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Abstract
Three modifications are proposed in this proposal. First it is proposed to use three fixed MPMs to replace the neighbouring-based MPM list construction process for MIP. Second, a block coded with regular intra mode cannot utilize the mode information of a neighbouring block coded with MIP mode when constructing the MPM list. Third, DM mode for a chroma block is associated with a fixed mode (Planar) when the corresponding luma block is coded with MIP. With the three modifications, the mode-mapping tables between MIP modes and regular intra prediction modes are totally removed and the MPM list construction process for the MIP coded blocks is removed. The simulation results reportedly show that the BD-rate changes are 0.01% for AI, and 0.01% for RA with no impact on encoding/decoding time.
Introduction
There are two different MPM list construction processes in the current VVC. One for regular intra mode and the other for MIP mode. A neighbouring block coded with MIP mode can provide an MPM for a block coded with regular intra mode by a MIP-regular mode mapping, and a neighbouring block coded with regular intra mode can provide an MPM for a block coded with MIP mode by a regular-MIP mode mapping. Besides, when a chroma block is coded with DM mode and the corresponding luma block is coded with MIP, the chroma block will be associated with a regular intra prediction mode by a MIP-regular mode mapping. Two mode mapping tables (MIP-regular and regular-MIP) are pre-stored.
Proposed methods
Three modifications are proposed to simplify the MPM construction process and remove the mode mapping tables.
1) Three fixed MPMs to replace the neighbouring-based MPM list construction process for MIP. The three fixed MPMs are { 17, 34, 5 }, { 0, 7, 16 } and { 1, 4, 6 } for sizeid equal to 0, 1 and 2, respectively.
2) A block coded with regular intra mode cannot utilize the mode information of a neighbouring block coded with MIP mode when constructing the regular MPM list. A neighbouring block coded with MIP is treated as unavailable.
3) DM mode for a chroma block is associated with a fixed mode (Planar) when the corresponding luma block is coded with MIP.

With modification 1, the MPM list construction process for MIP and the regular-MIP mode mapping table can be removed. With modification 2, the MIP-regular mode mapping table can be removed. 

Experimental Results
The proposed method has been implemented on top of VTM-5.0. Two tests are conducted as below:
Test #1: Modification 1;
Test #2: Modification 1+ Modification 2 + Modification 3;
Results for Test #1 and Test #2 under AI/RA configurations are summarized in Table 1 and Table 2, respectively. The simulations were performed following the JVET CTC [1]. More detail results can be found in the attached spreadsheets.
Table 1: Results of test #1
	
	AI
	RA

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.02%
	-0.02%
	97%
	99%
	0.00%
	-0.07%
	0.14%
	99%
	101%

	Class A2
	0.00%
	0.03%
	-0.02%
	99%
	98%
	0.02%
	0.09%
	0.00%
	100%
	101%

	Class B
	0.01%
	-0.04%
	0.05%
	102%
	100%
	0.02%
	-0.07%
	-0.05%
	101%
	98%

	Class C
	0.00%
	-0.02%
	0.05%
	100%
	104%
	-0.03%
	-0.02%
	-0.05%
	101%
	100%

	Class E
	0.00%
	-0.03%
	0.05%
	100%
	98%
	 
	
	 
	 
	 

	Overall
	0.00%
	-0.01%
	0.03%
	100%
	100%
	0.01%
	-0.03%
	0.00%
	100%
	100%

	Class D
	-0.01%
	0.18%
	-0.05%
	97%
	101%
	0.01%
	-0.17%
	0.35%
	98%
	111%

	Class F
	0.01%
	-0.05%
	0.01%
	98%
	97%
	0.01%
	-0.12%
	0.06%
	97%
	98%


Table 2: Results of test #2
	
	AI
	RA

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.09%
	0.08%
	97%
	99%
	0.00%
	-0.01%
	0.19%
	100%
	100%

	Class A2
	0.03%
	0.00%
	-0.05%
	99%
	98%
	0.04%
	0.20%
	-0.03%
	100%
	101%

	Class B
	0.02%
	-0.01%
	0.07%
	101%
	99%
	0.02%
	0.07%
	0.02%
	100%
	99%

	Class C
	0.00%
	-0.12%
	0.12%
	100%
	98%
	0.01%
	-0.10%
	-0.09%
	101%
	100%

	Class E
	0.03%
	0.01%
	-0.02%
	99%
	96%
	 
	
	 
	 
	 

	Overall
	0.01%
	-0.01%
	0.05%
	99%
	98%
	0.01%
	0.03%
	0.01%
	100%
	100%

	Class D
	0.00%
	0.05%
	0.05%
	99%
	100%
	0.00%
	0.27%
	0.42%
	101%
	98%

	Class F
	0.00%
	0.00%
	-0.03%
	99%
	99%
	-0.02%
	-0.07%
	-0.02%
	99%
	100%


Conclusions 
Considering the removal of MPM list construction process and two mode mapping tables with almost no coding performance loss, it is suggested that the proposed method be adopted into VVC.

Suggested changes to working draft
The proposed changes on top of JVET-N1001_v7 are specified as below, with deleted text highlighted in blue and newly added text highlighted in yellow.
8.4.2 Derivation process for MIP mode
Input to this process are:
· a luma location ( xCb , yCb ) specifying the top-left sample of the current luma coding block relative to the top‑left luma sample of the current picture,
· a variable cbWidth specifying the width of the current coding block in luma samples,
· a variable cbHeight specifying the height of the current coding block in luma samples.
In this process, the matrix-based intra prediction mode IntraPredModeY[ xCb ][ yCb ] is derived.
IntraPredModeY[ xCb ][ yCb ] is derived by the following ordered steps:
1. The neighbouring locations ( xNbA, yNbA ) and ( xNbB, yNbB ) are set equal to ( xCb − 1, yCb ) and ( xCb, yCb − 1 ), respectively.
2. For X being replaced by either A or B, the variables candMipModeX are derived as follows:
1. The availability derivation process for a block as specified in clause 6.4.X [Ed. (BB): Neighbouring blocks availability checking process tbd] is invoked with the location ( xCurr, yCurr ) set equal to ( xCb, yCb ) and the neighbouring location ( xNbY, yNbY ) set equal to ( xNbX, yNbX ) as inputs, and the output is assigned to availableX.
1. The candidate MIP mode candMipModeX is derived as follows:
1. If one or more of the following conditions are true, candMipModeX is set equal to −1.
1. The variable availableX is equal to FALSE.
1. CuPredMode[ xNbX ][ yNbX ] is not equal to MODE_INTRA and ciip_flag[ xNbX ][ yNbX ] is not equal to 1.
1. pcm_flag[ xNbX ][ yNbX ] is equal to 1.
1. X is equal to B and yCb − 1 is less than ( ( yCb  >>  CtbLog2SizeY )  <<  CtbLog2SizeY ).
1. Otherwise, the following applies:
1. If intra_mip_flag[ xNbX ][ yNbX ] is equal to 1, the following applies:.
1. If MipSizeId[ xCb ][ yCb ] is equal to MipSizeId[ xNbX ][ yNbX ], candMipModeX is set equal to IntraPredModeY[ xNbX ][ yNbX ].
1. Otherwise, candMipModeX is set equal to −1.
1. Otherwise, candMipModeX is derived using IntraPredModeY[ xNbX ][ yNbX ] and MipSizeId[ xCb ][ yCb ] as specified in Table 8‑4.
3. The candMipModeList[ x ] with x = 0..2 is derived as follows, using mipMpmCand[ sizeId ] as specified in Table 8‑2:
1. If candMipModeA and candMipModeB are both equal to −1, the following applies:
candMipModeList[ 0 ] = mipMpmCand[ sizeId ][ 0 ]	(8‑10)
candMipModeList[ 1 ] = mipMpmCand[ sizeId ][ 1 ]	(8‑11)
candMipModeList[ 2 ] = mipMpmCand[ sizeId ][ 2 ]	(8‑12)
1. Otherwise, the following apllies:
1. If candMipModeA is equal to candMipModeB or if either candMipModeA or candMipModeB is equal to −1, the following applies:
candMipModeList[ 0 ] = ( candMipModeA != −1 )  ?  candMipModeA  :  candMipModeB	(8‑13)
1. If candMipModeList[ 0 ] is equal to mipMpmCand[ sizeId ][ 0 ], the following applies:
candMipModeList[ 1 ] = mipMpmCand[ sizeId ][ 1 ]	(8‑14)
candMipModeList[ 2 ] = mipMpmCand[ sizeId ][ 2 ]	(8‑15)
1. Otherwise, the following applies:
candMipModeList[ 1 ] = mipMpmCand[ sizeId ][ 0 ]	(8‑16)
candMipModeList[ 2 ] = ( candMipModeList[ 0 ] != mipMpmCand[ sizeId ][ 1 ] )  ?  
	mipMpmCand[ sizeId ][ 1 ]  :  mipMpmCand[ sizeId ][ 2 ]	(8‑17)
1. Otherwise, the following applies:
candMipModeList[ 0 ] = candMipModeA		(8‑18)
candMipModeList[ 1 ] = candMipModeB		(8‑19)
1. If candMipModeA and candMipModeB are both not equal to mipMpmCand[ sizeId ][ 0 ], the following applies:
candMipModeList[ 2 ] = mipMpmCand[ sizeId ][ 0 ]	(8‑20)
1. Otherwise, the following applies:
1. If candMipModeA and candMipModeB are both not equal to mipMpmCand[ sizeId ][ 1 ], the following applies:
candMipModeList[ 2 ] = mipMpmCand[ sizeId ][ 1 ]	(8‑21)
1. Otherwise, the following applies:
candMipModeList[ 2 ] = mipMpmCand[ sizeId ][ 2 ]	(8‑22)
4. IntraPredModeY[ xCb ][ yCb ] is derived by applying the following procedure:
1. If intra_mip_mpm_flag[ xCb ][ yCb ] is equal to 1, IntraPredModeY[ xCb ][ yCb ] is set equal to candMipModeList[ intra_mip_mpm_idx[ xCb ][ yCb ] ].
1. Otherwise, IntraPredModeY[ xCb ][ yCb ] is derived by applying the following ordered steps:
1. When candMipModeList[ i ] is greater than candMipModeList[ j ] for i = 0..1 and for each i, j = ( i + 1 )..2, both values are swapped as follows:
( candMipModeList[ i ], candMipModeList[ j ] ) = Swap( candMipModeList[ i ], 	candMipModeList[ j ] )	(8‑23)
1. IntraPredModeY[ xCb ][ yCb ] is derived by the following ordered steps:
1. IntraPredModeY[ xCb ][ yCb ] is set equal to intra_mip_mpm_remainder[ xCb ][ yCb ].
1. For i equal to 0 to 2, inclusive, when IntraPredModeY[ xCb ][ yCb ] is greater than or equal to candMipModeList[ i ], the value of IntraPredModeY[ xCb ][ yCb ] is incremented by one.
…
8.4.3 Derivation process for luma intra prediction mode
…
5. For X being replaced by either A or B, the variables candIntraPredModeX are derived as follows:
· The availability derivation process for a block as specified in clause 6.4.X [Ed. (BB): Neighbouring blocks availability checking process tbd] is invoked with the location ( xCurr, yCurr ) set equal to ( xCb, yCb ) and the neighbouring location ( xNbY, yNbY ) set equal to ( xNbX, yNbX ) as inputs, and the output is assigned to availableX.
· The candidate intra prediction mode candIntraPredModeX is derived as follows:
· If one or more of the following conditions are true, candIntraPredModeX is set equal to INTRA_PLANAR.
· The variable availableX is equal to FALSE.
· CuPredMode[ xNbX ][ yNbX ] is not equal to MODE_INTRA and ciip_flag[ xNbX ][ yNbX ] is not equal to 1.
· pcm_flag[ xNbX ][ yNbX ] is equal to 1.
· X is equal to B and yCb − 1 is less than ( ( yCb  >>  CtbLog2SizeY )  <<  CtbLog2SizeY ).
· intra_mip_flag[ xCb ][ yCb ] is equal to 1
· Otherwise, candIntraPredModeX is derived as follows:
· If intra_mip_flag[ xCb ][ yCb ] is equal to 1, candIntraPredModeX is derived using IntraPredModeY[ xNbX ][ yNbX ] and MipSizeId[ xCb ][ yCb ] as specified in Table 8‑4.
· Otherwise, candIntraPredModeX is set equal to IntraPredModeY[ xNbX ][ yNbX ].
...
Table 8‑1 – Specification of mapping between intra prediction and MIP modes
	IntraPredModeY[ xNbX ][ yNbX ]
	MipSizeId

	
	0
	1
	2

	0
	17
	0
	5

	1
	17
	0
	1

	2, 3
	17
	10
	3

	4, 5
	9
	10
	3

	6,7
	9
	10
	3

	8, 9
	9
	10
	3

	10, 11
	9
	10
	0

	12, 13
	17
	4
	0

	14, 15
	17
	6
	0

	16, 17
	17
	7
	4

	18, 19
	17
	7
	4

	20, 21
	17
	7
	4

	22, 23
	17
	5
	5

	24, 25
	17
	5
	1

	26, 27
	5
	0
	1

	28, 29
	5
	0
	1

	30, 31
	5
	3
	1

	32, 33
	5
	3
	1

	34, 35
	34
	12
	6

	36, 37
	22
	12
	6

	38, 39
	22
	12
	6

	40, 41
	22
	12
	6

	42, 43
	22
	14
	6

	44, 45
	34
	14
	10

	46, 47
	34
	14
	10

	48, 49
	34
	16
	9

	50, 51
	34
	16
	9

	52, 53
	34
	16
	9

	54, 55
	34
	15
	9

	56, 57
	34
	13
	9

	58, 59
	26
	1
	8

	60, 61
	26
	1
	8

	62, 63
	26
	1
	8

	64, 65
	26
	1
	8

	66
	26
	1
	8



Table 8‑4 – Specification of mapping between MIP and intra prediction modes
	IntraPredModeY[ xNbX ][ yNbX ]
	MipSizeId

	
	0
	1
	2

	0
	0
	0
	1

	1
	18
	1
	1

	2
	18
	0
	1

	3
	0
	1
	1

	4
	18
	0
	18

	5
	0
	22
	0

	6
	12
	18
	1

	7
	0
	18
	0

	8
	18
	1
	1

	9
	2
	0
	50

	10
	18
	1
	0

	11
	12
	0
	

	12
	18
	1
	

	13
	18
	0
	

	14
	1
	44
	

	15
	18
	0
	

	16
	18
	50
	

	17
	0
	1
	

	18
	0
	0
	

	19
	50
	
	

	20
	0
	
	

	21
	50
	
	

	22
	0
	
	

	23
	56
	
	

	24
	0
	
	

	25
	50
	
	

	26
	66
	
	

	27
	50
	
	

	28
	56
	
	

	29
	50
	
	

	30
	50
	
	

	31
	1
	
	

	32
	50
	
	

	33
	50
	
	

	34
	50
	
	



8.4.4 Derivation process for chroma intra prediction mode
Input to this process are:
· a luma location ( xCb, yCb ) specifying the top-left sample of the current chroma coding block relative to the top‑left luma sample of the current picture,
· a variable cbWidth specifying the width of the current coding block in luma samples,
· a variable cbHeight specifying the height of the current coding block in luma samples.
In this process, the chroma intra prediction mode IntraPredModeC[ xCb ][ yCb ] is derived.
The corresponding luma intra prediction mode lumaIntraPredMode is derived as follows:
· If intra_mip_flag[ xCb+ cbWidth / 2  ][ yCb+ cbHeight / 2  ] is equal to 1, lumaIntraPredMode is set equal to  INTRA_PLANAR. derived using IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ] and sizeId as specified in Table 8‑4 and assigning the value of candIntraPredModeX to lumaIntraPredMode.
· Otherwise, lumaIntraPredMode is set equal to IntraPredModeY[ xCb + cbWidth / 2 ][ yCb + cbHeight / 2 ].
The chroma intra prediction mode IntraPredModeC[ xCb ][ yCb ] is derived using intra_chroma_pred_mode[ xCb ][ yCb ] and lumaIntraPredMode as specified in Table 8‑5 and Table 8‑6.
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