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Abstract
This document proposes a coefficient group (CG) based restriction for signaling MTS. The proposed method replaces the bitstream restriction existing in current VVC draft with a syntax-based restriction. The proposed change can be viewed as a clean-up for the coefficient-level restriction in MTS signaling. The experimental results show that the proposed change has no impact in terms of average BD-rates.
Introduction
In the current VVC specification working draft, the MTS index is signalled if the following set of conditions are satisfied: 
			if( treeType  !=  DUAL_TREE_CHROMA  &&  lfnst_idx  = =  0  &&
			transform_skip_flag[ x0 ][ y0 ][ 0 ]  = =  0  &&  Max( cbWidth, cbHeight )  <=  32  &&
			IntraSubPartitionsSplit[ x0 ][ y0 ]  = =  ISP_NO_SPLIT  &&  cu_sbt_flag  = =  0  &&
			MtsZeroOutSigCoeffFlag  = =  1  &&  tu_cbf_luma[ x0 ][ y0 ] ) {
	

				if( ( ( CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTER  &&
				sps_explicit_mts_inter_enabled_flag )  | |
				( CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA  &&
				sps_explicit_mts_intra_enabled_flag ) ) )
	

					mts_idx
	ae(v)

			}
	


where MtsZeroOutSigCoeffFlag is set to zero according to the following conditions depending on the last significant coefficient position:
		if( ( LastSignificantCoeffX > 15  | |  LastSignificantCoeffY > 15 )  &&  cIdx = = 0 )
	

			MtsZeroOutSigCoeffFlag = 0
	


However, the problem in the above condition is that MTS can lead to undesired non-zero coefficeints outside the top-left 16x16 region in a 32x32 TU. In order to resolve this problem, in the current specification text, the following bitstream restriction is included:
It is a requirement of bitstream conformance that mts_idx shall be equal to 0 if in the current coding unit at least one coded_sub_block_flag[ xS ][ yS ] in the residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) syntax structure is not equal to 0 for cIdx equal to 0 and xS or yS greater than 3.
 
Proposed Method
This contribution document proposes to replace the bitstream restriction for MTS signaling with a syntax-based restriction. Specifically, instead of using the last coefficient position to restrict MTS signaling, it is proposed to restrict based on the location of the last coded CG so that (i) potential redundant signaling of MTS is avoided, and (ii) a non-zero coefficient outside top-left 16x16 region in a 32x32 TU is not possible when MTS is used (i.e., when a combination of DST-7 and DCT-8 is used as the separable transform). The MTS index is not allowed to be signalled, and it is inferred as 0 (i.e., inferred as DCT-2 is used) if the position of the last coded CG in the x-axis or y-axis is greater than 3. Otherwise, MTS index may be signalled. 
The following set of highlighted changes are proposed on the VVC draft text (version JVET-P2001-vE): 
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	residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) {
	Descriptor

		…
	

		do {
	

			if( lastScanPos  = =  0 ) {
	

				lastScanPos = numSbCoeff
	

				lastSubBlock− −
	

			}
	

			lastScanPos− −
	

			xS = DiagScanOrder[ log2TbWidth − log2SbW ][ log2TbHeight − log2SbH ]
								[ lastSubBlock ][ 0 ]
	

			yS = DiagScanOrder[ log2TbWidth − log2SbW ][ log2TbHeight − log2SbH ]
								[ lastSubBlock ][ 1 ]
	

			xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ lastScanPos ][ 0 ] 
	

			yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ lastScanPos ][ 1 ]
	

		} while( ( xC  !=  LastSignificantCoeffX )  | |  ( yC  !=  LastSignificantCoeffY ) )
	

		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
	

		if( ( LastSignificantCoeffX > 15  | |  LastSignificantCoeffY > 15 )  &&  cIdx = = 0 )
	

			MtsZeroOutSigCoeffFlag = 0
	

		QState = 0
	

		for( i = lastSubBlock; i  >=  0; i− − ) {
	

			startQStateSb = QState
	

			xS = DiagScanOrder[ log2TbWidth − log2SbW ][ log2TbHeight − log2SbH ]
								[ i ][ 0 ]
	

			yS = DiagScanOrder[ log2TbWidth − log2SbW ][ log2TbHeight − log2SbH ]
								[ i ][ 1 ]
	

			inferSbDcSigCoeffFlag = 0
	

			if( i < lastSubBlock  &&  i > 0 ) {
	

				coded_sub_block_flag[ xS ][ yS ]
	ae(v)

				inferSbDcSigCoeffFlag = 1
	

			}
	

	         if( ( coded_sub_block_flag[ xS ][ yS ]  | |  i = = lastSubBlock )  && cIdx = = 0 &&
              ( xS > 3  | |  yS > 3  ) {
	

	              MtsZeroOutSigCoeffFlag = 0
	

	         }
	

			firstSigScanPosSb = numSbCoeff
	

			lastSigScanPosSb = −1
	

			firstPosMode0 = ( i  = =  lastSubBlock  ? lastScanPos : numSbCoeff − 1 )
	

			firstPosMode1 = firstPosMode0
	

			for( n = firstPosMode0; n  >=  0  &&  remBinsPass1 >= 4; n− − )  {
	

				xC = ( xS << log2SbW ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 0 ] 
	

				yC = ( yS << log2SbH ) + DiagScanOrder[ log2SbW ][ log2SbH ][ n ][ 1 ]
	

				if( coded_sub_block_flag[ xS ][ yS ]  &&  ( n > 0  | |  !inferSbDcSigCoeffFlag )  &&  
				( xC != LastSignificantCoeffX  | |  yC != Last SignificantCoeffY ) )  {
	

					sig_coeff_flag[ xC ][ yC ]
	ae(v)

					remBinsPass1− −
	

					if( sig_coeff_flag[ xC ][ yC ] )
	

						inferSbDcSigCoeffFlag = 0
	

				}
	

				if( sig_coeff_flag[ xC ][ yC ] ) {
	

					abs_level_gtx_flag[ n ][ 0 ]
	ae(v)

					remBinsPass1− −
	

					if( abs_level_gtx_flag[ n ][ 0 ] ) {
	

						par_level_flag[ n ]
	ae(v)

						remBinsPass1− −
	

						abs_level_gtx_flag[ n ][ 1 ]
	ae(v)

						remBinsPass1− −
	

					}
	

		…
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7.4.10 Slice data semantics
…
mts_idx specifies which transform kernels are applied along the horizontal and vertical direction of the associated luma transform blocks in the current coding unit. 
When mts_idx is not present, it is inferred to be equal to 0.
It is a requirement of bitstream conformance that mts_idx shall be equal to 0 if in the current coding unit at least one coded_sub_block_flag[ xS ][ yS ] in the residual_coding( x0, y0, log2TbWidth, log2TbHeight, cIdx ) syntax structure is not equal to 0 for cIdx equal to 0 and xS or yS greater than 3.
When ResetIbcBuf is equal to 1, the following applies:
· For x = 0..IbcBufWidthY − 1 and y = 0..CtbSizeY − 1, the following assignments are made:
IbcVirBuf[ 0 ][ x ][ y ] = −1		(175)
…






Experimental Results
The proposed methods are is implemented on top of VTM-7.0 and evaluated under common test conditions (CTC).
[bookmark: _GoBack]Table 1.  Results of the proposed method over VTM-7.0 under CTC
	
	All Intra 

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.03%
	0.01%
	102%
	101%

	Class A2
	-0.01%
	-0.01%
	0.00%
	99%
	99%

	Class B
	0.00%
	0.01%
	-0.03%
	102%
	104%

	Class C
	0.00%
	0.00%
	0.00%
	101%
	101%

	Class E
	0.00%
	0.00%
	-0.03%
	99%
	93%

	Overall 
	0.00%
	0.00%
	-0.01%
	101%
	100%

	Class D
	0.00%
	0.03%
	0.00%
	102%
	106%

	Class F 
	0.00%
	0.01%
	0.00%
	101%
	104%

	
	
	
	
	
	

	
	Random Access

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.07%
	0.00%
	102%
	102%

	Class A2
	-0.05%
	0.02%
	-0.02%
	99%
	99%

	Class B
	0.02%
	0.02%
	0.06%
	101%
	102%

	Class C
	0.00%
	-0.04%
	0.03%
	98%
	95%

	Class E
	 
	
	 
	 
	 

	Overall
	0.00%
	-0.01%
	0.02%
	100%
	100%

	Class D
	0.00%
	0.01%
	-0.03%
	101%
	101%

	Class F 
	0.00%
	-0.02%
	-0.02%
	101%
	101%



	
	Low delay B

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.00%
	-0.15%
	0.01%
	101%
	101%

	Class C
	0.01%
	-0.12%
	-0.05%
	99%
	100%

	Class E
	0.01%
	-0.01%
	-0.07%
	97%
	94%

	Overall
	0.00%
	-0.10%
	-0.03%
	99%
	99%

	Class D
	0.01%
	-0.05%
	0.04%
	101%
	102%

	Class F 
	-0.01%
	-0.03%
	0.01%
	99%
	100%



Conclusions
This document proposes to replace the coefficient-level bitstream restriction in MTS signaling with a syntax-based restriction as a clean-up. It is recommended to adopt the proposed method in VVC.
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