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Abstract
In the current VVC, lossless coding is achieved by always choosing transform skip (TS) mode by signalling TS flag equal to 1 for each transform block (TB), where the TS mode is always combined with transform skip residual coding (TSRC). In the 16th JVET meeting, it was observed that always choosing TS mode by signalling TS flag equal to 1 for each TB and always combining TS mode with regular residual coding (RRC) can bring more bit savings for lossless coding some sequences, especially for camera captured videos. Therefore, to improve lossless coding gain, slice-level switch between TSRC and RRC for lossless coding by signalling TS flag equal to 1 for each TB is planned in CE3. In this contribution, transform block (TB) level switch between TSRC and RRC for lossless coding is proposed to further improve lossless coding gain. First, a new “slice transform disabled flag” is signalled or inferred at slice level, and it is used to indicate whether transform is disabled for the slice. When the slice transform disabled flag is true, the transform process and quantization process are the same as those when TS is applied, and the TS flag is still signalled at TB level but used to select TSRC or RRC. Second, since in VTM7.0 block-wise differential pulse code modulation (BDPCM) blocks are always combined with TS and TSRC, to remove this combination so as to make BDPCM blocks be able to choose between TSRC and RRC, a new “slice BDPCM infer transform skip disabled flag” is signalled or inferred at slice level, and it is used to indicate whether TS and TSRC are combined with BDPCM blocks. If the slice BDPCM infer transform skip disabled flag is true, the TS flag is still signalled for each BDPCM block, and TS is still applied to all BDCM blocks, but the TS flag is used to select TSRC or RRC. Lossless coding bit savings are as follows.
[Anchor: VTM7.0 with BDPCM disabled; Test: Proposed method with BDPCM disabled]
TGM sequences => -3.88% (AI), -4.52% (RA), -4.53% (LB)
CTC sequences (Classes A1, A2, B, C, E) => -5.46% (AI), -5.73% (RA), -5.06% (LB)
[Anchor: VTM7.0 with BDPCM disabled; Test: Proposed method with luma and chroma BDPCM enabled]
TGM sequences => -8.50% (AI), -6.37% (RA), -5.45% (LB)
CTC sequences (Classes A1, A2, B, C, E) => -7.86% (AI), -6.33% (RA), -5.91% (LB)

Introduction
In VTM7.0 [1], lossless coding is achieved by using a lossless configuration, which leads to that all blocks are coded by TS mode and hence TSRC is always applied because TS mode and TSRC are combined. In the 16th JVET meeting, lossless coding bit savings by always choosing TS mode and always combining TS mode with RRC were shown to be higher for some sequences, especially for camera captured videos. Since both TSRC and RRC can bring more bit savings in some cases, allowing selection between TSRC and RRC should result in further bit savings. In CE3, slice-level selection is planned. In this proposal, TB-level selection is reported.

Proposed method
A PPS transform disabled flag and a slice transform disabled flag are added. The PPS transform disabled flag specifies whether the slice transform disabled flag is present. If the PPS disabled transform flag is true, the slice transform disabled flag is signalled in the slice header. If the slice transform disabled flag is not present, it is inferred to be 0. If the slice transform disabled flag is true, the transform process and quantization process are the same as those when TS is applied. The TS flag is still signalled at TB level but used to select TSRC or RRC for the TB. The corresponding changes in VVC Draft 7 are shown below.

	pic_parameter_set_rbsp( ) {
	Descriptor

	  …
	

	  pps_transform_disabled_flag
	u(1)

	  …
	

	}
	



	slice_header( ) {
	Descriptor

	     …
	

	    if( pps_transform_disabled_flag ) {
	

	         slice_transform disabled_flag
	u(1)

	    }
	

	    …
	

	}
	



	8.7.2	Scaling and transformation process
…
1. The (nTbW)x(nTbH) array of residual samples res is derived as follows:
· If transform_skip_flag[ xTbY ][ yTbY ][ codedCIdx ] is equal to 1 or slice_transform_disabled_flag is equal to 1, the residual sample array values res[ x ][ y ] with x = 0..nTbW − 1, y = 0..nTbH − 1 are derived as follows:
res[ x ][ y ] = d[ x ][ y ]	(1125)
· Otherwise (transform_skip_flag[ xTbY ][ yTbY ][ codedCIdx ] is equal to 0 and slice_transform_disabled_flag is equal to 0), the transformation process for scaled transform coefficients as specified in clause 8.7.4.1 is invoked with the transform block location ( xTbY, yTbY ), the transform block width nTbW and the transform block height nTbH, the colour component variable cIdx being set equal to codedCIdx and the (nTbW)x(nTbH) array of scaled transform coefficients d as inputs, and the output is an (nTbW)x(nTbH) array of residual samples res.
…




	8.7.3	Scaling process for transform coefficients
…
The quantization parameter qP is modified and the variables rectNonTsFlag and bdShift are derived as follows:
· If transform_skip_flag[ xTbY ][ yTbY ][ cIdx ] is equal to 0 and slice_transform_disabled_flag is equal to 0, the following applies:
qP = qP − ( cu_act_enabled_flag[ xTbY ][ yTbY ] ? 5 : 0 )	(1133)
rectNonTsFlag = ( ( ( Log2( nTbW ) + Log2( nTbH ) ) & 1 )  = =  1 )  ?  1 : 0	(1134)
bdShift = BitDepth + rectNonTsFlag +		(1135)
		( ( Log2( nTbW ) + Log2( nTbH ) ) / 2 ) − 5 + pic_dep_quant_enabled_flag	
· Otherwise (transform_skip_flag[ xTbY ][ yTbY ][ cIdx ] is equal to 1 or slice_transform_disabled_flag is equal to 1), the following applies:
qP = Max( QpPrimeTsMin, qP ) − ( cu_act_enabled_flag[ xTbY ][ yTbY ]  ?  5  :  0 )	(1136)
rectNonTsFlag = 0		(1137)
       bdShift = 10
The variable bdOffset is derived as follows:
bdOffset = ( 1 << bdShift ) >> 1		(1139)
The list levelScale[ ][ ] is specified as levelScale[ j ][ k ] = { { 40, 45, 51, 57, 64, 72 }, { 57, 64, 72, 80, 90, 102 } } with j = 0..1, k = 0..5.
The (nTbW)x(nTbH) array dz is set equal to the (nTbW)x(nTbH) array TransCoeffLevel[ xTbY ][ yTbY ][ cIdx ].
For the derivation of the scaled transform coefficients d[ x ][ y ] with x = 0..nTbW − 1, y = 0..nTbH − 1, the following applies:
· The intermediate scaling factor m[ x ][ y ] is derived as follows:
· If one or more of the following conditions are true, m[ x ][ y ] is set equal to 16:
· sps_scaling_list_enabled_flag is equal to 0.
· pic_scaling_list_present_flag is equal to 0. 
· slice_transform_disabled_flag is equal to 1.
· transform_skip_flag[ xTbY ][ yTbY ][ cIdx ] is equal to 1.
· scaling_matrix_for_lfnst_disabled_flag is equal to 1 and lfnst_idx[ xTbY ][ yTbY ] is not equal to 0.
· Otherwise, the following applies:
…..
· The scaling factor ls[ x ][ y ] is derived as follows:
–	If pic_dep_quant_enabled_flag is equal to 1 and transform_skip_flag[ xTbY ][ yTbY ][ cIdx ] is equal to 0 and slice_transform_disabled_flag is equal to 0, the following applies:
ls[ x ][ y ] = ( m[ x ][ y ] * levelScale[ rectNonTsFlag ][ (qP + 1) % 6 ] ) << ( (qP + 1) / 6 )	(1143)
–	Otherwise (pic_dep_quant_enabled_flag is equal to 0 or transform_skip_flag[ xTbY ][ yTbY ][ cIdx ] is equal to 1 or  slice_transform_disabled_flag is equal to 1), the following applies:
ls[ x ][ y ] = ( m[ x ][ y ] * levelScale[ rectNonTsFlag ][ qP % 6 ] ) << ( qP / 6 )	(1144)
…




Since BDPCM blocks are always combined with TS and TSRC in VVC Draft 7 [2], to achieve residual coding selection for BDPCM blocks, a PPS BDPCM infer transform skip disabled flag and a slice BDPCM infer transform skip disabled flag are added. The PPS BDPCM infer transform skip disabled flag specifies whether the slice BDPCM infer transform skip disabled flag is present. If the PPS BDPCM infer transform skip disabled flag is true and either luma BDPCM or chroma BDPCM is enabled, the slice BDPCM infer transform skip disabled flag is signalled in the slice header. If the slice BDPCM infer transform skip disabled flag is not present, it is inferred to be 0. When the slice BDPCM infer transform skip disabled flag is true, the TS flag is still signalled in each BDPCM block, and TS is still applied to all BDCM blocks, but the TS flag is used to select TSRC or RRC for the BDPCM block. The corresponding changes in VVC Draft 7 are shown below.

	pic_parameter_set_rbsp( ) {
	Descriptor

	  …
	

	  pps_bdpcm_infer_transform_skip_disabled_flag
	u(1)

	  …
	

	}
	



	slice_header( ) {
	Descriptor

	     …
	

	    if( pps_bdpcm_infer_transform_skip_flag && (sps_bdpcm_enabled_flag || sps_bdpcm_chroma_enabled_flag) ) {
	

	        slice_bdpcm_infer_transform_skip_disabled_flag
	u(1)

	    }
	

	    …
	

	}
	



	transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTuIndex, chType ) {
	Descriptor

	  …
	

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

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

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

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

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

			else
	

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

		}
	

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

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

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

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

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

			else
	

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

		}
	

		if( tu_cbf_cr[ xC ][ yC ]  &&  treeType  !=  DUAL_TREE_LUMA  &&  
		!( tu_cbf_cb[ xC ][ yC ]  &&  tu_joint_cbcr_residual_flag[ xC ][ yC ] ) ) {
	

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

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

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

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

			else
	

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

		}
	

	}
	



Experiment results
The proposed method has been implemented on top of VTM7.0. The anchor is VTM7.0 with the lossless configuration settings and with BDPCM disabled. In both anchor and tests, QP is set to 4, and only 100 frames are tested in AI, RA, and LB. Table 1 shows the results of the proposed method with BDPCM disabled. Table 2 shows the results of the proposed method with both luma and chroma BDPCM enabled.



Table 1. Results of the proposed method with BDPCM disabled.
	 
	 
	All Intra
	 
	 
	Random Access
	 
	 
	Low delay B
	 

	 
	ratio
	 
	 
	ratio
	 
	 
	ratio
	 
	 

	 
	VTM7
	Test
	bit-rate savings
	VTM7
	Test
	bit-rate savings
	VTM7
	Test
	bit-rate savings

	Class A1
	2.2
	2.4
	-5.67%
	2.2
	2.4
	-6.47%
	 
	 
	 

	Class A2
	1.6
	1.7
	-8.99%
	1.7
	1.9
	-8.25%
	 
	 
	 

	Class B
	2.2
	2.3
	-4.22%
	2.3
	2.4
	-3.95%
	2.3
	2.4
	-3.95%

	Class C
	1.9
	2.0
	-5.20%
	2.4
	2.6
	-5.52%
	2.4
	2.6
	-5.43%

	Class D
	1.9
	2.0
	-4.90%
	2.8
	2.9
	-5.31%
	2.7
	2.9
	-5.27%

	Class E
	2.8
	2.9
	-4.10%
	 
	 
	 
	3.1
	3.3
	-6.43%

	Class F
	5.3
	5.5
	-3.59%
	33.7
	35.0
	-4.34%
	50.7
	52.3
	-4.20%

	TGM
	11.8
	12.3
	-3.88%
	107.1
	112.4
	-4.52%
	124.9
	131.3
	-4.53%

	Overall with Classes D, F, TGM excluded
	2.1
	2.3
	-5.46%
	2.2
	2.4
	-5.73%
	2.6
	2.7
	-5.06%

	Enc Time[%]
	 
	114%
	 
	 
	113%
	 
	 
	106%
	 

	Dec Time[%]
	 
	108%
	 
	 
	102%
	 
	 
	106%
	 



Table 2. Results of the proposed method with both luma and chroma BDPCM enabled.
	 
	 
	All Intra
	 
	 
	Random Access
	 
	 
	Low delay B
	 

	 
	ratio
	 
	 
	ratio
	 
	 
	ratio
	 
	 

	 
	VTM7
	Test
	bit-rate savings
	VTM7
	Test
	bit-rate savings
	VTM7
	Test
	bit-rate savings

	Class A1
	2.2
	2.4
	-6.81%
	2.2
	2.4
	-7.21%
	 
	 
	 

	Class A2
	1.6
	1.8
	-10.56%
	1.7
	1.9
	-8.59%
	 
	 
	 

	Class B
	2.2
	2.3
	-6.42%
	2.3
	2.5
	-4.63%
	2.3
	2.4
	-4.64%

	Class C
	1.9
	2.1
	-7.30%
	2.4
	2.6
	-6.10%
	2.4
	2.6
	-6.00%

	Class D
	1.9
	2.1
	-9.06%
	2.8
	2.9
	-6.09%
	2.7
	2.9
	-5.86%

	Class E
	2.8
	3.1
	-9.35%
	 
	 
	 
	3.1
	3.4
	-7.93%

	Class F
	5.3
	5.9
	-8.66%
	33.7
	36.2
	-6.53%
	50.7
	53.4
	-5.85%

	TGM
	11.8
	13.0
	-8.50%
	107.1
	114.7
	-6.37%
	124.9
	132.1
	-5.45%

	Overall with Classes D, F, TGM excluded
	2.1
	2.3
	-7.86%
	2.2
	2.4
	-6.33%
	2.6
	2.7
	-5.91%

	Enc Time[%]
	 
	136%
	 
	 
	117%
	 
	 
	114%
	 

	Dec Time[%]
	 
	94%
	 
	 
	100%
	 
	 
	105%
	 



Conclusions
This contribution presents TB-level residual coding selection for lossless coding. It is shown that lossless coding gain is significantly improved.
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