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Abstract
In this contribution, one simplified design of the advanced temporal motion vector prediction (ATMVP) tool in the BMS-1.0 is proposed to reduce both the average and worst-case complexity. The proposed method uses the aspects from CE4.2.6 Test 1 for collocated block derivation and CE4.2.5 Test 2 for adaptive ATMVP sub-block size. Compared to CE4.2.6 Test 1, the proposed method adds one early termination to avoid checking both prediction lists of all the spatial merge candidates. Moreover, for further complexity reduction, it is proposed to derive the collocated blocks for the ATMVP from the same constrained range as that used for the temporal motion vector prediction (TMVP) in HEVC. 
The BD-rate results of the proposed ATMVP scheme using uncompressed motion field and 8x8 compressed motion field are provided. With uncompressed motion field, the proposed method reportedly achieves average luma BD-rate savings of 1.01% for RA, compared to the VTM-1.0 anchor. The average encoding and decoding time are 102% and 105% for RA. With compressed motion field, the corresponding BD-rate savings are 0.95% for RA with the encoding and decoding time of 102% and 105% for RA.
Introduction
At the 10th JVET meeting, advanced temporal motion vector prediction (ATMVP) was included in the benchmark set (BMS)-1.0 reference software [1], which derives multiple motion for sub-blocks of one coding unit (CU) based on the motion information of the collocated blocks from temporal neighboring pictures. Although it improves the efficiency of temporal motion vector prediction, the following complexity issues are identified for the existing ATMVP design:
1. The collocated pictures of different ATMVP CUs may not be the same if multiple reference pictures are used. This means the motion fields of multiple reference pictures need to be fetched.
2. The motion information of each ATMVP CU is always derived based on 4x4 units, resulting in multiple invocations of motion derivation and motion compensation for each 4x4 sub-block inside one ATMVP CU. 
3. Even within the same reference picture, the collocated blocks of neighboring ATMVP CUs that could be far away from each other, making it necessary to access motion information from non-adjacent regions of the reference picture.
Proposal
In this contribution, one simplified ATMVP design is proposed to address the above issues. 
Simplified derivation of the collocated block
To fix the issue #1, the proposed method uses the collocated block derivation method in CE4.2.6 Test 1 [2] which uses the same collocated picture as used by the HEVC (signaled at slice header) for the ATMVP motion derivation. Additionally, compared to CE4.2.6 Test 1, , the collocated block is identified by always scanning the motion vectors (MVs) of the spatial merge candidates twice (once for each list); the scanning order is dependent on the collocated_from_l0_flag flag. In the proposed method, an early termination is applied to skip checking the L1/L0 MVs of the remaining merge candidates as soon as a merge candidate uses the slice-level collocated picture as its reference picture. 
Adaptive ATMVP sub-block size
To fix the issue #2, the proposed method uses the method in CE4.2.5 Test 2 [3] which enables the slice-level adaptation of the sub-block size used for the ATMVP motion derivation. Specifically, one default sub-block size that is used for the ATMVP motion derivation is signaled at sequence level. Additionally, one flag is signaled in picture/slice level to indicate if the default sub-block size is used for the current slice. If the flag is false, the corresponding ATMVP sub-block size is further signaled in slice header for the picture/slice.
Constrained region for the collocated block derivation
Finally, to fix the issue #3, one constrained area is applied in the proposed ATMVP scheme such that the collocated block that is used for the ATMVP derivation of the current CU is within the constrained area. In HEVC, the location of the collocated block used for the TMVP is restricted to within the area of the current CTU plus one column of 4x4 blocks inside the collocated picture. To achieve a harmonization of the ATMVP and the TMVP, it is proposed to use the same constrained region of the TMVP for the collocated block derivation of the ATMVP. If the ATVMP collocated block identified using a merge candidate’s motion is outside of the constrained range, then it is clipped back to be within the constrained area. Figure 1 illustrates the concept: the collocated blocks ColB1 and ColB2 of B1 and B2are inside the constrained area, and they are directly used for the ATMVP derivations of B1 and B2. The collocated block ColB0 of B0 is outside of the area, and it is clipped back to the closest boundary of the area (ColB0 is clipped back to ColB0’). 
[image: ]
[bookmark: _Ref400383885][bookmark: _Ref400383878]Figure 1 Illustration of the constrained region for the ATMVP motion derivation
Simulation results
To evaluate the performance/complexity impact, the proposed ATMVP scheme is implemented based on the BMS-1.0 reference software [1] and tested using both VTM and BMS configurations. The test condition and evaluation criteria used for ATMVP-related tests in CE4 [4] are used for the evaluation. Specifically, the proposed method is compared with two anchors: for the VTM test, the anchor is the BD-rate performance of VTM-1.0; for the BMS test, the anchor is the BD-rate performance of BMS-1.0 with ATMVP being disabled. Additionally, two sets of simulation results are provided:
· Test one: the proposed ATMVP + uncompressed motion field
· Test two: the proposed ATMVP + compressed motion field at 8x8 granularity
Coding performance and complexity of Test one

	

	
	Random Access Main 10

	
	Over VTM-1.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.77%
	-0.68%
	-0.57%
	102%
	104%

	Class A2
	-0.994%
	-0.75%
	-0.79%
	102%
	106%

	Class B
	-0.94%
	-0.65%
	-0.62%
	102%
	106%

	Class C
	-1.28%
	-0.93%
	-1.01%
	101%
	102%

	Class E
	　
	
	　
	　
	

	Overall
	-1.01%
	-0.75%
	-0.75%
	102%
	105%

	Class D
	-1.45%
	-0.67%
	-0.96%
	101%
	104%

	

	
	Low Delay B main 10

	
	Over VTM-1.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	-1.34%
	-1.02%
	-0.99%
	102%
	109%

	Class E
	-2.33%
	-2.87%
	-2.63%
	99%
	110%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-1.86%
	-1.71%
	-1.14%
	101%
	106%



Coding performance and complexity of Test two
	

	
	Random Access Main 10

	
	Over VTM-1.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.76%
	-0.67%
	-0.59%
	102%
	103%

	Class A2
	-0.97%
	-0.67%
	-0.72%
	102%
	103%

	Class B
	-0.90%
	-0.65%
	-0.63%
	102%
	105%

	Class C
	-1.12%
	-0.82%
	-0.93%
	102%
	107%

	Class E
	　
	
	　
	　
	

	Overall
	-0.95%
	-0.70%
	-0.72%
	102%
	105%

	Class D
	-1.21%
	-0.52%
	-0.67%
	102%
	106%

	

	[bookmark: _GoBack]
	Low Delay B main 10

	
	Over VTM-1.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	-1.07%
	-0.84%
	-0.52%
	103%
	108%

	Class E
	-1.92%
	-2.19%
	-1.80%
	101%
	110%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-1.40%
	-0.52%
	-1.05%
	103%
	110%



Complementary results of using zero MV to locate the collocated block
In the proposed solution, the MV of the selected spatial neighboring block is used to determine the collocated block in the collocated picture. Therefore, different from the TMVP in the HEVC, the position of the derived collocated block may not be always in the center of the current CU. To illustrate the performance impact of this change, complementary results are provided in the table below, where the anchor is the results of VTM-1.0 with the ATMVP being enabled and the test is the results of the anchor plus always using the center position of the current CU to find the collocated block 

	
	RA, Over VTM-1.0 + ATMVP

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.15%
	0.24%
	0.15%
	99%
	100%

	Class A2
	0.15%
	0.22%
	0.15%
	99%
	102%

	Class B
	0.12%
	0.15%
	0.11%
	99%
	99%

	Class C
	0.33%
	0.33%
	0.33%
	100%
	101%

	Class E
	 
	
	 
	 
	

	Overall
	0.19%
	0.23%
	0.19%
	99%
	100%

	Class D
	0.13%
	0.08%
	0.26%
	99%
	99%



	
	LD, Over VTM-1.0 + ATMVP

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	

	Class B
	0.03%
	0.33%
	0.28%
	100%
	102%

	Class C
	0.13%
	0.15%
	0.05%
	100%
	100%

	Class E
	0.07%
	0.34%
	0.29%
	100%
	103%

	Overall
	0.08%
	0.28%
	0.20%
	100%
	102%

	Class D
	0.11%
	0.07%
	0.29%
	100%
	101%
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