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Abstract
This contribution presents a simplification of MTS by removing a dependency between the number of non-zero coefficients and a kernel selection of MTS. MTS in VTM2.0 uses the number of non-zero coefficients to select kernels adaptively in intra mode. If intra and the number of nonzero coefficients is less than two, DST7 kernel is always used both horizontally and vertically. Otherwise, DST7 and DCT8 are evaluated through RDO process to apply transform. The proposed simplification in this contribution is to remove the dependency between the number of non-zero coefficients and a kernel for MTS. Testing results on the proposed method show no BD rate loss on average for All Intra (AI), Random Access (RA), Low Delayed B (LDB), and Low Delayed P (LDP) configurations, respectively, compared to VTM-2.0.1, and 0.1% loss for AI and no BD rate loss on average for RA, LDB, and LDP configurations, respectively, compared to BMS-2.0.1.

Proposed method
In the JVET11th meeting, MTS was adopted onto VTM2.0 with the following descriptions:
1) [bookmark: _GoBack]No 64-length DST7 and DCT8 (no AMT syntax sent when either dimension is larger than 32
2) Uses the syntax that has been in the BMS. AMT is applied only for luma. There are separate enabling flags for intra and inter at SPS level. When AMT is enabled, then
A. If CBF=1, then
i. A flag for DCT2 in both directions; if not then
1. If (intra and the number of nonzero coefficients is greater than two) or inter (regardless of the number of nonzero coefficients)
A. Flag for horizontal is DST7 vs. DCT8
B. Flag for vertical is DST7 vs. DCT8
2.   Otherwise (intra block with only 1 or 2 nonzero coefficients), DST7 is used both horizontally and vertically 
The adopted MTS is designed to select kernels and the way of signaling depending on a prediction mode whether or not intra prediction is used. If intra prediction is used, then the number of non-zero coefficient s is checked additionally to change candidate of kernels adaptively. If the number of nonzero coefficients is less than two in intra coding, DST7 kernel is always used both horizontally and vertically. Otherwise, DST7 and DCT8 are evaluated through RDO process to apply transform. The assumption of the adaptation is to get a better coding efficiency even if additional checking process and dependency are needed. 
From the above motivation, the following description is proposed:
1) No 64-length DST7 and DCT8 (no AMT syntax sent when either dimension is larger than 32
2) Uses the syntax that has been in the BMS. AMT is applied only for luma. There are separate enabling flags for intra and inter at SPS level. When AMT is enabled, then
A. If CBF=1, then
i. A flag for DCT2 in both directions; if not then
1. If (intra and the number of nonzero coefficients is greater than two) or inter (regardless of the number of nonzero coefficients)
A. Flag for horizontal is DST7 vs. DCT8
B. Flag for vertical is DST7 vs. DCT8
2. Otherwise (intra block with only 1 or 2 nonzero coefficients), DST7 is used both horizontally and vertically 

In this contribution, we propose a simplification of MTS by removing a dependency between the number of non-zero coefficients and candidates of MTS kernel. From the simplification, the proposed method can provide the same signaling and process for intra coding with those of inter coding, following a flag for horizontal MTS and a flag for vertical MTS regardless of the number of non-zero coefficients in case that MTS is used in CU.

Test result 
Test conditions follows the description in CE6 document [1]. BMS SW was used for these experiments, as specified in JVET-K1010 [2].

Test result compared to anchor
Table 1 shows test results on the proposed method compared to anchors of VTM and BMS.  
Table 1: Test results compared to VTM and BMS
	
	All Intra Main10 

	
	Over BMS-2.0.1 with VTM cfgs
	Over BMS-2.0.1 with BMS cfgs

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.0%
	0.1%
	0.1%
	97%
	98%
	0.0%
	0.0%
	0.1%
	102%
	100%

	Class A2
	0.0%
	0.0%
	0.0%
	101%
	100%
	0.0%
	0.0%
	0.0%
	101%
	101%

	Class B
	0.1%
	0.1%
	0.1%
	101%
	101%
	0.1%
	0.1%
	0.1%
	101%
	100%

	Class C
	0.0%
	0.1%
	0.3%
	96%
	99%
	0.1%
	0.0%
	0.2%
	101%
	99%

	Class E
	0.1%
	0.1%
	0.0%
	101%
	100%
	0.1%
	0.1%
	0.2%
	101%
	100%

	Overall 
	0.0%
	0.1%
	0.1%
	99%
	100%
	0.1%
	0.0%
	0.1%
	101%
	100%

	Class D
	0.0%
	0.3%
	-0.1%
	100%
	99%
	0.1%
	0.0%
	0.0%
	101%
	100%

	Class F (optional)
	0.0%
	0.0%
	0.0%
	100%
	100%
	0.1%
	0.0%
	-0.1%
	105%
	100%

	
	
	
	
	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over BMS-2.0.1 with VTM cfgs
	Over BMS-2.0.1 with BMS cfgs

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.0%
	0.0%
	0.0%
	102%
	101%
	0.0%
	-0.1%
	0.1%
	101%
	100%

	Class A2
	0.0%
	0.0%
	0.0%
	103%
	99%
	0.0%
	0.0%
	0.0%
	101%
	100%

	Class B
	0.0%
	0.0%
	0.1%
	100%
	100%
	0.0%
	0.1%
	0.1%
	101%
	100%

	Class C
	0.0%
	0.1%
	0.2%
	101%
	100%
	0.0%
	0.1%
	0.1%
	100%
	100%

	Overall
	0.0%
	0.0%
	0.1%
	101%
	100%
	0.0%
	0.0%
	0.1%
	101%
	100%

	Class D
	0.1%
	-0.2%
	0.2%
	100%
	99%
	0.0%
	0.4%
	0.1%
	101%
	101%

	Class F (optional)
	0.0%
	0.2%
	-0.1%
	98%
	99%
	0.0%
	-0.1%
	0.0%
	101%
	99%

	
	
	
	
	
	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over BMS-2.0.1 with VTM cfgs
	Over BMS-2.0.1 with BMS cfgs

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class B
	0.1%
	-0.2%
	-0.5%
	100%
	99%
	0.0%
	-0.1%
	-0.3%
	100%
	100%

	Class C
	0.1%
	0.1%
	-0.1%
	100%
	100%
	0.0%
	-0.1%
	0.0%
	100%
	99%

	Class E
	-0.1%
	-0.7%
	-0.3%
	100%
	99%
	0.1%
	-0.2%
	0.5%
	100%
	100%

	Overall
	0.0%
	-0.2%
	-0.3%
	100%
	99%
	0.0%
	-0.1%
	0.0%
	100%
	100%

	Class D
	0.1%
	0.4%
	-0.5%
	100%
	100%
	0.0%
	0.4%
	0.3%
	96%
	99%

	
	
	
	
	
	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over BMS-2.0.1 with VTM cfgs
	Over BMS-2.0.1 with BMS cfgs

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class B
	0.0%
	0.1%
	0.5%
	100%
	100%
	0.0%
	-0.1%
	-0.1%
	101%
	101%

	Class C
	0.0%
	0.3%
	-0.2%
	101%
	101%
	0.0%
	-0.2%
	0.0%
	100%
	101%

	Class E
	0.1%
	0.1%
	-0.6%
	100%
	100%
	0.1%
	-0.5%
	1.3%
	99%
	98%

	Overall
	0.0%
	0.2%
	0.0%
	100%
	100%
	0.0%
	-0.2%
	0.3%
	100%
	100%

	Class D
	0.1%
	-0.1%
	0.4%
	100%
	100%
	0.0%
	0.5%
	1.3%
	100%
	99%

	Class F (optional)
	0.1%
	0.1%
	0.1%
	101%
	101%
	0.0%
	0.3%
	-0.6%
	101%
	100%

	Class F (optional)
	0.0%
	0.1%
	0.5%
	100%
	100%
	0.0%
	-0.1%
	-0.1%
	101%
	101%



VTM test result
For testing proposed method for VTM testing, VTM configuration files were used with BMS 2.0.1 software, and results are shown in Table 1. The average BD-rate shows no loss at all scenarios, respectively.

BMS test result
For testing proposed method for BMS testing, BMS configuration files were used with BMS 2.0.1 software, and results are shown in Table 1. The average BD-rate shows no loss at RA, LDB, and LDP and 0.1% loss at AI, respectively.

Proposed text for WD
This section provides texts related to proposed method on top of VVC WD2 clauses 7.4.5 and 8.3.4.

7.4.5.7	Transform unit semantics
cu_mts_flag[ x0 ][ y0 ] equal to 1 specifies that multiple transform selection is applied to the residual samples of the associated luma transform block. cu_mts_flag[ x0 ][ y0 ] equal to 0 specifies that multiple transform selection is not applied to the residual samples of the associated luma transform block. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered transform block relative to the top-left luma sample of the picture.
When cu_mts_flag[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.

7.4.5.8	Residual coding semantics
mts_idx[ x0 ][ y0 ] specifies which transform kernels are applied to the luma residual samples along the horizontal and vertical direction of the current transform block. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered transform block relative to the top-left luma sample of the picture.
When mts_idx[ x0 ][ y0 ] is not present, it is inferred to be equal to 0.
· If cu_mts_flag[ x0 ][ y0 ] is equal to 0 or cIdx is greater than 0, mts_idx[ x0 ][ y0 ] is inferred to be equal to −1.
· Otherwise, mts_idx[ x0 ][ y0 ] is inferred to be equal to 0.
Conclusion
This contribution presents a simplification of MTS by removing a dependency between the number of non-zero coefficients and a kernel selection of MTS. The benefit of using the proposed method comparing to MTS in BMS is that the proposed method removes a dependency between MTS kernel selection and the number of non-zero coefficient and align a syntax design of MTS for inter coding. The testing results show that the proposed method does not affect any coding performance in all scenarios. So, it is recommend to adopt the proposed method into the next version of test model of VVC.
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