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Abstract
In this contribution, one enhanced GPM is proposed based on the combination of EE2-3.3 on GPM with MMVD and EE2-3.4 and EE2-3.5 on GPM with template matching. Two encoder options are provided to trade-off the coding performance and encoding complexity. Compared to ECM-1.0 anchors, simulation results of the proposed combination are summarized as follows:
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Introduction
At the JVET-V meeting, several methods [1][2][3][4] were proposed to improve the coding efficiency of the GPM mode in the VVC. The methods were included in the exploration experiment (EE2) for further evaluations, the main technical aspects of which are described as follows:
EE2-3.3 on GPM with MMVD (GPM-MMVD): 1) additional MVDs are added to the existing GPM merge candidates; 2) the MVDs are signaled in the same manner as the MMVD in the VVC, i.e., one distance index plus one direction index; 3) two flags are signaled to separately control whether the MMVD is applied to each GPM partition or not.
EE2-3.4-3.5 on GPM with template matching (GPM-TM): 1) template matching is extended to the GPM mode by refining the GPM MVs based on the left and above neighboring samples of the current CU; 2) the template samples are selected dependent on the GPM split direction; 3) one single flag is signaled to jointly control whether the template matching is applied to the MVs of two GPM partitions or not.
Proposal
This contribution proposes a combination of EE2-3.3, EE2-3.4 and EE2-3.5 to further improve the coding efficiency of the GPM mode. Specifically, in the proposed combination, the existing designs in EE2-3.3, EE2-3.4 and EE2-3.5 are kept unchanged while the following modifications are further applied for the harmonization of the two coding tools:
1) The GPM-MMVD and GPM-TM are exclusively enabled to one GPM CU. This is done by firstly signaling the GPM-MMVD syntax. When both two GPM-MMVD control flags are equal to false (i.e., the GPM-MMVD are disabled for two GPM partitions), the GPM-TM flag is signaled to indicate whether the template matching is applied to the two GPM partitions. Otherwise (at least one GPM-MMVD flag is equal to true), the value of the GPM-TM flag is inferred to be false.
2) The GPM merge candidate list generation methods in EE2-3.3 and EE2-3.4-3.5 are directly combined in a manner that the MV pruning scheme in EE2-3.4-3.5 (where the MV pruning threshold is adapted based on the current CU size) is applied to replace the default MV pruning scheme applied in EE2-3.3; additionally, as in EE2-3.4-3.5, multiple zero MVs are added until the GPM candidate list is fully filled.
Simulation results
The proposed scheme was implemented on top of the ECM-1.0 [6] and tested using the common test conditions as defined in [7]. Table 1 and Table 2 illustrates the overall BD-rate performance of the proposed combination, where two encoder speed-up options are provided for different trade-offs between coding performance and encoder run-time.
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	#NUM!
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	#VALUE!
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	Class C
	-0.61%
	-1.03%
	-1.28%
	119%
	99%
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	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	-0.54%
	-0.85%
	-0.74%
	117%
	99%

	Class F
	-0.23%
	-0.47%
	-0.46%
	112%
	99%
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	Class B
	#VALUE!
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	#NUM!
	#NUM!

	Class C
	-0.74%
	-1.67%
	-1.46%
	125%
	97%

	Class E
	-0.81%
	-0.71%
	-1.12%
	115%
	99%

	Overall
	#VALUE!
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	Class D
	-0.62%
	-1.07%
	-1.43%
	122%
	97%
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	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!

	Class B
	-0.33%
	-0.69%
	-0.69%
	111%
	100%

	Class C
	-0.56%
	-1.09%
	-1.11%
	112%
	100%

	Class E
	 
	
	 
	 
	 

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

	Class D
	-0.46%
	-0.92%
	-1.00%
	110%
	99%

	Class F
	-0.18%
	-0.45%
	-0.38%
	108%
	100%
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	Class A1
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	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	-0.71%
	-1.57%
	-1.26%
	117%
	97%

	Class E
	-0.84%
	-1.42%
	-0.52%
	115%
	99%

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

	Class D
	-0.54%
	-0.54%
	-1.25%
	115%
	99%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
	#VALUE!
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