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Abstract
This contribution proposes to fix the following issues related to restriction on LFNST to the chroma blocks in shared tree.
· Aspect 1 (only SW change): In VTM-8.0Currently, primary transform (DCT-II) coefficients of the chroma blocks in shared tree are zeroed-out even though LFNST is not applied to the chroma blocks. It is proposed not to zero-out the coefficients of the chroma blocks in shared treeand remove the LFNST zero-out constraint on the chroma blocks in shared tree.
· Aspect 2: In the current VVC draft, signalling of LFNST index is conditioned on the last scan positions of the transform blocks. Since LFNST is not applied to the chroma blocks in shared tree and chroma coefficients are the primary coefficients, there is no need to check the position of the chroma blocks. It is proposed to remove the chroma-dependent signalling of LFNST index in shared tree.
It is reportedly shown that BD-rate changes of combination of Aspect 1 and 2 are -0.02% (Y), -0.06% (U) and -0.07% (V) under RA configuration.
In version 2, misleading text regarding Aspect 1 was modified.
Problem Statement
The following subsections further describe the identified issues regarding restriction on LFNST to the chroma blocks in shared tree.
Unnecessary zeroing-out the primary coefficients of a chroma TB in shared tree
In the current VVC draft [1], LFNST is not applied to the chroma blocks in shared tree. Figure 1 shows processing of a chroma TB in shared tree. For both cases of LFNST index equal to 0 and greater than 0, only inverse DCT-II is applied to the chroma TBs. When LFNST index is greater than 0, 8 or 16 coefficients of the first coefficient group can be non-zero and other coefficients are zero. Meanwhile, when LFNST index is equal to 0, all coefficients of a chroma TB can be non-zero.and all coefficients in a chroma TB are considered as the input of inverse DCT-II. The related semantics and decoding process are as follows:

	7.4.11.5	Coding unit semantics
…
The variable ApplyLfnstFlag is derived as follows:
· If treeType is equal to SINGLE_TREE, the following applies:
ApplyLfnstFlag = ( lfnst_idx > 0 && cIdx  = =  0 ) ? 1 : 0	(176)
· Otherwise, the following applies:
ApplyLfnstFlag = ( lfnst_idx > 0 ) ? 1 : 0		(177)
8.7.4	Transformation process for scaled transform coefficients
8.7.4.1		General
…
The variables nonZeroW and nonZeroH are derived as follows:
· If ApplyLfnstFlag is equal to 1 and nTbW is greater than or equal to 4 and nTbH is greater than or equal to 4, the following applies:
nonZeroW = ( nTbW  = =  4  | |  nTbH  = =  4 ) ? 4 : 8	(1190)
nonZeroH = ( nTbW  = =  4  | |  nTbH  = =  4 ) ? 4 : 8	(1191)
· Otherwise, the following applies:
nonZeroW = Min( nTbW, ( trTypeHor > 0 ) ? 16 : 32 )	(1192)
nonZeroH = Min( nTbH, ( trTypeVer > 0 ) ? 16 : 32 )	(1193)


As seen in the above text, for a chroma block in shared tree, ApplyLfnstFlag is set to 0 and the variables nonZeroW and nonZeroH are derived using Eq. 1192 and 1193. That means the coefficients outside the top-left 4x4 or 8x8 can be non-zero, and they are to be transformed.
Meanwhile, in VTM-8.0 [2], for a chroma block in shared tree with LFNST index greater than 0, the coefficients outside the top-left 4x4 or 8x8 are zeroed-out even though LFNST is not applied to the block. The following is a code snippet related to the inverse transform.
	void TrQuant::xIT( const TransformUnit &tu, const ComponentID &compID, const CCoeffBuf &pCoeff, PelBuf &pResidual )
{
  …
  int skipWidth  = ( trTypeHor != DCT2 && width  == 32 ) ? 16 : 
			width  > JVET_C0024_ZERO_OUT_TH ? width  - JVET_C0024_ZERO_OUT_TH : 0;
  int skipHeight = ( trTypeVer != DCT2 && height == 32 ) ? 16 : 
			height > JVET_C0024_ZERO_OUT_TH ? height - JVET_C0024_ZERO_OUT_TH : 0;
  if( tu.cs->sps->getUseLFNST() && tu.cu->lfnstIdx )
  {
    if( (width == 4 && height > 4) || (width > 4 && height == 4) )
    {
      skipWidth  = width  - 4;
      skipHeight = height - 4;
    }
    else if( (width >= 8 && height >= 8) )
    {
      skipWidth  = width  - 8;
      skipHeight = height - 8;
    }
}
  …
}


Zeroing-out the primary coefficients was introduced in order to reduce the number of multiplications per coefficient. If LFNST is not applied, the number of multiplications per coefficients is not critical. Also, there could be some subjective effects introduced by the zeroing-out.
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(b) lfnst_idx = 0


Figure 1–Processing of a chroma TB in shared tree
Dependency between the signalling of LFNST index and the chroma coefficients
In the current VVC, signalling of LFNST index is conditioned on the last scan position of a transform block as follows:
· LfnstZeroOutSigCoeffFlag: When LFNST is applied to a transform block, only top-left 8 or 16 coefficients in scan order are retained and other coefficients are zero. If any of the valid transform blocks has a significant coefficient outside the top-left region, LFNST index is not signalled.
· LfnstDcOnly: If all of the valid transform blocks have only DC component, LFNST index is not signalled.
7.3.10.11	Residual coding syntax
	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

		…
	

		if( lastSubBlock  = =  0  &&  log2TbWidth  >=  2  &&  log2TbHeight  >=  2  &&
			!transform_skip_flag[ x0 ][ y0 ][ cIdx ]  &&  lastScanPos  >  0 ) 
	

			LfnstDcOnly = 0 
	

		if( ( lastSubBlock > 0  &&  log2TbWidth  >=  2  &&  log2TbHeight  >=  2 )  | |
			( lastScanPos > 7  &&  ( log2TbWidth  = =  2  | |  log2TbWidth  = =  3 )  &&
			log2TbWidth  = =  log2TbHeight ) ) 
	

			LfnstZeroOutSigCoeffFlag = 0
	

		…
	

	}
	


For the chroma TBs in shared tree, Since all coefficients of the chroma TBs in shared tree are DCT-II coefficients, there is no need to check whether the chroma TBs have only non-zero DC coefficient. and a non-zero coefficient can be present outside the first coefficient sub-group. Thus, LFNST index should be signalled without dependency on the chroma coefficients.
Proposal
It is proposed to fix the above issues as follows:
· Aspect 1 (only SW change): Zero-out by LFNST is not applied to the chroma blocks in a shared tree even when LFNST index greater than 0. Whether the chroma TBs have a non-zero coefficients in the zero-out region (LfnstZeroOutSigCoeffFlag) is not checked in shared.
· Aspect 2: Chroma coefficient-dependent signalling of LFNST index is removed in shared tree. 
LfnstZeroOutSigCoeffFlag and LfnstDcOnly are not updated for the chroma transform blocks in shared tree.
Spec changes of Aspect 2 are highlighted in yellow.
7.3.10.10	Transform unit syntax
	transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTuIndex, chType ) {
	Descriptor

		…
	

		if( tu_y_coded_flag[ x0 ][ y0 ]  &&  treeType  !=  DUAL_TREE_CHROMA ) {
	

			if( sps_transform_skip_enabled_flag  &&  !BdpcmFlag[ x0 ][ y0 ][ 0 ]  &&
				tbWidth  <=  MaxTsSize  &&  tbHeight  <=  MaxTsSize  &&
				( IntraSubPartitionsSplitType  = =  ISP_NO_SPLIT )  &&  !cu_sbt_flag )
	

				transform_skip_flag[ x0 ][ y0 ][ 0 ]
	ae(v)

			if( !transform_skip_flag[ x0 ][ y0 ][ 0 ]  | |  slice_ts_residual_coding_disabled_flag )
	

				residual_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0, treeType )
	

			else
	

				residual_ts_coding( x0, y0, Log2( tbWidth ), Log2( tbHeight ), 0, treeType )
	

		}
	

		if( tu_cb_coded_flag[ xC ][ yC ]  &&  treeType  !=  DUAL_TREE_LUMA ) {
	

			if( sps_transform_skip_enabled_flag  &&  !BdpcmFlag[ x0 ][ y0 ][ 1 ]  &&
				wC  <=  MaxTsSize  &&  hC  <=  MaxTsSize  &&  !cu_sbt_flag )
	

				transform_skip_flag[ xC ][ yC ][ 1 ]
	ae(v)

			if( !transform_skip_flag[ xC ][ yC ][ 1 ]  | |  slice_ts_residual_coding_disabled_flag )
	

				residual_coding( xC, yC, Log2( wC ), Log2( hC ), 1, treeType )
	

			else
	

				residual_ts_coding( xC, yC, Log2( wC ), Log2( hC ), 1, treeType )
	

		}
	

		if( tu_cr_coded_flag[ xC ][ yC ]  &&  treeType  !=  DUAL_TREE_LUMA  &&
			!( tu_cb_coded_flag[ xC ][ yC ]  &&  tu_joint_cbcr_residual_flag[ xC ][ yC ] ) ) {
	

			if( sps_transform_skip_enabled_flag  &&  !BdpcmFlag[ x0 ][ y0 ][ 2 ]  &&
				wC  <=  MaxTsSize  &&  hC  <=  MaxTsSize  &&  !cu_sbt_flag )
	

				transform_skip_flag[ xC ][ yC ][ 2 ]
	ae(v)

			if( !transform_skip_flag[ xC ][ yC ][ 2 ]  | |  slice_ts_residual_coding_disabled_flag )
	

				residual_coding( xC, yC, Log2( wC ), Log2( hC ), 2, treeType )
	

			else
	

				residual_ts_coding( xC, yC, Log2( wC ), Log2( hC ), 2, treeType )
	

		}
	

	}
	


7.3.10.11	Residual coding syntax
	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx, treeType ) {
	Descriptor

		…
	

		if( lastSubBlock  = =  0  &&  log2TbWidth  >=  2  &&  log2TbHeight  >=  2  &&
			!transform_skip_flag[ x0 ][ y0 ][ cIdx ]  &&  lastScanPos  >  0  &&
			!( treeType  = =  SINGLE_TREE  &&  cIdx  >  0 ) ) 
	

			LfnstDcOnly = 0 
	

		if( ( ( lastSubBlock > 0  &&  log2TbWidth  >=  2  &&  log2TbHeight  >=  2 )  | |
			( lastScanPos > 7  &&  ( log2TbWidth  = =  2  | |  log2TbWidth  = =  3 )  &&
			log2TbWidth  = =  log2TbHeight ) )  &&
			!( treeType  = =  SINGLE_TREE  &&  cIdx  >  0 ) ) 
	

			LfnstZeroOutSigCoeffFlag = 0
	

		if( ( lastSubBlock > 0  | |  lastScanPos > 0 )  &&  cIdx = = 0 )
	

			MtsDcOnly = 0
	

		QState = 0
	

	}
	


Simulation result
The proposed methods were implemented on top of VTM-8.0 and tested under CTC [3]. Table 1 shows the summarized test results under RA configuration. It is noted that the coding efficiency is not affected under AI and LDB configurations.
Table 1–Test results under RA configuration
	
	
	
	RA Main 10
	
	

	
	
	
	Over VTM-8.0
	
	

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.10%
	-0.20%
	-0.19%
	101%
	100%

	Class A2
	-0.01%
	-0.09%
	0.04%
	101%
	100%

	Class B
	-0.01%
	-0.03%
	-0.05%
	100%
	100%

	Class C
	0.01%
	0.03%
	-0.07%
	100%
	100%

	Class E
	
	
	
	
	

	Overall
	-0.02%
	-0.06%
	-0.07%
	100%
	100%

	Class D
	0.00%
	0.07%
	-0.08%
	100%
	100%

	Class F
	0.01%
	0.08%
	0.03%
	100%
	100%


Conclusion
This contribution proposes to fix the issues on LFNST in shared tree. It is recommended to adopt the proposed methods into VVC Draft 9 and VTM9.
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