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Abstract
This contribution reports the coding performance of CE6-2.1, which simplifies LFNST by reducing four transform sets to three transform sets (i.e., removing transform set 2) and saves 25% memory for storing LFNST matrices, i.e., 2KB. It is reported that the change results in 0.03% / 0.06% / 0.11% BD-rates in AI configuration for Y / Cb / Cr, and -0.01% / 0.06% / 0.03% BD-rates in RA configuration for Y / Cb / Cr.

Proposed method
In VTM6, intra prediction modes are mapped to 4 LFNST transform sets, as listed in Table 1, and each of the transform sets has two 16x48 and two 16x16 transform matrices. In total, the memory for the transform matrices is 8 x 16 x (48+16) = 8KB
It is proposed to use 3 transform sets for reducing ROM memory. More specifically, transform set 2 (thus the LFNST matrices related to this transform set) is removed. Accordingly, the mapping table from predModeIntra to lfnstTrSetIdx is changed to Table 2. LFNST transform matrices are not modified. Because of the reduction of transform matrices from 4 sets to 3 sets, 25% LFNST matrix memory (i.e., 2KB) is saved.
Table 1 Mapping table with four transform sets as in VVC draft 6
	predModeIntra
	lfnstTrSetIdx

	predModeIntra < 0
	1

	0 <= predModeIntra <= 1
	0

	2 <= predModeIntra <= 12
	1

	13 <= predModeIntra <= 23
	2

	24 <= predModeIntra <= 44
	3

	45 <= predModeIntra <= 55
	2

	56 <= predModeIntra <= 80
	1



Table 2 Mapping table with three transform sets
	predModeIntra
	lfnstTrSetIdx

	predModeIntra < 0
	1

	0 <= predModeIntra <= 1
	0

	2 <= predModeIntra <= 18
	1

	19 <= predModeIntra <= 49
	3

	50 <= predModeIntra <= 80
	1


According to the new mapping table, directional prediction modes with reference samples from both left and top sides uses transform set 3, and those with reference samples from only one side uses transform set 1, as illustrated in Fig. 1. The transform matrices are not changed.
[image: ]
Fig. 1 Transform set mapping with 4 sets in VTM6 (left) and the proposed method with 3 sets (right)

Experiment results
The proposed methods have been implemented on top of VTM6.0, and tested under the Common Test Conditions (CTC). The coding performance are provide in Table 3.
[bookmark: _GoBack]Table 3 Coding performance of the proposed method
	
	All Intra Main10 

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.03%
	0.11%
	0.16%
	100%
	101%

	Class A2
	0.04%
	0.15%
	0.19%
	100%
	101%

	Class B
	0.03%
	-0.05%
	-0.03%
	100%
	101%

	Class C
	0.04%
	-0.07%
	0.10%
	100%
	101%

	Class E
	0.00%
	0.25%
	0.22%
	100%
	101%

	Overall 
	0.03%
	0.06%
	0.11%
	100%
	101%

	Class D
	0.01%
	0.13%
	0.02%
	100%
	102%

	Class F
	0.07%
	0.08%
	0.06%
	100%
	100%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	0.02%
	0.01%
	100%
	100%

	Class A2
	0.01%
	0.16%
	0.01%
	100%
	100%

	Class B
	0.00%
	-0.02%
	0.02%
	100%
	100%

	Class C
	-0.01%
	0.11%
	0.09%
	100%
	101%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.01%
	0.06%
	0.03%
	100%
	100%

	Class D
	-0.07%
	-0.16%
	0.03%
	100%
	101%

	Class F
	0.06%
	0.00%
	0.22%
	100%
	101%



Draft spec text
Deleted text is highlighted in blue, and modified text is highlighted in yellow.
[bookmark: _Ref10209099]8.7.4.3 Low frequency non-separable transformation matrix derivation process
[bookmark: _Ref14001086]Table 8‑16 – Specification of lfnstTrSetIdx
	predModeIntra
	lfnstTrSetIdx

	predModeIntra < 0
	1

	0 <= predModeIntra <= 1
	0

	2 <= predModeIntra <= 18
	1

	13 <= predModeIntra <= 23
	2

	19 <= predModeIntra <= 49
	2	Comment by zhaoyin (Yin): To editors: because set 2 is removed, set 3 should be renamed to set 2

	45 <= predModeIntra <= 55
	2

	50 <= predModeIntra <= 80
	1


…
· Otherwise, if nTrS is equal to 16, lfnstTrSetIdx is equal to 2, and lfnstIdx is equal to 1, the following applies:
	lowFreqTransMatrix[ m ][ n ] = 
{
{ -112   47   -2    2  -34   13    2    0   15   -7    1    0    8   -3   -1    0  }
{   29   -7    1   -1 -108   40    2    0  -45   13    4   -1    8   -5    1    0  }
{  -36  -87   69  -10  -17  -33   26   -2    7   14  -11    2    6    8   -7    0  }
{   28   -5    2   -2  -29   13   -2    0  103  -36   -4    1   48  -16   -4    1  }
{  -12  -24   15   -3   26   80  -61    9   15   54  -36    2    0   -4    6   -2  }
{   18   53   69  -74   14   24   28  -30   -6   -7  -11   12   -5   -7   -6    8  }
{    5   -1    2    0  -26    6    0    1   45   -9   -1    0 -113   28    8   -1  }
{  -13  -32   18   -2   15   34  -27    7  -25  -80   47   -1  -16  -50   28    2  }
{   -4  -13  -10   19   18   46   60  -48   16   33   60  -48    1    0    5   -2  }
{   15   33   63   89    8   15   25   40   -4   -8  -15   -8   -2   -6   -9   -7  }
{   -8  -24  -27   15   12   41   26  -29  -17  -50  -39   27    0   35  -67   26  }
{   -2   -6  -24   13   -1   -8   37  -22    3   18  -51   22  -23  -95   17   17  }
{   -3   -7  -16  -21   10   24   46   75    8   20   38   72    1    2    1    7  }
{    2    6   10   -3   -5  -16  -31   12    7   24   41  -16  -16  -41  -89   49  }
{    4    8   21   40   -4  -11  -28  -57    5   14   31   70    7   18   32   52  }
{    0    1    4   11   -2   -4  -13  -34    3    7   20   47   -6  -19  -42 -101  }
},
· Otherwise, if nTrS is equal to 16, lfnstTrSetIdx is equal to 2, and lfnstIdx is equal to 2, the following applies:
	lowFreqTransMatrix[ m ][ n ] =
{
{  -99   39   -1    2   65  -20   -5    0  -15   -2    5   -1    0    3   -1    0  }
{   58   42  -33    3   33  -63   23   -1  -55   32    3   -5   21   -2   -8    3  }
{  -15   71  -44    5  -58  -29   25    3   62   -7   -4   -4  -19    4    0    1  }
{   46    5    4   -6   71  -12  -15    5   52  -38   13   -2  -63   23    3   -3  }
{  -14  -54  -29   29   25   -9   61  -29   27   44  -48    5  -27  -21   12    7  }
{   -3    3   69  -42  -11  -50  -26   26   24   63  -19   -5  -18  -22   12    0  }
{   17   16   -2    1   38   18  -12    0   62    1  -14    5   89  -42    8   -2  }
{   15   54   -8    6    6   60  -26   -8  -30   17  -38   22  -43  -45   42   -7  }
{   -6  -17  -55  -28    9   30   -8   58    4   34   41  -52  -16  -36  -20   16  }
{   -2   -1   -9  -79    7   11   48   44  -13  -34  -55    6   12   23   20  -11  }
{    7   29   14   -6   12   53   10  -11   14   59  -15   -3    5   71  -54   13  }
{   -5  -24  -53   15   -3  -15  -61   26    6   30  -16   23   13   56   44  -35  }
{    4    8   21   52   -1   -1   -5   29   -7  -17  -44  -84    8   20   31   39  }
{   -2  -11  -25   -4   -4  -21  -53    2   -5  -26  -64   19   -8  -19  -73   39  }
{   -3   -5  -23  -57   -2   -4  -24  -75    1    3    9  -25    6   15   41   61  }
{    1    1    7   18    1    2   16   47    2    5   24   67    3    9   25   88  }
},
· Otherwise, if nTrS is equal to 16, lfnstTrSetIdx is equal to 32, and lfnstIdx is equal to 1, the following applies:
[omit tables]
· Otherwise, if nTrS is equal to 16, lfnstTrSetIdx is equal to 32, and lfnstIdx is equal to 2, the following applies:
[omit tables]
…
· Otherwise, if nTrS is equal to 48, lfnstTrSetIdx is equal to 2, and lfnstIdx is equal to 1 the following applies:
lowFreqTransMatrix[ m ][ n ] = lowFreqTransMatrixCol0to15[ m ][ n ] with m = 0..15, n = 0..15
lowFreqTransMatrixCol0to15 =
{
{ -121   33    4    4    1    2    0    1   -1   -1    1    0    0    0    0    0  }
{    0   -2    0    0    0    0    0    0  121  -23   -7   -3   -2   -1   -1    0  }
{  -20   19   -5    2   -1    1    0    0   16    3   -2    0    0    0    0    0  }
{   32  108  -43   10   -9    3   -3    1    4   19   -7    1   -1    0    0    0  }
{   -3    0   -1    0    0    0    0    0  -29   11   -2    1    0    0    0    0  }
{   -4  -12   -3    1   -1    0    0    0   19  105  -31    7   -6    1   -2    0  }
{    7    1    2    0    0    0    0    0    4    3   -2    0    0    0    0    0  }
{   -8  -31   14   -4    3   -1    1    0    9   43    0    1   -1    0    0    0  }
{  -15  -43 -100   23  -12    6   -4    2   -6  -17  -48   10   -5    2   -1    1  }
{   -3    1    2    0    0    0    0    0   -6    3    1    0    0    0    0    0  }
{   -1   -6   -3    2   -1    0    0    0   -6  -35    9    0    2    0    0    0  }
{   -5  -14  -48    2   -5    1   -2    0   10   24   99  -17   10   -4    3   -1  }
{   -2    0    2    0    0    0    0    0   -2    0    1    0    0    0    0    0  }
{   -2  -10   -4    0    0    0    0    0    3   11   -1   -1    0    0    0    0  }
{   -2   -3  -25   -2   -3    0   -1    0   -1   -3   -1    4   -2    2    0    1  }
{    4   -4   28  103  -42   24   -9    7    1    2    4    0    3   -1    0    0  }
},
lowFreqTransMatrix[ m ][ n ] = lowFreqTransMatrixCol16to31[ m − 16 ][ n ] with m = 16..31, n = 0..15
lowFreqTransMatrixCol16to31 =
{
{   24   -5   -1   -1    0    0    0    0    5   -1    0    0    0    0    0    0  }
{   17    1   -2    0    0    0    0    0  -27    4    2    0    0    0    0    0  }
{ -120   14    8    1    3    1    1    0  -18   -2    3    0    1    0    0    0  }
{   11  -30    9   -2    1   -1    0    0    0   -8    2    0    0    0    0    0  }
{   12    7   -1    0    0    0    0    0 -117   12    9    1    3    0    1    0  }
{    9   46   -6    0    0    0    0    0    8  -29    9   -3    1    0    0    0  }
{   22   -8    1   -1    0    0    0    0  -28   -9    4    0    1    0    0    0  }
{  -13 -105   17   -2    2    0    0    0   -8  -25   -3    0    0    0    0    0  }
{    1   -5   19   -6    3   -1    1    0    2    7   15   -3    1   -1    0    0  }
{    0    3   -2    0    0    0    0    0  -20    8   -2    0    0    0    0    0  }
{    1   -6   11   -2    2    0    1    0   -9 -100   17   -1    1    0    0    0  }
{    4   14   32    0    2    0    1    0   -4    0  -39    6   -4    1   -1    0  }
{   -1   -1    1   -1    0    0    0    0   -1   -4    2    0    0    0    0    0  }
{   -6  -40  -15    6   -2    1    0    0    5   57   -6    2    0    0    0    0  }
{   -7   -8  -97   17   -9    3   -3    1   -8  -26  -61   -1   -3   -1   -1   -1  }
{   -1    0   -9  -42   17   -9    3   -2   -1    1  -14    6   -4    2   -1    0  }
},
lowFreqTransMatrix[ m ][ n ] = lowFreqTransMatrixCol32to47[ m − 32 ][ n ] with m = 32..47, n = 0..15
lowFreqTransMatrixCol32to47 =
{
{    3   -1    0    0    2   -1    0    0    2   -1    0    0    1    0    0    0  }
{  -12    2    1    0   -5    1    0    0   -1    0    0    0   -2    0    0    0  }
{   17   -3   -1    0    6   -1   -1    0    2    0    0    0    2    0    0    0  }
{   -7   -1    2    0   -3   -1    1    0   -2   -2    1    0    0    0    0    0  }
{  -32   -3    3    0   12   -2   -1    0    7    0    0    0    1    0    0    0  }
{   -3  -19    3    0   -4   -6    1    0    0    0    0    0    0   -1    0    0  }
{  117  -10   -8    0   32    1   -4    0    3    1   -1    0   -3    1    0    0  }
{   -7   32   -5    1   -1    4    0    0    2   -1    0    0    1    0   -1    0  }
{    4   10    5   -1    0    3    1    0   -2    1    2    0   -1    1    1    0  }
{   30   13   -3    0 -116    6   10    0  -35   -5    4    0   -3   -1    0    0  }
{  -10  -63    1    2  -17    3   -4    0   -1    9   -1    0    3    4   -1    0  }
{    2   -3   -4    0    2   -2   -2    0    0    0   -1    0    0   -1   -1    0  }
{   -8   -2   -1    1   30    4   -4    1 -102    4    8   -1  -69   -2    6   -1  }
{    1  -95   18   -6  -10  -34   -2    0   -4   17   -2    0    0    2    1    0  }
{    2   10   24   -7    5    9   19   -1    0    1    4    0   -2    0    1    0  }
{   -1   -2   -4    4    0    3    1   -1    0    2    0   -2    2    0    0    0  }
},
· Otherwise, if nTrS is equal to 48, lfnstTrSetIdx is equal to 2, and lfnstIdx is equal to 2 the following applies:
lowFreqTransMatrix[ m ][ n ] = lowFreqTransMatrixCol0to15[ m ][ n ] with m = 0..15, n = 0..15
lowFreqTransMatrixCol0to15 =
{
{   87  -41    3   -4    1   -1    0   -1  -73   28    2    1    1    1    0    0  }
{  -75    4    7    0    2    0    1    0  -41   36   -7    3   -1    1    0    0  }
{   26  -44   22   -6    4   -2    1   -1   77   24  -22    2   -4    0   -1    0  }
{  -39  -68   37   -7    6   -2    2    0   -9   56  -21    1   -2    0   -1    0  }
{   10  -20    2    0    1    0    0    0   50   -1    8   -5    1   -1    0    0  }
{  -21  -45    8   -2    3   -1    1    0   -7  -30   26   -8    3   -1    1   -1  }
{   -4   -2  -55   28   -8    5   -3    2   -2   37   43  -19    1   -2    1   -1  }
{    2   19   47  -23    6   -4    2   -1  -23  -22  -44   17   -2    2   -1    0  }
{  -19  -62   -9    3    0    0    0    0  -12  -56   27   -7    3   -1    1    0  }
{    1    9   -5    0   -1    0    0    0    0   22   -1    2    0    1    0    0  }
{    5   17   -9    0   -2    1    0    0   13   54   -2    7   -1    1    0    0  }
{    7   27   56   -2   10   -3    3   -1   -2   -6    8  -28    3   -4    1   -1  }
{    0    0   19   -4    3   -2    2   -1   -3  -13   10   -4    1    0    0    0  }
{   -3    0  -27  -80   40  -16    6   -4    4    3   31   61  -22    7   -1    1  }
{    1    2   -8    6   -1    1    0    0    2    8   -5   -1    0    0    0    0  }
{   -4  -18  -57    8   -8    1   -3    0   -5  -20  -69    7   -6    2   -2    1  }
},
lowFreqTransMatrix[ m ][ n ] = lowFreqTransMatrixCol16to31[ m − 16 ][ n ] with m = 16..31, n = 0..15
lowFreqTransMatrixCol16to31 =
{
{   30   -5   -6    1   -1    0    0    0   -8   -3    3    0    0    0    0    0  }
{   72  -29   -2    0   -1    0   -1    0  -37    6    7   -2    1    0    0    0  }
{    7  -38   10    0    1    0    0    0  -51   27    4   -3    2   -1    1    0  }
{  -45    4   -3    6   -1    2    0    1   49  -13    3   -3   -1    0    0    0  }
{   66   17  -24    4   -3    1   -1    0   13  -49   15    1    0    0    0    0  }
{   -9   69  -33    5   -2    0   -1    0  -44  -31   10    7   -2    2    0    1  }
{  -47  -34  -27    5    4   -1    1    0  -39   -2   27    4   -2    1    0    0  }
{  -33    3   22   -2   -4    1   -1    0  -58  -17    6   -6    7   -1    1    0  }
{    7   -8   16   -6    4   -2    1   -1  -15   54  -23    2   -1    0    0    0  }
{  -13   17    0   -2    0   -1    0    0  -46  -10  -10    4   -1    1    0    0  }
{    4   51   -3   -6   -1   -1    0    0  -20    6  -34    9   -2    2   -1    0  }
{   -1   -4  -68   35   -5    5   -2    1    0   35   43   -4   -6    1   -1    0  }
{   -6  -37  -18   -5    2   -2    1   -1    6   -6   -7   25   -6    4   -1    1  }
{   -4   -7  -26   -6  -10    6   -4    1    3    8   14  -18   15   -5    2   -1  }
{    1   24    3    5   -1    1    0    0   -3   12    6  -10    1   -1    0    0  }
{    1    4    0   33   -7    5   -2    1    0   -9   53  -22    3   -1    0    0  }
},
lowFreqTransMatrix[ m ][ n ] = lowFreqTransMatrixCol32to47[ m − 32 ][ n ] with m = 32..47, n = 0..15
lowFreqTransMatrixCol32to47 =
{
{    3    2   -1    0   -2   -1    0    0    1    1    0    0   -1    0    0    0  }
{   12    3   -4    0   -3   -2    1    0    4    0    0    0   -1    0    0    0  }
{   31   -5   -8    3  -14    0    5   -1    6    1   -3    0   -4   -1    1    0  }
{  -19    2    0    0    5    1    1    0   -2    0   -1    0    1    0    0    0  }
{  -53   34    6   -5   30   -7  -11    3  -11   -2    5    1    4    2   -1   -1  }
{   49    7    2   -6  -23   -3   -2    2    9    4    0    0   -2   -1   -1    0  }
{  -11   32   -8   -7   27  -12   -6    6  -13    0    4   -3    3   -1   -2    1  }
{  -23   40   -2    5   43  -11   -8   -1  -18   -4    5    2    4    3    0   -1  }
{  -42  -25    4    6   34    8    2   -2  -15   -1    0   -1    3    2    0    1  }
{  -80  -27   20   -4  -66   23   -2   -2   20   -3   -2    3  -14    2    3   -1  }
{   16  -52   28    1   59   15   -8   -5  -28   -7    2    2   10    3    0   -1  }
{  -14  -38  -12  -10    9    5    7    6   -9    7   -4   -3    4   -4    0    3  }
{   16   10   55  -24   15   46  -52    1   35  -43   10   12  -23   13    5   -8  }
{   -2   -4   -1   13    0    2   -4   -3    3   -1    2    1   -2    0   -2   -1  }
{   -9   -1  -25   10   45  -11   18    2   86    1  -13   -4  -65   -6    7    2  }
{    4  -27   -2   -9    5   36  -13    5   -7  -17    1    2    4    6    4   -1  }
},
· Otherwise, if nTrS is equal to 48, lfnstTrSetIdx is equal to 32, and lfnstIdx is equal to 1 the following applies:
[omit tables]
· Otherwise, if nTrS is equal to 48, lfnstTrSetIdx is equal to 32, and lfnstIdx is equal to 2 the following applies:
[omit tables]

Conclusions
It is reported that the reduction on LFNST transform sets results in 0.03% / 0.06% / 0.11% BD-rates in AI configuration, and -0.01% / 0.06% / 0.03% BD-rates in RA configuration. It is suggested to adopt the proposed method into VVC.
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