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Abstract
This contribution reports the simulation results of EE2 Test 1.7. In Test 1.7, a non-linear term of the down-sampled reconstructed luma value is introduced into the CCLM method and the model parameters are derived by the adjacent samples based on the LDL decomposition method used in CCCM. In Test 1.7a, the original CCLM method is replaced by the proposed non-linear model method. In Test 1.7b, the proposed non-linear method is signaled as an additional mode. In Test 1.7c, based on Test 1.7b, the CCCM parameter derivation method is used for the proposed non-linear model, that is six rows and columns adjacent samples are used. It is reported that on top of ECM-6.0, the overall coding performance impact for {Y, U, V, EncT, DecT} are:
· Test 1.7a (CCLM with non-linear term):
	{ 0.01%, 0.26%, 0.07%, 101%, 100%} AI, {-0.04%, 0.31%, -0.07%, 99%, 99%} RA;
· Test 1.7b (CCLM with non-linear term as an additional mode):
	{ -0.02%, -0.61%, -0.69%, 107%, 100%} AI, {-0.06%, -0.27%, -0.59%, 103%, 100%} RA;
· Test 1.7c (CCLM with non-linear term as an additional mode with CCCM parameter derivation):
	{ -0.01%, -0.63%, -0.75%, 108%, 100%} AI, {-0.07%, -0.29%, -0.64%, 103%, 100%} RA;
Introduction
In ECM-6.0 [1], the Cross Component Linear Model (CCLM) is used to reduce the cross-component redundancy, for which a chroma sample is predicted from the down-sampled collocated luma sample by a linear model as:

where  represents the predicted value of a chroma sample,  represents the reconstructed value of the collocated luma samples which are down-sampled for the case of non-4:4:4 color format and the linear model parameters  and  are derived based on one row and column reconstructed samples that are adjacent to the current block by the linear minimum mean square error (LMMSE) method.
In order to improve the coding efficiency of CCLM, a new CCLM method is proposed in the last JVET meeting [2], and studied in EE2 Test 1.7 [3], where a non-linear term of the down-sampled reconstructed luma value is introduced into the CCLM method and the model parameters are derived by the adjacent samples based on the LDL decomposition method used in CCCM. This contribution reports the simulation results of EE2 Test 1.7.
Proposed methods
In Test 1.7, it is proposed to introduce a non-linear term of the reconstructed luma sample value into the CCLM method, so that the chroma sample can be predicted by a non-linear model as:

where the model parameters ,  and  are derived from the reconstructed values of the top 2 rows and left 2 columns adjacent samples based on the LDL decomposition method used in CCCM. 
In Test 1.7a, the proposed non-linear model is applied to all the 6 CCLM modes when slope adjustment factor is equal to 0 without any additional signaling. In Test 1.7b, the proposed non-linear model is signaled as an additional mode. When one of the 6 CCLM mode is enabled to the current block, an extra flag is signaled to indicate whether to use the proposed non-linear model. In Test 1.7c, based on Test 1.7b, the CCCM parameter derivation method is used when the proposed non-linear model is selected, that is six rows and columns adjacent samples are used to derive the model parameters.
Simulation results
The proposed methods are implemented on top of ECM-6.0 and are tested under CTC for enhanced compression tool testing [4] with all intra and random access configurations. The simulation results of Test 1.7a, Test 1.7b and Test 1.7c are shown in Table 1, Table 2 and Table 3, respectively.
[bookmark: _Ref116401140]Table 1. Test 1.7a: CCLM with non-linear term
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	All Intra Main10 

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.06%
	-0.36%
	-0.85%
	101%
	100%

	Class A2
	0.03%
	0.54%
	0.28%
	102%
	100%

	Class B
	0.02%
	0.33%
	0.18%
	100%
	99%

	Class C
	0.04%
	0.37%
	0.39%
	101%
	100%

	Class E
	0.01%
	0.34%
	0.17%
	101%
	101%

	Overall 
	0.01%
	0.26%
	0.07%
	101%
	100%

	Class D
	0.05%
	0.55%
	0.25%
	101%
	100%

	Class F
	0.00%
	0.42%
	0.44%
	100%
	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.20%
	0.00%
	-0.94%
	100%
	99%

	Class A2
	-0.01%
	0.37%
	0.14%
	99%
	99%

	Class B
	0.01%
	0.52%
	-0.02%
	99%
	99%

	Class C
	0.01%
	0.25%
	0.38%
	99%
	100%

	Class E
	　
	　
	　
	
	　

	Overall
	-0.04%
	0.31%
	-0.07%
	99%
	99%

	Class D
	0.01%
	0.42%
	0.01%
	99%
	99%

	Class F
	0.04%
	0.36%
	0.21%
	99%
	100%
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	All Intra Main10 

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.07%
	-1.63%
	-1.72%
	107%
	101%

	Class A2
	0.01%
	-0.32%
	-0.41%
	111%
	100%

	Class B
	0.00%
	-0.41%
	-0.60%
	105%
	100%

	Class C
	-0.02%
	-0.59%
	-0.65%
	109%
	101%

	Class E
	0.01%
	-0.26%
	-0.16%
	106%
	101%

	Overall 
	-0.02%
	-0.61%
	-0.69%
	107%
	100%

	Class D
	-0.01%
	-0.43%
	-0.64%
	109%
	101%

	Class F
	-0.04%
	-0.71%
	-0.65%
	104%
	100%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.23%
	-0.60%
	-1.39%
	103%
	100%

	Class A2
	-0.04%
	-0.17%
	-0.23%
	103%
	100%

	Class B
	-0.01%
	-0.18%
	-0.50%
	103%
	100%

	Class C
	-0.01%
	-0.22%
	-0.36%
	102%
	100%

	Class E
	　
	　
	　
	
	　

	Overall
	-0.06%
	-0.27%
	-0.59%
	103%
	100%

	Class D
	-0.02%
	-0.83%
	-0.70%
	102%
	100%

	Class F
	-0.06%
	-0.28%
	-0.41%
	102%
	100%



[bookmark: _Ref116483624]Table 3. Test 1.7c: CCLM with non-linear term as an additional mode with CCCM parameter derivation
	
	All Intra Main10 

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.05%
	-1.91%
	-1.94%
	107%
	101%

	Class A2
	0.02%
	-0.41%
	-0.44%
	112%
	100%

	Class B
	0.00%
	-0.42%
	-0.60%
	105%
	99%

	Class C
	-0.01%
	-0.48%
	-0.62%
	109%
	101%

	Class E
	0.01%
	-0.13%
	-0.32%
	106%
	101%

	Overall 
	-0.01%
	-0.63%
	-0.75%
	108%
	100%

	Class D
	-0.01%
	-0.49%
	-0.70%
	109%
	101%

	Class F
	-0.09%
	-0.79%
	-0.74%
	104%
	100%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.31%
	-0.71%
	-1.69%
	104%
	100%

	Class A2
	-0.04%
	-0.23%
	-0.27%
	103%
	100%

	Class B
	0.00%
	-0.16%
	-0.49%
	103%
	100%

	Class C
	-0.02%
	-0.20%
	-0.31%
	102%
	100%

	Class E
	　
	　
	　
	
	　

	Overall
	-0.07%
	-0.29%
	-0.64%
	103%
	100%

	Class D
	0.01%
	-0.23%
	-0.59%
	102%
	100%

	Class F
	0.00%
	-0.35%
	-0.64%
	102%
	100%
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