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Abstract
This contribution proposes a common text for agreed minimal required fixes for Adaptive Color space Transform (ACT). In addition, version 3 changes the ACT color transform to a reversible variant.
Elements that can be found in the following contributions are combined:
· Clipping input residual samples to 16-bit for ACT: JVET-Q0513.
· Disabling ACT when maximum transform size is 64: JVET-Q0162.
· Fixing ACT normalization QP offset for Cb channel: JVET-Q0098, JVET-Q0241, JVET-Q0425, JVET-Q0511, JVET-Q0808, see also ticket #758.
· Lower-bound clipping of QP when ACT offsets are applied: JVET‑Q0098, JVET‑Q0142, JVET‑Q0241, JVET‑Q0425, JVET‑Q0510, JVET‑Q0511, JVET‑Q0808.
· Replacing YCoCg transform with YCoCg-R, with impact on quantization offsets and clipping: JVET-Q0510
Draft text changes, based on JVET-Q0041-v2
[…]
[bookmark: _Toc415475819][bookmark: _Toc423599094][bookmark: _Toc423601598][bookmark: _Ref23239590]7.3.2.3	Sequence parameter set RBSP syntax

	seq_parameter_set_rbsp( ) {
	Descriptor

		[…]
	

		sps_max_luma_transform_size_64_flag
	u(1)

		sps_joint_cbcr_enabled_flag
	u(1)

		[…]
	

		if( chroma_format_idc  = =  3 ) {
	

			if( !sps_max_luma_transform_size_64_flag )
	

				sps_act_enabled_flag
	u(1)

			sps_palette_enabled_flag
	u(1)

		}
	

		[…]
	

	}
	


[…]
[bookmark: _Toc20134244][bookmark: _Toc77680374][bookmark: _Ref168818756][bookmark: _Ref220341273][bookmark: _Toc226456525][bookmark: _Toc248045224][bookmark: _Toc287363754][bookmark: _Toc311216742][bookmark: _Toc317198706][bookmark: _Toc415475820][bookmark: _Toc423599095][bookmark: _Toc423601599]7.3.2.4	Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

		[…]
	

		pps_cb_qp_offset
	se(v)

		pps_cr_qp_offset
	se(v)

		pps_joint_cbcr_qp_offset_present_flag
	u(1)

		if( pps_joint_cbcr_qp_offset_present_flag )
	

			pps_joint_cbcr_qp_offset_value
	se(v)

		pps_slice_chroma_qp_offsets_present_flag
	u(1)

		[…]
	

	}
	


[…]
7.3.7.1	General slice header syntax

	slice_header( ) {
	Descriptor

		[…]
	

		if( pps_slice_chroma_qp_offsets_present_flag ) {
	

			slice_cb_qp_offset
	se(v)

			slice_cr_qp_offset
	se(v)

			if( sps_joint_cbcr_enabled_flag )
	

				slice_joint_cbcr_qp_offset
	se(v)

		}
	

		[…]
	

	}
	


[…]
[bookmark: _Toc415475860][bookmark: _Toc423599135][bookmark: _Toc423601639]7.4.3.3	Sequence parameter set RBSP semantics
[…]
sps_act_enabled_flag equal to 1 specifies that adaptive colour transform may be used and the cu_act_enabled_flag may be present in the coding unit syntax. sps_act_enabled_flag equal to 0 speifies that adaptive colour transform is not used and cu_act_enabled_flag is not present in the coding unit syntax. When sps_act_enabled_flag is not present, it is inferred to be equal to 0.
[…]
7.4.3.4	Picture parameter set RBSP semantics
[…]
pps_cb_qp_offset and pps_cr_qp_offset specify the offsets to the luma quantization parameter Qp′Y used for deriving Qp′Cb and Qp′Cr, respectively. The values of pps_cb_qp_offset and pps_cr_qp_offset shall be in the range of −12 to +12, inclusive. When ChromaArrayType is equal to 0, pps_cb_qp_offset and pps_cr_qp_offset are not used in the decoding process and decoders shall ignore their value.
pps_joint_cbcr_qp_offset_present_flag equal to 1 specifies that pps_joint_cbcr_qp_offset_value and joint_cbcr_qp_offset_list[ i ] are present in the PPS RBSP syntax structure. pps_joint_cbcr_qp_offset_present_flag equal to 0 specifies that pps_joint_cbcr_qp_offset_value and joint_cbcr_qp_offset_list[ i ] are not present in the PPS RBSP syntax structure. When ChromaArrayType is equal to 0 or sps_joint_cbcr_enabled_flag is equal to 0, the value of pps_joint_cbcr_qp_offset_present_flag shall be equal to 0.
pps_joint_cbcr_qp_offset_value specifies the offset to the luma quantization parameter Qp′Y used for deriving Qp′CbCr. The value of pps_joint_cbcr_qp_offset_value shall be in the range of −12 to +12, inclusive. When ChromaArrayType is equal to 0 or sps_joint_cbcr_enabled_flag is equal to 0, pps_joint_cbcr_qp_offset_value is not used in the decoding process and decoders shall ignore its value. When pps_joint_cbcr_qp_offset_present_flag is equal to 0, pps_joint_cbcr_qp_offset_value is not present and is inferred to be equal to 0.
pps_slice_chroma_qp_offsets_present_flag equal to 1 indicates that the slice_cb_qp_offset and slice_cr_qp_offset syntax elements are present in the associated slice headers. pps_slice_chroma_qp_offsets_present_flag equal to 0 indicates that these syntax elements are not present in the associated slice headers. When ChromaArrayType is equal to 0, pps_slice_chroma_qp_offsets_present_flag shall be equal to 0.
[…]
7.4.8.1	General slice header semantics
[…]
slice_cb_qp_offset specifies a difference to be added to the value of pps_cb_qp_offset when determining the value of the Qp′Cb quantization parameter. The value of slice_cb_qp_offset shall be in the range of −12 to +12, inclusive. When slice_cb_qp_offset is not present, it is inferred to be equal to 0. The value of pps_cb_qp_offset + slice_cb_qp_offset shall be in the range of −12 to +12, inclusive.
slice_cr_qp_offset specifies a difference to be added to the value of pps_cr_qp_offset when determining the value of the Qp′Cr quantization parameter. The value of slice_cr_qp_offset shall be in the range of −12 to +12, inclusive. When slice_cr_qp_offset is not present, it is inferred to be equal to 0. The value of pps_cr_qp_offset + slice_cr_qp_offset shall be in the range of −12 to +12, inclusive.
slice_joint_cbcr_qp_offset specifies a difference to be added to the value of pps_joint_cbcr_qp_offset_value when determining the value of the Qp′CbCr. The value of slice_joint_cbcr_qp_offset shall be in the range of −12 to +12, inclusive. When slice_joint_cbcr_qp_offset is not present, it is inferred to be equal to 0. The value of pps_joint_cbcr_qp_offset_value + slice_joint_cbcr_qp_offset shall be in the range of −12 to +12, inclusive.
[…]
[bookmark: _Ref529267130][bookmark: _Toc24573155]8.7.1	Derivation process for quantization parameters
[…]
When treeType is equal to SINGLE_TREE or DUAL_TREE_LUMA, […]
[…]
The variable QpY is derived as follows:
QpY = ( ( qPY_PRED + CuQpDeltaVal + 64 + 2 * QpBdOffset ) % ( 64 + QpBdOffset ) ) − QpBdOffset	(1116) 
The luma quantization parameter Qp′Y is derived as follows:
Qp′Y = QpY + QpBdOffset		(1117)
When ChromaArrayType is not equal to 0 and treeType is equal to SINGLE_TREE or DUAL_TREE_CHROMA, the following applies:
–	When treeType is equal to DUAL_TREE_CHROMA, the variable QpY is set equal to the luma quantization parameter QpY of the luma coding unit that covers the luma location ( xCb + cbWidth / 2, yCb + cbHeight / 2 ).
–	The variables qPCb, qPCr and qPCbCr are derived as follows:
qPChroma = Clip3( −QpBdOffset, 63, QpY )		(1118)
qPCb = ChromaQpTable[ 0 ][ qPChroma ]		(1119)
qPCr = ChromaQpTable[ 1 ][ qPChroma ]		(1120)
qPCbCr = ChromaQpTable[ 2 ][ qPChroma ]		(1121)
–	The chroma quantization parameters for the Cb and Cr components, Qp′Cb and Qp′Cr, and joint Cb-Cr coding Qp′CbCr are derived as follows:
Qp′Cb =  Clip3( −QpBdOffset, 63, qPCb + pps_cb_qp_offset + slice_cb_qp_offset + CuQpOffsetCb )
	 + QpBdOffset		(1122)
Qp′Cr = Clip3( −QpBdOffset, 63, qPCr + pps_cr_qp_offset + slice_cr_qp_offset + CuQpOffsetCr )
	 + QpBdOffset		(1123)
[bookmark: _Ref81308924][bookmark: _Ref22911311][bookmark: _Ref22911306][bookmark: _Ref81308921][bookmark: _Toc77680780][bookmark: _Toc118289114][bookmark: _Toc246350714][bookmark: _Toc259024363][bookmark: _Toc415476453][bookmark: _Toc423602499][bookmark: _Toc423602673][bookmark: _Toc501130573][bookmark: _Toc510795498]Qp′CbCr = Clip3( −QpBdOffset, 63, qPCbCr + pps_joint_cbcr_qp_offset + 
	slice_joint_cbcr_qp_offset +CuQpOffsetCbCr ) + QpBdOffset	(1124)
[…]
[bookmark: _Ref522189399][bookmark: _Toc24573157]8.7.3	Scaling process for transform coefficients
Inputs to this process are:
· a luma location ( xTbY, yTbY ) specifying the top-left sample of the current luma transform block relative to the top‑left luma sample of the current picture,
· a variable nTbW specifying the transform block width,
· a variable nTbH specifying the transform block height, 
· a variable predMode specifying the prediction mode of the coding unit,
· a variable cIdx specifying the colour component of the current block.
Output of this process is the (nTbW)x(nTbH) array d of scaled transform coefficients with elements d[ x ][ y ].
The quantization parameter qP and the variable QpActOffset areis derived as follows:
· If cIdx is equal to 0, the following applies:
qP = Qp′Y		(1129)
QpActOffset = cu_act_enabled_flag[ xTbY ][ yTbY ] ? -5 : 0	(xxxx)
· Otherwise, if TuCResMode[ xTbY ][ yTbY ] is equal to 2, the following applies:
qP = Qp′CbCr		(1130)
QpActOffset = cu_act_enabled_flag[ xTbY ][ yTbY ] ? 15 : 0	(xxxx)
· Otherwise, if cIdx is equal to 1, the following applies:
qP = Qp′Cb		(1131)
QpActOffset = cu_act_enabled_flag[ xTbY ][ yTbY ] ? 15 : 0	(xxxx)
· Otherwise (cIdx is equal to 2), the following applies:
[bookmark: _Hlk29938095]qP = Qp′Cr		(1132)
QpActOffset = cu_act_enabled_flag[ xTbY ][ yTbY ] ? 3 : 0	(xxxx)
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, the following applies:
qP = MaxClip3( 0, 63 + QpBdOffset, qP − + QpActOffset( 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), the following applies:
qP = MaxClip3( QpPrimeTsMin, 63 + QpBdOffset, qP − + QpActOffset ) − ( cu_act_enabled_flag[ xTbY ][ yTbY ] ? 5 : 0 )	(1136)
rectNonTsFlag = 0		(1137)
bdShift = 10			(1138)
The variable bdOffset is derived as follows:
bdOffset = ( 1  <<  bdShift )  >>  1		(1139)
[…]
[bookmark: _Ref21774174]8.7.4.6	Residual modification process for blocks using colour space conversion
[…]
The (nTbW)x(nTbH) arrays of residual samples rY, rCb and rCr are modified as follows:
rY[ x ][ y ] = Clip3( −( 1 << BitDepth ), ( 1 << BitDepth ) − 1, rY[ x ][ y ] )	(xxxx)
rCb[ x ][ y ] = Clip3( −( 1 << BitDepth ), ( 1 << BitDepth ) − 1, rCb[ x ][ y ] )	(xxxx)
rCr[ x ][ y ] = Clip3( −( 1 << BitDepth ), ( 1 << BitDepth ) − 1, rCr[ x ][ y ] )	(xxxx)
tmp = rY[ x ][ y ] − ( rCb[ x ][ y ] >> 1 )	(1191)
rY[ x ][ y ] = rY[ x ][ y ]tmp + rCb[ x ][ y ]	(1192)
rCb[ x ][ y ] = tmp − ( rCr[ x ][ y ] >> 1 )	(1193)
[bookmark: _GoBack]rCr[ x ][ y ] += tmp + rCr[ x ][ y ]	(1194)
 […]
[bookmark: _Ref295419313][bookmark: _Ref528317037]8.8.3.6.1	[Deblocking filter] Decision process for luma block edges
[…]
The variables QpQ and QpP are set equal to the QpY values of the coding units which include the coding blocks containing the sample q0,0 and p0,0, respectively.
[…]
[bookmark: _Ref8066223]8.8.3.6.3	[Deblocking filter] Decision process for chroma block edges
[…]
The variable QpP is derived as follows:
· The luma location ( xTbP, xTbP ) is set as the top-left luma sample position of the transform block containing the sample p0,0, relative to the top-left luma sample of the picture.
· If TuCResMode[ xTbP ][ yTbP ] is equal to 2, QpP is set equal to Qp′CbCr of the transform block containing the sample p0,0.
· Otherwise, if cIdx is equal to 1, QpP is set equal to Qp′Cb of the transform block containing the sample p0,0.
· Otherwise, QpP is set equal to Qp′Cr of the transform block containing the sample p0,0.
The variable QpQ is derived as follows:
· The luma location ( xTbQ,  xTbQ ) is set as the top-left luma sample position of the transform block containing the sample q0,0, relative to the top-left luma sample of the picture.
· If TuCResMode[ xTbQ ][ yTbQ ] is equal to 2, QpQ is set equal to Qp′CbCr of the transform block containing the sample q0,0.
· Otherwise, if cIdx is equal to 1, QpQ is set equal to Qp′Cb of the transform block containing the sample q0,0.
· Otherwise, QpQ is set equal to Qp′Cr of the transform block containing the sample q0,0.
The variable QpC is derived as follows:
QpC = ( QpQ − QpBdOffset + QpP − QpBdOffset + 1 )  >>  1	(1321)
[…]
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