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Abstract
Due to the adoption of JVET- O0545, the maximum transform size changes between 64x64 and 32x32 depending on the SPS flag sps_max_luma_transform_size_64_flag. This change impacted the use of ISP, since ISP is allowed up to the maximum tranform size. That is, when sps_max_luma_transform_size_64_flag is zero, ISP is allowed up to CU sizes 32x32. Experimental restuls show 0.00% and 0.01% AI and RA luma loss when ISP maximum size is 32x32 under CTC. It is argued that in general there is no need for ISP beyond 32x32 CU’s, and therefore it is proposed to either limit the maximum size to 32x32, independently from sps_max_luma_transform_size_64_flag, or to add an SPS flag to enable ISP up to 64x64. The second option is inline with the design of the SBT, whose maximum size is controlled by sps_sbt_max_size_64_flag.
Introduction 
In VVC draft 6 specification, ISP is coded when both CU width and height are less than or equal to the maximum transform size. The maximum transform size (MaxTbSizeY) depends on the SPS flag sps_max_luma_transform_size_64_flag as followes: 

MaxTbLog2SizeY = sps_max_luma_transform_size_64_flag  ?  6  :  5	(7‑28)
MaxTbSizeY = 1  <<  MaxTbLog2SizeY		(7‑30)


To test the dependency between ISP maximum transform size, we run VTM6.0 with CTC condition while restricting ISP coding for CU’s up to 32x32. The results are given in the table below:

	
	 
	 
	All Intra Main10 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.11%
	-0.23%
	98%
	96%

	Class A2
	0.00%
	-0.06%
	0.00%
	97%
	97%

	Class B
	0.02%
	-0.04%
	-0.08%
	99%
	98%

	Class C
	0.01%
	-0.04%
	0.00%
	100%
	101%

	Class E
	0.01%
	0.02%
	0.02%
	100%
	100%

	Overall 
	0.00%
	-0.05%
	-0.06%
	99%
	99%

	Class D
	-0.01%
	0.02%
	0.02%
	101%
	102%

	Class F
	0.02%
	-0.03%
	-0.12%
	96%
	98%

	
	 
	 
	Random access Main10 
	 
	 

	
	 
	 
	Over VTM-6.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	-0.17%
	0.04%
	102%
	104%

	Class A2
	0.04%
	0.03%
	0.02%
	102%
	107%

	Class B
	0.00%
	0.12%
	0.19%
	97%
	99%

	Class C
	-0.02%
	0.11%
	0.02%
	100%
	94%

	Class E
	 
	
	 
	 
	 

	Overall
	0.01%
	0.04%
	0.08%
	100%
	100%

	Class D
	-0.02%
	-0.07%
	-0.05%
	101%
	89%

	Class F
	0.00%
	0.02%
	0.07%
	102%
	95%



The results show no loss in AI and negligible loss in RA (0.01%), whereas simplification to both the encoder and decoder is provided.

Proposal

The contribution proposes one of the four methods:

· Method 1: Restricting ISP to CU’s no larger than 32x32
· Method 2: Adding an SPS flag to enable ISP up to 64x64 (Similar to sps_sbt_max_size_64_flag)
· Method 3: Same as Method 1, but code the flag only when sps_max_luma_transform_size_64_flag is equal to one.
· Method 4: Using the same flag for SBT and ISP to enable 64 maximum size.
Although Method 1 is straightforward, method 2, 3 and 4 provide higher flexibility to the encoder to allow ISP for large CU’s. Method 3 is inspired by JVET-P0346, which proposes coding sps_max_luma_transform_size_64_flag only when the maximum transform size is 64x64. This is done to clean up the SPS and remove unecessary “minimum” operation.

Specification Change

Method 1:

	coding_unit( x0, y0, cbWidth, cbHeight, cqtDepth, treeType, modeType ) {
	Descriptor

		…
	

		if( CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA  | | 
		CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_PLT ) {
	

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

				if( pred_mode_plt_flag ) {
	

					if( treeType = = DUAL_TREE_LUMA ) 
	

						palette_coding( x0, y0, cbWidth, cbHeight, 0, 1 )
	

					else  /* SINGLE_TREE */ 
	

						palette_coding( x0, y0, cbWidth, cbHeight, 0, 3 )
	

				} else {
	

					if( sps_bdpcm_enabled_flag &&
					cbWidth <= MaxTsSize  &&  cbHeight <= MaxTsSize  )
	

						intra_bdpcm_flag
	ae(v)

					if( intra_bdpcm_flag )
	

						intra_bdpcm_dir_flag
	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_mode[ 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 32 &&  cbHeight <= MaxTbSizeY 32)  &&  
							( cbWidth * cbHeight > MinTbSizeY * MinTbSizeY ) )
	

								intra_subpartitions_mode_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 1 )
	

								intra_subpartitions_split_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_luma_ref_idx[ 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)

						}
	

					}
	

				}
	

			}
	

		…
	



Method 2:

	seq_parameter_set_rbsp( ) {
	Descriptor

	…
	

		sps_isp_enabled_flag
	u(1)

		if(sps_isp_enabled_flag)
	

			sps_isp_max_size_64_flag
	u(1)

		…
	

	}
	



sps_isp_max_size_64_flag equal to 0 specifies that the maximum CU width and height for allowing ISP is 32 luma samples. sps_isp_max_size_64_flag equal to 1 specifies that the maximum CU width and height for allowing isp is 64 luma samples.
MaxIspSize = Min( MaxTbSizeY, sps_isp_max_size_64_flag ? 64 : 32 )	(7‑32)

	coding_unit( x0, y0, cbWidth, cbHeight, cqtDepth, treeType, modeType ) {
	Descriptor

	...
	

		if( CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA  | | 
		CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_PLT ) {
	

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

				if( pred_mode_plt_flag ) {
	

					if( treeType = = DUAL_TREE_LUMA ) 
	

						palette_coding( x0, y0, cbWidth, cbHeight, 0, 1 )
	

					else  /* SINGLE_TREE */ 
	

						palette_coding( x0, y0, cbWidth, cbHeight, 0, 3 )
	

				} else {
	

					if( sps_bdpcm_enabled_flag &&
					cbWidth <= MaxTsSize  &&  cbHeight <= MaxTsSize  )
	

						intra_bdpcm_flag
	ae(v)

					if( intra_bdpcm_flag )
	

						intra_bdpcm_dir_flag
	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_mode[ 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 MaxIspSize  &&  cbHeight <= MaxTbSizeY  MaxIspSize)  &&  
							( cbWidth * cbHeight > MinTbSizeY * MinTbSizeY ) )
	

								intra_subpartitions_mode_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 1 )
	

								intra_subpartitions_split_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_luma_ref_idx[ 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)

						}
	

					}
	

				}
	

			}
	



Method 3:

	seq_parameter_set_rbsp( ) {
	Descriptor

	…
	

		sps_isp_enabled_flag
	u(1)

		if(sps_isp_enabled_flag && sps_max_luma_transform_size_64_flag  )
	

			sps_isp_max_size_64_flag
	u(1)

		…
	

	}
	



sps_isp_max_size_64_flag equal to 0 specifies that the maximum CU width and height for allowing ISP is 32 luma samples. sps_isp_max_size_64_flag equal to 1 specifies that the maximum CU width and height for allowing isp is 64 luma samples. If not available, sps_isp_max_size_64_flag is set to zero.
MaxIspSize = sps_isp_max_size_64_flag ? 64 : 32 	
	coding_unit( x0, y0, cbWidth, cbHeight, cqtDepth, treeType, modeType ) {
	Descriptor

	...
	

		if( CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA  | | 
		CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_PLT ) {
	

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

				if( pred_mode_plt_flag ) {
	

					if( treeType = = DUAL_TREE_LUMA ) 
	

						palette_coding( x0, y0, cbWidth, cbHeight, 0, 1 )
	

					else  /* SINGLE_TREE */ 
	

						palette_coding( x0, y0, cbWidth, cbHeight, 0, 3 )
	

				} else {
	

					if( sps_bdpcm_enabled_flag &&
					cbWidth <= MaxTsSize  &&  cbHeight <= MaxTsSize  )
	

						intra_bdpcm_flag
	ae(v)

					if( intra_bdpcm_flag )
	

						intra_bdpcm_dir_flag
	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_mode[ 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 MaxIspSize  &&  cbHeight <= MaxTbSizeY  MaxIspSize)  &&  
							( cbWidth * cbHeight > MinTbSizeY * MinTbSizeY ) )
	

								intra_subpartitions_mode_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 1 )
	

								intra_subpartitions_split_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_luma_ref_idx[ 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)

						}
	

					}
	

				}
	

			}
	



Method 4:

	seq_parameter_set_rbsp( ) {
	Descriptor

	…
	

		sps_isp_enabled_flag
	u(1)

		If( (sps_isp_enabled_flag || sps_sbt_enabled_flag) && sps_max_luma_transform_size_64_flag  )
	

			sps_tu_split_max_size_64_flag
	u(1)

		…
	

	}
	



sps_tu_split_max_size_64_flag equal to 0 specifies that the maximum CU width and height for allowing subblock transform and ISP is 32 luma samples. sps_tu_split_max_size_64_flag equal to 1 specifies that the maximum CU width and height for allowing subblock transform and is 64 luma samples. If not available, its value is set to sps_tu_split_max_size_64_flag 0.
MaxSbtSize = sps_tu_split_max_size_64_flag ? 64 : 32 
MaxIspSize = sps_ tu_split _max_size_64_flag ? 64 : 32
	coding_unit( x0, y0, cbWidth, cbHeight, cqtDepth, treeType, modeType ) {
	Descriptor

	...
	

		if( CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA  | | 
		CuPredMode[ chType ][ x0 ][ y0 ]  = =  MODE_PLT ) {
	

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

				if( pred_mode_plt_flag ) {
	

					if( treeType = = DUAL_TREE_LUMA ) 
	

						palette_coding( x0, y0, cbWidth, cbHeight, 0, 1 )
	

					else  /* SINGLE_TREE */ 
	

						palette_coding( x0, y0, cbWidth, cbHeight, 0, 3 )
	

				} else {
	

					if( sps_bdpcm_enabled_flag &&
					cbWidth <= MaxTsSize  &&  cbHeight <= MaxTsSize  )
	

						intra_bdpcm_flag
	ae(v)

					if( intra_bdpcm_flag )
	

						intra_bdpcm_dir_flag
	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_mode[ 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 MaxIspSize  &&  cbHeight <= MaxTbSizeY  MaxIspSize)  &&  
							( cbWidth * cbHeight > MinTbSizeY * MinTbSizeY ) )
	

								intra_subpartitions_mode_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_subpartitions_mode_flag[ x0 ][ y0 ] = = 1 )
	

								intra_subpartitions_split_flag[ x0 ][ y0 ]
	ae(v)

							if( intra_luma_ref_idx[ 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)

						}
	

					}
	

				}
	

			}
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