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1 	Introduction
In last RAN4 meeting, a WF [1] was agreed in Testability session on FR2 RRM test methodology. We provide our evaluation results focusing on the 1-AoA cases and try to confirm or check if further modification on the beamforming gain difference between rough and fine beams is needed.
2 Four Testing Scenarios with 1 AoA 
In order to guarantee the SNR level that UE sees in the baseband, test equipment needs to provide a sufficient high noise level at the center of the quiet zone. The exact level would depends on several factors such as the Rx beamforming gain, implementation loss and UE’s noise figure. For an example, in “Spreadsheet 1 - RRM SNR range calculator.xls” of TR 38.810, 
· Noc level is -155 dBm/Hz for PC3 UE in n260, when UE is using fine beam and the signal is transmitted alone fine beam peak direction. 
· Noc level becomes -142.5 dBm/Hz, when UE is using fine beam and the signal is transmitted alone a non-peak direction. 
Assuming other factors do not lead to big difference, the difference between the 2 Noc levels is related to the Rx beamforming gain difference among different directions. In principle, the lower then beamforming gain is expected, the higher the Noc level needs to be provided by the test equipment. 
Besides the fine beam, rough beam was also discussed in [1]. The AoA could be along the fine Rx beam peak direction or not. In summary, there are total 4 scenarios as listed in Table 1.
[bookmark: _Ref536624049]Table 1. Four Testing scenarios with 1 AoA
	Scenario
	Beam type
	Direction
	Noc level for PC3 UE

	1
	Fine
	Fine beam peak direction
	Noc1, e.g., -155 dBm/Hz in n260

	2
	Fine
	Non fine beam peak direction along which UE fulfils EIS spherical coverage requirement
	Noc2 = Noc1 + X, e.g., -142.5 dBm/Hz in n260

	3
	Rough
	Fine beam peak direction
	Noc1 + 7 dB 

	4
	Rough
	Non fine beam peak direction within the best 50% of the sphere of DUT 
	Noc2 + [8] dB



Scenario 3 assumes that UE is using rough beam along the fine beam peak direction. The 7 dB difference in Noc levels implies the largest Rx beamforming gain difference between fine beam and rough beam on this direction. For simplicity, we denote this gain difference by G3.
Scenario 4 assumes that UE is using rough beam. The AoA direction is picked from the set of AoAs within the best 50% EIS of the sphere of the DUT. Therefore, the interpretation of [8] dB is described in Figure 1 as the gain difference between 
· Minimum absolute gain of rough beams over the best 50% of the sphere in which spherical EIS is met (Gfine,50)
· The gain at 50%-tile CDF of fine beam antenna gains (Grough,min)
For simplicity, we denote this gain difference by G4.
[image: ]
[bookmark: _Ref536629198]Figure 1. Illustration of Rx beamforming gain difference for scenario 4: A CDF of fine Rx beamforming gain from all AoAs in the sphere
3 Evaluation results
In this section, we provide our evaluation results for G3 and G4. For G3 (scenario 3) the AoA is picked from the fine beam peak direction, while for G4 (Scenario 4) the AoA is picked from the set of AoA within the best 50% EIS of the sphere of DUT.
We consider 2 types of antenna modules (rectangular and square), as illustrated in Figure 2. The square module is located on PCB, while the rectangular module is attached at a side of the PCB. In each antenna module, 4 cross-polarized antennas are used. 
[image: ]
[bookmark: _Ref642980]Figure 2. Two types of antenna modules considered in the evaluation.
When fine beam is considered, all 4 antennas will be used to form an 8-beam codebook through phase shifting. 
When rough beam is considered, we further consider 2 options. 
· 1-beam: Only one antenna is activated without considering any phase shifting
· 2-beam: Two antenna are activated with the phase-shifting coefficient [1, 1]T and [1, -1]T.
During the simulation, we further consider some practical effect. For an example, the physical surroundings of each antenna in array are different, leading to different radiation characteristics. Therefore, the rough beam gain of different antenna could still be different. 
There are some effects assumed ideal without impairments, such as path-wise RF/IF gain variation, gain and phase mismatch of the phase shifter, bit width of the phase shifter. 
The results are summarized in Table 2 where the worst cases are marked in red. The corresponding CDF curves for beamforming gain in the whole sphere are provided in Appendix. Note that although we observed path-wise gain mismatch among antennas over directions, but this mismatch cannot be observed in the CDF curve. 
[bookmark: _Ref646875]Table 2. Summary of evaluation results for G3 and G4 
	Module
	Rough beam type
	G3 for different rough beam settings
	G4 for different rough beam settings

	Rectangular
	1-beam
	ANT#1
	ANT#2
	ANT#3
	ANT#4
	ANT#1
	ANT#2
	ANT#3
	ANT#4

	
	
	6.46
	6.42
	5.09
	5.09
	6.08
	6.84
	6.81
	7.27

	
	2-beam
	ANT#1 + ANT#2
	ANT#3 + ANT#4
	ANT#1 + ANT#2
	ANT#3 + ANT#4

	
	
	2.75
	2.73
	4.23
	5.61

	Square
	1-beam
	ANT#1
	ANT#2
	ANT#3
	ANT#4
	ANT#1
	ANT#2
	ANT#3
	ANT#4

	
	
	5.13
	6.68
	5.44
	5.12
	11.03
	9.43
	10.97
	11.49

	
	2-beam
	ANT#1 + ANT#2
	ANT#3 + ANT#4
	ANT#1 + ANT#2
	ANT#3 + ANT#4

	
	
	2.70
	3.07
	5.85
	5.70

	Note: 
· For 1-beam case, the gain difference for different all antennas are provided, i.e., ANT#1, ANT#2, ANT#3 and ANT#4. 
· For 2-beam case, only the 2 pairs antennas were evaluated, i.e., ANT#1 + ANT#2 and ANT#3 + ANT#4



Based on above results, we have the following observations:
· After considering practical placement on PCB, we can observe different G3 and G4 for different antennas or antenna pairs. 
· We can also see different results for rectangular and square modules. The possible reasons could be that 
· The module placement on the PCB. 
· Different array topology. The rectangular module can sweep along one single direction, but the square module can sweep along 2 directions. 
· The mutual distance between 2 antennas is shorter in square module and the placement of rectangular and square antennas modules are difference.
[image: ]
Figure 3. Different Rx beam sweeping dimensions for square and rectangular modules
· Comparing 1-beam rough beam codebooks, we can see smaller G3 and G4 when using 2-beam codebook for rough beam. However, this advantage comes from the penalty of longer measurement delay and the risk of aged AGC gain setting.
· In general, G3 is no larger than 7dB. However, the margin is narrow.
· G4 could be rather large for some cases, e.g., square module with 1-beam rough beam codebook. Therefore, the tentatively agreed [8] dB is not enough. To allow different UE implementations, we suggest to raise the value to [13] dB.
[bookmark: _Ref1156293]Proposal 1: enlarge the gain difference between fine and rough beams along the RX beam peak direction from 7 dB to 8 dB.
[bookmark: _Ref1156294]Proposal 2: The gain difference gain difference between minimum absolute gain of rough beams over the best 50% of the sphere in which spherical EIS is met and the gain of 50%-tile CDF of fine beams antenna gain is assumed to be 13 dB.
4 Summary
In this paper, we provide our evaluation results focusing on the 1-AoA cases and try to confirm or check if further modification on the beamforming gain difference between rough and fine beams is needed. We have the following proposals
Proposal 1: enlarge the gain difference between fine and rough beams along the RX beam peak direction from 7 dB to 8 dB.
[bookmark: _GoBack]Proposal 2: The gain difference gain difference between minimum absolute gain of rough beams over the best 50% of the sphere in which spherical EIS is met and the gain of 50%-tile CDF of fine beams antenna gain is assumed to be 13 dB.
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Figure 4. CDF of beamforming gain in the whole sphere: Rectangular antenna module, rough beam with one antenna
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Figure 5. CDF of beamforming gain in the whole sphere: Rectangular antenna module, rough beam with two antennas
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Figure 6. CDF of beamforming gain in the whole sphere: Square antenna module, rough beam with one antenna
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Figure 7. CDF of beamforming gain in the whole sphere: Square antenna module, rough beam with two antennas
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