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Abstract
At the JVET meeting in Rennes it was proposed in JVET-AH0144 to enable hierarchical subblock based search for DMVR in ECM. That approach required more search than DMVR in ECM. In this contribution the search has been simplified such that the worst case number of integer based searches when the proposal is used is less than for DMVR in ECM. This has been achieved by omitting search in a dimension that has a size of 16 or smaller until the last step of the hierarchical search. Furthermore, when the size of one of the dimensions is lower that the other dimension the granularity of the search in the smaller dimensions is aligned with the granularity of the larger dimension. Finally, the search in the last step is limited to +/- 7 instead of +/- 8 as in ECM. 
In comparison to ECM-13.0 we can get a small objective benefit on average -0.01% on CTC and a more notable benefit of -0.35% on higher QPs (40, 43, 47 and 50) than CTC.
The encoder time is about the same as for ECM13. Decoder time is increased by 0.6% compared to ECM13.
It is suggested to further study the method in an EE.
Introduction
In JVET-AH0144 [1] it was proposed to combat the large size difference between block and subblocks by introducing hierarchical subblock-based DMVR. The reference blocks are divided into subblocks of reduced size in each dimension and compared to the block size at each level of the hierarchy until the subblock size reaches the ECM subblock size. Integer DMVR search is performed on each level of the hierarchy on subsampled subblocks of size 16x16. In the last level, besides integer DMVR, also subpixel DMVR search as in ECM is performed. The search range was kept the same as in ECM. The final subblock refinement is biased towards the larger subblock refinements by penalizing refinements that differs from the corresponding larger subblock refinement.
This proposal is a further development of hierarchical subblock-based DMVR but with focus on reducing complexity below the complexity of ECM when the approach is enabled.
Proposal 
When subblock DMVR is applicable and the width or height of the current block is equal to or greater than 64, hierarchical subblock-based DMVR is enabled. The reference areas and the maximum search range given by the respective block motion vector of the bi-directional motion vector are of the same size as in ECM.
Compared to JVET-AH0144 the complexity is reduced in following ways:
· omitting search in a dimension that has a size of 16 or smaller until the last step of the hierarchical search,
· when the size of one of the dimensions is lower than the other dimension the granularity of the search in the smaller dimensions is aligned with the granularity of search in the larger dimension,
· the search in the last step is limited to +/- 7.
Worst case number of integer searches for a block of size 256x256. 
The worst case number of integer searches for a block of 256x256 for subblock based DMVR in ECM is 17x17 per subblock = 289, so in total 256/16*256/16*289 for a block of 256x256 =73984.
For the proposal a block of size 256x256 is divided into subblocks of size 128x128 where each of the subblocks are subsampled to 16x16 and the number of searches for each subsampled subblock is 3x3 (+/-1). A subblock of size 128x128 is divided into subblocks of size 64x64 and each of the subblocks are subsampled to 16x16 and the number of searches for each subsampled subblock is 5x5 (+/-2). A subblock size of 64x64 is divided into subblocks of size 32x32 and each of the subblocks are subsampled to 16x16 and the number of searches for each subsampled subblock is 9x9 (+/-4). Finally, a subblock of size 32x32 is divided into subblocks of size 16x16 and the number of searches for each subsampled subblock is 15x15 (+/-7). 
In total, the worst case number of integer searches in the proposed method can be calculated as follows:
256/16*256/16*15*15
+ 256/32*256/32*9*9
+ 256/64*256/64*5*5
+ 256/128*256/128*3*3
=63220.
The worst case number of integer searches for a block of 256x256 for the proposal is 85% of the corresponding searches for ECM.
Results
The results are compared against ECM-13.0 [2][3] and gcc 12.2.0 was used. The encoding time is only accurate for class B, C and D. The decoding time is accurate for all classes.

	
	Random Access Main 10

	
	Over ECM-13.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0,06%
	0,05%
	-0,11%
	91,0%*
	100,3%
	99,9%
	99,9%

	Class A2
	-0,02%
	-0,10%
	0,01%
	97,1%*
	100,6%
	99,7%
	99,4%

	Class B
	0,01%
	-0,06%
	-0,10%
	100,0%
	100,6%
	100,0%
	100,0%

	Class C
	0,02%
	0,01%
	0,11%
	99,7%
	100,8%
	100,4%
	100,1%

	Class E
	 
	
	 
	 
	
	 
	 

	Overall
	-0,01%
	-0,03%
	-0,02%
	94,4%*
	100,6%
	100,0%
	99,9%

	Class D
	-0,01%
	-0,04%
	-0,01%
	99,5%
	100,5%
	100,0%
	100,0%



Additional results for non-CTC, QP=40, 43, 47 and 50. The encoding and decoding times are not accurate.
	
	Random Access Main 10

	
	Over ECM-13.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0,43%
	-0,62%
	-0,59%
	92,7%
	109,7%
	100,1%
	100,0%

	Class A2
	-0,48%
	-0,69%
	-0,60%
	89,2%
	91,7%
	99,9%
	99,5%

	Class B
	-0,30%
	-0,43%
	-0,32%
	83,3%
	90,8%
	100,7%
	100,3%

	Class C
	-0,27%
	-0,30%
	-0,36%
	74,0%
	72,3%
	100,4%
	99,7%

	Class E
	 
	
	 
	 
	
	 
	 

	Overall
	-0,35%
	-0,49%
	-0,44%
	83,6%
	88,9%
	100,3%
	99,9%

	Class D
	-0,09%
	-0,06%
	-0,17%
	75,3%
	102,9%
	100,0%
	100,0%



Conclusions
It has been shown that hierarchical subblock based DMVR can provide a small objective benefit compared to ECM for CTC and a notable gain for higher QPs. When used, the proposal uses a smaller number of integer searches per subblock than DMVR in ECM. It is proposed to study the hierarchical subblock based DMVR for the next round of EEs. 
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