	[image: ][image: ]Joint Video Experts Team (JVET)
of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11
16th Meeting: Geneva, CH, 1–11 October 2019
	[bookmark: _GoBack]Document: JVET-P0634-v1



	Title:
	Non-CE6: Removal of LFNST for 4x4, 4xN and Nx4 blocks

	Status:
	Input document to JVET 

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Hilmi E. Egilmez, Ted Hsieh, Vadim Seregin, Marta Karczewicz
5775 Morehouse Dr.,
San Diego, CA, 92121, USA

	Tel:
Email:
	+1(858)651-3483
hegilmez@qti.qualcomm.com


	Source:
	Qualcomm Inc.


_____________________________
Abstract
This document proposes to disable LFNST for 4x4, 4xN and Nx4 blocks and reduce latency, which is critical for small blocks, and it reduces 2KB of memory. The experimental results show that the proposed simplification leads to 0.16% AI and 0.10% RA luma BD-rate losses over VTM-6.0, and the encoder runtime is reduced about 10% for AI coding.
Description
In VTM-6.0, LFNST is applied to either 4x4 or 8x8 top-left subblock in a TU. For both 4x4 and 8x8 LFNSTs, there are 4 transform sets, each of which consist of 2 LFNST matrices. A set is selected depending on intra mode, and an LFNST index is signalled to choose among 2 LFNST matrices used for transformation.
The main problem with 4x4 LFNST is that it introduces excessive latency with its two-stage transform process. In fact, coding a 4x4 TU with LFNST is the worst-case in terms of latency in VTM-6.0, and the coding benefit of 4x4 LFNST is very limited for HD and UHD sequences. This document proposes to remove 4x4 LFNST (applied to 4x4, Nx4 and 4xN blocks) to reduce the worst-case latency in the transformation step. In addition, removing 4x4 LFNST reduces the 8KB memory requirement for storing LFNST matrices to 6KB. 

Experimental Results
The proposed simplification is implemented on top of VTM-6.0 and evaluated under common test conditions (CTC). Note that low-delay B results are omitted, since LFNST is disabled in CTC for low-delay B. Table 1 presents the results of removing 4x4 LFNST over VTM-6.0.


Table 1.  Results of proposed simplification over VTM-6.0 under CTC
	
	All Intra 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.41%
	0.39%
	91%
	100%

	Class A2
	-0.01%
	0.99%
	1.22%
	90%
	101%

	Class B
	0.13%
	0.98%
	0.93%
	89%
	101%

	Class C
	0.36%
	0.91%
	1.33%
	89%
	103%

	Class E
	0.28%
	0.43%
	0.40%
	91%
	101%

	Overall 
	0.16%
	0.78%
	0.89%
	90%
	101%

	Class D
	0.34%
	1.20%
	1.35%
	85%
	98%

	Class F 
	0.31%
	0.61%
	0.86%
	92%
	99%
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	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.02%
	0.52%
	0.29%
	99%
	100%

	Class A2
	0.07%
	0.57%
	0.63%
	100%
	101%

	Class B
	0.07%
	1.07%
	1.09%
	98%
	100%

	Class C
	0.21%
	0.54%
	0.67%
	100%
	103%

	Class E
	 
	
	 
	 
	 

	Overall
	0.10%
	0.72%
	0.72%
	99%
	101%

	Class D
	0.12%
	0.57%
	0.93%
	97%
	99%

	Class F 
	0.16%
	0.27%
	0.45%
	98%
	99%



Conclusions
In this document, it is proposed to remove 4x4 LFNST to reduce the worst-case latency in transformation process. The experimental results show that the coding benefit of 4x4 LFNST is very limited, especially for UHD sequences under AI and RA configurations. It is recommended to adopt the proposed simplification in VVC.
Specification Text Modifications
[bookmark: _Ref350100876][bookmark: _Toc415475843][bookmark: _Toc423599118][bookmark: _Toc423601622]7.3.8.5 Coding unit syntax
…
…
			LfnstDcOnly = 1
	

			LfnstZeroOutSigCoeffFlag = 1
	

			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[ chType ][ x0 ][ y0 ]  = =  MODE_INTRA  &&  
			IntraSubPartitionsSplitType  = =  ISP_NO_SPLIT  &&  
			( !intra_mip_flag[ x0 ][ y0 ]  | |  Min( lfnstWidth, lfnstHeight )  >=  16 )   &&  
			tu_mts_idx[ x0 ][ y0 ]  = =  0 &&  Max( cbWidth, cbHeight )  <=  MaxTbSizeY) {
	

				if( LfnstDcOnly  = =  0  &&  LfnstZeroOutSigCoeffFlag  = =  1 )
	

					lfnst_idx[ x0 ][ y0 ]
	ae(v)

			}
	

		}
	


…
…
[bookmark: _Ref522119035][bookmark: _Toc15254023]8.7.4 Transformation process for scaled transform coefficients
[bookmark: _Ref522130276]8.7.4.1 General
Inputs to this process are:
· a luma location ( xTbY, yTbY ) specifying the top-left sample of the current luma transform block relative to the top‑left luma sample of the current picture,
· a variable nTbW specifying the width of the current transform block,
· a variable nTbH specifying the height of the current transform block,
· a variable cIdx specifying the colour component of the current block,
· an (nTbW)x(nTbH) array d[ x ][ y ] of scaled transform coefficients with x = 0..nTbW − 1, y = 0..nTbH − 1.
Output of this process is the (nTbW)x(nTbH) array r[ x ][ y ] of residual samples with x = 0..nTbW − 1, y = 0..nTbH − 1.
When lfnst_idx[ xTbY ][ yTbY ] is not equal to 0 and both nTbW and nTbH are greater than or equal to 4, the following applies:
· The variables predModeIntra, nLfnstOutSize, log2LfnstSize, nLfnstSize, and nonZeroSize are derived as follows:
predModeIntra = ( cIdx = = 0 )  ?  IntraPredModeY[ xTbY ][ yTbY ]  :  IntraPredModeC[ xTbY ][ yTbY ]	(8‑965)
nLfnstOutSize = ( nTbW >= 8  &&  nTbH  >= 8 )  ?  48  :  16	(8‑966)
log2LfnstSize = ( nTbW >= 8  &&  nTbH  >= 8 )  ?  3  :  2	(8‑967)
nLfnstSize = 1  <<  log2LfnstSize		(8‑968)
nonZeroSize = ( ( nTbW = = 4  &&  nTbH  = = 4 )  | |  ( nTbW = = 8  &&  nTbH  = = 8 ) )  ?  8  :  16	(8‑969)
· When intra_mip_flag[ xTbComp ][ yTbComp ] is equal to 1 and cIdx is equal to 0, predModeIntra is set equal to INTRA_PLANAR.
…
…
The variables nonZeroW and nonZeroH are derived as follows:
· If lfnst_idx[ xTbY ][ yTbY ] is not equal to 0 and nTbW is greater than or equal to 4 and nTbH is greater than or equal to 4, the following applies:
nonZeroW = ( nTbW = = 4  | |  nTbH = = 4 )  ?  4  :  8	(8‑977)
nonZeroH = ( nTbW = = 4  | |  nTbH = = 4 )  ?  4  :  8	(8‑978)
· Otherwise, the following applies:
nonZeroW = Min( nTbW, ( trTypeHor > 0 )  ?  16  :  32 )	(8‑979)
nonZeroH = Min( nTbH, ( trTypeVer > 0 )  ?  16  :  32 )	(8‑980)
…
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