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1 	Introduction
In last RAN4 meeting, a WF [1] was agreed in Testability session on FR2 RRM test methodology. Page 3 of [1] talks about the antenna gain difference between fine beam and rough beam for 1 AoA RRM testing. 
	· The following assumptions on antenna gain difference can be used for 1AoA RRM testing: 
· For peak beam direction
· Antenna gain difference for PC3 Y=7dB
· Y is the antenna gain difference between the fine and rough beams in the RX beam peak direction. (Y is not band dependent)
· For non-peak beam direction
· Antenna gain difference for PC3 Z will be further studied in the RAN4#90bis meeting.
· Z is the antenna gain difference between “fine” and “rough” RX beams within 50% percentile EIS directions (Z is not band dependent).
· Companies are encouraged to provide analysis on this, and define Z at RAN4#90bis meeting.
· Further evaluate how panel selection may impact the Z value, e.g., how to share 24 samples for FR2 measurement for PC3 UE
· Further evaluate the antenna gain difference between the rough and fine beams (Y and Z values) for the UE PC 1, 2 and 4.


In this paper, we provide our evaluation results focusing on the Z value for PC3.
2 Definition of Z value 
In this case, we assume 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 Z 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)
[image: ]
[bookmark: _Ref536629198]Figure 1. Illustration of Rx beamforming gain difference for value Z: 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 the value Z. 
We consider a UE with either 2 or 3 antenna panels implemented in the PCB. In each antenna panel, 4 cross-polarized antennas are implemented. 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.
With multiple panels and multiple Rx beams in each panel, we further consider how to select the rough beam to simulate the Z value. Since from RRM core requirement, 24 SSB samples are allowed for UE to perform measurement, it is necessary to distribute these 24 samples to different panels and Rx beams for better rough beam spherical coverage. One potential ways to distribute the 24 samples for all Rx beams and all panels. Therefore, the Rx beamforming gain at AoAk can be calculated as
,
where i is the index of panel, j is the index of Rx beam and  is the beamforming gain at the jth Rx beam of the ith panel along AoAk. Another possible way is to fix the Rx beam used in each panel but distribute the 24 samples to different panels, i.e., the beamforming gain at AoAk with ANT#j is

As we can expect, with more total number of Rx beams, we can form a better rough beam spherical coverage which leads to a smaller Z value, but the less number of samples can be shared to each single beam. With insufficient samples, the measurement accuracy is compromised. For further investigate this expectation, we define 6 cases for evaluation
· Case 1: 2 panels. 4 beams in a panel. 1 ANT forms 1 beam. Metric . 
· Total 2 Rx beams to form cover the sphere. One beam shares 12 SSB samples.
· Case 2: 2 panels. 4 beams in a panel. 1 ANT forms 1 beam. Metric . 
· Total 8 Rx beams to form cover the sphere. One beam shares 3 SSB samples.
· Case 3: 2 panels. 2 beams in a panel. 2 ANTs form 2 beams. Metric . 
· Total 4 Rx beams to form cover the sphere. One beam shares 6 SSB samples.
· Case 4: 3 panels. 4 beams in a panel. 1 ANT forms 1 beam. Metric . 
· Total 3 Rx beams to form cover the sphere. One beam shares 8 SSB samples.
· Case 5: 3 panels. 4 beams in a panel. 1 ANT forms 1 beam. Metric . 
· Total 12 Rx beams to form cover the sphere. One beam shares 2 SSB samples.
· Case 6: 3 panels. 2 beams in a panel. 2 ANTs form 2 beams. Metric . 
· Total 6 Rx beams to form cover the sphere. One beam shares 4 SSB samples.

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 1 where the corresponding CDF curves for beamforming gain in the 50%-ile fine beam gain are provided in Appendix.  
[bookmark: _Ref646875]Table 1. Summary of evaluation for Z values with 2 and 3 antenna panels 
	# of panels
	# of beams in a panel
	Determine beamforming gain through selection over different beams or panels
	Total rough Rx beam # to cover the sphere
	# of samples shared by each beam
	Z value (dB)
	Case #

	2
	4
(1 ANT forms 1 beam)
	Only panels. 
No beam selection 
	2
	12
	ANT#1
	8.53
	1

	
	
	
	
	
	ANT#2
	7.32
	

	
	
	
	
	
	ANT#3
	7.86
	

	
	
	
	
	
	ANT#4
	11.07
	

	
	
	Over all panels and beams
	8
	3
	5.6
	2

	
	2
(2 ANTs forms 2 beams)
	Over all panels and beams
	4
	6
	ANT#1+ANT#2
	7.03
	3

	
	
	
	
	
	ANT#3+ANT#4
	5.99
	

	3
	4
(1 ANT forms 1 beam)
	Only panels. 
No beam selection
	3
	8
	ANT#1
	7.63
	4

	
	
	
	
	
	ANT#2
	7.74
	

	
	
	
	
	
	ANT#3
	7.25
	

	
	
	
	
	
	ANT#4
	7.82
	

	
	
	Over all panels and beams
	12
	2
	5.78
	5

	
	2
(2 ANTs forms 2 beams)
	Over all panels and beams
	6
	4
	ANT#1+ANT#2
	6.40
	6

	
	
	
	
	
	ANT#3+ANT#4
	6.42
	



Based on above results, we have the following observations:
· After considering practical placement on PCB, we can observe different Z values for different antennas or antenna pairs. 
· In general, with more total number of rough Rx beams to cover the sphere, the smaller Z value we can achieved, e.g.,
· With 2 panels, 
· Case 2 utilizes 8 Rx beams to achieve Z value 5.6dB 
· Case 3 utilizes 4 Rx beams to achieve Z value 5.99~7.03dB
· Case 2 utilizes 2 Rx beams to achieve Z value 7.32~11.07dB
· With 3 panels, 
· Case 5 utilizes 12 Rx beams to achieve Z value 5.78dB 
· Case 6 utilizes 6 Rx beams to achieve Z value 6.40~6.42dB
· Case 4 utilizes 3 Rx beams to achieve Z value 7.25~7.82dB
· More total number of rough Rx beams implies less # of SSB samples can be used for measurement. Maintaining an acceptable measurement accuracy is also important, in addition to the spherical coverage of rough beam.
Based on above evaluation results, we think the Z value should be at least 8dB to provide UE the flexibility of antenna implementation as well as some margin based on the evaluation results.
[bookmark: _Ref1156294]Proposal 1: The Z value should be at least 8 dB.
4 Summary
In this paper, we provide our evaluation results on the Z value for different UE implementations. We have the following proposals
Proposal 1: The Z value should be at least 8 dB.
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