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Abstract
In this contribution three groups of software and specification changes are proposed to fix a bug, make the code more compact and readable, and add constraints on LMCS APSs to ease implementation. The proposed changes are: 
1. Bug fix in the process of identifying the index of inverse piecewise function (clause 8.8.2.3);
2. LMCS code changes to improve readability, compactness, and software-specification correspondence without affecting coding performance; 
3. Constraints on LMCS APS,
· The total number of LMCS APS per CVS shall be less than or equal to 4,
· Only one LMCS model per picture shall be allowed.
Introduction 
In this contribution we propose a bug fix, code simplifications, and constraints on LMCS APS. The proposed bug fix corrects an error in the handling of sample values that fall outside of the last LMCS codeword range. The bug fix has miniscule impact on coding performance. The proposed code clean-up would make LMCS code more readable and provide exact correspondence between VTM and the current VVC draft specification [1]. The code clean-up has no impact on coding performance. The proposed LMCS APS constraints would constrain worst-case memory requirements and thus ease implementation.
Proposed changes
Identification of piecewise function index process for a luma sample
There is a bug in VTM and the current VVC draft specification in the process of identifying the index of inverse piecewise function (clause 8.8.2.3 and the corresponding function getPWLIdxInv() in VTM). The proposed bug fix is to replace “<” with “<=” in the piece finding loop. (This bug fix also makes the other boundary conditions in the if and else if statements redundant and thus those superfluous boundary conditions should be removed). 
Without the bug fix, the piece finding loop will return the index to the last valid piece for samples values larger than or equal to the LmcsPivot [ idxYInv + 1 ]. With the proposed fix, the index of the piece following the last valid piece will be returned. Consequently, the inverse luma mapping process would build the PWL inverse LUT for all sample values properly, including those out of valid codeword range due to lossy coding. [For example, in one LMCS model with 14 valid pieces (signaled with min piece index 1 and max piece index 14) and LmcsPivot[14] = 815 and LmcsPivot[15] = 879. The sample values between [815 879) should return piece index 14 and values >= 879 should be categorized into index 15 (with fix) instead of 14 (without fix).] 
[bookmark: _Ref8338992]The proposed change in the VVC specification clause 8.8.2.3 (Identification of piecewise function index process for a luma sample) is as follows (highlighted with yellow color) in equation 8-1003:
if ( lumaSample < LmcsPivot[ lmcs_min_bin_idx + 1 ] )
	idxYInv = lmcs_min_bin_idx
else if ( lumaSample > LmcsPivot[ LmcsMaxBinIdx ] ) 
	idxYInv = LmcsMaxBinIdx
else {					(8‑1003)
	for( idxYInv = lmcs_min_bin_idx; idxYInv <= LmcsMaxBinIdx; idxYInv++ ) {
		if( lumaSample < LmcsPivot [ idxYInv + 1 ] )
			break
	}
}
The bug fix has miniscule effect on coding performance, as shown in Table 1. 
[bookmark: _Ref532490208]Table 1 SDR CTC test results
	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	97%
	98%

	Class A2
	0.00%
	0.00%
	0.00%
	102%
	98%

	Class B
	0.00%
	0.00%
	0.00%
	104%
	103%

	Class C
	0.00%
	0.00%
	0.00%
	95%
	98%

	Class E
	0.00%
	0.00%
	0.00%
	102%
	98%

	Overall 
	0.00%
	0.00%
	0.00%
	100%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	96%
	101%

	Class F
	0.00%
	0.00%
	0.00%
	97%
	98%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.00%
	0.00%
	101%
	101%

	Class A2
	0.00%
	0.00%
	0.00%
	100%
	97%

	Class B
	0.00%
	0.00%
	0.00%
	99%
	99%

	Class C
	0.00%
	0.00%
	0.00%
	97%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	0.00%
	0.00%
	99%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	99%
	103%

	Class F
	0.00%
	0.00%
	0.00%
	99%
	98%

	
	
	
	
	
	

	
	 
	 
	Low delay B Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.00%
	0.01%
	0.01%
	103%
	102%

	Class C
	0.00%
	-0.03%
	-0.01%
	103%
	99%

	Class E
	0.00%
	0.00%
	0.00%
	94%
	98%

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

	Class D
	0.00%
	0.00%
	0.00%
	100%
	101%

	Class F
	0.00%
	0.01%
	-0.05%
	96%
	99%



LMCS code clean-up for readability and correspondence to specification
We propose the below changes to LMCS related code in VTM so as to make the code cleaner, more readable, more compact, and have exact correspondence to the specification. The code clean-up does not change coding performance.
The proposed changes to the current VTM software are: 
1. Align the variable names in the code same as what is in specification: InvScaleCoeff[], ScaleCoeff[], InputPivot[] and  ChromaScaleCoeff[]. 
2. Remove unnecessary functions such as reverseLUT() and updateChromaScaleLUT(); 

Constraints on LMCS APS
We propose the below constraints on LMCS APS so as to ease implementation and constrain worst-case memory requirements. The current VVC draft specification text is incomplete about parameter set storage and activation. We propose to add the following constraints on LMCS APS:
· The total number of LMCS APS shall be less than or equal to 4.
· Only one LMCS model per picture shall be allowed (regardless of the resolution).
[bookmark: _GoBack]In specification clause 7.4.3.5, add constraint of adaptation_parameter_set_id for LMCS_APS.
aps_params_type specifies the type of APS parameters carried in the APS as specified in Table 7.2. When aps_params_type equals 1 (LMCS_APS), the value of adaptation_parameter_set_id shall be in the range of 0 to 3, inclusive.  

In specification clause 7.4.6.1, the semantics of slice_lmcs_aps_id is changed as follows:
slice_lmcs_aps_id specifies the adaptation_parameter_set_id of the LMCS APS that the slice refers to. The value of slice_lmcs_aps_id shall be in the range of 0 to 3, inclusive. The TemporalId of the LMCS APS NAL unit having adaptation_parameter_set_id equal to slice_lmcs_aps_id shall be less than or equal to the TemporalId of the coded slice NAL unit.
When multiple LMCS APSs with the same value of adaptation_parameter_set_id are referred to by two or more slices of the same picture, the multiple LMCS APSs with the same value of adaptation_parameter_set_id shall have the same content. 
Only one LMCS APS with the same value of adaptation_parameter_set_id and the same content shall be referred to by one or more slices of the same picture.

Conclusion
This contribution proposes specification and software clean ups related to LMCS. We recommended that they are adopted into the VVC draft specification and VTM software.
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