100%
	101%

	Class B
	0.00%
	0.04%
	-0.02%
	99%
	100%

	Class C
	-0.02%
	-0.13%
	-0.13%
	98%
	100%

	Class E
	　
	
	　
	　
	　

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

	Class D
	0.02%
	-0.12%
	-0.02%
	99%
	100%

	Class F
	0.01%
	0.01%
	-0.05%
	100%
	100%

	
	
	
	
	
	

	
	　Low Delay B　

	
	　Over VTM-5.0　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.01%
	0.28%
	0.32%
	100%
	99%

	Class C
	0.03%
	0.00%
	-0.14%
	100%
	100%

	Class E
	-0.01%
	-0.20%
	-0.78%
	99%
	101%

	Overall
	0.01%
	0.06%
	-0.11%
	100%
	100%

	Class D
	-0.01%
	-0.06%
	-0.05%
	97%
	99%

	Class F
	0.01%
	-0.27%
	-0.27%
	100%
	100%



Table 2: Simulation results of the proposed method #2 versus SDR CTC
	
	　Random Access　

	
	　Over VTM-5.0　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.47%
	-0.21%
	101%
	100%

	Class A2
	-0.01%
	0.11%
	-0.01%
	100%
	99%

	Class B
	0.00%
	0.07%
	0.00%
	99%
	100%

	Class C
	-0.03%
	-0.12%
	-0.10%
	99%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.01%
	-0.08%
	-0.07%
	100%
	100%

	Class D
	0.02%
	-0.12%
	-0.02%
	100%
	101%

	Class F
	0.01%
	0.01%
	-0.05%
	100%
	98%

	
	
	
	
	
	

	
	　Low Delay B　

	
	　Over VTM-5.0　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.01%
	0.31%
	0.32%
	99%
	99%

	Class C
	0.01%
	0.03%
	-0.22%
	101%
	100%

	Class E
	-0.01%
	-0.20%
	-0.78%
	100%
	101%

	Overall
	0.01%
	0.09%
	-0.14%
	100%
	100%

	Class D
	-0.01%
	-0.06%
	-0.05%
	98%
	98%

	Class F
	0.01%
	-0.27%
	-0.27%
	99%
	101%


Applying the proposed CRS methods to both single tree and dual tree
Simulation results of enabling Method #1 and Method #2 to both the dual tree and single tree are provided in Table 3 and Table 4, respectively. The anchor is VTM5.0, in which the CRS is only enabled in single tree.
Table 3: Simulation results of enabling the proposed method #1 to both dual tree and single tree versus SDR CTC
	
	　
	　
	All Intra
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.15%
	0.48%
	0.41%
	104%
	101%

	Class A2
	-0.27%
	2.15%
	2.33%
	100%
	100%

	Class B
	0.01%
	0.12%
	0.07%
	101%
	105%

	Class C
	0.23%
	-1.87%
	-1.96%
	108%
	105%

	Class E
	0.06%
	-0.68%
	-1.02%
	103%
	107%

	Overall 
	-0.01%
	-0.06%
	-0.13%
	103%
	104%

	Class D
	0.10%
	-0.76%
	-1.12%
	106%
	105%

	Class F
	0.31%
	-1.64%
	-1.78%
	102%
	105%

	
	
	
	
	
	

	
	　
	　
	Random Access
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	-0.15%
	0.05%
	101%
	100%

	Class A2
	-0.01%
	0.11%
	-0.01%
	101%
	102%

	Class B
	0.02%
	-0.29%
	-0.39%
	102%
	104%

	Class C
	0.09%
	-2.22%
	-2.27%
	104%
	104%

	Class E
	　
	
	　
	　
	　

	Overall
	0.02%
	-0.70%
	-0.73%
	102%
	103%

	Class D
	0.08%
	-1.35%
	-1.32%
	104%
	106%

	Class F
	0.16%
	-1.67%
	-1.53%
	101%
	105%

	
	
	
	
	
	

	
	　
	　
	Low Delay B
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.03%
	0.12%
	-0.21%
	100%
	102%

	Class C
	0.03%
	-0.46%
	-0.34%
	100%
	106%

	Class E
	0.09%
	-2.32%
	-2.21%
	100%
	107%

	Overall
	0.05%
	-0.68%
	-0.76%
	100%
	104%

	Class D
	0.06%
	-0.57%
	1.49%
	103%
	105%

	Class F
	0.03%
	-1.09%
	-0.70%
	100%
	106%



Table 4: Simulation results of enabling the proposed method #2 to both dual tree and single tree versus SDR CTC
	
	　
	　
	All Intra
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.14%
	0.50%
	0.31%
	103%
	102%

	Class A2
	-0.27%
	2.10%
	2.30%
	101%
	101%

	Class B
	0.01%
	0.14%
	0.10%
	102%
	105%

	Class C
	0.22%
	-1.83%
	-1.95%
	105%
	104%

	Class E
	0.06%
	-0.68%
	-1.02%
	103%
	107%

	Overall 
	-0.01%
	-0.05%
	-0.14%
	103%
	104%

	Class D
	0.10%
	-0.78%
	-1.14%
	104%
	104%

	Class F
	0.31%
	-1.64%
	-1.78%
	102%
	106%

	
	
	
	
	
	

	
	　
	　
	Random Access
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.47%
	-0.21%
	100%
	101%

	Class A2
	-0.01%
	0.11%
	-0.01%
	101%
	101%

	Class B
	0.02%
	-0.27%
	-0.38%
	101%
	104%

	Class C
	0.08%
	-2.28%
	-2.20%
	104%
	105%

	Class E
	　
	
	　
	　
	　

	Overall
	0.02%
	-0.77%
	-0.75%
	102%
	103%

	Class D
	0.08%
	-1.35%
	-1.32%
	104%
	106%

	Class F
	0.16%
	-1.67%
	-1.53%
	101%
	105%

	
	
	
	
	
	

	
	　
	　
	Low Delay B
	　
	　

	
	　
	　
	Over VTM-5.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.02%
	0.21%
	-0.14%
	99%
	102%

	Class C
	0.02%
	-0.61%
	-0.50%
	101%
	105%

	Class E
	0.09%
	-2.32%
	-2.21%
	101%
	109%

	Overall
	0.04%
	-0.69%
	-0.78%
	100%
	105%

	Class D
	0.06%
	-0.57%
	1.49%
	102%
	106%

	Class F
	0.03%
	-1.09%
	-0.70%
	101%
	107%



Supplemental results for applying the proposed methods to HDR PQ sequences
In HDR CTC [5], the LMCS is by default turned off. In order to test the effectiveness of the proposed CRS for LMCS, we firstly turned on the LMCS coding tool on HDR PQ sequences by adding the following configuration parameters to the encoder command line:
--LumaLevelToDeltaQPMode=0 --LumaReshapeEnable=1 --ReshapeSignalType=1
Table 5 shows the simulations results of turning on the LMCS versus the HDR CTC anchor.
Table 5:Enabling LMCS to HDR PQ (LQP0 LMCS1) versus the HDR CTC anchor (LQP1 LMCS0)
	
	wPSNR-Y
	wPSNR-U
	wPSNR-V

	AI
	-1.64%
	14.15%
	8.34%

	RA
	-1.60%
	14.12%
	6.85%


Compared with enabling the LMCS (LQP0 LMCS1), simulation results of enabling Method #1 and Method #2 to both the dual tree and single tree are provided in Table 6. 
Table 6: Simulation results of enabling the proposed method #1 and method #2 to both single tree and dual tree, versus HDR LQP0 LMCS1
	
	
	wPSNR-Y
	wPSNR-U
	wPSNR-V

	Method #1
	AI
	0.00%
	0.00%
	0.00%

	
	RA
	-0.01%
	-0.47%
	-1.11%

	Method #2
	AI
	1.46%
	-13.77%
	-17.80%

	
	RA
	1.13%
	-15.52%
	-19.20%


Compared with HDR CTC anchor, simulation results of enabling Method #1 and Method #2 to both the dual tree and single tree are provided in Table 7. 
Table 7: Simulation results of enabling the proposed method #1 and method #2 to both single tree and dual tree, versus HDR CTC anchor
	[bookmark: _Hlk13534660]
	
	DE100
	PSNR-L100
	wPSNR-Y
	wPSNR-U
	wPSNR-V

	Method #1
	AI
	
	
	-1.64%
	14.15%
	8.34%

	
	RA
	
	
	-1.61%
	13.87%
	5.89%

	Method #2
	AI
	0.65%
	-0.71%
	-0.20%
	-2.68%
	-12.07%

	
	RA
	-0.14%
	-0.73%
	-0.49%
	-4.14%
	-13.73%



Conclusions
In this contribution, a fixed chroma scaling factor is proposed to be calculated only once with a LMCS model, and then used for all CRS blocks in the slices that refer to the same LMCS model. By using the proposed method, the dependency between luma component and chroma component is totally removed. It is recommended adopting one of the proposed methods. 
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