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Abstract
This contribution proposes to utilize Non-Separable Primary Transforms (NSPTs) for certain block sizes instead of separable DCT-II + LFNST. In the proposed design, DCT-II+LFNST is replaced by NSPT for TB sizes 4x4, 4x8, 8x4 and 8x8. The NSPT follow the design of LFNST for each block size, i.e. 35 transform sets depending on the intra mode and 3 candidates. 
The proposed method was implemented on top of ECM-6.0 and provide these results following the common test conditions [2]:
AI: -0.19% (Y), -0.16% (U), -0.17 % (V), 100% (EncT), 99% (DecT). 
Introduction
In ECM-6.0 [1], LFNST can be applied together with separable DCT-II as the primary transform. Three classes of LFNST are supported, which are applied on the following TB sizes:
· LFNST4 is applied on blocks of size 4xN/Nx4 (N4)
· LFNST8 is applied on blocks of size 8xN/Nx8 (N8)
· LFNST16 is applied on blocks of size MxN (M, N16)
Non-separable transforms have the potential to efficiently decorrelate directional patterns at the cost of large kernel sizes. LFNST is a non-separable secondary transform applied on the DCT-II coefficients, which is particularly beneficial in cases where separable DCT-II cannot decorrelate the residual data well. In these cases however, the DCT-II step may be omitted entirely and instead, NSPT may be used directly on the residual data. The potential of NSPT in ECM has been recently shown using sequence-based training and by explicitly signaling the usage of NSPT [3]. 
Proposal
This contribution proposes to replace DCT-II+LFNST by NSPT for the block sizes 4x4, 4x8, 8x4 and 8x8 as shown in Fig. 1. Consequently, LFNST4 and LFNST8 will not be tested for these block sizes. However, they are still used for larger block sizes and are not removed in our design. The NSPTs can therefore be considered an extension of the DCT-II+LFNST design. 


Figure 1 : Proposed design utilizing NSPT & LFNST.
The NSPTs in this proposal follow the design of LFNST, i.e. 3 candidates and 35 sets, chosen based on the intra mode. The kernel sizes are as follows:
· NSPT4x4: 16x16
· NSPT4x8 / NSPT8x4: 32x20
· NSPT8x8: 64x32
Therefore, 12 and 32 coefficients are zeroed-out for NSPT4x8/NSPT8x4 and NSPT8x8 respectively. 

Test Results
The experiments were performed based on ECM-6.0 software following JVET common test conditions [2].. 
	
	All Intra Main 10 

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	-0.15%
	0.02%
	101%
	99%

	Class A2
	0.02%
	-0.14%
	-0.12%
	99%
	98%

	Class B
	-0.17%
	-0.07%
	-0.11%
	100%
	100%

	Class C
	-0.39%
	-0.29%
	-0.35%
	101%
	98%

	Class E
	-0.35%
	-0.18%
	-0.27%
	101%
	101%

	Overall 
	-0.19%
	-0.16%
	-0.17%
	100%
	99%

	Class D
	-0.32%
	-0.39%
	-0.38%
	101%
	98%

	Class F
	-0.25%
	-0.25%
	-0.18%
	97%
	98%



Conclusion
This contribution proposes a transform design utilizing NSPT for block sizes 4x4, 4x8, 8x4 and 8x8 keeping the existing LFNST untouched. It is recommended to further study the NSPT design in the next EE2.
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