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Abstract
[bookmark: _Hlk11726824]This contribution proposes applicable condition of alternative interpolation filter for half-pel position. In the current design, the alternative interpolation filter is determined by the specific index (hpelIfIdx) and motion vector reference position. In merge mode, hpelIfIx of a current block is inherited from existing-coded blocks along with motion vector, while the motion vector reference position locates at half-pel accuracy position if hpelIfIdx is valid. The motion vector reference position, however, may shift from half-pel accuracy position if pairwise average merge mode, MMVD or DMVR are used. This mismatch causes three problems as follows: 1) The filter applied to the current blocks will become different from that of the inherited block.  2) The mismatch of accuracy will drift to following-coded blocks which inherit the hpelIfIdx and motion vector from that of the current block. 3) A bi-predicted inter block consist of blocks filtered by different characteristic’s interpolation. In this contribution, it is proposed to round the motion vector reference position to hal-fpel position when hpelfIdx is valid. Simulation results show a overall luma BD-rate 0.01%/0.01% for RA/LDB and no increase in running time comparing VTM-6.0.
[bookmark: _Ref3358237]Introduction and Problem statement
Alternative interpolation filter for half-pel position [1] was adopted to VVC WD6 [2] and VTM6 [3] to improve coding performance in the previous meeting. In the current design, the alternative interpolation filter is determined by the specific index (hpelIfIdx) shown in Table 1. 
[bookmark: _Ref20173626]Table 1 Specification of the luma interpolation filter coefficients fL[ p ] for each 1/16 fractional sample position p. Alternative filter is applied if hpelIfIdx equals to 1.
	Fractional sample position p
	interpolation filter coefficients

	
	fL[ p ][ 0 ]
	fL[ p ][ 1 ]
	fL[ p ][ 2 ]
	fL[ p ][ 3 ]
	fL[ p ][ 4 ]
	fL[ p ][ 5 ]
	fL[ p ][ 6 ]
	fL[ p ][ 7 ]

	1
	0
	1
	−3
	63
	4
	−2
	1
	0

	2
	−1
	2
	−5
	62
	8
	−3
	1
	0

	3
	−1
	3
	−8
	60
	13
	−4
	1
	0

	4
	−1
	4
	−10
	58
	17
	−5
	1
	0

	5
	−1
	4
	−11
	52
	26
	−8
	3
	−1

	6
	−1
	3
	−9
	47
	31
	−10
	4
	−1

	7
	−1
	4
	−11
	45
	34
	−10
	4
	−1

	8 (hpelIfIdx = = 0)
	−1
	4
	−11
	40
	40
	−11
	4
	−1

	8 (hpelIfIdx = = 1)
	0
	3
	9
	20
	20
	9
	3
	0

	9
	−1
	4
	−10
	34
	45
	−11
	4
	−1

	10
	−1
	4
	−10
	31
	47
	−9
	3
	−1

	11
	−1
	3
	−8
	26
	52
	−11
	4
	−1

	12
	0
	1
	−5
	17
	58
	−10
	4
	−1

	13
	0
	1
	−4
	13
	60
	−8
	3
	−1

	14
	0
	1
	−3
	8
	62
	−5
	2
	−1

	15
	0
	1
	−2
	4
	63
	−3
	1
	0


In merge mode, hpelIfIx of a current block is that of inherited from existing-coded blocks along with motion vector, while the motion vector reference position locates at half-pel accuracy position when hpelIfIdx is valid. The motion vector reference position, however, may shift from half-pel accuracy position if pairwise average merge mode, MMVD or DMVR are used. Figure 2 shows an example that motion vector reference position shifts from half-pel accuracy position by pair-wise average merge mode. In pair-wise average merge mode, new motion vectors and hpelIfIdx are derived from the combination of the motion vectors in a merge list. Therefore, a new motion vectors reference position shift to quarter-pel accuracy positions like Figure 1. It is noted that the both hpelIfIdx of existing-coded blocks are 1 while one block refers to integer position and the other block refers to half-pel position.
[image: ]
[bookmark: _Ref20175196]Figure 1 A example that motion vector reference position shfts from half-pel position by pair-wise average merge mode. 
[bookmark: _Hlk20203162]When MMVD or DMVR is used, same situation is occurred because MMVD and DMVR refines the motion vector reference position.
This mismatch causes three problems as follows: 1) The filter applied to the current block will become different from that of the inherited block. 2) The mismatch will drift to following-coded blocks which inherit the hpelIfIdx and motion vector from that of the current block. 3) A bi-predicted inter block consists of blocks filtered by different characteristic’s interpolation.
Proposed Method
The proposed method is to round the motion vector reference position according to the value of hpelIfIdx when pair-wise average merge, MMVD, or DMVR is used. The detail of methods for pair-wise average merge mode, MMVD or DMVR are described as in the section 2.1 to 2.3, respectively. 
Pair-wise average merge mode
In pair-wise average merge mode, the motion vector is rounded to the half-pel position when  hpelIfIdx equals to 1. Then rounding method is the same as that of AMVR.
MMVD
In MMVD, the motion vector distance in quarter pel accuracy is not signalled shown in Table 2. In Table 2, the mmvd_distance_idx which indicates quarter-pel MVD is replaced by that of half-pel if hpelIfIdx equals to 1.
[bookmark: _Ref20203753]Table 2 Specification of MmvdDistance[ x0 ][ y0 ] based on mmvd_distance_idx[ x0 ][ y0 ].
	mmvd_distance_idx
	MmvdDistance

	
	slice_fpel_mmvd_disenabled_flag = = 0 && hpelIfIdx = = 0
	slice_fpel_mmvd_disenabled_flag = = 0 && hpelIfIdx = = 1
	slice_fpel_mmvd_disenabled_flag = = 1

	0
	1
	2
	4

	1
	2
	4
	8

	2
	4
	8
	16

	3
	8
	16
	32

	4
	16
	32
	64

	5
	32
	64
	128

	6
	64
	128
	256

	7
	128
	256
	512


DMVR
In DMVR, the motion vector reference position is rounded to the half-pel position at the final stage of parabolic fitting process when hpelIfIdx equals to 1. It is noted that the motion vector inheritance for following blocks does not use the rounded motion vector in DMVR to avoid the dependency between blocks.
Experimental Results
The proposed method is implemented on top of the VTM6, and the simulations are run under the common test conditions [4].
Results under the common test conditions
Computing platforms
The software was compiled by the same compiler which is GCC 4.8.5 on 64-bit CentOS Linux on the different cluster PCs. Since the same coding condition utilizes the same cluster PCs, running time can be comparable within the same condition. It is noted that we disabled the function of Hyperthreading and TurboBoost for getting accurate running times.
Test results
Table 2 and Table 3 show the results of the proposal in RA and LDB condition comparing VTM-6.0.
[bookmark: _Ref12313407]Table 3 The simulation results of the prposed method in RA10 condition.
	
	Random access Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.03%
	0.02%
	100%
	100%

	Class A2
	0.03%
	0.09%
	0.07%
	100%
	100%

	Class B
	0.01%
	0.09%
	0.05%
	100%
	100%

	Class C
	0.00%
	0.03%
	-0.03%
	100%
	100%

	Class E
	　
	
	　
	　
	　

	Overall
	0.01%
	0.06%
	0.02%
	100%
	100%

	Class D
	-0.01%
	-0.07%
	0.05%
	100%
	100%

	Class F
	0.00%
	0.03%
	0.01%
	100%
	101%


[bookmark: _Ref20178190]Table 4 The simulation results of the prposed method in LDB10 condition.
	
	Low delay B Main10 

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　

	Class B
	0.01%
	-0.05%
	-0.13%
	100%
	100%

	Class C
	-0.02%
	0.17%
	0.25%
	100%
	101%

	Class E
	0.06%
	0.05%
	0.25%
	100%
	101%

	Overall
	0.01%
	0.05%
	0.09%
	100%
	101%

	Class D
	-0.01%
	0.55%
	-0.30%
	100%
	101%

	Class F
	0.05%
	0.27%
	0.19%
	100%
	101%


Conclusion
This contribution proposed the cleanup of applicable condition of alternative interpolation filter for hpel position in merge mode mode. In merge mode, the alternative filter is applied when hpelIfIx is valid and the motion vector reference position locates half-pel position, whilethe motion vector reference position may shift from half-pel accuracy position if pairwise average merge mode, MMVD or DMVR are used. This mismatch causes three problem: 1) The different filters is applied between the current block and merge-inherited blocks. 2) The mismatch drifts to following blocks. 3) A bi-predicted inter block consists of blocks filtered by different characteristic’s interpolation. The proposed method is to round the motion vector reference position according to the value of hpelIfIdx according when pair-average merge mode, MMVD, DMVR are used. The simulation results show no coding loss and no increase in running time against VTM-6.0; therefore, the adopt of proposed cleanup into VVC is recommend.
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