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Abstract
In this contribution, it is reported that there is a mismatch between VVC Draft 3 and VTM-3.0 on signalling syntax element cu_cbf. In VVC Draft 3, cu_cbf is signalled for inter-coded blocks when cu_skip_flag is equal to 0. However, in VTM-3.0, cu_cbf is signalled for inter-coded blocks when merge_flag is equal to 0. It is reportedly shown that SW change reflecting the method described in the specification text increases overall BD-rate by 0.25%, 0.44% with 101%, 100% overall encoding time and 100%, 100% overall decoding time under Random Access (RA) and Low Delay B (LDB) configurations, respectively. Therefore, it is recommended to change the specification text to the method used in the reference software.
Proposed Method
In VVC Draft 3 [1], syntax element cu_cbf can be signalled within coding unit syntax structure as described in Table 1.
Table 1 – 7.3.4.6 Coding unit syntax in VVC Draft 3
	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	

	…
	

	[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42]	if( !pcm_flag[ x0 ][ y0 ] ) {
	

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28]		if( CuPredMode[ x0 ][ y0 ]  !=  MODE_INTRA  &&  cu_skip_flag[ x0 ][ y0 ]  = =  0 )
	

				cu_cbf
	ae(v)

			if( cu_cbf )
	

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]			transform_tree( x0, y0, cbWidth, cbHeight, treeType )
	

		}
	

	}
	


[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In the coding unit syntax structure, syntax element cu_cbf is signalled if CuPredMode[ x0 ][ y0 ] is not equal to MODE_INTRA and cu_skip_flag[ x0 ][ y0 ] is equal to 0, which means cu_cbf can be signalled for inter-coded blocks with non-skip mode.
On the other hand, in the VTM-3.0 [2], cu_cbf is signalled and parsed if CuPredMode[ x0 ][ y0 ] is not equal to MODE_INTRA and merge_flag[ x0 ][ y0 ] is equal to 0, which means cu_cbf can be signalled inter-coded blocks with non-merge mode.
cu_cbf for inter-coded blocks can be inferred according to cu_skip_flag[ x0 ][ y0 ] and merge_flag[ x0 ][ y0 ], which are signalled prior to cu_cbf. In the current specification, when merge_flag[ x0 ][ y0 ] is equal to 1 and cu_skip_flag[ x0 ][ y0 ] is equal to 0, cu_cbf is redundantly signalled even though it can be inferred as 1.
In order to remove redundant signalling related to cu_cbf, it is proposed to change the specification text to be aligned with VTM-3.0 as described in Table 2.
Table 2 – The proposed specification text change
	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	

	…
	

		if( !pcm_flag[ x0 ][ y0 ] ) {
	

			if( CuPredMode[ x0 ][ y0 ]  !=  MODE_INTRA  &&  cu_skip_flag[ x0 ][ y0 ]  = =  0 
       merge_flag[ x0 ][ y0 ]  = =  0 )
	

				cu_cbf
	ae(v)

			if( cu_cbf )
	

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

		}
	

	}
	


Experimental Results
Signalling scheme for cu_cbf described in the current VVC Draft 3 is implemented on top of VTM-3.0 and tested under the common test condition (CTC) [3]. Detailed experimental results are shown in Table 3.
					Table 3 – Comparison of the proposed method over VTM-3.0
	
	　Random access Main10 　

	
	　Over VTM-3.0　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.21%
	0.14%
	0.33%
	101%
	101%

	Class A2
	0.25%
	0.32%
	0.38%
	100%
	101%

	Class B
	0.23%
	0.26%
	0.19%
	101%
	100%

	Class C
	0.30%
	0.20%
	0.23%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	0.25%
	0.23%
	0.27%
	101%
	100%

	Class D
	0.30%
	-0.03%
	0.10%
	100%
	100%

	Class F
	0.18%
	0.13%
	0.14%
	100%
	100%



	
	　Low delay B Main10 　

	
	　Over VTM-3.0　

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.34%
	0.11%
	0.35%
	101%
	100%

	Class C
	0.38%
	0.33%
	0.12%
	100%
	100%

	Class E
	0.69%
	0.38%
	0.12%
	100%
	101%

	Overall
	0.44%
	0.25%
	0.21%
	100%
	100%

	Class D
	0.53%
	-0.03%
	0.72%
	100%
	99%

	Class F
	0.38%
	0.73%
	-0.25%
	101%
	99%





Conclusion
In this contribution, a mismatch between VVC Draft 3 and the reference software regarding cu_cbf is reported. In the specification text, cu_cbf is signalled for inter-coded blocks with non-skip mode, while it is signalled for inter-coded blocks with non-merge mode in the VTM-3.0. It is reportedly shown that changing the reference software to be aligned with the method described in the specification text shows 0.25%, 0.44% overall BD-rate losses with 101%, 100% encoding time and 100%, 100% decoding time under RA and LDB configurations, respectively. Therefore, it is recommended to change the specification text to the method used in the reference software.
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