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1 Introduction
In last meeting, RAN4 discussed antenna gain difference for 1AoA and 2AoA for test method, and the related WF [1] was agreed. In this contribution, we provide antenna gain difference for 2AoA in FR2 for power class 2. 
2 Discussion
Antenna gain difference for 2AoA

For antenna gain difference for 2AoA, the following agreements were made[1].

	· Further study antenna gain difference for dual directions within 1 beam for 2AoA

· Companies are encouraged to bring analysis on antenna gain difference for PC3 UE fine/rough beams and assess the gain difference dependency on relative probe spacing.
· Test setup

· For 2AoA cases, 

· TDM transmission approach for 2 probes is allowedused.

· Simultaneous transmission approach for 2 probes will be further studied.

· The antenna gain difference defined in this WF can be used to derive the FR2 RRM side condition.


For PC2 UE 2AoA, antenna gain difference for dual direction has not been discussed. 

For angle between two probes could be different depending on spherical coverage per power class. We had simulation to find which angle is applicable among 30, 60, 90, 120 and 150 degree for spherical coverage of 60% of power class 2. From the simulation, the relative probability of valid sample number corresponding to 3 degree is about 1, 1, 0.56, 0.17 and 0.02 for 30, 60, 90, 120 and 150 degree as seen in Table2-1. 120 and 150 degree are comparatively very low. Therefore, it is recommended to exclude 120 and 150 degree for power class2 UE 2AoA. 

Table 2-1. Relative probability of valid sample number comparing to 30 degree 
	
	Relative probability valid sample number (reference = 30o)   

	Relative Angle(degree)
	30
	60
	90
	120
	150

	Prob.(%)
	100
	100
	56
	17
	2


Proposal1: For PC2 UE 2AoA, the angle of 30, 60 and 90 degree between two probes are applicable, and 120 and 150 degree are not recommended.
For analysis on antenna gain difference for PC2 dual direction, we had simulation with following assumptions.

Simulation Assumption

· Angle of 2AoA : 30, 60 and 90 degree

· Both probes within the [60]%-tile of EIS spherical coverage

· Procedure

· For probe1, 

· select the peak Rx beam ‘N’ for direction ‘i’ and calculate corresponding antenna gain (G1)for Rx Beam ‘N’
· For probe2, 

· find set of probe2 direction which is met to angle of 2AoA (‘i+30’ or ‘i+60’ or ‘i+90’)

· calculate corresponding antenna gain (G2)at probe2 with Rx Beam ‘N’
· Calculate G1-G2

Figure2-1 shows the results of antenna gain difference for dual direction with fine and rough beam.
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Figure 2-1. CDF of antenna gain difference for PC2 dual direction. 
From Figure 2-1, the antenna gain difference at CDF 5% and 95% is collected in Table 2-2.
Table 2-2. Antenna gain difference for 2AoA at CDF of 5% and 95% 
	
	Antenna gain difference of 2AoA [dB]

	
	CDF of 5%
	CDF of 95%

	Relative Angle(degree)
	30
	60
	90
	30
	60
	90

	Fine Beam
	-1.7
	1.5
	1.8
	24.8
	27.4
	28.5

	Rough Beam
	-4.2
	-4.2
	-3.1
	16.3
	18.5
	19.0


From the results, the followings can be observed.
Observation for antenna gain difference of 2AoA
· Antenna gain difference between 2AoA is different depending on the relative angle difference. The antenna gain difference for the relative antenna difference of 30 degree is less than that for 60 and 90 degree. For 60 and 90 degree, similar antenna gain difference is observed.

· The range of antenna gain difference is from -2dB to 28dB for fine beam and from-4dB to 19dB for rough beam based on CDF of 5% and 95%.

Based on the observation for 2AoA, it seems not reasonable to use the difference of 11dB between the peak EIS and [60]%-tile EIS for UE PC2. Therefore, if simultaneous transmission for 2 probes is considered the observation should be considered. It means simultaneously transmission with 2AoA is not easy to guarantee test side condition.
On the other hand, for TDM transmission for 2 probes, the antenna gain difference between 2AoA is not meaningful. 
Proposal2: For PC2 UE 2AoA, TDM transmission approach is recommended.

3 Conclusion 
In this contribution, we analyzed antenna gain difference between fine beam and rough beam for 2AoA for PC2 UE. Based on the analysis, we proposed as follows.
Proposal1: For PC2 UE 2AoA, the angle of 30, 60 and 90 degree between two probes are applicable, and 120 and 150 degree are not recommended.

Proposal2: For PC2 UE 2AoA, TDM transmission approach is recommended.

4 Reference

[1] R4-1902525, “Way forward on open issue for FR2 RRM testing,” Qualcomm Incorporated 
