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Abstract
The contribution JVET-AF0082 [3] proposes to use LFNST/NSPT for inter blocks. In this contribution, a small fix is proposed on top of JVET-AF0082 to avoid signaling LFNST index when inter block is SBT coded. Next, the concept of LFNST/NSPT is further extended to the IBC coded blocks.  
Compared to ECM-11, the average BDR gains and runtimes of the extensions reported in this contribution are as follows: 
-0.021% 0.00%	 0.01%   101.2%	97.5% for the AI configuration, 
-0.34%	0.17%	0.12%	100.5%	96.1% for the RA configuration, 
-1.66%	-0.15%	-0.56%	111.2%	97.5%	101.2%for the Low Delay B configuration.    
Since LFNST is disabled in current CTC of ECM-11, the LDB results reported above are obtained by enabling LFNST for both the anchor and test. 
Introduction 
Low-Frequency non-separable transforms (LFNST) was first introduced in VVC and has been further enhanced in ECM. In addition to LFNST, a non-separable primary transform (NSPT) set is included in ECM that replace the DCT2 plus LFNST transform combination with a single primary transform. The combination of LFNST/NSPT outperforms using LFNST alone. 
In JVET-AF0082, LFNST/NSPT is extended to inter blocks where a virtual intra prediction mode (VIPM) is employed to derive a direction. This direction is used to determine the LFNST/NSPT kernel set. An index is coded to indicate the choice of LFNST kernel inside a set. 
It is asserted that IBC blocks can also benefit from the application of LFNST/NSPT. 
Proposed method
In this contribution, a fix is proposed on top of the Inter-LFNST studied in the current EE2 [4]. Since LFNST/NSPT is not applied to SBT blocks, the LFNST index of 0 can be inferred on the decoder side and hence, need not to be signaled in the bitstream. 
Further, in this contribution, inter-LFNST/NSPT is extended to IBC blocks. In ECM, IBC mode is enabled for natural content. The residual signal statistics of IBC blocks are similar to the inter blocks. Therefore, it is proposed to enable LFNST/NSPT for IBC blocks as well. 

Results 
The proposed modifications are implemented on top of the EE2 Test 3.3 [4] in ECM-11.0 [1] and tested according to the common test conditions (CTC) for ECM-11.0. 
Table 1 and Table 2 shows the per-class coding gain of the EE2 Test 3.3 without and with the SBT signaling fix for RA and LDB configurations. Table 3 shows the per-class results of extending the LFNST to IBC blocks on top of the SBT signaling fix. 

Please note that for LDB configuration, LFNST is enabled for both the anchor and the test.  
  
[bookmark: _Ref155877016]Table 1: LFNST/NSPT for INTER without SBT signaling fix vs ECM-11.0
	
	Random Access Main 10

	
	Over ECM-11.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	-0.27%
	0.06%
	0.06%
	98.8%
	91.1%
	101.2%

	Class A2
	-0.23%
	0.24%
	0.01%
	99.1%
	93.4%
	102.0%

	Class B
	-0.31%
	0.24%
	0.11%
	99.3%
	95.5%
	100.2%

	Class C
	-0.42%
	0.35%
	0.17%
	101.4%
	99.7%
	100.3%

	Class E
	 
	
	 
	 
	
	 

	Overall
	-0.32%
	0.23%
	0.10%
	99.7%
	95.3%
	100.8%

	Class D
	-0.31%
	0.50%
	0.30%
	99.5%
	98.4%
	99.4%

	Class F
	-0.21%
	0.10%
	-0.02%
	99.6%
	99.4%
	100.7%

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	
	
	
	
	
	
	

	
	Low delay B Main 10 

	
	Over ECM-11.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	Class C
	-1.96%
	-0.38%
	-0.78%
	112.8%
	99.0%
	100.3%

	Class E
	-1.55%
	-0.71%
	-1.50%
	109.6%
	99.9%
	103.0%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	Class D
	-1.04%
	0.14%
	-0.44%
	110.8%
	99.1%
	98.1%

	Class F
	-1.24%*
	-0.90%
	-0.54%
	102.2%
	94.1%
	#NUM!

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!


* qp22 point is copied from anchor to test


[bookmark: _Ref155877025]Table 2: LFNST/NSPT for INTER with the signaling fix vs ECM-11
	
	Random Access Main 10

	
	Over ECM-11.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	Class B
	-0.35%
	-0.01%
	0.20%
	95.2%
	88.7%
	100.2%

	Class C
	-0.45%
	0.36%
	0.10%
	101.0%
	99.0%
	100.3%

	Class E
	 
	
	 
	 
	
	 

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	Class D
	-0.35%
	0.23%
	0.30%
	100.0%
	99.3%
	99.5%

	Class F
	-0.26%
	0.13%
	-0.04%
	98.6%
	97.6%
	100.6%

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	
	
	
	
	
	
	

	
	Low delay B Main 10 

	
	Over ECM-11.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	Class C
	-1.99%
	-0.23%
	-0.93%
	108.2%
	92.5%
	100.3%

	Class E
	-1.62%
	-0.08%
	-1.01%
	107.0%
	94.3%
	103.6%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	Class D
	-1.26%
	-0.16%
	-0.72%
	110.5%
	98.2%
	98.1%

	Class F
	-1.09%*
	-0.59%
	-0.31%
	103.1%
	96.6%
	#NUM!

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!


* qp22 point is copied from anchor to test

[bookmark: _Ref155900946]Table 3: LFNST/NSPT for INTER, IBC with SBT signaling fix vs ECM-11
	
	Random Access Main 10

	
	Over ECM-11.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	-0.27%
	0.09%
	0.05%
	99.5%
	93.0%
	101.2%

	Class A2
	-0.21%
	0.11%
	0.16%
	99.7%
	94.9%
	102.2%

	Class B
	-0.37%
	0.12%
	0.13%
	100.6%
	95.3%
	99.9%

	Class C
	-0.46%
	0.33%
	0.14%
	101.6%
	100.3%
	100.3%

	Class E
	 
	
	 
	 
	
	 

	Overall
	-0.34%
	0.17%
	0.12%
	100.5%
	96.1%
	100.7%

	Class D
	-0.32%
	0.29%
	0.12%
	100.5%
	98.0%
	99.4%

	Class F
	-0.28%
	0.07%
	-0.08%
	100.7%
	100.3%
	100.5%

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!

	
	
	
	
	
	
	

	
	Low delay B Main 10 

	
	Over ECM-11.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 

	Class B
	-1.40%
	0.06%
	-0.01%
	111.1%
	95.1%
	100.6%

	Class C
	-2.05%
	-0.06%
	-0.83%
	113.3%
	98.9%
	100.2%

	Class E
	-1.57%
	-0.63%
	-1.11%
	108.7%
	99.7%
	103.3%

	Overall
	-1.66%
	-0.15%
	-0.56%
	111.2%
	97.5%
	101.2%

	Class D
	-1.28%
	0.05%
	-0.67%
	111.3%
	99.7%
	97.6%

	Class F
	-1.76%
	-0.18%
	-0.48%
	111.4%
	100.4%
	100.2%

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!




The AI configuration results of LFNST for IBC on top of ECM-11.0 are reported in the table below. It is noted that the LFNST for IBC provides a coding gain under all classes with a slight increase in complexity.
 
	
	All Intra Main 10 

	
	Over ECM-11.0

	
	Y
	U
	V
	EncT
	DecT
	VmPeak

	Class A1
	-0.02%
	-0.06%
	0.02%
	101.6%
	98.7%
	100.8%

	Class A2
	0.00%
	0.02%
	0.01%
	101.6%
	96.7%
	100.8%

	Class B
	-0.01%
	0.05%
	-0.04%
	100.2%
	95.3%
	100.4%

	Class C
	-0.02%
	-0.06%
	0.04%
	102.0%
	99.6%
	100.3%

	Class E
	-0.04%
	0.05%
	0.05%
	101.1%
	98.2%
	99.6%

	Overall 
	-0.02%
	0.00%
	0.01%
	101.2%
	97.5%
	100.3%

	Class D
	-0.02%
	-0.19%
	0.07%
	100.4%
	98.7%
	99.7%

	Class F
	-0.05%
	-0.21%
	-0.08%
	100.9%
	99.7%
	99.4%

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!



Conclusion
In this contribution, a fix is added to the inter-LFNST proposed in EE2 Test 3.3. Additionally, LFNST/NSPT is extended to the IBC blocks. An average BD-rate gain is obtained for AI, RA and LDB configurations with the proposed extensions. 
We suggest adoption of the SBT signaling fix on top of the EE2 Test 3.3. A patch file with the fix is attached in this contribution for reference.
Further, we suggest studying the proposed extension of LFNST/NSPT to IBC blocks in the next round of EE2 in the ECM-12.0.
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