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[bookmark: _Toc510422577]Abstract
In JVET-J0017 [1] LGE’s response to the call for proposals (CFP), a new Non-Separable Secondary Transform (NSST) called Reduced Secondary Transform (RST) was proposed and this RST is being investigated in CE 6.2.6. In this contribution, more detailed analysis on test results of CE 6.2.6 is reported and further updated results is shown based on proposed NSST kernel mapping for memory reduction. Specifically the following three tests are investigated;
· Test A: 16x16 direct matrix multiplication for 4x4 NSST
· Test B: Test A + 16x64 direct multiplication for 8x8 NSST (i.e. RST 16)
· Test C: Test B + NSST kernel mapping for memory reduction
For VTM test condition, BD-rate savings of x.xx% (AI), x.xx% (RA)) are observed. 


1) Proposed method
Test A: 16x16 direct matrix multiplication for 4x4 NSST
In current BMS SW, HyGT kernels are used for NSST. In this proposal we use direct matrix multiplication secondary transform for 4x4 NSST. For 4x4 NSST, we propose 16x16 direct matrix multiplication. (This is the same 4x4 NSST we used for our CE 6.2.6)


Test B: 16x64 direct multiplication for 8x8 NSST (RST 16)
In this test, instead of 64x64 direct matrix multiplication, we use 16x64 direct matrix multiplication for 8x8 NSST. For blocks with min (W, H) = 4, up to 2 4x4 NSST is applied to the [min (w, 8), min (H, 8)] top left corner. This test is similar to our CE 6.2.6 test.

Test C: NSST Kernel mapping for memory reduction
In this test, the following memory reduction kernel map is proposed to reduce required memory amount. About 50% of memory 
[image: ]

Table 1 Memory requirement for NSST
	　
	# Type (35 x 3 )
	#bits/coefficient
	Total (KB)

	HyGT 4x4 (BMS)
	105
	
	

	Test A (4x4 NSST)
	105
	
	

	Test B (4x4 NSST + 8x8 RST)
	105
	
	

	Test B with proposed memory reduction Kernel
	57
	
	




[bookmark: _Toc504414405][bookmark: _Toc504414582][bookmark: _Toc504419890][bookmark: _Toc504420041][bookmark: _Toc504422367][bookmark: _Toc504486622][bookmark: _Toc504414262][bookmark: _Toc504414406][bookmark: _Toc504414583][bookmark: _Toc504419891][bookmark: _Toc504420042][bookmark: _Toc504422368][bookmark: _Toc504486623]Experimental results
The proposed method has been implemented based on BMS1.1 reference software and experimentally evaluated for VTM and tested according to common test conditions defined in JVET-J1010 [2] and Core Experiment description in JVET-J1026 [3].

2.1 VTM + Proposed 4x4 NSST 
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Conclusion
A direct matrix multiplication NSST for 4x4 NSST(16x16 direct matrix multiplications) and  8x8 NSST ( 16x64 direct matrix multiplication) is introduced and investigated in this contribution. As reported above, it improves the performance significantly, meanwhile reduces the multiplication and multilayer complexity. Therefore we recommend that the proposed 4x4 NSST and 8x8 NSST is to be included in next VTM update. In addition, we recommend that the proposed memory reduction kernel mapping is to be further studied in a CE activity. 
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