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Abstract
This contribution proposes to add four new QP offset syntax elements to the PPS in VVC that are applied for coding units that use the adaptive colour transform (ACT). The proposed new syntax element names are pps_act_y_qp_offset_plus5, pps_act_cb_qp_offset_plus5, pps_act_cr_qp_offset_plus3 and pps_act_cbcr_qp_offset_plus5. A gating flag, pps_act_qp_offsets_present_flag, is also proposed.
This contribution also proposes to modify the clipping that affect the range of the variable qP.
The contribution claims that additional flexibility and improved visual quality in some use cases can be achieved through the introduction of four new QP offset syntax elements for ACT in the PPS similar to corresponding support in HEVC. HEVC additionally supports ACT offsets in the slice header but that is not included in this contribution.
The contribution further claims that the current VVC draft applies normalization compensation offsets for the derivation of the quantization value qP such that it can exceed the range of 0 to 63+QpBdOffsetY. This contribution proposes to add the QP offsets before clipping to ensure that qP stays within this range also when ACT is enabled.
Proposed specification text on top of JVET-Q0041-v2_DraftText.docx is attached with the contribution.
In a version 2 of the contribution, clipping is done during derivation of the quantization parameter qP for all of Y, Cb, Cr and CbCr since the proponents understanding of the current ACT design is that the quantization values used in the deblocking process shall not include normalization terms. The authors of this contribution propose that the new proposed PPS syntax element values are handled as offset values to the normalization values in the quantization derivation process.
Introduction and Problem Statement
Adaptive colour transform (ACT) was adopted at the 16th JVET meeting in Geneva. ACT enables the use of an additional colour transform that is applied on the residual sample arrays. For CUs to which ACT is applied, the sample arrays are used for holding luma, chroma green and chroma orange data.
However, for CUs to which ACT is applied, the QP is derived the same way as for CUs that do not use ACT, apart from a fixed offset that compensates for that the colour transform is non-normalized. This means that when e.g. pps_cb_qp_offset is used to adjust the reconstructed quality of the Blue data, the same offset will also be applied to the Chroma Green data for CUs that use ACT. We therefore propose to add separate QP offset syntax elements in the PPS, similar to the HEVC design.
Also, in equations (1133) and (1136) where the value of qP is modified in JVET-Q0041-v2_DraftText.docx, the value of qP can fall below 0 since 5 is subtracted from qP without clipping. To ensure that qP is within the range of 0 to 63+QpBdOffsetY, we propose to add all QP offsets before clipping.
Proposal
We propose to add four new syntax elements to the PPS. The proposed new syntax elements in the PPS are pps_act_y_qp_offset_plus5, pps_act_cb_qp_offset_plus5, pps_act_cr_qp_offset_plus3 and pps_act_cbcr_qp_offset_plus5.
Proposed changes to the syntax, semantics and process are shown below with added text on top of JVET-Q0041-v2_DraftText.docx shown in yellow and deleted text shown using yellow strikethrough text. The proposed specification text is also attached with the contribution.

	pic_parameter_set_rbsp( ) {
	Descriptor

		...
	u(1)

		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_act_qp_offsets_present_flag
	u(1)

		if( pps_act_qp_offsets_present_flag ) {
	

			pps_act_y_qp_offset_plus5
	se(v)

			pps_act_cb_qp_offset_plus5
	se(v)

			pps_act_cr_qp_offset_plus3
	se(v)

			if( pps_joint_cbcr_qp_offset_present_flag )
	

				pps_act_cbcr_qp_offset_plus5
	se(v)

		}
	

		...
	



pps_act_qp_offsets_present_flag equal to 1 specifies that quantization parameter offset syntax elements are present in the PPS.  When sps_act_enabled_flag is equal to 0, pps_act_qp_offsets_present_flag shall be equal to 0.
pps_act_y_qp_offset_plus5, pps_act_cb_qp_offset_plus5, pps_act_cr_qp_offset_plus3, and pps_act_cbcr_qp_offset_plus5 are used to determine the offsets that are applied to the quantization parameter values derived in clause 8.7.3 when cu_act_enabled_flag[ xTbY ][ yTbY ] is equal to 1. When not present, the values of pps_act_y_qp_offset_plus5, pps_act_cb_qp_offset_plus5, pps_act_cr_qp_offset_plus3 and pps_act_cbcr_qp_offset_plus5 are inferred to be equal to 0.
The variable PpsActQpOffsetY is set equal to pps_act_y_qp_offset_plus5 − 5.
The variable PpsActQpOffsetCb is set equal to pps_act_cb_qp_offset_plus5 − 5.
The variable PpsActQpOffsetCr is set equal to pps_act_cr_qp_offset_plus3 − 3.
The variable PpsActQpOffsetCbCr is set equal to pps_act_cbcr_qp_offset_plus5 − 5.
NOTE – The constant offset values of 5 and 3 above are applied because the adaptive colour transformation that is applied to the residual when cu_act_enabled_flag[ xTbY ][ yTbY ] is equal to 1 is not an orthonormal transformation.
It is a requirement of bitstream conformance that the values of PpsActQpOffsetY, PpsActQpOffsetCb, PpsActQpOffsetCr and PpsActQpOffsetCbCr shall be in the range of −12 to +12, inclusive.

8.7.1		Derivation process for quantization parameters
...
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:
–	If cu_act_enabled_flag[ xTbY ][ yTbY ] is equal to 0, the following applies:
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)
–	Otherwise (cu_act_enabled_flag[ xTbY ][ yTbY ] is equal to 1), the following applies:
Qp′Cb =  Clip3( −QpBdOffset, 63, qPCb + PpsActQpOffsetCb + CuQpOffsetCb ) + QpBdOffset	(X)
Qp′Cr = Clip3( −QpBdOffset, 63, qPCr + PpsActQpOffsetCr + CuQpOffsetCr ) + QpBdOffset	(X)
Qp′CbCr = Clip3( −QpBdOffset, 63, qPCbCr + PpsActQpOffsetCbCr + CuQpOffsetCbCr ) + QpBdOffset	(X)

[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 is derived as follows:
· If cIdx is equal to 0, the following applies:
qP = Clip3( 0, 63 + QpBdOffsetY, Qp′Y + ( cu_act_enabled_flag[ xTbY ][ yTbY ] ? PpsActQpOffsetY : 0 ) )				(1129)
· Otherwise, if TuCResMode[ xTbY ][ yTbY ] is equal to 2, the following applies:
qP = Qp′CbCr+ ( cu_act_enabled_flag[ xTbY ][ yTbY ] ? PpsActQpOffsetCbCr : 0 ) 		(1130)
· Otherwise, if cIdx is equal to 1, the following applies:
qP = Qp′Cb+ ( cu_act_enabled_flag[ xTbY ][ yTbY ] ? PpsActQpOffsetCb : 0 ) 		(1131)
· Otherwise (cIdx is equal to 2), the following applies:
qP = Qp′Cr+ ( cu_act_enabled_flag[ xTbY ][ yTbY ] ? PpsActQpOffsetCr : 0 ) 		(1132)
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 = Clip3( 0, 63 + QpBdOffset, 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), the following applies:
qP = MaxClip3( QpPrimeTsMin, 63 + QpBdOffset, qP ) − ( cu_act_enabled_flag[ xTbY ][ yTbY ] ? 5 : 0 )	(1136)
[bookmark: _GoBack]rectNonTsFlag = 0		(1137)
bdShift = 10			(1138)
The variable bdOffset is derived as follows:
bdOffset = ( 1  <<  bdShift )  >>  1		(1139)
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