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Abstract
The adopted JVET-P0325 in VTM-7.0 uses a top-left scanning of the two first spatial candidates in the regular merge list construction but keeps the left-top scanning for the other coding modes. This contribution proposes to extend this top-left scanning of spatial candidates to all coding modes. In a first method, top spatial candidates are scanned before left ones, and in a second method, the top-left candidate B2 is, in addition, considered as a left candidate that remains the last scanned spatial candidates.
For the first proposed method, some luma BD-rate loss is observed in RA (0.02%) but remains the same as VTM-7.0 in LDB. For the second proposed method, the BD-rate performances stay identical to VTM-7.0 in both RA (0.01%) and LDB (0.01%). The encoding and decoding times are unchanged compared to VTM-7.0 with both methods.
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Introduction
During last Geneva JVET meeting, JVET-P0325 [1] has been adopted. It replaces the left-top scanning of the two first spatial candidates of the regular merge list to a top-left scanning. Consequently, by modifying the regular merge list, the CIIP, MMVD and TPM/GEO modes are also impacted. But for all other modes the scanning of spatial candidates remains a left-top one.
Table 1 and Table 2 show the simulation results of JVET-P0325 over VTM-6.0 in random access and low delay B configurations.
[bookmark: _Ref29225205]Table 1: Simulation results of JVET-P0325 over VTM-6.0 in random access
	
	Random Access Main 10

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.05%
	-0.05%
	-0.05%
	100%
	100%

	Class A2
	0.01%
	-0.04%
	-0.01%
	100%
	100%

	Class B
	-0.05%
	0.08%
	-0.01%
	100%
	100%

	Class C
	-0.09%
	-0.07%
	-0.05%
	100%
	100%

	Overall
	-0.05%
	-0.01%
	-0.03%
	100%
	100%

	Class D
	-0.09%
	0.04%
	0.21%
	100%
	100%

	Class F (optional)
	-0.04%
	-0.05%
	-0.02%
	100%
	100%


[bookmark: _Ref29225214]Table 2: Simulation results of JVET-P0325 over VTM-6.0 in low delay B
	
	Low delay B Main10

	
	Over VTM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.06%
	-0.09%
	-0.24%
	100%
	100%

	Class C
	-0.18%
	-0.15%
	-0.06%
	100%
	100%

	Class E
	-0.50%
	-0.10%
	-0.43%
	100%
	100%

	Overall
	-0.21%
	-0.11%
	-0.23%
	100%
	100%

	Class D
	-0.11%
	-0.02%
	0.42%
	100%
	100%

	Class F (optional)
	0.08%
	0.00%
	1.50%
	100%
	100%


To unify the current VVC design, it is proposed to scan all the spatial candidates in a top-left order by extending JVET-P0325 to every coding modes.

Description
Predictor lists
In VVC, predictor lists are constructed for all the different coding modes: regular merge, MMVD, CIIP, TPM/GEO, IBC, regular AMVP, affine AMVP, sub-block merge. These predictor lists always contain spatial predictors picked at positions {A0, A1, A2, B0, B1, B2, B3} as shown on Figure 1.
[image: ]
[bookmark: _Ref27144596]Figure 1: positions for spatial and temporal predictor
In VTM-6.0 [3], the spatial candidates of every list are scanned from left to top as presented in Table 3.
[bookmark: _Ref29214240]Table 3: VTM-6.0 predictor lists in each coding modes
	List
	Merge/CIIP/MMVD/TPM/GEO
	IBC

	Candidates
	- Spatial A1
- Spatial B1 + pruned A1
- Spatial B0 + pruned B1
- Spatial A0 + pruned A1
- Spatial B2 + pruned A1/B1
- TMVP C0/C1
- HMVP last to first + 2 first pruned A1/B1 + let one space for pairwise
- Pairwise of cand {0,1}
- Fulfill with zero
	- Spatial A1
- Spatial B1 + pruned A1
- HMVP last to first + 2 first pruned A1/B1
- Fulfill with zero



	List
	AMVP
	Affine AMVP
	Sub-block Merge

	Candidates
	- Spatial A0/A1
- Spatial B0/B1/B2
   - Rounding AMVR
   - Pruned spatial cand
- TMVP C0/C1 + rounding AMVR
- HMVP first to last + rounding AMVR
- Fulfill with zero
	    -> Spatial inherited Affine A0/A1 + rounding AMVR
    -> Spatial inherited Affine B0/B1/B2 + rounding AMVR
- Spatial LT B2/B3/A2 + rounding AMVR
- Spatial RT B1/B0 + rounding AMVR
- Spatial LB A1/A0 + rounding AMVR
    -> Virtual Affine with {LT,RT,LB}, {LT,RT}
    -> Translational with LB, RT, LT
    -> Translational with TMVP C0/C1
    -> Fulfill with zero Affine
	- Spatial A1
    -> SbTMVP
    -> Spatial inherited Affine A0/A1
    -> Spatial inherited Affine B0/B1/B2
- Spatial LT B2/B3/A2
- Spatial RT B1/B0
- Spatial LB A1/A0
- TMVP RB C0
    -> Constructed Affine {LT,RT,LB}, {LT,RT,RB}, {LT,LB,RB}, {RT,LB,RB}, {LT,RT}, {LT,LB}
    -> Fulfill with zero Affine



In VTM-7.0 [2], a top-left scanning of the two first spatial candidates has been adopted through JVET-P0325 [1] for regular merge list construction as shown in Table 4, thus impacting CIIP, MMVD and TPM/GEO modes. The left-top scanning is kept for the other coding modes and predictor lists remain unchanged compared to VTM-6.0.
[bookmark: _Ref29213825]Table 4: VTM-7.0 modified list of predictor candidates (highlighted in yellow)
	List
	Merge/CIIP/MMVD/TPM/GEO

	Candidates
	- Spatial B1
- Spatial A1 + pruned B1
- Spatial B0 + pruned B1
- Spatial A0 + pruned A1
- Spatial B2 + pruned A1/B1
- TMVP C0/C1
- HMVP last to first + 2 first pruned A1/B1 + let one space for pairwise
- Pairwise of cand {0,1}
- Fulfill with zero



In the following, the simulations are conducted using the VTM-7.0 reference software with VTM configuration files under CTC.

Extended top-left scanning (test A)
In a first proposed method, JVET-P0325 is extended to all coding modes so that spatial candidates are scanned from top to left whatever the coding mode as presented in Table 5.
The IBC predictor list has been designed to be a lighter version of the regular merge list. With JVET-P0325, it should use the same top-left scanning as the regular merge list.
In the same way, SbTMVP uses the first spatial merge candidate as input which should be the top one according to JVET-P0325.
Finally, for AMVP and inherited affine models (from affine AMVP and sub-block merge modes), the two spatial predictors can be picked into top {B0, B1, B2} then left {A0, A1} positions.
[bookmark: _Ref29216901]Table 5: proposed list of predictor candidates with top-left scanning in each coding modes
(JVET-P0325 highlighted in yellow and proposal highlighted in blue)
	List
	Merge/CIIP/MMVD/TPM/GEO
	IBC

	Candidates
	- Spatial B1
- Spatial A1 + pruned B1
- Spatial B0 + pruned B1
- Spatial A0 + pruned A1
- Spatial B2 + pruned A1/B1
- TMVP C0/C1
- HMVP last to first + 2 first pruned A1/B1 + let one space for pairwise
- Pairwise of cand {0,1}
- Fulfill with zero
	- Spatial B1
- Spatial A1 + pruned B1
- HMVP last to first + 2 first pruned A1/B1
- Fulfill with zero



	List
	AMVP
	Affine AMVP
	Sub-block Merge

	Candidates
	- Spatial B0/B1/B2
- Spatial A0/A1
   - Rounding AMVR
   - Pruned spatial cand
- TMVP C0/C1 + rounding AMVR
- HMVP first to last + rounding AMVR
- Fulfill with zero
	    -> Spatial inherited Affine B0/B1/B2 + rounding AMVR
    -> Spatial inherited Affine A0/A1 + rounding AMVR
- Spatial LT B2/B3/A2 + rounding AMVR
- Spatial RT B1/B0 + rounding AMVR
- Spatial LB A1/A0 + rounding AMVR
    -> Virtual Affine with {LT,RT,LB}, {LT,RT}
    -> Translational with LB, RT, LT
    -> Translational with TMVP C0/C1
    -> Fulfill with zero Affine
	- Spatial B1
    -> SbTMVP
    -> Spatial inherited Affine B0/B1/B2
    -> Spatial inherited Affine A0/A1
- Spatial LT B2/B3/A2
- Spatial RT B1/B0
- Spatial LB A1/A0
- TMVP RB C0
    -> Constructed Affine {LT,RT,LB}, {LT,RT,RB}, {LT,LB,RB}, {RT,LB,RB}, {LT,RT}, {LT,LB}
    -> Fulfill with zero Affine



Table 6 and Table 7 show the simulation results in random access and low delay B configurations. The proposed top-left scanning of spatial predictors brings some BD-rate performance loss in random access of 0.02%, especially in class A1 with 0.06%. But it keeps the same trend as VTM-7.0 in low delay B. For both configurations, the same complexity in encoding/decoding time is observed.
[bookmark: _Ref27489891][bookmark: _Ref27489880]Table 6: Simulation results of extended JVET-P0325 in random access
	
	Random Access Main 10

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.06%
	-0.01%
	0.01%
	100%
	100%

	Class A2
	-0.01%
	-0.01%
	0.01%
	101%
	100%

	Class B
	0.02%
	0.04%
	0.02%
	101%
	101%

	Class C
	0.02%
	-0.06%
	0.02%
	100%
	100%

	Overall
	0.02%
	-0.01%
	0.01%
	100%
	100%

	Class D
	-0.01%
	0.00%
	-0.04%
	100%
	99%

	Class F (optional)
	-0.01%
	0.03%
	-0.02%
	101%
	100%


[bookmark: _Ref27489896][bookmark: _Ref29225594]Table 7: Simulation results of extended JVET-P0325 in low delay B
	
	Low delay B Main10

	
	Over VTM-7.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	0.00%
	-0.03%
	-0.26%
	99%
	99%

	Class C
	-0.02%
	-0.35%
	0.17%
	101%
	101%

	Class E
	0.04%
	0.11%
	-0.41%
	100%
	100%

	Overall
	0.00%
	-0.10%
	-0.16%
	100%
	100%

	Class D
	0.01%
	0.34%
	-0.11%
	101%
	100%

	Class F (optional)
	0.09%
	-0.54%
	0.74%
	100%
	100%



Consider top-left B2 candidate as left candidate (test B)
In a second proposed method, JVET-P0325 is still extended to all coding modes so that spatial candidates are always scanned from top to left. But, in addition, for AMVP and affine inherited models, the top-left spatial candidate B2 is considered as a left candidate so that it remains the last scanned spatial candidate. Such predictor is picked from top {B0, B1} then left {A0, A1, B2} positions as shown in Table 8. The other modified parts of predictor lists (merge, IBC and SbTMVP) are the same as presented in the first method of Table 5.
[bookmark: _Ref29217538]Table 8: proposed list of predictor candidates with top-left scanning in each coding modes
considering the top-left B2 candidate as a left candidate (proposal highlighted in blue)
	List
	AMVP
	Affine AMVP
	Sub-block Merge

	Candidates
	- Spatial B0/B1
- Spatial A0/A1/B2
   - Rounding AMVR
   - Pruned spatial cand
- TMVP C0/C1 + rounding AMVR
- HMVP first to last + rounding AMVR
- Fulfill with zero
	    -> Spatial inherited Affine B0/B1 + rounding AMVR
    -> Spatial inherited Affine A0/A1/B2 + rounding AMVR
- Spatial LT B2/B3/A2 + rounding AMVR
- Spatial RT B1/B0 + rounding AMVR
- Spatial LB A1/A0 + rounding AMVR
    -> Virtual Affine with {LT,RT,LB}, {LT,RT}
    -> Translational with LB, RT, LT
    -> Translational with TMVP C0/C1
    -> Fulfill with zero Affine
	- Spatial B1
    -> SbTMVP
    -> Spatial inherited Affine B0/B1
    -> Spatial inherited Affine A0/A1/B2
- Spatial LT B2/B3/A2
- Spatial RT B1/B0
- Spatial LB A1/A0
- TMVP RB C0
    -> Constructed Affine {LT,RT,LB}, {LT,RT,RB}, {LT,LB,RB}, {RT,LB,RB}, {LT,RT}, {LT,LB}
    -> Fulfill with zero Affine



Table 9 and Table 10 show the simulation results in random access and low delay B configurations over VTM-7.0. The proposed top-left scanning of spatial candidates considering the top-left candidate B2 as a left predictor keeps the same trend as VTM-7.0 in both random access (0.01%) and low delay B (0.01%). Less loses can be observed compared to the first proposed method in random access especially in class A1 with 0.04% instead of 0.06% loss. The complexity in encoding/decoding time remains the same as the VTM-7.0.
[bookmark: _Ref27491166]

Table 9: Simulation results of extended JVET-P0325 with B2 as last candidate in random access
	
	Random Access Main 10

	
	Over fixed VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.04%
	-0.01%
	0.03%
	101%
	100%

	Class A2
	0.00%
	0.01%
	0.07%
	101%
	98%

	Class B
	0.01%
	0.02%
	0.05%
	100%
	101%

	Class C
	0.01%
	0.06%
	-0.02%
	100%
	99%

	Overall
	0.01%
	0.02%
	0.03%
	100%
	100%

	Class D
	-0.01%
	0.09%
	0.00%
	100%
	101%

	Class F (optional)
	-0.02%
	0.00%
	-0.07%
	101%
	100%


[bookmark: _Ref27491171][bookmark: _Ref29225672]Table 10: Simulation results of extended JVET-P0325 with B2 as last candidate in low delay B
	
	Low delay B Main10

	
	Over fixed VTM-5.0

	
	Y
	U
	V
	EncT
	DecT

	Class B
	0.00%
	-0.23%
	0.21%
	100%
	100%

	Class C
	0.00%
	-0.25%
	0.05%
	101%
	101%

	Class E
	0.04%
	0.22%
	-0.56%
	100%
	101%

	Overall
	0.01%
	-0.12%
	-0.03%
	100%
	100%

	Class D
	-0.01%
	0.35%
	-0.14%
	101%
	101%

	Class F (optional)
	0.07%
	-0.16%
	1.05%
	100%
	100%



Conclusion
This contribution describes two extensions of the adopted JVET-P0325. In the first method, the top-left scanning of spatial candidates proposed in JVET-P0325 is extended to all coding modes. In the second method, JVET-P0325 top-left scanning is also extended to all coding modes but by considering the top-left spatial candidate B2 as a left candidate which remains the last scanned spatial candidate.
The first method decreases the BD-rate performances in RA configuration (0.02% with 0.06% for A1). But in LDB configuration, the BD-rate performances are kept (0.00%). With the second method, the BD-rate performances remain similar as VTM-7.0 in both RA and LDB configurations (0.01% for both but with 0.04% for A1). And in any cases, encoding and decoding complexity stay identical to VTM-7.0.
The second proposed extension of JVET-P0325 gives a better trade-off and should be considered in the next VTM version.
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