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Abstract
In current VTM, a unified motion vector candidate list is used for IBC merge and MVP mode. According to the working draft JVET-N1001, when MaxNumMergeCand is set equal to 1, the length of MVP candidate list may be equal to 1 or 2, depending on the number of available spatial motion vector candidates. If mvp_l0_flag for the decoded IBC block is equal to 1, the motion vector for the IBC block may be undefined. Therefore, this contribution presents 3 methods to solve this issue. First method is to set the second candidate to be zero motion vector when MaxNumMergeCand is 1, which is aligned with the software. Second method is to infer mvp_l0_flag to 0 for IBC mode. Third method is to derive max(2, MaxNumMergeCand) candidates for IBC motion vector prediction.
The proposed method 2 reportedly shows 0.64%, 0.49% luma BD-rates for Class F in AI and RA settings, respectively, and shows 0.15%, 0.11% luma BD-rates for Class SCC in AI and RA settings, respectively.
The proposed method 3 reportedly shows -0.91%, -0.46% luma BD-rates for Class F in AI and RA settings, respectively, and shows -0.32%, -0.20% luma BD-rates for Class SCC in AI and RA settings, respectively, for Class SCC.
Problem statements
JVET-N0843 was adopted at last meeting to unify the IBC motion vector prediction for merge and MVP mode. According to the working draft JVET-N1001, when MaxNumMergeCand is set equal to 1, the length of MVP candidate list may be equal to 1 or 2, depending on the number of available spatial motion vector candidates. If mvp_l0_flag for the decoded IBC block is equal to 1, the motion vector for the IBC block may be undefined.
In VTM5.0, when MaxNumMergeCand is set equal to 1, a merge candidate list with length 1 is constructed firstly and then the second candidate is set to zero if the block is coded with MVP mode.
Table 1 shows the motion vectors in the candidate list with different status of availableFlagA1 and availableFlagB1.
[bookmark: _Ref9437143]Table 1 Motion vectors in the candidate list
	availableFlagA1
	availableFlagB1
	Cand. 0
	Cand. 1

	1
	1
	mvA1
	mvB1

	1
	0
	mvA1
	undefined

	0
	1
	mvB1
	undefined

	0
	0
	HMVP/Zero
	undefined


Proposed methods
The proposed WD are drafted on top of JVET-N1001-v8. The changes as summarized below are marked in yellow.
Method 1
When MaxNumMergeCand is set equal to 1, the second candidate in the motion vector candidate list is set equal to zero motion (Align text to SW).
[bookmark: _Ref1935883]8.6.2.2 Derivation process for IBC luma motion vector prediction
…
The luma motion vector mvL is derived by the following ordered steps:
1. The derivation process for spatial motion vector candidates from neighbouring coding units as specified in clause 8.6.2.3 is invoked with the luma coding block location ( xCb, yCb ) set equal to ( xSmr, ySmr ), the luma coding block width cbWidth, and the luma coding block height cbHeight set equal to smrWidth and smrHeight as inputs, and the outputs being the availability flags availableFlagA1, availableFlagB1 and the motion vectors mvA1 and mvB1.
2. The motion vector candidate list, mvCandList, is constructed as follows:
i = 0
if( availableFlagA1 )
	mvCandList [ i++ ] = mvA1		(8‑915)
if( availableFlagB1)
	mvCandList [ i++ ] = mvB1
3. The variable numCurrCand is set equal to the number of merging candidates in the mvCandList.
4. When numCurrCand is less than MaxNumMergeCand and and smrNumHmvpIbcCand is greater than 0, the derivation process of IBC history-based motion vector candidates as specified in 8.6.2.4 is invoked with mvCandList, isInSmr set equal to IsInSmr[ xCb ][ yCb ], and numCurrCand as inputs, and modified mvCandList and numCurrCand as outputs.
5. When numCurrCand is less than MaxNumMergeCand, the following applies until numCurrCand is equal to MaxNumMergeCand:
· mvCandList[ numCurrCand ][ 0 ] is set equal to 0.
· mvCandList[ numCurrCand ][ 1 ] is set equal to 0.
· numCurrCand is increased by 1.
6. If MaxNumMergeCand is equal to 1, the following applies:
· mvCandList[ 1 ][ 0 ] is set equal to 0.
· mvCandList[ 1 ][ 1 ] is set equal to 0.
7. The variable mvIdx is derived as follows:
mvIdx = general_merge_flag[ xCb ][ yCb ] ? merge_idx[ xCb ][ yCb ] : mvp_l0_flag[ xCb ][ yCb ]	(8‑916)
8. The following assignments are made:
mvL[ 0 ] = mergeCandList[ mvIdx ][ 0 ]		(8‑917)
mvL[ 1 ] = mergeCandList[ mvIdx ][ 1 ]		(8‑918)

Method 2
When MaxNumMergeCand is set equal to 1, mvp_l0_flag is inferred to 0 for IBC mode. The modified syntax table is shown as follow:
	coding_unit( x0, y0, cbWidth, cbHeight, treeType ) {
	Descriptor

		…
	

		if( CuPredMode[ x0 ][ y0 ]  = =  MODE_INTRA ) {
	

			…
	

		} else if( treeType != DUAL_TREE_CHROMA ) { /* MODE_INTER or MODE_IBC */
	

			if( cu_skip_flag[ x0 ][ y0 ] = = 0 )
	

				general_merge_flag[ x0 ][ y0 ]
	ae(v)

			if( general_merge_flag[ x0 ][ y0 ] ) {
	

				merge_data( x0, y0, cbWidth, cbHeight )
	

			} else if ( CuPredMode[ x0 ][ y0 ]  = =  MODE_IBC ) {
	

				mvd_coding( x0, y0, 0, 0 )
	

				if(MaxNumMergeCand > 1)
	

					mvp_l0_flag[ x0 ][ y0 ]
	ae(v)

				if( sps_amvr_enabled_flag  &&  
				( MvdL0[ x0 ][ y0 ][ 0 ] != 0  | |  MvdL0[ x0 ][ y0 ][ 1 ] != 0 ) ) {
	

					amvr_precision_flag[ x0 ][ y0 ]
	ae(v)

				}
	

			} else {
	

				…
	ae(v)

			}
	

		}
	

		…
	

	}
	



Method 3
Ensure that the motion vector candidate list has at least 2 entries for IBC AMVP mode.
8.6.2.2 Derivation process for IBC luma motion vector prediction
…
The luma motion vector mvL is derived by the following ordered steps:
1. The variable maxNumListCand is derived as follows:
maxNumListCand = general_merge_flag[ xCb ][ yCb ] ? MaxNumMergeCand : 2	(8‑916)
2. The derivation process for spatial motion vector candidates from neighbouring coding units as specified in clause 8.6.2.3 is invoked with the luma coding block location ( xCb, yCb ) set equal to ( xSmr, ySmr ), the luma coding block width cbWidth, and the luma coding block height cbHeight set equal to smrWidth and smrHeight as inputs, and the outputs being the availability flags availableFlagA1, availableFlagB1 and the motion vectors mvA1 and mvB1.
3. The motion vector candidate list, mvCandList, is constructed as follows:
i = 0
if( availableFlagA1 )
	mvCandList [ i++ ] = mvA1		(8‑915)
if( availableFlagB1 < maxNumListCand )
	mvCandList [ i++ ] = mvB1
4. The variable numCurrCand is set equal to the number of merging candidates in the mvCandList.
5. When numCurrCand is less than MaxNumMergeCand maxNumListCand and smrNumHmvpIbcCand is greater than 0, the derivation process of IBC history-based motion vector candidates as specified in 8.6.2.4 is invoked with mvCandList, isInSmr set equal to IsInSmr[ xCb ][ yCb ], and numCurrCand as inputs, and modified mvCandList and numCurrCand as outputs.
6. When numCurrCand is less than MaxNumMergeCand maxNumListCand, the following applies until numCurrCand is equal to MaxNumMergeCand maxNumListCand:
· mvCandList[ numCurrCand ][ 0 ] is set equal to 0.
· mvCandList[ numCurrCand ][ 1 ] is set equal to 0.
· numCurrCand is increased by 1.
7. The variable mvIdx is derived as follows:
mvIdx = general_merge_flag[ xCb ][ yCb ] ? merge_idx[ xCb ][ yCb ] : mvp_l0_flag[ xCb ][ yCb ]	(8‑916)
8. The following assignments are made:
mvL[ 0 ] = mergeCandList[ mvIdx ][ 0 ]		(8‑917)
mvL[ 1 ] = mergeCandList[ mvIdx ][ 1 ]		(8‑918)
[bookmark: _Ref1935962]8.6.2.4 Derivation process for IBC history-based motion vector candidates
…
For each candidate in smrHmvpIbcCandList[ hMvpIdx ] with index hMvpIdx = 1..smrNumHmvpIbcCand, the following ordered steps are repeated until numCurrCand is equal to MaxNumMergeCand maxNumListCand:
1. The variable sameMotion is derived as follows:
· If all of the following conditions are true for any motion vector candidate N with N being A1 or B1, sameMotion and isPrunedN are both set equal to TRUE:
· hMvpIdx is less than or equal to 1.
· The candidate smrHmvpIbcCandList[smrNumHmvpIbcCand − hMvpIdx] is equal to the motion vector candidate N.
· isPrunedN is equal to FALSE.
· Otherwise, sameMotion is set equal to FALSE.
2. When sameMotion is equal to FALSE, the candidate smrHmvpIbcCandList[smrNumHmvpIbcCand − hMvpIdx] is added to the motion vector candidate list as follows:
mvCandList[ numCurrCand++ ] = smrHmvpIbcCandList[ smrNumHmvpIbcCand − hMvpIdx ]	(8‑923)
Experiment results
The proposed methods has been implemented on top of VTM-5.0. MaxNumMergeCand is set equal to 1 and MaxNumTriangleCand is set equal to 0 for both anchor and test.

[bookmark: _Ref525334336]Table 2 Coding performance of method 2 over VTM-5.0
	
	All Intra Main10 

	
	Over VTM5.0 with MaxNumMergeCand == 1

	
	Y
	U
	V
	EncT
	DecT

	FlyingGraphics
	0.64%
	0.60%
	0.63%
	100%
	101%

	Desktop
	0.77%
	0.74%
	0.74%
	100%
	101%

	Console
	0.56%
	0.53%
	0.51%
	101%
	100%

	ChineseEditing
	0.57%
	0.47%
	0.52%
	100%
	100%

	BasketballDrillText
	0.05%
	0.06%
	0.17%
	101%
	100%

	ArenaOfValor
	0.05%
	0.05%
	-0.02%
	100%
	100%

	SlideEditing
	0.42%
	0.32%
	0.39%
	101%
	100%

	SlideShow
	0.09%
	-0.04%
	0.42%
	100%
	99%

	Class TGM
	0.64%
	0.58%
	0.60%
	100%
	100%

	Class F
	0.15%
	0.10%
	0.24%
	101%
	100%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM5.0 with MaxNumMergeCand == 1

	
	Y
	U
	V
	EncT
	DecT

	FlyingGraphics
	0.52%
	0.70%
	1.00%
	100%
	100%

	Desktop
	0.03%
	0.22%
	0.28%
	100%
	100%

	Console
	0.85%
	0.53%
	0.44%
	100%
	101%

	ChineseEditing
	0.57%
	0.58%
	0.54%
	100%
	99%

	BasketballDrillText
	0.07%
	-0.12%
	0.24%
	100%
	100%

	ArenaOfValor
	0.04%
	-0.19%
	-0.08%
	100%
	100%

	SlideEditing
	0.39%
	0.34%
	0.47%
	100%
	100%

	SlideShow
	-0.05%
	0.08%
	0.34%
	100%
	100%

	Class TGM
	0.49%
	0.51%
	0.57%
	100%
	100%

	Class F
	0.11%
	0.03%
	0.24%
	100%
	100%



Table 3 Coding performance of method 3 over VTM-5.0
	
	All Intra Main10 

	
	Over VTM5.0 with MaxNumMergeCand == 1

	
	Y
	U
	V
	EncT
	DecT

	FlyingGraphics
	-0.77%
	-0.72%
	-0.64%
	100%
	101%

	Desktop
	-1.14%
	-1.13%
	-1.15%
	99%
	101%

	Console
	-1.32%
	-1.26%
	-1.30%
	99%
	101%

	ChineseEditing
	-0.41%
	-0.45%
	-0.42%
	100%
	100%

	BasketballDrillText
	-0.04%
	0.03%
	0.08%
	101%
	99%

	ArenaOfValor
	-0.01%
	-0.02%
	0.04%
	101%
	100%

	SlideEditing
	-0.98%
	-0.86%
	-0.80%
	100%
	100%

	SlideShow
	-0.24%
	-0.11%
	0.16%
	101%
	98%

	Class TGM
	-0.91%
	-0.89%
	-0.88%
	100%
	101%

	Class F
	-0.32%
	-0.24%
	-0.13%
	101%
	99%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM5.0 with MaxNumMergeCand == 1

	
	Y
	U
	V
	EncT
	DecT

	FlyingGraphics
	-0.54%
	-0.39%
	-0.31%
	100%
	100%

	Desktop
	-0.73%
	-0.73%
	-0.75%
	100%
	100%

	Console
	-0.15%
	-0.36%
	-0.44%
	100%
	101%

	ChineseEditing
	-0.43%
	-0.35%
	-0.36%
	100%
	100%

	BasketballDrillText
	0.00%
	0.02%
	0.00%
	101%
	100%

	ArenaOfValor
	0.02%
	0.01%
	0.21%
	100%
	100%

	SlideEditing
	-0.60%
	-0.80%
	-0.75%
	100%
	100%

	SlideShow
	-0.21%
	-0.19%
	-0.07%
	100%
	100%

	Class TGM
	-0.46%
	-0.46%
	-0.47%
	100%
	100%

	Class F
	-0.20%
	-0.24%
	-0.15%
	100%
	100%


Conclusions
[bookmark: _GoBack]This contribution presents 3 methods to solve this issue when MaxNumMergeCand is specified as 1. First method is to set the second candidate to be zero motion vector when MaxNumMergeCand is 1, which is aligned with the software. Second method is to infer mvp_l0_flag to 0 for IBC mode. Third method is to derive max(2, MaxNumMergeCand) candidates for IBC motion vector prediction. It is recommended to adopt one of solutions into VVC standard.
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