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Abstract
In this contribution, it is proposed to extend the current multi-pass DMVR in ECM by adding a new pass where 4x4 subblock level BDOF based motion refinement is applied. It is reported that the proposed method achieves {-0.xx14%(Y), -0.xx22%(U), -0.xx25%(V)} BD-rate performance on top of ECM-8.0.
Introduction
The decoder side motion vector refinement (DMVR) is applied to refine the motion vector inherited from the previously coded blocks in merge mode as the motion information of the previously coded blocks may not be perfectly fit for the current block. 
In ECM[1], a multi-pass (DMVR) is applied. There are three passes of motion refinement. In the first pass, bilateral matching (BM) is applied to the coding block (CB). The motion vector pair (MV) of the CB is refined by minimizing the BM cost. In the second pass, the CU is divided into 16x16 subblocks and on top of CU level refined MV pair obtained in the first pass, BM is continually applied on each 16x16 subblock to get a 16x16 subblock level refined MV pair. In the third pass, each 16x16 subblock is further divided into 8x8 subblocks and on top of 16x16 subblock level refined MV pair, bi-directional optical flow (BDOF) based motion refinement is applied. A delta MV pair for each 8x8 subblock is calculated through optical flow equations and the 8x8 subblock level refined MV pair is obtained by adding the delta MV pair to the 16x16 subblock level refined MV pair. And the obtained 8x8 subblock level refined MVs are the final output of multi-pass DMVR process which are used for following motion compensation and stored for both spatial and temporal motion vector prediction as well. 
Proposed methods
In this contribution, it is proposed to extend the current multi-pass DMVR by adding another BDOF-based motion refinement pass. The new proposed pass is applied as the 4th pass of the multi-pass DMVR. After the 3rd pass of the current DMVR, the CU is further divided into 4x4 subblocks and the optical flow equations are invoked to calculate a delta MV pair for each 4x4 subblock. The operations in the proposed 4th pass are the same as that in the current 3rd pass of multi-pass DMVR except for the subblock size. With proposed pass, the flow chart of multi-pass DMVR is shown as Figure 1. 


[bookmark: _Ref107409879]Figure 1. The flow chart of the multi-pass DMVR with the proposed method.
Simulation results
The proposed method is implemented on top of ECM-8.0 and is tested under RA configuration of ECM CTC [2]. The simulation results are shown in Table 1.
[bookmark: _Ref116401140]Table 1. Test results
	
	Random Access Main 10

	
	Over ECM-8.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.02%
	-0.12%
	-0.19%
	107%
	116%

	Class A2
	-0.25%
	-0.38%
	-0.32%
	107%
	117%

	Class B
	-0.11%
	-0.18%
	-0.19%
	106%
	120%

	Class C
	-0.20%
	-0.23%
	-0.30%
	105%
	118%

	Class E
	　
	
	　
	
	

	Overall
	-0.14%
	-0.22%
	-0.25%
	106%
	118%

	class D
	-0.30%
	-0.26%
	-0.44%
	105%
	118%

	class F
	-0.12%
	-0.19%
	-0.03%
	104%
	111%


Conclusion
The multi-pass DMVR in ECM-8.0 is extended by adding another BDOF-based motion refinement pass. By doing this, it is reported that overall {-0.14%(Y), -0.22%(U), -0.25%(V)} BD-rate performance can be achieved with 106% encoding time and 118% decoding time. It is suggested to study the proposed method in the next round of EE.
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