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1	Introduction
The UE orientations and the number test positions for FR2 MIMO OTA were discussed in RAN4#92bis meeting [1-2]. Then the following two options were agreed in the WF [3].
· Orientations for FR2 MIMO OTA static testing
· Option 1: Non-3D sphere testing
· Define below items step-by-step:
· Step1. UE rotation
· Step2. potential UE orientations and rotation steps
· Option 2: 3D sphere testing
· The testing time should be considered when selecting the step size & spatial region in this option
In this paper, we provide the views on UE orientations and test positions for FR2 MIMO OTA.
2	Dicussion
Firstly, we want to provide the views on what’s the difference between MIMO OTA performance and EIS performance. In TR38810, the procedure of EIS measurement is defined in section 5.2.1.3.4. And EIS is determined by the EIS per polarization:
<Skip the steps >
3)	Establish a connection between the DUT and the SS with the downlink signal applied to the PolLink= θ-polarization of the measurement antenna.
4)	Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction.
5)	Determine EIS(PolMeas= PolLink= for θ-polarization, i.e., the power level for the θ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel.
6)	Switch the downlink to the PolLink=ϕ-polarization of the measurement antenna.
7)	Determine EIS(PolMeas= PolLink= for ϕ-polarization, i.e., the power level for the ϕ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel.
8)	Calculate the resulting averaged EIS as:
	EIS = 2*[1/EIS(PolMeas= PolLink= +1/EIS(PolMeas= PolLink=]-1
From the above test procedure, we can observe that the EIS for θ-polarization is tested when DL signal is transmitted by the test equipment through on θ-polarization. And EIS for ϕ-polarization is tested in the same way. That means the impact of cross-polarization isolation on MIMO performance will not be verified in EIS testing. 
Moreover, the isolation between two cross-polarizations might be different on different measurement grids. Therefore, based on our understanding, the MIMO OTA requirements are to verify the impact of antenna gain, antenna imbalance, and polarization isolation on the MIMO performance in FR2 which is different criterion compared with EIS spherical coverage performance.  Then we have the following observations:
Observation 1: The impact of cross-polarization isolation on MIMO performance will not be verified in EIS testing. 
[bookmark: _Hlk24126340]Observation 2: FR2 MIMO OTA requirements are to verify the impact of antenna gain, antenna imbalance, and polarization isolation on the MIMO performance in whole sphere which is different criterion compared with EIS spherical coverage performance. 
For two options on UE orientations, the main difference is FR2 MIMO OTA should be tested based on 3D or non-3D. In LTE MIMO OTA, for the reference MPAC methodology and the harmonized RTS methodology, the average TRMS of free space data mode portrait (FS DMP), free space data mode landscape (FSDML), and free space data mode screen up (FS DMSU) are specified. From our understanding, the intention of LTE MIMO OTA testing is to verify the 3D MIMO OTA performance. However, due to the wider antenna beam and spherical coverage in lower band, 3 UE orientations are good enough to reflect MIMO OTA performance in the whole sphere.
Table 1: UE orientations in LTE MIMO OTA
	DUT type and dimensions
	Testing condition
	DUT orientation angles
	Diagram

	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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	Handset, tablet
	Free space data mode landscape (FS DML)
	Ψ=90;
Θ=-45;
Φ=0 – left tilt
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[bookmark: _GoBack]While in FR2, the beam is narrow, and the MIMO performance depends on the UE implementation such as the antenna performance, antenna module number and module placement. Therefore, with non-3D sphere testing such as 3 UE orientations, the test directions are limited to cover whole sphere MIMO performance for FR2 UE. 
Observation 3: With non-3D sphere testing such as 3 UE orientations, the test directions are limited to cover whole sphere MIMO performance for FR2 UE.
Moreover, as we known, in LTE MIMO OTA, the following metric are used for position exception:
· For the reference MPAC methodology and the harmonized RTS methodology, if 1 azimuth position does not result in a defined measured sensitivity at 70% or 95% throughput, SMODE,70 or SMODE,95 are calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE PRS-EPRE-MAX (substitution approach) for the one missing result.  If 2 azimuth positions do not result in a defined measured sensitivity at 95% throughput, SMODE,95 is calculated using the 10 measured sensitivities and PRS-EPRE-MAX for the two missing results. If more azimuth positions result in undefined values for measured sensitivity at the 70% and/or 95% throughput, then the TRMS requirement for the corresponding throughput levels has not been met by such a device
If option 1 is applied for FR2 MIMO OTA testing, then as discussed in [1], the exception rule for UE test positions might need to be specified based on the UE EIS/EIRP spherical coverage map. While with the limited 3 or even 2 UE orientations, it is difficult to decide how many positions should be used to verify the requirements considering the spherical coverage is based on 3D sphere scan. Therefore, option 2 should be used for FR2 MIMO OTA testing. However, 3D-sphere scan approach will lead to an increase in testing time especially with small step size. With that, we have the following proposal: 
Proposal 1: Option 2 with 3D sphere testing is preferred for FR2 MIMO OTA static testing. Large step size, e.g. >[30 degree] should be used for FR2 MIMO OTA testing. 
3	Conclusion
In this paper, we provide the views on UE orientations and test positions for FR2 MIMO OTA. The following observations and proposal are given:
Observation 1: The impact of cross-polarization isolation on MIMO performance will not be verified in EIS testing. 
Observation 2: FR2 MIMO OTA requirements are to verify the impact of antenna gain, antenna imbalance, and polarization isolation on the MIMO performance in whole sphere which is different criterion compared with EIS spherical coverage performance. 
Proposal 1: Option 2 with 3D sphere testing is preferred for FR2 MIMO OTA static testing. Large step size, e.g. >[30 degree] should be used for FR2 MIMO OTA testing. 
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