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Abstract
This contribution proposes a method of using adaptive coefficient precision for CCALF to replace the fixed 7-bit precision currently used in ECM. The proposed method is implemented on top of ECM-11.0 software, and its performance is reported as follows:
AI: { 0.00% Y, -0.20% U, -0.25% V, 100.2% EncT, 100.5% DecT } 
RA: { 0.00% Y, -0.26% U, -0.39% V, 99.9% EncT, 100.0% DecT }
Introduction
In Cross Component Adaptive Loop Filter (CCALF) of ECM-11.0, the coefficient precision used in training and filtering is a fixed value, i.e., the precision value for both Cb and Cr is set to 7-bit. In the training process, the coefficients of each filter are calculated by solving the corresponding Weiner-Hopf equation. Those coefficients are floating-point numbers during the calculation, and then they are mapped to  by multiplication with 128 and along with a rounding process. In the filtering process, because the coefficients have been multiplied by 128 previously, the filter outputs would right-shift 7 bits to get the final correct results.
Proposed methods
This contribution proposes to apply an adaptive coefficient precision in CCALF. 
In the training process, there are four coefficient precision candidates, and the candidate list is set to be {7, 8, 9, 10}. Firstly, each frame traverses those precision candidates to get the corresponding filter coefficients, then the corresponding distortion and bit cost for each precision are calculated. The coefficient precision corresponding to the minimum RD cost is selected as the best coefficient precision  for the current frame. The best coefficient precision  together with the integerized filter coefficients calculated with the selected , CTU filter index and the number of filters are used for the filtering process and therefore are coded in the bitstream. It is noted that all the filters for the same chroma component in one frame share the same coefficient precision .
During the filtering process, the coefficient precision  instead of a fixed 7-bit precision value will be used. For chroma pixel at location , the output of the filter is calculated as follows:

where is the best coefficient precision selected in the training process; is the integerized coefficient calculated with ; is the corresponding luma pixel. 
The filtered pixel  after CCALF is: 

where  is the chroma pixel value at location  before CCALF.
There are two  syntax elements for each frame, one for Cr and one for Cb, and they would be coded individually in APS.
Experimental results
The proposed method is implemented on top of ECM-11.0 [1]. The test results are reported as follows by following the common test conditions [2]:

Table 1. The proposed method on top of ECM-11.0
	
	All Intra Main10

	
	　
	　
	Over ECM-11.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.09%
	-0.09%
	100.3%
	100.7%

	Class A2
	0.00%
	-0.17%
	-0.10%
	100.3%
	100.4%

	Class B
	0.00%
	-0.24%
	-0.41%
	100.2%
	101.0%

	Class C
	0.01%
	-0.17%
	-0.25%
	100.1%
	99.8%

	Class E
	0.01%
	-0.30%
	-0.32%
	100.1%
	100.4%

	Overall 
	0.00%
	-0.20%
	-0.25%
	100.2%
	100.5%

	Class D
	0.02%
	-0.26%
	-0.47%
	100.3%
	99.7%

	Class F
	0.01%
	-0.42%
	-0.47%
	100.3%
	100.3%



	
	　Random access Main10 

	
	　
	　
	Over ECM-11.0
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.22%
	-0.23%
	99.7%
	100.0%

	Class A2
	0.02%
	-0.10%
	-0.22%
	99.6%
	99.8%

	Class B
	0.00%
	-0.39%
	-0.62%
	100.0%
	99.9%

	Class C
	0.01%
	-0.25%
	-0.35%
	100.0%
	100.1%

	Class E
	　
	
	　
	　
	　

	Overall
	0.00%
	-0.26%
	-0.39%
	99.9%
	100.0%

	Class D
	0.02%
	-0.43%
	-0.81%
	100.2%
	100.1%

	Class F
	0.01%
	-0.35%
	-0.52%
	100.1%
	99.6%


Conclusion
[bookmark: _Hlk155642314]This contribution proposes using an adaptive coefficient precision instead of a fixed precision in CCALF. The results show that the proposed method can improve the coding efficiency of ECM with minor complexity increases. It is suggested to further study this method in EE2.
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