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1. Introduction
The RF requirement for multi Rx reception was further discussed in the last RAN4 meeting #108, and in order to align the simulation results, some aspects were considered for further simulation alignment and deriving the RF requirement, e.g. combining method on the test point, UE implementations, UE orientations and so on. [1]
This contribution presents the simulation results on the RF requirement of 2 AoA reception according to the agreement of simulation assumptions and simulation conditions.

2. Discussion
The implementations of the antenna modules have big impacts on the 2 AoA simultaneous reception performance. As per the WF on FR2_multiRx_UERF in RAN4 #108 meeting, three antenna module implementations are simulated, i.e. Top-Left implementation (according to panels in adjacent sides), Left-Right implementation (according to panels facing opposite directions) and Right-Right implementation (according to panels in same side) as below.
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The UE components modelled for beam pattern electromagnetic field simulation are listed below, which are aligned with our simulations provided in the last meeting. The UE is simulated with the length of 150mm, the width of 74mm and the thickness of 8mm.

	Components
	Materials

	Front/Back cover
	Glass

	Side cover
	Lossy Metal 1

	LCD
	Lossy Metal 1

	Battery 
	Lossy Metal 1

	PCB
	Lossy Metal 2


Note: Lossy Metal 1 and Lossy Metal 2 are different metal materials.

The typical antenna patterns with 0-degree phase shift on Left side / Right side / Top side based on above simulation modelling are illustrated as below. The antenna patterns are calibrated to the reference condition, i.e. UE meets REFSENS as well as EIS spherical coverage. It is noted that for the antenna beams shifted with 45-degree have several dBs beam gain drop compared with the peak beam with 0-degree phase shift, which is deemed as practical impairment of FR2 antenna performance in the simulations.
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Three UE orientations are simulated according to Alignment Option 1/2/3 in Annex C of TR38.810 as below. The simulation results of 2 AoA reception performance on each AoA offset are collected based on the best UE orientation of the three.
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Besides the above simulation assumptions and simulation conditions, both OR combine and averaging combine on test points with AoA+ pair and AoA- pair are simulated. The simulation results are shown in the below figures with UE implementation based.
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For the convenience of data analysis, the above simulation results are compiled in the following tables with the format agreed in RAN4 #108 meeting, based on OR combination and Average combination.

	OR combination
	AoA offset 30
	AoA offset 60
	AoA offset 90
	AoA offset 120
	AoA offset 150
	AoA offset 180

	Top-Left Implementation
	13.5%
	26.6%
	36.1%
	28.0%
	17.0%
	5.9%

	Left-Right Implementation
	14.2%
	13.4%
	20.5%
	36.3%
	46.1%
	39.4%

	Right-Right Implementation
	41.2%
	39.4%
	31.2%
	21.5%
	16.2%
	11.8%



	Average combination
	AoA offset 30
	AoA offset 60
	AoA offset 90
	AoA offset 120
	AoA offset 150
	AoA offset 180

	Top-Left Implementation
	6.8%
	13.5%
	18.1%
	14.0%
	8.6%
	5.9%

	Left-Right Implementation
	7.1%
	6.7%
	10.3%
	19.9%
	32.7%
	39.3%

	Right-Right Implementation
	28.9%
	23.0%
	16.3%
	10.8%
	9.3%
	11.6%



From the simulation results, the best 2 AoA reception performance of Top-Left panel implementation appears at AoA offset = 90 degrees. The best performance of Left-Right panel implementation appears at AoA offset = 150/180 degrees. And the best performance of Right-Right panel implementation appears at AoA offset =30 degrees. These findings meet the expectations on the best performance v.s. AoA offset for the three UE implementations. 

Observation 1: The findings of the simulation meet the expectations on the best performance v.s. AoA offset for the three UE implementations.

According to the WF of AoA offset for the UE RF requirement, there are two options left for further discussion [1]. Both of the options will be discussed in the paper and the proposals will be provided separately.
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If Option 1 is considered, it means that the tested AoA offset is declared by UE venders. In this case, for every AoA offset, the 2 AoA reception UE RF requirement should be derived by collecting the best coverage percentage among all the UE implementations. Specifically, to our simulations, the requirement table are shown as below.

	
	AoA offset 30
	AoA offset 60
	AoA offset 90
	AoA offset 120
	AoA offset 150

	OR combine
	41.2%
	39.4%
	36.1%
	36.3%
	46.1%

	Average combine
	28.9%
	23.0%
	18.1%
	19.9%
	32.7%



Regarding Option 2, just 1 AoA offset is selected for specifying RF requirement. The flexibility of UE implementations should be provided with respect to the previous agreement on UE implementation agnostic. Therefore, the 2 AoA reception UE RF requirement should be derived by collecting the worst coverage percentage among all the UE implementations on the specified AoA offset. The requirement table are shown as below accordingly.

	
	AoA offset 30
	AoA offset 60
	AoA offset 90
	AoA offset 120
	AoA offset 150

	OR combine
	13.5%
	13.4%
	20.5%
	21.5%
	16.2%

	Average combine
	6.8%
	6.7%
	10.3%
	10.8%
	8.6%



Proposal 1: According to Option 1 (define a requirement for each candidate AoA offset), the 2 AoA reception UE RF requirement should be derived by collecting the best coverage percentage among all the UE implementations.

Proposal 2: According to Option 2 (the requirement is defined for just 1 AoA offset), the 2 AoA reception UE RF requirement should be derived by collecting the worst coverage percentage among all the UE implementations on the specified AoA offset.

Lastly, the combining method to compute Pdirectrional in the metric is discussed. Basically, there is no essential difference between OR combination and average combination as the UE RF requirement of multi-Rx reception, because the UE antenna pattern and performance does not change depending on the combining method. The visible difference is that the coverage percentages with average combination are significantly lower than those percentages with OR combination, which is evidently supported by the previous figures and tables in this contribution. The percentage of Average combining is extremely low (around 10% or even lower than 10% for some AoA offset) for the case of Option 2, which is not friendly to this newly enhanced FR2 feature and might further affect the promotion and deployment of the FR2 multi-Rx feature. With these considerations, it is proposed to adopt OR combining approach for Pdirectrional computing in the metric.

Proposal 3: It is proposed to adopt OR combining approach for Pdirectrional computing in the metric.

3. Conclusions
This contribution presents the simulation results on the RF requirement of 2 AoA reception according to the agreement of simulation assumptions and simulation conditions. And provide the following proposals.
Observation 1: The findings of the simulation meet the expectations on the best performance v.s. AoA offset for the three UE implementations.

Proposal 1: According to Option 1 (define a requirement for each candidate AoA offset), the 2 AoA reception UE RF requirement should be derived by collecting the best coverage percentage among all the UE implementations.

Proposal 2: According to Option 2 (the requirement is defined for just 1 AoA offset), the 2 AoA reception UE RF requirement should be derived by collecting the worst coverage percentage among all the UE implementations on the specified AoA offset.

Proposal 3: It is proposed to adopt OR combining approach for Pdirectrional computing in the metric.
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