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Abstract
It is reported that there is a mismatch on the condition of tu_y_coded_flag signaling between VVC draft JVET-R2001-v10 and VTM-9. In this contribution, it is proposed to either align VTM to draft, or to align draft to VTM. 
After aligning VTM to draft, the performance impact on RGB sequences over VTM-9 is reported as follows.
· AI: 0.00%/0.02%/0.0%
· RA: 
· LB: -0.01%/-0.01%/0.04%
· LP: 0.02%/-0.03%/0.01%
And the performance impact on RGB SCC content is reported as follows.
· AI: 0.11%/0.10%/0.11%
· RA: 
· LB: 0.01%/0.01%/0.03%
· LP: 0.05%/0.00%/0.06%
Align draft to VTM reportedly shows identical results to VTM-9.0.
Problem Statement
In current VVC draft spec [1], the TU coded flag of luminance component is signaled for the intra block when the TU coded flags of the chrominance components are both zero no matter whether the CU is ACT or not as shown in Table 1. However, ACT mode should not be signalled if the CU doesn’t have any coefficient. Therefore, in VTM-9.0 software, the TU coded flag of luminance is inferred to 1 when the TU coded flag of chrominance channels are both zero and the current CU is an intra block and is also coded with ACT mode. The corresponding software description is shown in Table 2. 
Table 1 TU coded flag for three color channels in VVC draft spec.
	transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTuIndex, chType ) {
	Descriptor

		…
	

		if( ( treeType  = =  SINGLE_TREE  | |  treeType  = =  DUAL_TREE_CHROMA )  &&
			ChromaArrayType  !=  0  &&  ( IntraSubPartitionsSplitType  = =  ISP_NO_SPLIT  &&
			( ( subTuIndex  = = 0  &&  cu_sbt_pos_flag )  | |
			( subTuIndex  = = 1  &&  !cu_sbt_pos_flag ) ) ) )  | |
			( IntraSubPartitionsSplitType  !=  ISP_NO_SPLIT  &&
			( subTuIndex  = =  NumIntraSubPartitions − 1 ) ) ) {
	

			tu_cb_coded_flag[ xC ][ yC ]
	ae(v)

			tu_cr_coded_flag[ xC ][ yC ]
	ae(v)

		}
	

		if( treeType  = =  SINGLE_TREE  | |  treeType  = =  DUAL_TREE_LUMA ) {
	

			if( ( IntraSubPartitionsSplitType  = =  ISP_NO_SPLIT  &&  !( cu_sbt_flag  &&
				( ( subTuIndex  = = 0  &&  cu_sbt_pos_flag )  | |
				( subTuIndex  = = 1  &&  !cu_sbt_pos_flag ) ) )  &&
				( CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA  | |
				( chromaAvailable  &&  ( tu_cb_coded_flag[ xC ][ yC ]  | |
				tu_cr_coded_flag[ xC ][ yC ] ) )  | |
				CbWidth[ chType ][ x0 ][ y0 ] > MaxTbSizeY  | |
				CbHeight[ chType ][ x0 ][ y0 ] > MaxTbSizeY ) )  | |
				( IntraSubPartitionsSplitType  !=  ISP_NO_SPLIT &&
				( subTuIndex < NumIntraSubPartitions − 1  | |  !InferTuCbfLuma ) ) )
	

				tu_y_coded_flag[ x0 ][ y0 ]
	ae(v)

			if(IntraSubPartitionsSplitType  !=  ISP_NO_SPLIT )
	

				InferTuCbfLuma  = InferTuCbfLuma  &&  !tu_y_coded_flag[ x0 ][ y0 ]
	

		}
	


Table 2 TU coded flag for luminance component in VTM-9.0.
According to the above two tables, there is a mismatch behavior about the TU coded flag for luminance component between the SW and draft text.  if (!isChroma(partitioner.chType)) {
    if (!CU::isIntra(cu) && trDepth == 0 && !chromaCbfs.sigChroma(area.chromaFormat)) {
      TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 1);
    }
    else if (cu.sbtInfo && tu.noResidual) {
      TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 0);
    }
    else if (cu.sbtInfo && !chromaCbfs.sigChroma(area.chromaFormat)) {
      assert(!tu.noResidual);
      TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 1);
    }
    else {
      bool lumaCbfIsInferredACT = (cu.colorTransform && cu.predMode == MODE_INTRA && 
                                     trDepth == 0 && !chromaCbfs.sigChroma(area.chromaFormat));
      bool lastCbfIsInferred    = lumaCbfIsInferredACT; // ISP and ACT are mutually exclusive
      bool previousCbf          = false;
      bool rootCbfSoFar         = false;
      if (cu.ispMode) {
        ...
      }
      bool cbfY = lastCbfIsInferred ? true : cbf_comp(cs, tu.Y(), trDepth, previousCbf, cu.ispMode);
      TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, (cbfY ? 1 : 0));
    }
  }

Proposed Solution
Alignment of SW to spec
In VTM-9.0, the “lastCbfIsInferred” signal in Table 2 is forced to zero according to the table syntax in Table 1. Therefore, the SW fix for the alignment of SW to spec is shown as Table 3. The modification part is highlighted in yellow, and deleted statement is marked by red strikethrough.
Table 3 SW fix for the alignment of SW to draft spec  if (!isChroma(partitioner.chType)) {
    if (!CU::isIntra(cu) && trDepth == 0 && !chromaCbfs.sigChroma(area.chromaFormat)) {
      TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 1);
    }
    else if (cu.sbtInfo && tu.noResidual) {
      TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 0);
    }
    else if (cu.sbtInfo && !chromaCbfs.sigChroma(area.chromaFormat)) {
      assert(!tu.noResidual);
      TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 1);
    }
    else {
      bool lumaCbfIsInferredACT = (cu.colorTransform && cu.predMode == MODE_INTRA && 
                                  trDepth == 0 && !chromaCbfs.sigChroma(area.chromaFormat));
      bool lastCbfIsInferred    = false;
      bool previousCbf          = false;
      bool rootCbfSoFar         = false;
      if (cu.ispMode) {
        ...
      }
      bool cbfY = lastCbfIsInferred ? true : cbf_comp(cs, tu.Y(), trDepth, previousCbf, cu.ispMode);
      TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, (cbfY ? 1 : 0));
    }
  }

Alignment of spec to SW 
Another method is trying to align the spec text to SW behavior. In order to achieve the behavior that the ACT mode should not be signaled anymore if the coded CU block doesn’t have any coefficient. For the coded block with zero TU coded flags for the chrominance channels, the TU coded flag for luminance channel should be inferred to 1 if the current CU is coded with ACT mode. The corresponding added text is highlighted in yellow.
	transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTuIndex, chType ) {
	Descriptor

		…
	

		if( ( treeType  = =  SINGLE_TREE  | |  treeType  = =  DUAL_TREE_CHROMA )  &&
			ChromaArrayType  !=  0  &&  ( IntraSubPartitionsSplitType  = =  ISP_NO_SPLIT  &&
			( ( subTuIndex  = = 0  &&  cu_sbt_pos_flag )  | |
			( subTuIndex  = = 1  &&  !cu_sbt_pos_flag ) ) ) )  | |
			( IntraSubPartitionsSplitType  !=  ISP_NO_SPLIT  &&
			( subTuIndex  = =  NumIntraSubPartitions − 1 ) ) ) {
	

			tu_cb_coded_flag[ xC ][ yC ]
	ae(v)

			tu_cr_coded_flag[ xC ][ yC ]
	ae(v)

		}
	

		if( treeType  = =  SINGLE_TREE  | |  treeType  = =  DUAL_TREE_LUMA ) {
	

			if( ( IntraSubPartitionsSplitType  = =  ISP_NO_SPLIT  &&  !( cu_sbt_flag  &&
				( ( subTuIndex  = = 0  &&  cu_sbt_pos_flag )  | |
				( subTuIndex  = = 1  &&  !cu_sbt_pos_flag ) ) )  &&
				( ( CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA && !cu_act_enabled_flag )  | |
				( chromaAvailable  &&  ( tu_cb_coded_flag[ xC ][ yC ]  | |
				tu_cr_coded_flag[ xC ][ yC ] ) )  | |
				CbWidth[ chType ][ x0 ][ y0 ] > MaxTbSizeY  | |
				CbHeight[ chType ][ x0 ][ y0 ] > MaxTbSizeY ) )  | |
				( IntraSubPartitionsSplitType  !=  ISP_NO_SPLIT &&
				( subTuIndex < NumIntraSubPartitions − 1  | |  !InferTuCbfLuma ) ) )
	

				tu_y_coded_flag[ x0 ][ y0 ]
	ae(v)

			if(IntraSubPartitionsSplitType  !=  ISP_NO_SPLIT )
	

				InferTuCbfLuma  = InferTuCbfLuma  &&  !tu_y_coded_flag[ x0 ][ y0 ]
	

		}
	

		if( ( CbWidth[ chType ][ x0 ][ y0 ]  >  64  | |  CbHeight[ chType ][ x0 ][ y0 ]  >  64  | |
			tu_y_coded_flag[ x0 ][ y0 ]  | |  ( chromaAvailable  &&  ( tu_cb_coded_flag[ xC ][ yC ]  | |
			tu_cr_coded_flag[ xC ][ yC ] ) )  &&  treeType  !=  DUAL_TREE_CHROMA  &&
			pps_cu_qp_delta_enabled_flag  &&  !IsCuQpDeltaCoded ) {
	

			cu_qp_delta_abs
	ae(v)

			if( cu_qp_delta_abs )
	

				cu_qp_delta_sign_flag
	ae(v)

		}
	


In order to improve the readability the SW may be revised as follows, where the modifications are highlighted in yellow, and deleted statement is marked by red strikethrough. Note that the changes have no impact on coding performanceif (!isChroma(partitioner.chType)) {
  if (!(CU::isIntra(cu) && !cu.colorTransform) && trDepth == 0 && !chromaCbfs.sigChroma(area.chromaFormat)) {
    TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 1);
  }
  else if (cu.sbtInfo && tu.noResidual) {
    TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 0);
  }
  else if (cu.sbtInfo && !chromaCbfs.sigChroma(area.chromaFormat)) {
    assert(!tu.noResidual);
    TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, 1);
  }
  else {
    bool lumaCbfIsInferredACT = (cu.colorTransform && cu.predMode == MODE_INTRA && 
                                trDepth == 0 && !chromaCbfs.sigChroma(area.chromaFormat));
    bool lastCbfIsInferred    = false;
    bool previousCbf          = false;
    bool rootCbfSoFar         = false;
    if (cu.ispMode) {
      ...
    }
    bool cbfY = lastCbfIsInferred ? true : cbf_comp(cs, tu.Y(), trDepth, previousCbf, cu.ispMode);
    TU::setCbfAtDepth(tu, COMPONENT_Y, trDepth, (cbfY ? 1 : 0));
  }
}

Experimental Results
The proposed methods have been implemented on top of VTM-9.0, and the experimental results are simulated based on the common test conditions defined in JVET-Q2013[2] and JVET-R0468[3].
Alignment of SW to spec
For the RGB444 natural scene, the RD performance result is shown as follows
	
	All Intra Main10 

	
	VTM-9.0

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	-0.03%
	0.02%
	-0.02%
	99%
	101%

	Kimono
	0.01%
	0.01%
	-0.04%
	100%
	97%

	EBULupoCandlelight
	0.03%
	0.06%
	0.03%
	101%
	96%

	EBURainFruits
	-0.03%
	0.00%
	-0.09%
	104%
	100%

	VenueVu
	0.09%
	0.05%
	0.07%
	106%
	110%

	DucksAndLegs
	0.03%
	-0.01%
	0.04%
	102%
	103%

	OldTownCross
	-0.06%
	0.02%
	0.00%
	102%
	102%

	ParkScene
	-0.02%
	0.00%
	0.03%
	100%
	103%

	Overall
	0.00%
	0.02%
	0.00%
	102%
	100%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Random access Main10 

	
	VTM-9.0

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	-0.01%
	0.01%
	-0.03%
	100%
	99%

	Kimono
	0.04%
	-0.05%
	-0.13%
	100%
	98%

	EBULupoCandlelight
	-0.10%
	-0.09%
	-0.07%
	101%
	97%

	EBURainFruits
	0.01%
	-0.09%
	-0.03%
	102%
	102%

	VenueVu
	#VALUE!
	#VALUE!
	#VALUE!
	101%
	103%

	DucksAndLegs
	-0.11%
	-0.01%
	-0.03%
	101%
	99%

	OldTownCross
	#VALUE!
	#VALUE!
	#VALUE!
	100%
	99%

	ParkScene
	-0.09%
	-0.01%
	0.00%
	100%
	97%

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

	
	
	
	
	
	

	
	
	
	
	
	

	
	Low delay B Main10 

	
	VTM-9.0

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	-0.22%
	-0.08%
	-0.11%
	99%
	98%

	Kimono
	-0.02%
	0.01%
	-0.01%
	100%
	101%

	EBULupoCandlelight
	-0.07%
	-0.08%
	0.19%
	100%
	99%

	EBURainFruits
	0.03%
	-0.02%
	-0.02%
	100%
	97%

	VenueVu
	-0.03%
	0.09%
	0.09%
	100%
	98%

	DucksAndLegs
	-0.04%
	0.01%
	0.02%
	99%
	99%

	OldTownCross
	0.28%
	0.00%
	0.15%
	98%
	104%

	ParkScene
	-0.02%
	0.00%
	0.00%
	100%
	100%

	Overall
	-0.01%
	-0.01%
	0.04%
	101%
	101%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Low delay P Main10 

	
	VTM-9.0

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	-0.04%
	-0.06%
	0.03%
	100%
	100%

	Kimono
	0.06%
	0.04%
	-0.02%
	101%
	101%

	EBULupoCandlelight
	-0.32%
	-0.20%
	0.00%
	101%
	97%

	EBURainFruits
	0.01%
	-0.02%
	0.01%
	101%
	99%

	VenueVu
	0.05%
	0.05%
	0.00%
	102%
	100%

	DucksAndLegs
	0.17%
	0.03%
	0.06%
	100%
	99%

	OldTownCross
	0.26%
	-0.07%
	0.07%
	99%
	102%

	ParkScene
	-0.03%
	-0.01%
	-0.04%
	101%
	96%

	Overall
	0.02%
	-0.03%
	0.01%
	101%
	101%


In the case of RGB444 SCC content, the RD performance result is shown as follows
	
	All Intra Main10 

	
	RGB 4:4:4

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.04%
	0.05%
	0.01%
	100%
	99%

	TGM 720p
	0.13%
	0.15%
	0.16%
	101%
	103%

	Animation
	0.26%
	0.22%
	0.24%
	102%
	101%

	Mixed content
	0.02%
	-0.01%
	0.03%
	101%
	96%

	Overall
	0.11%
	0.10%
	0.11%
	101%
	100%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Random access Main10 

	
	RGB 4:4:4

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	TGM 720p
	0.02%
	0.05%
	0.03%
	101%
	102%

	Animation
	-0.01%
	0.08%
	0.04%
	101%
	101%

	Mixed content
	0.01%
	0.04%
	0.12%
	101%
	101%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	
	
	
	
	
	

	
	
	
	
	
	

	
	Low delay B Main10 

	
	RGB 4:4:4

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	-0.02%
	0.03%
	-0.01%
	102%
	102%

	TGM 720p
	0.11%
	0.00%
	0.05%
	102%
	104%

	Animation
	-0.01%
	0.00%
	0.00%
	101%
	101%

	Mixed content
	-0.05%
	-0.01%
	0.06%
	103%
	101%

	Overall
	0.01%
	0.01%
	0.03%
	102%
	102%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Low delay P Main10 

	
	RGB 4:4:4

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.01%
	-0.02%
	0.02%
	102%
	98%

	TGM 720p
	0.10%
	0.03%
	0.14%
	102%
	105%

	Animation
	0.00%
	0.02%
	0.01%
	101%
	102%

	Mixed content
	0.07%
	-0.06%
	0.05%
	103%
	101%

	Overall
	0.05%
	0.00%
	0.06%
	102%
	101%


Alignment of spec to SW
For the RGB444 natural scene, the RD performance result is shown as follows
	[bookmark: _GoBack]
	All Intra Main10 

	
	VTM-9.0

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	0.00%
	0.00%
	0.00%
	99%
	98%

	Kimono
	0.00%
	0.00%
	0.00%
	99%
	94%

	EBULupoCandlelight
	0.00%
	0.00%
	0.00%
	101%
	100%

	EBURainFruits
	0.00%
	0.00%
	0.00%
	104%
	102%

	VenueVu
	0.00%
	0.00%
	0.00%
	103%
	107%

	DucksAndLegs
	0.00%
	0.00%
	0.00%
	101%
	102%

	OldTownCross
	0.00%
	0.00%
	0.00%
	101%
	99%

	ParkScene
	0.00%
	0.00%
	0.00%
	99%
	100%

	Overall
	0.00%
	0.00%
	0.00%
	101%
	100%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Random access Main10 

	
	VTM-9.0

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	0.00%
	0.00%
	0.00%
	100%
	98%

	Kimono
	0.00%
	0.00%
	0.00%
	101%
	99%

	EBULupoCandlelight
	0.00%
	0.00%
	0.00%
	100%
	100%

	EBURainFruits
	0.00%
	0.00%
	0.00%
	102%
	102%

	VenueVu
	0.00%
	0.00%
	0.00%
	102%
	104%

	DucksAndLegs
	0.00%
	0.00%
	0.00%
	100%
	98%

	OldTownCross
	0.00%
	0.00%
	0.00%
	101%
	100%

	ParkScene
	0.00%
	0.00%
	0.00%
	100%
	97%

	Overall
	0.00%
	0.00%
	0.00%
	101%
	101%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Low delay B Main10 

	
	VTM-9.0

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	0.00%
	0.00%
	0.00%
	100%
	100%

	Kimono
	0.00%
	0.00%
	0.00%
	100%
	101%

	EBULupoCandlelight
	0.00%
	0.00%
	0.00%
	100%
	97%

	EBURainFruits
	0.00%
	0.00%
	0.00%
	100%
	98%

	VenueVu
	0.00%
	0.00%
	0.00%
	101%
	98%

	DucksAndLegs
	0.00%
	0.00%
	0.00%
	100%
	98%

	OldTownCross
	0.00%
	0.00%
	0.00%
	100%
	102%

	ParkScene
	0.00%
	0.00%
	0.00%
	100%
	101%

	Overall
	0.00%
	0.00%
	0.00%
	101%
	101%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Low delay P Main10 

	
	VTM-9.0

	
	Y
	U
	V
	EncT
	DecT

	Traffic
	0.00%
	0.00%
	0.00%
	100%
	100%

	Kimono
	0.00%
	0.00%
	0.00%
	100%
	101%

	EBULupoCandlelight
	0.00%
	0.00%
	0.00%
	100%
	96%

	EBURainFruits
	0.00%
	0.00%
	0.00%
	101%
	98%

	VenueVu
	0.00%
	0.00%
	0.00%
	101%
	100%

	DucksAndLegs
	0.00%
	0.00%
	0.00%
	100%
	99%

	OldTownCross
	0.00%
	0.00%
	0.00%
	100%
	98%

	ParkScene
	0.00%
	0.00%
	0.00%
	99%
	97%

	Overall
	0.00%
	0.00%
	0.00%
	101%
	101%


In the case of RGB444 SCC content, the RD performance result is shown as follows
	
	All Intra Main10 

	
	RGB 4:4:4

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.00%
	0.00%
	0.00%
	100%
	99%

	TGM 720p
	0.00%
	0.00%
	0.00%
	100%
	105%

	Animation
	0.00%
	0.00%
	0.00%
	100%
	102%

	Mixed content
	0.00%
	0.00%
	0.00%
	100%
	97%

	Overall
	0.00%
	0.00%
	0.00%
	100%
	101%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Random access Main10 

	
	RGB 4:4:4

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	TGM 720p
	0.00%
	0.00%
	0.00%
	101%
	102%

	Animation
	0.00%
	0.00%
	0.00%
	101%
	102%

	Mixed content
	0.00%
	0.00%
	0.00%
	101%
	103%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	
	
	
	
	
	

	
	
	
	
	
	

	
	Low delay B Main10 

	
	RGB 4:4:4

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.00%
	0.00%
	0.00%
	102%
	100%

	TGM 720p
	0.00%
	0.00%
	0.00%
	102%
	105%

	Animation
	0.00%
	0.00%
	0.00%
	101%
	100%

	Mixed content
	0.00%
	0.00%
	0.00%
	102%
	100%

	Overall
	0.00%
	0.00%
	0.00%
	102%
	101%

	
	
	
	
	
	

	
	
	
	
	
	

	
	Low delay P Main10 

	
	RGB 4:4:4

	
	Y
	U
	V
	EncT
	DecT

	TGM 1080p
	0.00%
	0.00%
	0.00%
	102%
	100%

	TGM 720p
	0.00%
	0.00%
	0.00%
	102%
	106%

	Animation
	0.00%
	0.00%
	0.00%
	101%
	101%

	Mixed content
	0.00%
	0.00%
	0.00%
	102%
	100%

	Overall
	0.00%
	0.00%
	0.00%
	102%
	102%



Conclusion
In this contribution, it is reported there is a mismatch behavior of TU coded flag for luminance component between SW and spec. It is proposed to either align software to spec., or align spec. to software. However, align software to spec. may lead to a case that a CU is signaled as ACT but has no coefficient, which is not consistent with transform design. Therefore, it is recommended to align spec. to software.
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