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[bookmark: _Toc510453365]Abstract
This contribution presents a supplemental result on proposed STMVP design of JVET-M0221 (CE4.2.3.a) and its combination with methods of JVET-M0126 (CE4.1.2.a) and JVET-M0127 (CE4-related).
[bookmark: _Hlk518393050]Reported results show that in Test 1, proposed STMVP being integrated in the VTM3.0 provides 0.1% of BD-rate gain in luma on average for RA against the VTM3.0 anchor. No changes in encoder/decoder run time against the VTM3.0 is reported. For LDB coding configuration, a modified STMVP design is proposed, for which penalty of 0.02% LDB is reported. Average gain of 0.11% of BD-rate is reported for video conferencing sequences of ClassE.
In the Test 2, STMVP design being integrated with complexity reduction methods of M0126 and M0127 provide 0.07% of BD-rate gain in luma on average for RA against the VTM3.0 anchor. Reported decoding run time is reduced to 96% comparing to the VTM3.0 anchor. 
Provided complexity analysis indicates that compare to the Anchor, Test2 design reduces number of potential candidates by 2 and reduces number of arithmetic operations (adds/shifts) for MV derivation by 8. No changes to the merge list size, additional pruning stage is introduced. 
It is proposed to study in CE the STMVP in combination with complexity reduction methods. 

[bookmark: _Toc510453367]Introduction
For the skip mode and the merge mode, a motion vector competition scheme is introduced to select a motion candidate from a given candidate set that includes spatial and temporal motion candidates. In the case of a skip mode, the residual signal is omitted. Only merge indices are transmitted for the block coded in merge or skip mode, and the current block inherits the inter prediction indicator, reference indices, and motion vectors from a neighboring block referred by the coded merge index.
The size of merge list in the current VTM design (3.0) is equal to 6. The following construction order of the merge candidate list is utilized:
1. Spatial candidates for blocks A1, B1, B0 and A0.
2. If number of candidates less than 4, add B2.
3. TMVP candidate.
4. HMVP candidates.
5. Pairwise candidates.
6. Zero candidates.
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Figure 1: Merge candidates positions
To address the complexity of merge list construction, the following contributions have been proposed:
1. CE4: STMVP simplification (test 4.2.3a), JVET-M0221 
2. CE4: Modification on History-based Motion Vector Prediction (CE4.1.2.a), JVET-M0126
3. CE4-related: Modification on Merge List, JVET-M0127
This contribution presents modified STMVP design of JVET-M0221 being tested in VTM3.0 anchor method and in combination with simplifications presented in JVET-M0126 and JVET-M0127. 
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STMVP design
A non-sub-PU STMVP technique was originally proposed in JVET-L0399. It was proposed that STMVP is derived by taking the average of up to three motion vectors (from two spatial candidates and 1 temporal) which are fetched in specified order from extended number of candidate location, including non-local one. The design of JVET-L0399 also utilized scaling of spatial candidates. 
Simplified STMVP design was proposed in JVET-M0221 and tested in CE4.2.3.a. and includes the following elements: 
1. Spatial candidates located at the 1st and 2nd candidate list position (SMVP1 and SMVP2) are used in STMVP.
2. No MV scaling is applied to spatial candidates (SMVP1 and SMVP2).
a. SMVP preselection conditional on refIdx value is utilized
3. Number of STMVP candidates is limited to 1 and following order of construction is used:
a. Spatial candidates for blocks A1, B1, B0 and A0.
b. STMVP candidate .
c. If number of candidates less than 4, add B2.
d. TMVP candidate.
e. HMVP candidates.
f. Pairwise candidates.
g. Zero candidates.
4. Multiplication-free SMVP derivation process is proposed:
a. Two SMVP and 1 TMVP candidates are available:

a. One SMVP and one TMVP candidates are available:

b. No STMVP is produced if no TMVP or not a single SMVP candidate is available
It should be noted, that JVET-M0221also includes another element of MVP construction process, replacing the pairwise with conventional combined Bi MVP candidates. This document consider the STMVP design only and test it in various test configurations. 
Simplified HMVP 
Simplified HMVP design was proposed in JVET-M0126 and tested in CE4.1.2.a.. Proposed methods included the following elements:
1. Redundancy check for HMVP is removed from merge list construction process.
2. HMVP buffer size is increased to 10 entries for merge and AMVP.
3. HMVP buffer position sampling (1/3) is introduced in the MVP fetching process.
Modification on merge list
Another simplification to the merge list construction process was proposed in CE related document JVET-M0127. It was proposed to dramatically reduce the number of pairwise MVP candidates (from 6 to 1), introducing Only the combination of {(0, 1)}.It was also proposed to change the merge candidate construction process as follows: 
1. Spatial candidates for blocks A1, B1, B0 and A0.
2. If number of candidates less than 4, add B2.
3. TMVP candidate.
4. Pairwise candidates (check 1).
5. HMVP candidates (check 6).
6. Zero candidates.
STMVP Modification for LDB coding
To address the penalty observed for LDB case, it is proposed to modify merge list construction process by placing the STMVP candidate after the TMVP candidate.
a. Spatial candidates for blocks A1, B1, B0 and A0.
b. If number of candidates less than 4, add B2.
c. TMVP candidate.
d. STMVP candidate .
e. HMVP candidates.
f. Pairwise candidates.
g. Zero candidates.
Complexity assessment
Complexity analysis for proposed method is shown in Table below:
	[bookmark: _Hlk534938559]Test#
	Merge list size
	Max number of potential candidates
	Max number of candidate comparison
	Max number of pruning stages
	Max number of MV scaling
	Others
	RA
	LB

	Test 1
	6
	+1
	+4
	+1
	0
	+4 add
+4 shift 
	-0.1%
	0.02

	Test 2
	6
	-2
	+4
	+1
	0
	-4 add
-4 shift
	-0.07
	



Simulation results  
In Test 1, performance of the proposed STMVP is tested on top of VTM3.0 anchor. Simulation results are provided in the attached document and Table 1 and 2 proposes summary of results for Random Access and LDB test configuration. 
Table 2.b shows the performance of the proposed STMVP scheme with modified merge list position as described in Section 2.4. Note, that provided decoded time may be inaccurate. 
Table 1. Comparative performance of the STMVP on top of VTM3.0 (Test 1), RA configuration
	
	Random Access Main 10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.16%
	-0.11%
	-0.05%
	99%
	100%

	Class A2
	-0.09%
	0.01%
	0.02%
	101%
	100%

	Class B
	-0.04%
	0.03%
	-0.06%
	100%
	99%

	Class C
	-0.13%
	-0.12%
	-0.08%
	101%
	100%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.10%
	-0.04%
	-0.05%
	100%
	100%

	Class D
	-0.18%
	-0.17%
	-0.17%
	101%
	102%

	Class F (optional)
	-0.01%
	-0.04%
	-0.01%
	100%
	99%


Table 2. Comparative performance of the STMVP on top of VTM3.0 (Test 1), LDB configuration
	
	Low delay B Main10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	0.08%
	-0.01%
	0.26%
	100%
	96%

	Class C
	0.00%
	0.17%
	0.14%
	102%
	103%

	Class E
	0.09%
	0.17%
	0.73%
	101%
	99%

	Overall
	0.06%
	0.09%
	0.34%
	101%
	99%

	Class D
	0.01%
	0.59%
	0.07%
	101%
	103%

	Class F (optional)
	0.15%
	0.25%
	0.21%
	100%
	97%



Table 2.b. Comparative performance of the STMVP on top of VTM3.0 (Test 1), modified for LDB configuration as shown in Section 2.4
	
	Low delay B Main10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	0.10%
	-0.06%
	0.08%
	99%
	94%

	Class C
	0.03%
	0.26%
	0.25%
	100%
	95%

	Class E
	-0.11%
	0.26%
	-0.02%
	100%
	97%

	Overall
	0.02%
	0.13%
	0.11%
	100%
	95%

	Class D
	0.03%
	0.63%
	-0.23%
	101%
	102%

	Class F (optional)
	0.08%
	-0.20%
	0.09%
	100%
	98%




In Test 2, performance of the proposed STMVP is tested in combination with simplification described in 2.2 and 2.3. Simulation results are provided in the attached document and Table 3 and 4 proposes summary of results for Random Access and LDB test configuration. 
Table 4.b shows the performance of the proposed STMVP scheme with modified merge list position. Note, that currently provided decoding time is inaccurate.
Table 3. Comparative performance of the STMVP in combination with simplification methods of 2.2 and 2.3, RA configuration
	
	Random Access Main 10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.13%
	-0.16%
	-0.13%
	97%
	98%

	Class A2
	-0.08%
	-0.03%
	0.01%
	94%
	93%

	Class B
	0.00%
	0.05%
	-0.06%
	99%
	96%

	Class C
	-0.09%
	-0.01%
	-0.08%
	98%
	97%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.07%
	-0.02%
	-0.07%
	97%
	96%

	Class D
	-0.22%
	-0.17%
	-0.04%
	98%
	96%

	Class F (optional)
	0.05%
	0.02%
	0.08%
	100%
	99%


Table 4. Comparative performance of the STMVP in combination with simplification methods of 2.2 and 2.3, LDB configuration
	
	Low delay B Main10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	0.11%
	0.16%
	0.38%
	98%
	97%

	Class C
	0.10%
	0.39%
	0.17%
	99%
	87%

	Class E
	0.14%
	-0.18%
	-0.33%
	99%
	95%

	Overall
	0.11%
	0.15%
	0.13%
	99%
	93%

	Class D
	0.03%
	0.79%
	0.22%
	98%
	95%

	Class F (optional)
	0.04%
	0.16%
	0.00%
	100%
	99%



Table 4. Comparative performance of the STMVP in combination with simplification methods of 2.2 and 2.3, modified for LDB configuration as shown in Section 2.4
	
	Low delay B Main10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	
	
	
	
	

	Class A2
	
	
	
	
	

	Class B
	
	
	
	
	

	Class C
	0.07%
	0.24%
	0.21%
	102%
	97%

	Class E
	0.05%
	0.31%
	0.04%
	99%
	96%

	Overall
	
	
	
	
	

	Class D
	-0.02%
	0.15%
	0.02%
	101%
	100%

	Class F (optional)
	
	
	
	
	





[bookmark: _Ref510092713]Conclusion
This contribution presents a supplemental result on proposed STMVP design of JVET-M0221 (CE4.2.3.a) and its combination with methods of JVET-M0126 (CE4.1.2.a) and JVET-M0127 (CE4-related).
Proposed simplified (multiplication free) STMVP provides around 0.1% of BD-rate gain on average without run time increase, being combined with complexity reduction methods of JVET documents M0126 and M0127, proposed method provides 0.07% gain at the 96% decoding run time, compare to the VTM 3.0 anchor.
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