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Abstract
In current VVC, Intra Subblock Partitioning and Multiple Reference Line are disallowed for the non-Most Probable Modes. However, the on/off control flag of Intra Subblock Partitioning and the reference line index are still signalled for such intra prediction methods, which is unnecessary. To tackle this problem, this contribution proposes to signal the on/off control flag of Intra Subblock Partitioning and the reference line index only when Most Probable Mode is used. It is reported that the proposed method can obtain 0.01% luma BD-rate gain for the AI and RA configurations on top of VTM-5.0 without encoding and decoding run-time changes.
Introduction
Intra Subblock Partitioning (ISP) and Multiple Reference Line (MRL) have been adopted into VVC [1], and the ISP flag and the reference index in MRL are further signalled to indicate whether ISP and non-adjacent reference line are employed by a Coding Unit (CU), respectively. For the intra prediction modes that are not included in the Most Probable Mode (MPM) list, ISP and MRL are disallowed, and the ISP flag and the MRL index are always equal to zero. However, the ISP flag and the MRL index are still signalled for such intra prediction modes as shown in Table 1, which is unreasonable.
[bookmark: _Ref11751017]Table 1: Coding unit syntax.
	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	Descriptor

		…
	

			if( pcm_flag[ x0 ][ y0 ] ) {
	

				while( !byte_aligned( ) )
	

					pcm_alignment_zero_bit
	f(1)

				pcm_sample( cbWidth, cbHeight, treeType)
	

			} else {
	

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

					if( cbWidth <= 32  &&  cbHeight <= 32 )
	

						intra_bdpcm_flag[ x0 ][ y0 ]
	ae(v)

					if( intra_bdpcm_flag[ x0 ][ y0 ] )
	

						intra_bdpcm_dir_flag[ x0 ][ y0 ]
	ae(v)

					else {
	

						if( sps_mip_enabled_flag  &&  
						( Abs( Log2( cbWidth ) − Log2( cbHeight ) ) <= 2 )  &&  
						  cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )
	

							intra_mip_flag[ x0 ][ y0 ]
	ae(v)

						if( intra_mip_flag[ x0 ][ y0 ] ) {
	

								intra_mip_mpm_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_mip_mpm_flag[ x0 ][ y0 ] )
	

								intra_mip_mpm_idx[ x0 ][ y0 ]
	ae(v)

							else
	

								intra_mip_mpm_remainder[ x0 ][ y0 ]
	ae(v)

						} else {
	

							if( sps_mrl_enabled_flag  &&  ( ( y0 % CtbSizeY )  >  0 ) )
	

								intra_luma_ref_idx[ x0 ][ y0 ]
	ae(v)

							if ( sps_isp_enabled_flag  &&  intra_luma_ref_idx[ x0 ][ y0 ] = = 0  &&  
							( cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )  &&  
							( cbWidth * cbHeight > MinTbSizeY * MinTbSizeY ) )
	

								intra_subpartitions_mode_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 1  &&  
							cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )
	

								intra_subpartitions_split_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_luma_ref_idx[ x0 ][ y0 ] = = 0  &&  
							intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 0 )
	

								intra_luma_mpm_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_luma_mpm_flag[ x0 ][ y0 ] ) {
	

								if( intra_luma_ref_idx[ x0 ][ y0 ] = = 0 )
	

									intra_luma_not_planar_flag[ x0 ][ y0 ]
	ae(v)

								if( intra_luma_not_planar_flag[ x0 ][ y0 ] ) 
	

									intra_luma_mpm_idx[ x0 ][ y0 ]
	ae(v)

							} else
	

								intra_luma_mpm_remainder[ x0 ][ y0 ]
	ae(v)

						}
	

					}
	

				}
	

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

					intra_chroma_pred_mode[ x0 ][ y0 ]
	ae(v)

			}
	

			…
	



Proposed method
To tackle the abovementioned problem, this contribution proposes to signal the MPM flag before the ISP flag and the MRL index and signal the ISP flag and the MRL index only for the intra prediction modes that are from the MPM list (i.e., when MPM flag is true). The draft change is shown in Table 2.
The deleted parts are highlighted in grey strikethrough, and the newly added parts are highlighted in yellow.
[bookmark: _Ref11856022]Table 2: Proposed change of coding unit syntax.
	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	Descriptor

	…
	

			if( pcm_flag[ x0 ][ y0 ] ) {
	

				while( !byte_aligned( ) )
	

					pcm_alignment_zero_bit
	f(1)

				pcm_sample( cbWidth, cbHeight, treeType)
	

			} else {
	

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

					if( cbWidth <= 32  &&  cbHeight <= 32 )
	

						intra_bdpcm_flag[ x0 ][ y0 ]
	ae(v)

					if( intra_bdpcm_flag[ x0 ][ y0 ] )
	

						intra_bdpcm_dir_flag[ x0 ][ y0 ]
	ae(v)

					else {
	

						if( sps_mip_enabled_flag  &&  
						( Abs( Log2( cbWidth ) − Log2( cbHeight ) ) <= 2 )  &&  
						  cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )
	

							intra_mip_flag[ x0 ][ y0 ]
	ae(v)

						if( intra_mip_flag[ x0 ][ y0 ] ) {
	

								intra_mip_mpm_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_mip_mpm_flag[ x0 ][ y0 ] )
	

								intra_mip_mpm_idx[ x0 ][ y0 ]
	ae(v)

							else
	

								intra_mip_mpm_remainder[ x0 ][ y0 ]
	ae(v)

						} else {
	

							if( sps_mrl_enabled_flag  &&  ( ( y0 % CtbSizeY )  >  0 ) )
	

								intra_luma_ref_idx[ x0 ][ y0 ]
	ae(v)

							if ( sps_isp_enabled_flag  &&  intra_luma_ref_idx[ x0 ][ y0 ] = = 0  &&  
							( cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )  &&  
							( cbWidth * cbHeight > MinTbSizeY * MinTbSizeY ) )
	

								intra_subpartitions_mode_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 1  &&  
							cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )
	

								intra_subpartitions_split_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_luma_ref_idx[ x0 ][ y0 ] = = 0  &&  
							intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 0 )
	

							intra_luma_mpm_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_luma_mpm_flag[ x0 ][ y0 ] ) {
	

								if( sps_mrl_enabled_flag  &&  ( ( y0 % CtbSizeY )  >  0 ) )
	

									intra_luma_ref_idx[ x0 ][ y0 ]
	ae(v)

								if ( sps_isp_enabled_flag  &&  intra_luma_ref_idx[ x0 ][ y0 ] = = 0  &&  
								( cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )  &&  
								( cbWidth * cbHeight > MinTbSizeY * MinTbSizeY ) )
	

									intra_subpartitions_mode_flag[ x0 ][ y0 ]
	ae(v)

								if( intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 1  &&  
								cbWidth <= MaxTbSizeY  &&  cbHeight <= MaxTbSizeY )
	

									intra_subpartitions_split_flag[ x0 ][ y0 ]
	ae(v)

								if( intra_luma_ref_idx[ x0 ][ y0 ] = = 0 )
	

									intra_luma_not_planar_flag[ x0 ][ y0 ]
	ae(v)

								if( intra_luma_not_planar_flag[ x0 ][ y0 ] ) 
	

									intra_luma_mpm_idx[ x0 ][ y0 ]
	ae(v)

							} else
	

								intra_luma_mpm_remainder[ x0 ][ y0 ]
	ae(v)

						}
	

					}
	

				}
	

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

					intra_chroma_pred_mode[ x0 ][ y0 ]
	ae(v)

			}
	

			…
	



Experimental results
The proposed method was implemented on top of the reference software VTM-5.0 [2], and simulations were performed following the common test conditions [3]. The results are shown in Table 3~Table 5. More detailed results can be found in the attached spreadsheets.


[bookmark: _Ref3368098][bookmark: _Ref3368091]Table 3: Coding performance of proposed method in all intra configuration.
	
	AI

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.06%
	-0.02%
	100%
	99%

	Class A2
	0.00%
	-0.01%
	-0.03%
	100%
	101%

	Class B
	0.00%
	-0.07%
	-0.03%
	99%
	101%

	Class C
	-0.01%
	-0.02%
	0.10%
	101%
	98%

	Class E
	-0.01%
	0.07%
	0.03%
	100%
	101%

	Overall
	-0.01%
	0.00%
	0.01%
	100%
	100%

	Class D
	-0.01%
	0.17%
	0.00%
	99%
	100%

	Class F
	-0.01%
	-0.02%
	0.01%
	101%
	101%


Table 4: Coding performance of proposed method in random access configuration.
	
	RA

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.18%
	0.09%
	100%
	100%

	Class A2
	0.01%
	0.13%
	-0.03%
	100%
	100%

	Class B
	0.01%
	0.00%
	-0.04%
	100%
	99%

	Class C
	-0.05%
	-0.27%
	-0.24%
	100%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.01%
	-0.08%
	-0.07%
	100%
	100%

	Class D
	0.02%
	0.16%
	0.03%
	100%
	100%

	Class F
	0.02%
	-0.02%
	0.19%
	100%
	100%


[bookmark: _Ref12274562]Table 5: Coding performance of proposed method in low delay B configuration.
	
	LDB

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	0.00%
	0.21%
	0.18%
	102%
	100%

	Class C
	0.03%
	0.12%
	0.10%
	100%
	100%

	Class E
	-0.11%
	-1.02%
	0.71%
	99%
	99%

	Overall
	-0.02%
	-0.13%
	0.29%
	101%
	100%

	Class D
	-0.02%
	0.04%
	0.37%
	99%
	98%

	Class F
	-0.01%
	0.21%
	-0.15%
	100%
	101%



Conclusions
This contribution proposes cleanup for signalling of the ISP flag and the MRL index. It is recommended to adopt the proposed method into VVC.
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