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Abstract
In VTM5.0, the signalling of low frequency non-separable transform (LFNST) needs to count the number of the nonzero coefficients of each transform block (TB) of transform units (TUs) in one coding unit (CU), which causes a latency issue when one TU contains multiple TBs. Two methods are proposed in this contribution to solve this issue.
· Method 1: For chroma separate tree (CST), signal LFNST index at the first TB with coefficients and share LFNST index with the TB in the same TU; for shared tree, signal LFNST index at luma TB, infer LFNST index to be 0 in case of no nonzero coefficients in luma TB, and share LFNST index with the chroma TBs in the same TU.
· Method 2: Signal LFNST index at TU level before signalling the coefficients of the first TB, which includes signalling the position of last significant coefficient of Cb and Cr before signalling the luma coefficients, and then to decide whether to signal LFNST index according to the positions of last significant coefficients of three colour components.
· Method 3: Combining the proposed method-2, CE6-2.1a, JVET-O0472, and JVET-O0569, which decides whether to signal LFNST index according to if the positions of last significant coefficients of three colour components point to DC position.
Compared to VTM5.0, results of the proposed methods are reported as follows.
Method 1:
AI: BD-rates = 0.07% (Y), 0.13% (Cb), 0.19% (Cr); EncT=100%; DecT=101%
RA: BD-rates = 0.01% (Y), 0.12% (Cb), 0.09% (Cr); EncT=100%; DecT=98%
Method 2:
AI: BD-rates = 0.09% (Y), -0.11% (Cb), -0.07% (Cr); EncT=101%; DecT=100%
RA: BD-rates = 0.03% (Y), -0.06% (Cb), -0.10% (Cr); EncT=100%; DecT=97%
Method 2 based on CE6-2.1a
AI: BD-rates = 0.06% (Y), 0.04% (Cb), 0.03% (Cr); EncT=89%; DecT=100%
RA: BD-rates = 0.03% (Y), 0.08% (Cb), 0.05% (Cr); EncT=97%; DecT=96%
Method 3 based on CE6-2.1a
AI: BD-rates = 0.06% (Y), 0.04% (Cb), 0.04% (Cr); EncT=89%; DecT=100%
RA: BD-rates = 0.01% (Y), 0.04% (Cb), 0.08% (Cr); EncT=xx%; DecT=xx%

Introduction
In VTM5.0 [1], LFNST was adopted, where LFNST can be applied to intra CUs for both luma and chroma components. An LFNST index, denoted as lfnst_idx, specifies whether the LFNST is enabled and which one of the two LFNST kernels in the selected transform set is used. If lfnst_idx is equal to 0, LFNST is not used. If lfnst_idx is equal to 1 or 2, the first or the second LFNST kernerl is chosen from the selected transform set accordingly. The signalling of lfnst_idx is described as follows. If CST is used, lfnst_idx for luma and chroma are signalled separately; otherwise (shared tree is used), a single lfnst_idx is signalled and applied to both luma and chroma. lfnst_idx is signalled at the end of CU when all of the following conditions are satisfied; otherwise, lfnst_idx is inferred to be 0.
· TB width and height are greater than or equal to 4
· Transform skip mode is not used
· Intra subpartitions is not used
· Matrix-based intra prediction is not used
· Intra mode is used
· numSigCoeff is larger than a threshold (T)
· numZeroOutSigCoeff is equal to 0,
where numSigCoeff means the number of nonzero transform coefficients within the current CU and the threshold is 1 for CST enabled and 2 for shared tree. numZeroOutSigCoeff means the number of nonzero transform coefficients within the LFNST zero-out region for the current CU. The zero-out region is defined as follows.
· If the TB size equal to 4x4, zero-out region is defined as the coefficient region with coefficient scan index within 8 to 15.
· If the TB size equal to 8x8, zero-out region is defined as the coefficient region with coefficient scan index within 8 to 47.
· If the TB size is larger than 8x8 (TB height and TB width are both equal to or larger than 8, but TB height and TB width are not both equal to 8), zero-out region is defined as the coefficient region with coefficient scan index within 16 to 47.
To signal lfnst_idx, numSigCoeff and numZeroOutSigCoeff are counted, so lfnst_idx is signalled at the end of CU. This causes a serious processing issue for 64x64-luma/32x32-chroma (64x64-L/32x32-C) decoder pipelining when the CU is 128x128-luma/64x64-chroma (128x128-L/64x64-C) with four forced split TUs of 64x64-L/32x32-C in inter slices. In JVET-O0291 [2] and JVET-O0569[3], several methods are provided to solve this issue. Based on method 3 in JVET-O0291, this contribution proposes three methods to further reduce the latency caused by counting nonzero coefficients of each TB in one TU. 

Proposed methods
In this proposal, three methods are proposed as follows.

Method 1: Signalling LFNST index at the end of the first TB of a TU
In method 1, for CST, the LFNST index is signalled at the first TB with at least one nonzero coefficient and share LFNST index with the TB in the same TU; for shared tree, the LFNST index is signalled at luma TB, is inferred to be 0 in case of no coefficients in luma TB, and is shared with the chroma TBs in the same TU. For CST, numSigCoeff is defined as the number of nonzero coefficients within the the first nonzero TB, and numZeroOutSigCoeff is defined as the number of nonzero coefficients within the zero-out region of the first nonzero TB; for shared tree, numSigCoeff is defined as the number of nonzero coefficients within luma TB, and numZeroOutSigCoeff is defined as the number of nonzero coefficients within the zero-out region of luma TB. Regarding the threshold (T), for CST, it is set to 1 for luma; for chroma, if both Cb TB and Cr TB contain at least one nonzero coefficients, it is set to 0; otherwise, it is set to 1. For shared tree, T is set to 1.
With the proposed method 1, after parsing the LFNST index, the coefficients of the first nonzero TB can be processed by inverse LFNST without waiting for the coefficient parsing of the rest TBs.

Method 2: Signalling LFNST index at the beginning of a TU
In method 2, the positions of last significant coefficients of all colour components of a TU are moved forward before the signalling of any coefficient of the first nonzero TB. For example, the positions of last significant coefficients of Cb and Cr are signalled before the luma coefficients. The LFNST index is signalled in the beginning of a TU after the positions of last significant coefficients if both of the following two conditions are satisfied.
1. The estimated number of nonzero coefficients (denoted as estNumSigCoeff in this proposal) is larger than 1, where estNumSigCoeff is derived as follows. The estNumSigCoeff is initialized as 0 for a TU. If the position of last significant coefficient of a TB is 0 (DC coefficient position), estNumSigCoeff is increased by 1. If the position of last significant coefficient of a TB is larger than 0, estNumSigCoeff is increased by 2.
2. The position of last significant coefficient for each TB in the TU is not located within the LFNST zero-out region.
Since the positions of last significant coefficients of all colour components of a TU are moved forward before the signalling of any coefficient of the first nonzero TB, the flag for joint coding of chrominance residuals is also moved before the positions of last significant coefficients for Cb and Cr. Also, if the LFNST is enabled, the coefficient parsing within the zero-out region is skipped and inferred as 0. For example, the significance flags for the coefficients with the coefficient scan index within 8 to 15 are inferred as 0 if the zero-out region includes scan indices ranging from 8 to 15. The coefficient group (CG) significance flags for the second and the third CG are inferred as 0 if the zero-out region includes scan indices ranging from 16 to 47.
With the proposed method 2, the inverse LFNST can be processed after the first 8 or 16 coefficients are parsed without waiting for the coefficient parsing of the first TB and the rest TBs.

Method 2: Signalling LFNST index at the beginning of a TU based on CE6-2.1a
The proposed method 2 is implemented on top of CE6-2.1a. In CE6-2.1a, if the LFNST is applied, the primary transformed coefficients with the scan indices larger than the beginning index of the zero-out region are set to 0. The proposed method-2 is further implemented on top of the CE6-2.1a. The positions of last significant coefficients of all colour components of a TU are moved forward before the signalling of any coefficient of the first nonzero TB. For example, the positions of last significant coefficients of Cb and Cr are signalled before the luma coefficients. The LFNST index is signalled in the beginning of a TU after the positions of last significant coefficients if both of the following two conditions are satisfied.
1. The estimated number of nonzero coefficients (denoted as estNumSigCoeff in this proposal) is larger than 1, where estNumSigCoeff is derived as follows. The estNumSigCoeff is initialized as 0 for a TU. If the position of last significant coefficient of a TB is 0 (DC coefficient position), estNumSigCoeff is increased by 1. If the position of last significant coefficient of a TB is larger than 0, estNumSigCoeff is increased by 2.
2. The scan indices of last significant coefficient for all TB in the TU are smaller than the beginning index of the zero-out region.
Since the positions of last significant coefficients of all colour components of a TU are moved forward before the signalling of any coefficient of the first nonzero TB, the flag for joint coding of chrominance residuals is also moved before the positions of last significant coefficients for Cb and Cr. 
With the proposed method 2, the inverse LFNST can be processed after the first 8 or 16 coefficients are parsed without waiting for the coefficient parsing of the first TB and the rest TBs.

Method 3: Combining JVET-O0472, JVET-O0569, and method-2 (signalling LFNST index at the beginning of a TU) based on CE6-2.1a
The proposed method 3 is implemented on top of CE6-2.1a [4]. In CE6-2.1a, if the LFNST is applied, the primary transformed coefficients with the scan indices larger than the beginning index of the zero-out region are set to 0. The proposed method-2 is further implemented on top of the CE6-2.1a. The LFNST index is move from CU-level to TU-level as proposed in JVET-O0569. Furthermore, the positions of last significant coefficients of all colour components of a TU are moved forward before the signalling of any coefficient of the first nonzero TB. For example, the positions of last significant coefficients of Cb and Cr are signalled before the luma coefficients. The LFNST index is signalled in the beginning of a TU after the positions of last significant coefficients if both of the following two conditions are satisfied.
1. Not all the last significant position of colour components pointing to the DC position, which is the same condition check proposed in JVET-O0472 [5].
2. The scan indices of last significant coefficient for all TB in the TU are smaller than the beginning index of the zero-out region, which is the same condition check proposed in CE6-2.1a.
Since the positions of last significant coefficients of all colour components of a TU are moved forward before the signalling of any coefficient of the first nonzero TB, the flag for joint coding of chrominance residuals is also moved before the positions of last significant coefficients for Cb and Cr. 
With the proposed method 3, the inverse LFNST can be processed after the first 8 or 16 coefficients are parsed without waiting for the coefficient parsing of the rest TBs. We also can remove all the counters for the condition check of LFNST index signalling.

Experimental results
The proposed methods are implemented on VTM5.0. The simulations were performed under the common test conditions (CTC) [6]. Table 1, Table 2, and Table 3 show the simulation results of the proposed method 1, method 2, and method 2 based on CE6-2.1a, respectively. Table 4 show the simulation results of the proposed method 2 based on CE6-2.1a and the anchor is CE6-2.1a. Table 5 show the simulation results of proposed method 3 based on CE6-2.1a and the anchor is VTM-5.0. Table 6 show the simulation results of proposed method 3 based on CE6-2.1a and the anchor is CE6-2.1a.



Table 1.  Results of method 1
	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.08%
	0.20%
	0.32%
	99%
	100%

	Class A2
	0.07%
	0.25%
	0.37%
	101%
	101%

	Class B
	0.06%
	0.18%
	0.17%
	100%
	100%

	Class C
	0.06%
	-0.02%
	0.09%
	100%
	99%

	Class E
	0.06%
	0.08%
	0.04%
	100%
	105%

	Overall 
	0.07%
	0.13%
	0.19%
	100%
	101%

	Class D
	0.07%
	0.25%
	0.16%
	101%
	99%

	Class F
	0.07%
	-0.05%
	0.17%
	101%
	100%

	
	
	
	
	
	

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-5.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.03%
	0.21%
	0.02%
	99%
	98%

	Class A2
	0.02%
	0.13%
	0.16%
	101%
	101%

	Class B
	0.01%
	0.31%
	0.11%
	101%
	97%

	Class C
	-0.01%
	-0.18%
	0.06%
	100%
	98%

	Class E
	 
	
	 
	 
	 

	Overall
	0.01%
	0.12%
	0.09%
	100%
	98%

	Class D
	0.03%
	0.24%
	0.40%
	101%
	103%

	Class F
	0.01%
	0.05%
	0.00%
	101%
	97%





Table 2.  Results of method 2
	
	All Intra Main10 

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.13%
	-0.14%
	-0.08%
	101%
	101%

	Class A2
	0.09%
	-0.12%
	-0.10%
	101%
	100%

	Class B
	0.10%
	-0.11%
	-0.06%
	101%
	100%

	Class C
	0.06%
	-0.11%
	-0.03%
	101%
	98%

	Class E
	0.08%
	-0.04%
	-0.09%
	101%
	99%

	Overall 
	0.09%
	-0.11%
	-0.07%
	101%
	100%

	Class D
	0.06%
	0.07%
	0.01%
	100%
	100%

	Class F
	0.03%
	-0.02%
	0.06%
	101%
	100%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.21%
	-0.06%
	101%
	97%

	Class A2
	0.03%
	0.04%
	-0.01%
	101%
	98%

	Class B
	0.06%
	-0.03%
	-0.29%
	101%
	97%

	Class C
	0.02%
	-0.06%
	0.03%
	100%
	97%

	Class E
	 
	
	 
	 
	 

	Overall
	0.03%
	-0.06%
	-0.10%
	100%
	97%

	Class D
	0.02%
	0.09%
	-0.11%
	100%
	100%

	Class F
	-0.02%
	-0.08%
	0.00%
	101%
	97%





Table 3.  Results of method 2 based on CE6-2.1a
	
	All Intra Main10 

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.16%
	-0.01%
	90%
	98%

	Class A2
	0.00%
	0.09%
	0.11%
	89%
	99%

	Class B
	0.08%
	0.02%
	0.08%
	90%
	102%

	Class C
	0.11%
	-0.02%
	0.03%
	87%
	99%

	Class E
	0.10%
	-0.03%
	-0.10%
	90%
	99%

	Overall 
	0.06%
	0.04%
	0.03%
	89%
	100%

	Class D
	0.11%
	0.15%
	-0.18%
	89%
	97%

	Class F
	0.04%
	0.01%
	0.01%
	93%
	100%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.01%
	0.05%
	97%
	97%

	Class A2
	0.02%
	0.04%
	0.18%
	97%
	96%

	Class B
	0.04%
	0.18%
	0.03%
	98%
	95%

	Class C
	0.04%
	0.06%
	-0.02%
	97%
	97%

	Class E
	 
	
	 
	 
	 

	Overall
	0.03%
	0.08%
	0.05%
	97%
	96%

	Class D
	0.07%
	-0.04%
	0.03%
	96%
	99%

	Class F
	0.02%
	0.03%
	0.00%
	96%
	97%





Table 4.  Results of method 2 based on CE6-2.1a. Anchor is CE6-2.1a.
	
	　
	　
	All Intra Main10 
	　
	　

	
	　
	　
	Over CE6-2.1a
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.04%
	-0.02%
	
	

	Class A2
	-0.01%
	-0.01%
	0.00%
	
	

	Class B
	-0.01%
	0.08%
	0.04%
	
	

	Class C
	0.00%
	0.09%
	-0.02%
	
	

	Class E
	0.00%
	0.03%
	-0.13%
	
	

	Overall 
	0.00%
	0.05%
	-0.02%
	
	

	Class D
	0.01%
	0.01%
	-0.06%
	
	

	Class F
	0.02%
	-0.08%
	-0.07%
	
	

	
	
	
	
	
	

	
	　
	　
	Random access Main10 
	　
	　

	
	　
	　
	Over CE6-2.1a
	　
	　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	-0.03%
	-0.03%
	[bookmark: _GoBack]
	

	Class A2
	0.03%
	-0.04%
	0.13%
	
	

	Class B
	0.01%
	0.15%
	0.16%
	
	

	Class C
	0.01%
	0.15%
	-0.05%
	
	

	Class E
	　
	
	　
	
	

	Overall
	0.00%
	0.07%
	0.06%
	
	

	Class D
	0.02%
	-0.28%
	-0.08%
	
	

	Class F
	-0.03%
	-0.07%
	-0.05%
	
	





Table 5.  Results of method 3 based on CE6-2.1a. Anchor is VTM-5.0.
	
	All Intra Main10 

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.20%
	-0.02%
	91%
	99%

	Class A2
	0.00%
	0.14%
	0.10%
	89%
	101%

	Class B
	0.08%
	-0.03%
	0.06%
	90%
	98%

	Class C
	0.11%
	-0.03%
	0.06%
	88%
	97%

	Class E
	0.11%
	0.01%
	-0.04%
	91%
	98%

	Overall 
	0.06%
	0.04%
	0.04%
	90%
	99%

	Class D
	0.10%
	0.21%
	-0.07%
	88%
	98%

	Class F
	0.04%
	0.07%
	-0.01%
	93%
	99%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	0.03%
	0.05%
	0.03%
	97%
	96%

	Class C
	0.01%
	0.04%
	0.10%
	97%
	97%

	Class E
	
	
	
	
	

	Overall
	
	
	
	
	

	Class D
	0.06%
	0.24%
	0.05%
	97%
	100%

	Class F
	-0.01%
	0.17%
	0.25%
	97%
	96%





Table 6.  Results of method 3 based on CE6-2.1a. Anchor is CE6-2.1a.
	
	All Intra Main10 

	
	Over CE6-2.1a

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	0.09%
	-0.03%
	
	

	Class A2
	0.00%
	0.04%
	-0.01%
	
	

	Class B
	0.00%
	0.03%
	0.02%
	
	

	Class C
	0.00%
	0.08%
	0.01%
	
	

	Class E
	0.01%
	0.07%
	-0.07%
	
	

	Overall 
	0.00%
	0.06%
	-0.01%
	
	

	Class D
	0.01%
	0.07%
	0.05%
	
	

	Class F
	0.01%
	-0.01%
	-0.09%
	
	

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over CE6-2.1a

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	0.00%
	0.02%
	0.16%
	
	

	Class C
	-0.02%
	0.13%
	0.07%
	
	

	Class E
	
	
	
	
	

	Overall
	
	
	
	
	

	Class D
	0.00%
	0.01%
	-0.06%
	
	

	Class F
	-0.07%
	0.07%
	0.21%
	
	



Conclusions
This contribution proposes to further reduce the latency for LFNST after solving the decoder pipeline issue. Two methods are proposed. Method 1 is to signal LFNST index at TB level. Method 2 is to signal LFNST index at TU level before all TU coefficients. Compared to VTM5.0, method 1 results in 0.07% and 0.01% luma BD-rates for AI and RA, respectively. Method 2 results in 0.09% and 0.03% luma BD-rates for AI and RA, respectively. Method 3 results in 0.00% and -0.01% luma BD-rates for AI and RA compared with CE6-2.1a, respectively.
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