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Abstract
In this proposal, CU level chroma QP control is introduced to provide finer QP control for chrominance component. First, chroma QP control is extended to blocks coded with joint coding of chrominance residuals (JCCR) mode. Second, CU level chroma QP control of HEVC range extension was extended to support chroma separate tree. QPs of each chroma CU is derived from the co-located Luma QP. 
Introduction
In VTM-5.0, chroma QP control is only available on picture and slice level and chroma QP is derived as follows:
qPiCb = Clip3( −QpBdOffsetC, 69, QpY + pps_cb_qp_offset + slice_cb_qp_offset ),
qPiCr = Clip3( −QpBdOffsetC, 69, QpY + pps_cr_qp_offset + slice_cr_qp_offset ),
qPiCbCr = Clip3( −QpBdOffsetC, 69, QpY + pps_joint_cbcr_qp_offset + slice_joint_cbcr_qp_offset )
where QpY is the luma QP, QpBdOffsetC is the chroma QP range offset, and pps_…_qp_offset and slice_..._qp_offset are PPS and slice level QP offsets. 
In [1], finer chroma QP control was introduced to HEVC range extention. A straightforward extension is applied in this proposal to enable the finer chroma QP control. However, due to the introduction of chroma separate tree in VVC, the intended behavior of chroma QP control is different between single tree and separate tree. Figure 1 illustrates example QP maps for luma and chroma when single tree is used. The CU chroma QPs are derived as in [1], where chroma QP is the sum of luma QP and signaled chromaQPoffsets. The red rectangles are quantization groups and blue rectangles are CUs. Figure 2 illustrates the QP maps for luma and chroma when separate tree is used. In this case, luma CU and chroma CU boundaries may not be aligned. Therefore, for each chroma CU, the chroma QPs are derived as the sum of co-located (center of the chroma CU) luma QP and signaled chromaQPoffsets. The correlation between luma QPs and chroma QPs are somewhat maintaned but control for chroma QP becomes less predictable. 
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Figure 1: An example of QP maps for single tree is used (CuQpOffsetchroma =2).
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Chroma QP map (CuQpOffsetchroma =-9)   Chroma QP map CuQpOffsetchroma =2
Figure 2: An example of QP maps for dual tree is used.

Technical description
In order to provide a flexible chroma QP adjustment, the following syntax change is proposed on top of VVC draft 5[2], where new syntax is highlighted with yellow and removed syntax is crossed out with red.
	pic_parameter_set_rbsp( ) {
	Descriptor

		pps_pic_parameter_set_id
	ue(v)

	…..
	

		pps_slice_chroma_qp_offsets_present_flag
	u(1)

		chroma_qp_offset_list_enabled_flag
	u(1)

		if( chroma_qp_offset_list_enabled_flag ) {
	

			cu_chroma_qp_offset_subdiv
	ue(v)

			chroma_qp_offset_list_len_minus1
	ue(v)

			for( i = 0; i <= chroma_qp_offset_list_len_minus1; i++ ) {
	

				cb_qp_offset_list[ i ]
	se(v)

				cr_qp_offset_list[ i ]
	se(v)

				joint_cbcr_qp_offset_list[ i ]
	se(v)

			}
	

		}
	

		weighted_pred_flag
	u(1)

	…
	

	}
	


	
	coding_tree_unit( ) {
	Descriptor

		[…]
	

		if( slice_type = = I  &&  qtbtt_dual_tree_intra_flag )
	

			dual_tree_implicit_qt_split ( xCtb, yCtb, CtbSizeY, 0 )
	

		else
	

			coding_tree( xCtb, yCtb, CtbSizeY, CtbSizeY, 1, 1, 0, 0, 0, 0, 0, SINGLE_TREE )
	

	}
	



	dual_tree_implicit_qt_split( x0, y0, cbSize, cqtDepth ) {
	Descriptor

		cbSubdiv = 2 * cqtDepth
	

		if( cbSize  >  64 ) {
	

			if( cu_qp_delta_enabled_flag  &&  cbSubdiv <= cu_qp_delta_subdiv ) {
	

				IsCuQpDeltaCoded = 0
	

				CuQpDeltaVal = 0
	

				CuQgTopLeftX  =  x0
	

				CuQgTopLeftY  =  y0
	

			}
	

			if( cu_chroma_qp_offset_enabled_flag && cbSubdiv  <=  cu_chroma_qp_offset_subdiv )
	

				IsCuChromaQpOffsetCoded  =  0
	

			x1 = x0 + ( cbSize / 2 )
	

			y1 = y0 + ( cbSize / 2 )
	

			dual_tree_implicit_qt_split( x0, y0, cbSize / 2, cqtDepth + 1 )
	

			if( x1  <  pic_width_in_luma_samples )
	

				dual_tree_implicit_qt_split( x1, y0, cbSize / 2, cqtDepth + 1 )
	

			if( y1  <  pic_height_in_luma_samples )
	

				dual_tree_implicit_qt_split( x0, y1, cbSize / 2, cqtDepth + 1 )
	

			if( x1  <  pic_width_in_luma_samples  &&  y1  <  pic_height_in_luma_samples )
	

				dual_tree_implicit_qt_split( x1, y1, cbSize / 2, cqtDepth + 1 )
	

		} else {
	

			coding_tree( x0, y0, cbSize, cbSize, 1, 0, cbSubdiv, cqtDepth, 0, 0, 0, 
							DUAL_TREE_LUMA )
	

			coding_tree( x0, y0, cbSize, cbSize, 0, 1, cbSubdiv, cqtDepth, 0, 0, 0, 
							DUAL_TREE_CHROMA )
	

		}
	

	}
	



	coding_tree( x0, y0, cbWidth, cbHeight, qgOn, cqgOn, cbSubdiv, cqtDepth, mttDepth, depthOffset,
					partIdx, treeType ) {
	Descriptor

		if( ( allowSplitBtVer | | allowSplitBtHor | | allowSplitTtVer | | allowSplitTtHor | | allowSplitQT )  
		  &&( x0 + cbWidth  <=  pic_width_in_luma_samples ) 
		  &&  (y0 + cbHeight  <=  pic_height_in_luma_samples ) )
	

			split_cu_flag
	ae(v)

		if( cu_qp_delta_enabled_flag  &&  qgOn  &&  cbSubdiv  <=  cu_qp_delta_subdiv ) {
	

			IsCuQpDeltaCoded  =  0
	

			CuQpDeltaVal  =  0
	

			CuQgTopLeftX  =  x0
	

			CuQgTopLeftY  =  y0
	

		}
	

		if( cu_chroma_qp_offset_enabled_flag && cqgOn && 							cbSubdiv  <=  cu_chroma_qp_offset_subdiv )
	

			IsCuChromaQpOffsetCoded  =  0
	

		if( split_cu_flag ) {
	

			if( ( allowSplitBtVer | | allowSplitBtHor | | allowSplitTtVer | | allowSplitTtHor )  &&  
				allowSplitQT )  
	

				split_qt_flag
	ae(v)

			if( !split_qt_flag ) {
	

				if( ( allowSplitBtHor  | |  allowSplitTtHor ) && 
				 ( allowSplitBtVer  | |  allowSplitTtVer ) )
	

					mtt_split_cu_vertical_flag
	ae(v)

				if( ( allowSplitBtVer  &&  allowSplitTtVer  &&  mtt_split_cu_vertical_flag ) | | 
				 ( allowSplitBtHor  &&  allowSplitTtHor  &&  !mtt_split_cu_vertical_flag ) ) 
	

					mtt_split_cu_binary_flag
	ae(v)

				if( MttSplitMode[ x0 ][ y0 ][ mttDepth ]  = =  SPLIT_BT_VER ) {
	

					depthOffset  +=  ( x0 + cbWidth  >  pic_width_in_luma_samples ) ? 1 : 0
	

					x1 = x0 + ( cbWidth / 2 )
	

					coding_tree( x0, y0, cbWidth / 2, cbHeight, qgOn, cqgOn, cbSubdiv + 1, 
											cqtDepth, mttDepth + 1, depthOffset, 0, treeType )
	

					if( x1 < pic_width_in_luma_samples )
	

						coding_tree( x1, y0, cbWidth / 2, cbHeightY, qgOn, cqgOn, cbSubdiv + 1, 
											cqtDepth, mttDepth + 1, depthOffset, 1, treeType )
	

				} else if( MttSplitMode[ x0 ][ y0 ][ mttDepth ]  = =  SPLIT_BT_HOR ) {
	

					depthOffset  +=  ( y0 + cbHeight  >  pic_height_in_luma_samples ) ? 1 : 0
	

					y1 = y0 + ( cbHeight / 2 )
	

					coding_tree( x0, y0, cbWidth, cbHeight / 2, qgOn, cqgOn, cbSubdiv + 1, 
										cqtDepth, mttDepth + 1, depthOffset, 0, treeType )
	

					if( y1 < pic_height_in_luma_samples )
	

						coding_tree( x0, y1, cbWidth, cbHeight / 2, qgOn, cqgOn, cbSubdiv + 1, 
											cqtDepth, mttDepth + 1, depthOffset, 1, treeType )
	

				} else if( MttSplitMode[ x0 ][ y0 ][ mttDepth ]  = =  SPLIT_TT_VER ) {
	

					x1 = x0 + ( cbWidth / 4 )
	

					x2 = x0 + ( 3 * cbWidth / 4 )
	

					qgOn = qgOn && ( cbSubdiv + 2  <=  cu_qp_delta_subdiv )
	

					cqgOn = cqgOn && ( cbSubdiv + 2  <= cu_chroma_qp_offset_subdiv )
	

					coding_tree( x0, y0, cbWidth / 4, cbHeight, qgOn, cqgOn, cbSubdiv + 2, 
										cqtDepth, mttDepth + 1, depthOffset, 0, treeType )
	

					coding_tree( x1, y0, cbWidth / 2, cbHeight, qgOn, cqgOn, cbSubdiv + 1, 
										cqtDepth, mttDepth + 1, depthOffset, 1, treeType )
	

					coding_tree( x2, y0, cbWidth / 4, cbHeight, qgOn, cqgOn, cbSubdiv + 2, 
										cqtDepth, mttDepth + 1, depthOffset, 2, treeType )
	

				} else { /* SPLIT_TT_HOR */
	

					y1 = y0 + ( cbHeight / 4 )
	

					y2 = y0 + ( 3 * cbHeight / 4 )
	

					qgOn = qgOn && ( cbSubdiv + 2  <=  cu_qp_delta_subdiv )
	

					cqgOn = cqgOn && ( cbSubdiv + 2  <= cu_chroma_qp_offset_subdiv )
	

					coding_tree( x0, y0, cbWidth, cbHeight / 4, qgOn, cqgOn, cbSubdiv + 2, 
										cqtDepth, mttDepth + 1, depthOffset, 0, treeType )
	

					coding_tree( x0, y1, cbWidth, cbHeight / 2, qgOn, cqgOn, cbSubdiv + 1, 
										cqtDepth, mttDepth + 1, depthOffset, 1, treeType )
	

					coding_tree( x0, y2, cbWidth, cbHeight / 4, qgOn, cqgOn, cbSubdiv + 2, 
										cqtDepth, mttDepth + 1, depthOffset, 2 , treeType)
	

				}
	

			} else {
	

				x1 = x0 + ( cbWidth / 2 )
	

				y1 = y0 + ( cbHeight / 2 )
	

				coding_tree( x0, y0, cbWidth / 2, cbHeight / 2, qgOn, cqgOn, cbSubdiv + 2, 
									cqtDepth + 1, 0, 0, 0, treeType )
	

				if( x1 < pic_width_in_luma_samples )
	

					coding_tree( x1, y0, cbWidth / 2, cbHeight / 2, qgOn, cqgOn, cbSubdiv + 2, 
									cqtDepth + 1, 0, 0, 1, treeType )
	

				if( y1 < pic_height_in_luma_samples )
	

					coding_tree( x0, y1, cbWidth / 2, cbHeight / 2, qgOn, cqgOn, cbSubdiv + 2, 
									cqtDepth + 1,  0, 0, 2, treeType )
	

				if( y1 < pic_height_in_luma_samples  &&  x1 < pic_width_in_luma_samples )
	

					coding_tree( x1, y1, cbWidth / 2, cbHeight / 2, qgOn, cqgOn, cbSubdiv + 2, 
									cqtDepth + 1,  0, 0, 3, treeType )
	

			}
	

		} else
	

			coding_unit( x0, y0, cbWidth, cbHeight, treeType )
	

	}
	





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

		if( ( treeType = = SINGLE_TREE  | |  treeType = = DUAL_TREE_CHROMA  ) && 
				ChromaArrayType != 0 ) {
	

			if( ( IntraSubPartitionsSplitType =  = ISP_NO_SPLIT  &&  !( cu_sbt_flag  &&  
			   ( ( subTuIndex  = = 0  &&  cu_sbt_pos_flag )  | |  
			      ( subTuIndex  = = 1  &&  !cu_sbt_pos_flag ) ) ) )  | |  
			( IntraSubPartitionsSplitType != ISP_NO_SPLIT && 
			  ( subTuIndex = = NumIntraSubPartitions − 1 ) ) ) {
	

				tu_cbf_cb[ x0 ][ y0 ]
	ae(v)

				tu_cbf_cr[ x0 ][ y0 ]
	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[ x0 ][ y0 ] = = MODE_INTRA  | |  
			      tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ]  | |  
			      CbWidth[ x0 ][ y0 ] > MaxTbSizeY  | |  CbHeight[ x0 ][ y0 ] > MaxTbSizeY ) )  | |  
			( IntraSubPartitionsSplitType != ISP_NO_SPLIT && 
			( subTuIndex < NumIntraSubPartitions − 1  | |  !InferTuCbfLuma ) ) )
	

				tu_cbf_luma[ x0 ][ y0 ]
	ae(v)

			if (IntraSubPartitionsSplitType != ISP_NO_SPLIT )
	

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

		}
	

		if( IntraSubPartitionsSplitType != ISP_NO_SPLIT && 
		treeType = = SINGLE_TREE  &&  subTuIndex = = NumIntraSubPartitions − 1 ) )
	

			xC = CbPosX[ x0 ][ y0 ]
	

			yC = CbPosY[ x0 ][ y0 ]
	

			wC = CbWidth[ x0 ][ y0 ] / SubWidthC
	

			hC = CbHeight[ x0 ][ y0 ] / SubHeightC
	

		} else
	

			xC = x0
	

			yC = y0
	

			wC = tbWidth / SubWidthC
	

			hC = tbHeight / SubHeightC
	

		}
	

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

			if( cu_qp_delta_enabled_flag  &&  !IsCuQpDeltaCoded ) {
	

				cu_qp_delta_abs
	ae(v)

				if( cu_qp_delta_abs )
	

					cu_qp_delta_sign_flag
	ae(v)

			}
	

		}
	

		if( tu_cbf_cb[ x0 ][ y0 ]  | |  tu_cbf_cr[ x0 ][ y0 ] ) {
	

			if( cu_chroma_qp_offset_enabled_flag && !IsCuChromaQpOffsetCoded) {
	

				cu_chroma_qp_offset_flag
	ae(v)

				if( cu_chroma_qp_offset_flag && chroma_qp_offset_list_len_minus1 > 0 )
	

					cu_chroma_qp_offset_idx
	ae(v)

			}
	

		}
	

		if( tu_cbf_luma[ x0 ][ y0 ]   &&  treeType  !=  DUAL_TREE_CHROMA
		 &&  ( tbWidth  <=  32 )  &&  ( tbHeight  <=  32 ) 
		 &&  ( IntraSubPartitionsSplit[ x0 ][ y0 ]  = =  ISP_NO_SPLIT )  &&  ( !cu_sbt_flag ) ) {
	

			if( transform_skip_enabled_flag  &&  tbWidth  <=  MaxTsSize && tbHeight  <=  MaxTsSize )
	

				transform_skip_flag[ x0 ][ y0 ]
	ae(v)

			if( (( CuPredMode[ x0 ][ y0 ] != MODE_INTRA && sps_explicit_mts_inter_enabled_flag )  
			| | ( CuPredMode[ x0 ][ y0 ] = = MODE_INTRA && sps_explicit_mts_intra_enabled_flag ))
			&&  ( !transform_skip_flag[ x0 ][ y0 ] ) )
	

				tu_mts_idx[ x0 ][ y0 ]
	ae(v)

		}
	

		if( tu_cbf_luma[ x0 ][ y0 ] ) {
	

			if( !transform_skip_flag[ x0 ][ y0 ] )
	

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

			else
	

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

		}
	

		if( tu_cbf_cb[ x0 ][ y0 ] )
	

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

		if( tu_cbf_cr[ x0 ][ y0 ] ) {
	

			if( tu_cbf_cb[ x0 ][ y0 ] )
	

				tu_joint_cbcr_residual[ x0 ][ y0 ]
	ae(v)

			if( !tu_joint_cbcr_residual[ x0 ][ y0 ] )
	

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

		}
	

	}
	



chroma_qp_offset_list_enabled_flag equal to 1 specifies that the cu_chroma_qp_offset_flag may be present in the transform unit syntax. chroma_qp_offset_list_enabled_flag equal to 0 specifies that the cu_chroma_qp_offset_flag is not present in the transform unit syntax. When ChromaArrayType is equal to 0, it is a requirement of bitstream conformance that the value of chroma_qp_offset_list_enabled_flag shall be equal to 0.
cu_chroma_qp_offset_subdiv specifies the maximum cbSubdiv value of coding units that convey cu_chroma_qp_offset_flag. The value range of cu_chroma_qp_offset_subdiv is specified as follows:
· If slice_type is equal to I, the value of cu_chroma_qp_offset_subdiv shall be in the range of 0 to 2 * ( log2_ctu_size_minus2 − log2_min_qt_size_intra_slice_minus2 + MaxMttDepthY ), inclusive.
· Otherwise (slice_type is not equal to I), the value of cu_chroma_qp_offset_subdiv shall be in the range of 0 to 2* ( log2_ctu_size_minus2 − log2_min_qt_size_inter_slice_minus2 + MaxMttDepthY ), inclusive.
chroma_qp_offset_list_len_minus1 plus 1 specifies the number of cb_qp_offset_list[ i ], cr_qp_offset_list[ i ], and  joint_cbcr_qp_offset_list[ i ] syntax elements that are present in the PPS. The value of chroma_qp_offset_list_len_minus1 shall be in the range of 0 to 5, inclusive.cb_qp_offset_list[ i ], cr_qp_offset_list[ i ], and  joint_cbcr_qp_offset_list[ i ] specify offsets used in the derivation of Qp′Cb, Qp′Cr, and Qp′CbCr, respectively. The values of cb_qp_offset_list[ i ], cr_qp_offset_list[ i ], and  joint_cbcr_qp_offset_list[ i ] shall be in the range of −12 to +12, inclusive.

cu_chroma_qp_offset_flag when present and equal to 1, specifies that an entry in the cb_qp_offset_list[ ] is used to determine the value of CuQpOffsetCb, a corresponding entry in the cr_qp_offset_list[ ] is used to determine the value of CuQpOffsetCr, and a corresponding entry in the joint_cbcr_qp_offset_list[ ] is used to determine the value of CuQpOffsetCbCr. cu_chroma_qp_offset_flag equal to 0 specifies that these lists are not used to determine the values of CuQpOffsetCb, CuQpOffsetCr, and CuQpOffsetCbCr.
cu_chroma_qp_offset_idx, when present, specifies the index into the cb_qp_offset_list[ ], cr_qp_offset_list[ ], and joint_cbcr_qp_offset_list[ ] that is used to determine the value of CuQpOffsetCb, CuQpOffsetCr, and CuQpOffsetCbCr. When present, the value of cu_chroma_qp_offset_idx shall be in the range of 0 to chroma_qp_offset_list_len_minus1, inclusive. When not present, the value of cu_chroma_qp_offset_idx is inferred to be equal to 0.
When cu_chroma_qp_offset_flag is present, the following applies:
· The variable IsCuChromaQpOffsetCoded is set equal to 1.
· The variables CuQpOffsetCb, CuQpOffsetCr, and CuQpOffsetCbCr are derived as follows:
· If cu_chroma_qp_offset_flag is equal to 1, the following applies:
CuQpOffsetCb = cb_qp_offset_list[ cu_chroma_qp_offset_idx ]	(7‑160)
CuQpOffsetCr = cr_qp_offset_list[ cu_chroma_qp_offset_idx ]	(7‑160)
CuQpOffsetCbCr = joint_cbcr_qp_offset_list[ cu_chroma_qp_offset_idx ]	(7‑160)
· [bookmark: _GoBack]Otherwise (cu_chroma_qp_offset_flag is equal to 0), CuQpOffsetCb, CuQpOffsetCr, and CuQpOffsetCbCr are all set equal to 0.
NOTE – When cu_chroma_qp_offset_enabled_flag is equal to 0, CuQpOffsetCb, CuQpOffsetCr, and CuQpOffsetCbCr are not modified after being initialized to 0 for the slice as specified in clause 7.4.6.1.

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:
qPiCb = Clip3( −QpBdOffsetC, 69, QpY + pps_cb_qp_offset + slice_cb_qp_offset + CuQpOffsetCb )	(8‑926)
qPiCr = Clip3( −QpBdOffsetC, 69, QpY + pps_cr_qp_offset + slice_cr_qp_offset + CuQpOffsetCr )	(8‑927)
qPiCbCr = Clip3( −QpBdOffsetC, 69, QpY + pps_joint_cbcr_qp_offset + slice_joint_cbcr_qp_offset + 				CuQpOffsetCbCr)	(8‑928)

Conclusions
This contribution proposes to adopt cu level chroma QP control into VVC.
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_____________________________


 


Abstract


 


In this proposal, 


CU level chroma


 


QP control is 


introduced to provide finer QP control for chrominance 


component. 


F


i


rst, chroma QP control is extended to block


s


 


coded with joint coding of chrominance 


residuals (JCCR) mode.


 


Second, 


CU level chroma


 


QP control


 


of HEVC range extension was extended to 


support 


chroma separate t


r


ee


.


 


QPs of each chroma CU is derived from the co


-


located Luma QP


.


 


 


1


 


Introduction


 


In VTM


-


5.0


,


 


chroma QP


 


control is only available on picture and slice level


 


and


 


chroma QP


 


is derived as 


follows:


 


qPi


C


b


 


=


 


Clip3


(


 


-


QpBdOffset


C


,


 


69,


 


Qp


Y


 


+


 


pps_cb_qp_offset


 


+


 


slice_cb_qp_offset


 


)


,


 


qPi


C


r


 


=


 


Clip3


(


 


-


QpBdOffset


C


,


 


69,


 


Qp


Y


 


+


 


pps_c


r


_qp_offset


 


+


 


slice_cr_qp_offset


 


)


,


 


qPi


CbC


r


 


=


 


Clip3


(


 


-


QpBdOffset


C


,


 


69,


 


Qp


Y


 


+


 


pps_joint_cbc


r


_qp_offset


 


+


 


slice_joint_cbcr_qp_offset


 


)


 


where 


Qp


Y


 


is the luma 


QP


, 


QpBdOffset


C


 


is 


the


 


chroma 


QP


 


range offset


, 


and 


pps_


…


_qp_offset and 


slice_..._qp_offset


 


are 


PPS


 


and slice level 


QP 


offsets


. 


 


In [1], finer chroma QP


 


control


 


was 


introduced to HEVC range 


extention. A straightforward extension is 


applied in this proposal to enable the finer chroma QP control. However, due to the introduction of chroma 


separate tree in VVC, the intended behav


i


or of chroma QP control is different between single tree and 


separ


ate tree. 


Figure 1 illustrates 


example 


QP maps for luma and chroma when single tree is used. The CU 


chroma QPs are derived as in [1], where 


chroma QP is the sum of 


luma QP and signaled chromaQPoffsets


. 


The red rectangles are quantization groups and blue re


ctangles are CUs. 


Figure 2 illustrates the QP maps 


for luma and chroma when 


separate 


tree is used.


 


In this case, 


luma CU and chroma CU boundaries may not 


be aligned


. Therefore, for each chroma CU, the chroma QPs are derived as the sum of co


-


located (center


 


of 
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