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Abstract
In the 14th JVET meeting, Low Frequency Non-Separable Transform (LFNST) was adopted, where an LFNST kernel is chosen by LFNST index signaling. Considering that a large CU greater than 64x64 is implicitly split (TU tiling) due to the existing maximum transform size restriction (64x64), an LFNST index search could increase data buffering by four times for a certain number of decode pipeline stages so that it is desirable to disable the LFNST index derivation across 64x64 VPDU boundaries.
Therefore, two suggestions are proposed as follows:
 Method 1: the maximum size that LFNST is allowed is restricted to 64x64, 
 Method 2: the LFNST index signaling is performed in TU-level which guarantees that LFNST index derivation must be performed within maximum size TU. 
The experimental results of BD-rate/encoding time/decoding time changes due to explicit size limitation to 64x64 for LFNST are reported to be 0.00%/99%/99% (AI) and 0.00%/100%/100% (RA), and those due to the TU-level signaling of LFNST index 0.00%/100%/100% (AI) and 0.00%/101%/100% (RA).

Spec text changes
The spec text changes of the two approaches are straightforward as presented in 1.1 and 1.2, both of which are based on Working Draft 5 v8.
Explicit size restriction of LFNST to be 64x64
The additional condition check for maximum allowable size is marked with yellow color as follows:

7.3.7.5   Coding unit syntax
	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	Descriptor

	……
	

	      numSigCoeff = 0
	

	      numZeroOutSigCoeff = 0
	

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

	      lfnstWidth = ( treeType == DUAL_TREE_CHROMA ) ? 
cbWidth / SubWidthC : cbWidth
	

	      lfnstHeight = ( treeType == DUAL_TREE_CHROMA ) ?
                 cbHeight / SubHeightC : cbHeight
	

	      if( Min( lfnstWidth, lfnstHeight ) >= 4 && sps_lfnst_enabled_flag == 1 && CuPredMode[ x0 ][ y0 ]  = =  MODE_INTRA &&
IntraSubPartitionsSplitType == ISP_NO_SPLIT && 
!intra_mip_flag[ x0 ][ y0 ] && Max( cbWidth, cbHeight ) <= 64 ) {
	

	         if( ( numSigCoeff > ( ( treeType == SINGLE_TREE ) ? 2 : 1 ) ) && 
numZeroOutSigCoeff == 0 ) {
	

	            lfnst_idx[ x0 ][ y0 ]
	ae(v)

	         }
	

	       }
	

			}
	

		}
	

	}
	



TU-level signaling of LFNST index
The location of lfnst_idx[ x0 ][ y0 ] parsing is moved from Coding unit syntax to Transform unit syntax as the following:

7.3.7.5   Coding unit syntax
	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	Descriptor

	……
	

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

			}
	

		}
	

	}
	



7.3.7.10    Transform unit syntax
	transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTuIndex ) {
	Descriptor

		……
	

	  numSigCoeff = 0
	

	  numZeroOutSigCoeff = 0
	

		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 )
	

		}
	

	  lfnstWidth = ( treeType == DUAL_TREE_CHROMA ) ? wC : tbWidth
	

	  lfnstHeight = ( treeType == DUAL_TREE_CHROMA ) ? hC : tbHeight
	

	  if( Min( lfnstWidth, lfnstHeight ) >= 4 && sps_lfnst_enabled_flag == 1 && 
CuPredMode[ x0 ][ y0 ]  = =  MODE_INTRA &&
IntraSubPartitionsSplitType == ISP_NO_SPLIT && 
!intra_mip_flag[ x0 ][ y0 ] ) {
	

	    if( ( numSigCoeff > ( ( treeType == SINGLE_TREE ) ? 2 : 1 ) ) && 
numZeroOutSigCoeff == 0 ) {
	

	        lfnst_idx[ x0 ][ y0 ]
	ae(v)

	    }
	

	  }
	

	}
	



Experimental results
The proposed method has been implemented based on VTM 5.0 reference software according to common test conditions defined in JVET-N1010 [2] and Core Experiment description in JVET-N1026 [3].

Explicit size restriction of LFNST to be 64x64
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TU-level signaling of LFNST index
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Conclusion
In summary, no effective changes of coding performance and complexity were observed under CTC with the two proposed solutions in order to prohibit the split TUs sharing one LFNST index from occurring. It is strongly recommended that one of the proposed approaches should be adopted in the next VTM.
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All Intra Main10 

Over VTM-5.0 CTC

Y U V EncT DecT

Class A1 0.00% 0.00% 0.00% 98% 98%

Class A2 0.00% 0.00% 0.00% 98% 99%

Class B 0.00% 0.00% 0.00% 100% 100%

Class C 0.00% 0.00% 0.00% 100% 99%

Class E 0.00% 0.00% 0.00% 99% 99%

Overall  0.00% 0.00% 0.00% 99% 99%

Class D 0.00% 0.00% 0.00% 99% 96%

Class F 0.00% 0.00% 0.00% 100% 101%

Class SCC 0.00% 0.00% 0.00% 101% 102%
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Random access Main10 

Over VTM-5.0 CTC

Y U V EncT DecT

Class A1 0.00% 0.00% 0.00% 99% 99%

Class A2 0.00% 0.00% 0.00% 100% 99%

Class B 0.00% 0.00% 0.00% 100% 100%

Class C 0.00% 0.00% 0.00% 100% 101%

Class E

Overall 0.00% 0.00% 0.00% 100% 100%

Class D 0.00% 0.00% 0.00% 100% 99%

Class F 0.00% 0.00% 0.00% 101% 101%

Class SCC 0.00% 0.00% 0.00% 100% 100%
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Class B 0.00% 0.00% 0.00% 100% 100%

Class C 0.00% 0.00% 0.00% 100% 100%

Class E 0.00% 0.00% 0.00% 100% 101%

Overall  0.00% 0.00% 0.00% 100% 101%

Class D 0.00% 0.00% 0.00% 100% 100%

Class F 0.00% 0.00% 0.00% 100% 100%

Class SCC 0.00% 0.00% 0.00% 101% 101%
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Random access Main10 

Over VTM-5.0 CTC

Y U V EncT DecT

Class A1 0.00% 0.00% 0.00% 100% 98%

Class A2 0.00% 0.00% 0.00% 100% 99%

Class B 0.00% 0.00% 0.00% 101% 100%

Class C 0.00% 0.00% 0.00% 101% 103%

Class E

Overall 0.00% 0.00% 0.00% 101% 100%

Class D 0.00% 0.00% 0.00% 101% 101%

Class F 0.00% 0.00% 0.00% 101% 102%

Class SCC 0.00% 0.00% 0.00% 101% 100%


image1.png




image2.png




