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Abstract
In the merge with motion vector difference (MMVD) mode, fractional distances including 1/4-pel and 1/2-pel are included in the distance table. However, fractional distances maybe inefficient for screen contents. To address this issue, this contribution proposes to disable fraction distances adaptively in MMVD mode. When fractional distances are disabled, distances in the default table are all multiplied by 4. Simulation results reportedly show 0.72% and 2.05% luma BD-rate saving on SCC sequences in Random Access configuration and Low Delay B configuration respectively.
Introduction
MMVD is adopted into VVC [1] to encode the motion information more efficiently. In MMVD, one of two base merge candidates may be selected as a start point, and a MVD is further added to the start point. The MVD includes two parts, a direction index and a distance index. One of the four directions {left, right, up, down} and one of the eight distances {1/4, 1/2, 1, 2, 4, 8, 16, 32}-pel may be selected.
It is noted that fractional distances are included in the distance table, and shorter codewords are assigned to them in entropy coding. Such design may be inefficient for encoding screen contents.

Proposed method
To address the problems mentioned above, this contribution proposes to decide whether to use fractional distances or not at encoder and signal an indication flag to the decoder in the slice header. When fractional distances are disabled, distances in the default table are all multiplied by 4, i.e., the distance table {1, 2, 4, 8, 16, 32, 64, 128}-pel is used. Because size of the distance table is not changed, entropy coding of the distance index is not changed.
Encoder decision of slice-level flag
In current picture reference (CPR) mode, hash value is generated for each 4x4 block at encoder, and we use these hash values to decide whether a slice is a screen content slice or not. If a slice is a screen content slice, fractional distances are disabled in MMVD; otherwise, fractional distances are enabled for MMVD. Specifically, for each 4x4 block, we check whether there is another 4x4 block has the same hash value with it. If yes, such block is considered as a screen content block. If the percentage of screen content blocks is larger than a threshold (20%) for a slice, such slice is considered as a screen content slice.

Proposed syntax changes
The syntax change is described as follows, and the newly added parts are highlighted in yellow.
7.3.2.1	Sequence parameter set RBSP syntax

	seq_parameter_set_rbsp( ) {
	Descriptor

		...
	u(1)

		sps_gbi_enabled_flag
	u(1)

		sps_mh_intra_enabled_flag
	u(1)

		sps_fracmmvd_enabled_flag
	u(1)

		sps_triangle_enabled_flag
	u(1)

		sps_ladf_enabled_flag
	u(1)

		if ( sps_ladf_enabled_flag ) {
	

			sps_num_ladf_intervals_minus2
	u(2)

			sps_ladf_lowest_interval_qp_offset
	se(v)

			for( i = 0; i < sps_num_ladf_intervals_minus2 + 1; i++ ) {
	

				sps_ladf_qp_offset[ i ]
	se(v)

				sps_ladf_delta_threshold_minus1[ i ]
	ue(v)

			}
	

		}
	

		rbsp_trailing_bits( )
	

	}
	



7.3.3.1	General slice header syntax

	slice_header( ) {
	Descriptor

		...
	ue(v)

		if ( slice_type  !=  I ) {
	

			if( sps_temporal_mvp_enabled_flag )
	

				slice_temporal_mvp_enabled_flag
	u(1)

			if( slice_type  = =  B )
	

				mvd_l1_zero_flag
	u(1)

			if( slice_temporal_mvp_enabled_flag ) {
	

				if( slice_type  = =  B )
	

					collocated_from_l0_flag
	u(1)

			}
	

			six_minus_max_num_merge_cand
	ue(v)

			if( sps_affine_enable_flag )
	

				five_minus_max_num_subblock_merge_cand
	ue(v)

			if( sps_fracmmvd_enable_flag )
	

				slice_fracmmvd_flag
	u(1)

		}
	

		slice_qp_delta
	se(v)

		...
	

	}
	



7.4.3.1	Sequence parameter set RBSP semantics
sps_fracmmvd_enabled_flag equal to 1 specifies that slice_fracmmvd_flag is present in the slice header syntax for B slices and P slices. sps_fracmmvd_enabled_flag equal to 0 specifies that slice_fracmmvd_flag is not present in the slice header syntax for B slices and P slices.
7.4.4.1	General slice header semantics

slice_fracmmvd_flag specifies the distance table used to derive MmvdDistance[ x0 ][ y0 ]. When not present, the value of slice_fracmmvd_flag is inferred to be 1.

7.4.5.8	Merge data semantics
mmvd_distance_idx[ x0 ][ y0 ] specifies the index used to derive MmvdDistance[ x0 ][ y0 ] as specified in Table 7‑9. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered coding block relative to the top-left luma sample of the picture.
[bookmark: _Ref533077309]Table 7‑9 – Specification of MmvdDistance[ x0 ][ y0 ] based on mmvd_distance_idx[ x0 ][ y0 ] when slice_fracmmvd_flag is equal to 1.
	mmvd_distance_idx[ x0 ][ y0 ]
	MmvdDistance[ x0 ][ y0 ]

	0
	1

	1
	2

	2
	4

	3
	8

	4
	16

	5
	32

	6
	64

	7
	128


Table 7‑9 – Specification of MmvdDistance[ x0 ][ y0 ] based on mmvd_distance_idx[ x0 ][ y0 ] when slice_fracmmvd_flag is equal to 0.
	mmvd_distance_idx[ x0 ][ y0 ]
	MmvdDistance[ x0 ][ y0 ]

	0
	4

	1
	8

	2
	16

	3
	32

	4
	64

	5
	128

	6
	256

	7
	512




Experimental results
The proposed methods were implemented on top of reference software VTM-3.0 [1] + ticket#140 [2], and simulations were performed following the common test conditions [3] for SCC. The results are shown in Table 3. Since the proposed method is only applicable to SCC sequences, only coding performance under SCC test sequences are provided as follows.
[bookmark: _Ref533864484]Table 3: Coding performance of proposed method when CPR is on.
	
	Random Access Main 10
	Low delay B Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01%
	-0.05%
	-0.09%
	98%
	100%
	
	
	
	
	

	Class A2
	0.00%
	0.00%
	0.00%
	100%
	100%
	
	
	
	
	

	Class B
	0.01%
	0.00%
	-0.02%
	99%
	98%
	
	
	
	
	

	Class C
	0.00%
	0.00%
	0.00%
	98%
	94%
	0.00%
	0.00%
	0.00%
	100%
	99%

	Class E
	 
	
	 
	 
	
	0.02%
	0.02%
	0.02%
	100%
	98%

	Overall
	0.00%
	-0.01%
	-0.02%
	99%
	98%
	
	
	
	
	

	Class D
	0.01%
	0.01%
	0.01%
	97%
	94%
	0.01%
	0.01%
	0.01%
	99%
	95%

	Class F
	0.02%
	0.02%
	-0.01%
	97%
	94%
	-0.14%
	-0.35%
	-0.25%
	99%
	100%

	[bookmark: _GoBack]Class SCC
	-0.72%
	-0.79%
	-0.85%
	96%
	97%
	-2.05%
	-1.95%
	-1.96%
	99%
	101%



Conclusions
This contribution proposes to adaptively disable fractional distances in MMVD, and it can achieve 0.72% luma BD-rate saving in SCC sequences. It is recommended to adopt this proposal into VVC.
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