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1
Introduction
UE orientations and azimuthal positions for FR2 MIMO OTA static testing are the highlighted topics in the latest WF on NR MIMO OTA [1]. Hence, we share our perspectives on the interesting topic.
2
Discussion
We summarize our observations and analysis step-by-step, before propose rules about NR FR2 MIMO OTA.
Firstly, NR FR2 applies quite different antenna mechanism from legacy and NR FR1, to mitigate the larger propagation loss due to much higher operating frequency. One basic difference from antenna’s perspective between FR1 and FR2 is shown in Table1.
	
	Legacy / NR FR1
	NR FR2

	Antenna architecture and 
radiation pattern
	One single antenna for one RF chain, with fundamental wider spherical coverage
	Antenna array with beamforming capability, but limited spherical coverage


Table 1. Basic difference between FR1 and FR2 from antenna perspective.

Observation1: FR2 antenna array has more limited spherical coverage compared to FR1 antenna. Realized antenna array gain is lower outside the spherical coverage area.
Secondly, MIMO OTA test would be expected as a comprehensive test, like on top of SISO OTA test. Noted that, different SISO spherical coverage requirements for different FR2 power classes (PC1/2/3/4) are defined in TS 38.101-2 [2], and summarized in Table 2, because of different application scenarios assumptions.

	
	PC1
	PC2
	PC3
	PC4

	Spherical coverage 
(by EIRP CDF)
	85%-tile
	60%-tile
	50%-tile
	20%-tile


Table 2. Different spherical coverage requirements for NR FR2 power classes.
Observation2: It defines different CDF %-tile for spherical coverage of different FR2 power classes, because of different application scenarios assumptions.
Thirdly, extra SNR loss due to unideal orthogonal signals of the two MIMO streams also impacts on MIMO throughput performance. For case study, we select one antenna module placement example as Figure 1, which is referred to one of released 5G NR FR2 commercial phones. 
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Figure 1. Case study of one antenna module placement example.
And then, 3 UE orientations in TS 37.544 [2] are selected and analyzed, as Table 3.

	DUT type and dimensions
	Testing condition
	DUT orientation angles
	Diagram
	SNR Loss (dB)

	Handset, tablet, CTIA reference antennas
	XZ plane or L0
	Ψ=90;
Θ=0;
Φ=0
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	Handset, tablet, CTIA reference antennas
	Free space data mode screen up (FS DMSU) or
YZ plane or Face Up
	Ψ=0;
Θ=-90;
Φ=0
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	Handset, tablet
	Free space data mode portrait (FS DMP)
	Ψ=0;
Θ=-45;
Φ=0
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Table 3. Extra SNR loss analysis for 3 selected UE orientations 
due to unideal orthogonal signals of the two MIMO streams.
Observation3: Extra SNR loss due to unideal orthogonal signals of the two MIMO streams further impacts on MIMO throughput performance.

Furthermore, even if LTE antenna has fundamental wider spherical coverage as mentioned; however, some test positions exception are allowed during Total Radiated Multi-antenna Sensitivity (TRMS) calculation. One of reasons would be there is no ideal omni-direction radiation pattern in commercial device, some nulls of antenna radiation pattern are expected.
Observation4: It allows some test positions exception of LTE MIMO OTA TRMS calculation.

After considering practical UE FR2 limitations, we propose FR2 MIMO OTA about UE orientation and positions shall allow some exceptions for MIMO OTA performance judgement as Table 4:
	
	Exception rule
	Conceptual example

	UE orientation
	To have general exception quota for MIMO OTA pass/fail judgement; and the quota is FFS, but > 0.
	Assume 3 default UE orientations are defined, it may allow 1 UE orientation can fail TRMS requirement.

	Test position

step1
	Only test the positions, that the main cluster group(s) direction is belong UE EIRP spherical coverage %-tile definition area. The criteria of main cluster group(s) definition is FFS.
	Assume FR2 PC3 device, only test the positions while the main cluster group(s) direction is among UE EIRP CDF 50%-tile to 100%-tile area. 
After the exception, for example, only test 11 of 12 default test positions. (*)
(*) assume 12 default test positions is defined.

(*) assume main cluster group (s) is not among the spherical coverage area at 1 test position. 

	Test position 
step2
	To have general exception quota for MIMO OTA performance index calculation; and the quota is FFS, but > 0.
	After above step 1 example, it may allow 2 test position exception (**) from the selected 11 test positions for TRMS calculation. 
(**) assume the general exception quota for calculation is 2.


Table 4. Exception rule proposals and examples overview for different test phases.

Proposal1: To have general exception quota for UE orientations about final FR2 MIMO OTA pass/fail judgement, and the quota is FFS, but > 0.
Proposal2: For FR2 MIMO OTA test, only test the positions, which the main cluster group(s) direction of channel models is among UE EIRP spherical coverage %-tile definition area. The criteria of main cluster group(s) definition is FFS.
Proposal3: To have general exception quota for test positions about FR2 MIMO OTA performance index calculation, and the quota is FFS, but > 0.
After considering overall test items and exception rules would be relative, we further propose: 

Proposal4: To define default UE orientations for FR2 MIMO OTA test and general exception quota for UE orientations as one package.
Proposal5: To define default test positions for FR2 MIMO OTA test, spherical coverage criteria for test positions exception judgement, and general exception quota for test positions as one package.
3
Conclusion
FR2 MIMO UE orientations and test positions proposals are summarized as below.
Proposal1: To have general exception quota for UE orientations about final FR2 MIMO OTA pass/fail judgement, and the quota is FFS, but > 0.

Proposal2: For FR2 MIMO OTA test, only test the positions, which the main cluster group(s) direction of channel models is among UE EIRP spherical coverage %-tile definition area. The criteria of main cluster group(s) definition is FFS.

Proposal3: To have general exception quota for test positions about FR2 MIMO OTA performance index calculation, and the quota is FFS, but > 0.

After considering overall test items and exception rules would be relative, we further propose: 

Proposal4: To define default UE orientations for FR2 MIMO OTA test and general exception quota for UE orientations as one package.
Proposal5: To define default test positions for FR2 MIMO OTA test, spherical coverage criteria for test positions exception judgement, and general exception quota for test positions as one package.
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