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Abstract
The current contribution proposes an alternative way of coding the coded block flags for Cb and Cr blocks. Based on the statistical observation, a first flag (tu_cbf_cb_or_cr) indicating whether Cb or Cr  blocks have residual is signalled. If the flag tu_cbf_cb_or_cr is true then a second flag (tu_joint_cbcr_residual) is signalled, which when true indicates that both Cb and Cr blocks have residual and also the condition “cb_residual = -cr_residual” is valid. If tu_joint_cbcr_residual flag is false, then a third flag (tu_cbf_cb_and_cr) indicating that both Cb and Cr blocks have residual is signalled. If the flag tu_cbf_cb_and_cr is false then (tu_cbf_cb) is signalled which when true indicates tu_cbf_cb is true (Cb has residual) and when false indicates tu_cbf_cr is true (Cr has residual).
The objective results with the above “cbf” coding scheme are indicated in table 1 below
	Config.
	Y
	U
	V
	EncT
	DecT
	(6Y+U+V)/8

	AI
	0.13%
	−1.19%
	-1.21%
	101%
	100%
	-0.20%

	RA
	0.21%0.21%
	-1.67%-1.67%
	-2.76%0.59%
	101%
	101%
	-0.39%

	LDB
	0.13%??
	-0.38%??
	-3.65%??
	101%??
	103%??
	-0.41%

	LDP
	0.12%
	-0.41%
	-3.92%
	101%
	101%
	-0.45%


  Table-1: Average BD rate results for CTC
Introduction 
The coded block flag signalling in VTM-5.0[1] is as shown in Table1 below. A flag called “tu_joint_cbcr_residual flag” is introduced in VTM-5.0, wherein if the flag is true, then “Cr residual = - Cb residual”. 

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

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

			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_cb[ x0 ][ y0 ] ) )  | |  
			( 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 ] / 2
	

			hC = CbHeight[ x0 ][ y0 ] / 2
	

		} 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_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 )
	

		}
	

	}
	


Table-1: Signalling of coded block flags for Cb and Cr blocks 
The current proposal targets an efficient way of signalling the coded block flags. 

Proposal
Based on the statistical evidence, the proposal suggests to signal the coded block flags as shown in table 2 below (highlighted). 
According to the proposal, tu_cbf_cb and tu_cbf_cr flags are replaced with tu_cbf_cb_or_cr and tu_cbf_cb_and_cr flags. The tu_cbf_cb_or_cr flags indicate whether at least one of Cb or Cr blocks have residual. If this flag is equal to one tu_joint_cbcr_residual is parsed, which whose semantics are not changed. When tu_joint_cbcr_residual is equal to 0 (indicating that Cb and Cr blocks do not have mirrored residual data), tu_cbf_cb_and_cr is signalled to indicate whether both Cb and Cr blocks have residual or not. Finally if tu_cbf_cb_and_cr is false (indicating that only Cb or Cr block has residual), tu_cbf_cb flag is signalled to determine which block (Cb or Cr) has residual data. 
Proposal spec changes

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

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

			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_or_cr[ x0 ][ y0 ]
	ae(v)

	             if( tu_cbf_cb_or_cr[ x0 ][ y0 ] ) {
	

	                 tu_joint_cbcr_residual[ x0 ][ y0 ]
	ae(v)

	                 if( !tu_joint_cbcr_residual[ x0 ][ y0 ] )  { 
	

	                       tu_cbf_cb_and_cr [ x0 ][ y0 ]
	ae(v)

	                       if( !tu_cbf_cb_and_cr[ x0 ][ y0 ] ) {
	

	                            tu_cbf_cb [ x0 ][ y0 ]
	ae(v)

	                            tu_cbf_cr [ x0 ][ y0 ] = !tu_cbf_cb [ x0 ][ y0 ]
	

	                        }
	

	                        if  (tu_cbf_cb_and_cr[ x0 ][ y0 ]  ||  tu_joint_cbcr_residual[ x0 ][ y0 ]   { 
	

	                            tu_cbf_cr [ x0 ][ y0 ] = true
	

	                            tu_cbf_cb [ x0 ][ y0 ] = true
	

	                        }
	

	                  }
	

	             } 
	

	             else {
	

	                  tu_cbf_cr [ x0 ][ y0 ] = false
	

	                  tu_cbf_cb [ x0 ][ y0 ] = false
	

	             }
	

			}
	

		}
	

		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_cb[ x0 ][ y0 ] ) )  | |  
			( 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 ] / 2
	

			hC = CbHeight[ x0 ][ y0 ] / 2
	

		} 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_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 ] && !tu_joint_cbcr_residual[ x0 ][ y0 ]) {
	

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

		}
	

	}
	


The newly introduced syntax elements: tu_cbf_cb_or_cr  is coded using 1 context, tu_joint_cbcr_residual is coded using 1 context. tu_cbf_cb_and_cr  is coded using 1 context. tu_cbf_cb  is bypass coded. 
The semantics for the newly introduces syntax elements are as follows:
tu_cbf_cb_or_cr [ x0 ][ y0 ] equal to 1 specifies that at least on of the Cb transform block or Cr transform block contains one or more transform coefficient levels not equal to 0. tu_cbf_cb_or_cr [ x0 ][ y0 ] equal to 0 specifies that the Cb and Cr transform blocks contrain transform coefficient levels that are all equal to 0. The array indices x0, y0 specify the top-left location ( x0, y0 ) of the considered transform block.
When tu_cbf_cb_or_cr[ x0 ][ y0 ] is not present in the current CU, its value is inferred to be equal to 0. 
tu_cbf_cb_and_cr [ x0 ][ y0 ] equal to 1 specifies that both of the Cb and Cr transform blocks contain one or more transform coefficient levels not equal to 0. The array indices x0, y0 specify the top-left location ( x0, y0 ) of the considered transform block.
When tu_cbf_cb_and_cr[ x0 ][ y0 ] is not present in the current CU, its value is inferred to be equal to 0. 
Proposal Cabac coding
In VTM5.0, the tu_cbf_cb and tu_cbf_cr flags are coded with 2 contexts and tu_joint_cbcr_residual is coded with one context. 
According to the proposal, tu_cbf_cb_or_cr, tu_cbf_cb_and_cr and tu_joint_cbcr_residual flags are coded with one context each. The tu_cbf_cb is coded in the bypass mode. 
According to the proposal the worst case number of context coded bins are left unchanged (3 context coded bins per CU). However the number of contexts are reduced. 
Moreover the average number of context coded bins are reduced due to the fact that according to the new binarization most probable cases (e.g. 2 Cb and Cr blocks both don’t have residual) are coded with less bins. Moreover tu_cbf_cb flag is now coded in bypass mode.
An example for BQSquare sequence, QP 32, AI configuration is as follows: 
VTM5.0: 
Total number of bins for tu_cbf_cb + tu_cbf_cr + tu_joint_cbcr_residual flags: 38435
Proposal: 
Total number of bins for tu_cbf_cb_or_cr + tu_cbf_cb_and_cr + tu_joint_cbcr_residual flags: 28136
A more comprehensive analysis can be provided if requested. 
Simulation Results
The proposed signalling scheme is implemented on top of VTM-5.0 [1] and the simulation is performed under common test conditions as described in JVET-N1010 [2].

	
	All Intra Main10 

	
	Over VTM 5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.16%
	-1.53%
	-0.41%
	101%
	100%

	Class A2
	0.20%
	-2.17%
	-0.40%
	101%
	101%

	Class B
	0.11%
	-0.81%
	-1.80%
	101%
	100%

	Class C
	0.11%
	-0.90%
	-1.33%
	101%
	101%

	Class E
	0.09%
	-0.89%
	-1.69%
	101%
	100%

	Overall 
	0.13%
	-1.19%
	-1.21%
	101%
	100%

	Class D
	0.10%
	-0.86%
	-0.92%
	101%
	101%

	Class F 
	0.10%
	-0.61%
	-0.83%
	101%
	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM 5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.35%
	-2.49%
	-1.88%
	101%
	101%

	Class A2
	0.28%
	-2.10%
	-1.32%
	101%
	102%

	Class B
	0.17%
	-1.32%
	-3.94%
	101%
	101%

	Class C
	0.12%
	-1.17%
	-3.02%
	101%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	0.21%
	-1.67%
	-2.76%
	101%
	101%

	Class D
	0.12%
	-1.31%
	-1.71%
	100%
	101%

	Class F 
	0.15%
	-0.75%
	-1.09%
	101%
	102%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM 5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.16%
	-0.31%
	-4.91%
	102%
	104%

	Class C
	0.17%
	-0.64%
	-3.61%
	101%
	101%

	Class E
	0.02%
	-0.17%
	-1.58%
	101%
	103%

	Overall
	0.13%
	-0.38%
	-3.65%
	101%
	103%

	Class D
	0.14%
	-0.32%
	-1.58%
	100%
	101%

	Class F 
	0.21%
	-0.67%
	-1.52%
	101%
	102%

	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over VTM 5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.12%
	-0.46%
	-5.48%
	101%
	102%

	Class C
	0.17%
	-0.71%
	-3.41%
	101%
	101%

	Class E
	0.06%
	0.09%
	-1.98%
	101%
	101%

	Overall
	0.12%
	-0.41%
	-3.92%
	101%
	101%

	Class D
	0.17%
	-1.22%
	-2.28%
	101%
	101%

	Class F 
	0.28%
	-0.21%
	-0.53%
	103%
	104%
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	0.20%
	-2.17%
	-0.40%
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	0.11%
	-0.81%
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	-1.19%
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	100%
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	-0.83%
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	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM 5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.35%
	-2.49%
	-1.88%
	101%
	101%

	Class A2
	0.28%
	-2.10%
	-1.32%
	101%
	102%

	Class B
	0.17%
	-1.32%
	-3.94%
	101%
	101%

	Class C
	0.12%
	-1.17%
	-3.02%
	101%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	0.21%
	-1.67%
	-2.76%
	101%
	101%

	Class D
	0.12%
	-1.31%
	-1.71%
	100%
	101%

	Class F 
	0.15%
	-0.75%
	-1.09%
	101%
	102%

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over VTM 5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!

	Class C
	0.17%
	-0.64%
	-3.61%
	101%
	101%

	Class E
	0.02%
	-0.17%
	-1.58%
	101%
	103%

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

	Class D
	0.14%
	-0.32%
	-1.58%
	100%
	101%

	Class F 
	0.21%
	-0.67%
	-1.52%
	101%
	102%

	
	
	
	
	
	

	
	Low delay P Main10 

	
	Over VTM 5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	0.12%
	-0.46%
	-5.48%
	101%
	102%

	Class C
	0.17%
	-0.71%
	-3.41%
	101%
	101%

	Class E
	0.06%
	0.09%
	-1.98%
	101%
	101%

	Overall
	0.12%
	-0.41%
	-3.92%
	101%
	101%

	Class D
	0.17%
	-1.22%
	-2.28%
	101%
	101%

	Class F 
	0.28%
	-0.21%
	-0.53%
	103%
	104%



Conclusion
Based on statistical observations, a more efficient way of signalling the Coded block flag (cbf) information for Cb and Cr blocks is proposed. Considering the weighting factor of [6 1 1]/8 for [Y Cb Cr], the average BD-Rate gain of is around 0.2%, 0.394%, 0.41% and 0.45% for the AI, RA, LDB and LDPthe random access (RA) configurations respectively., without any major increase in encoding or decoding complexityIn the contribution the encoder logic is not changed, therefore the obtained results reflect the impact of change in coding of the said flags..  It is recommended to adopt the proposed coded block flag signalling scheme in the next version of VVC. Specification text changes are attached along with the contribution. 
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