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1 Background
In RAN4 #92bis the UE orientation and number of test points for FR2 MIMO OTA were discussed, and the following information was captured in the WF [1]:
· 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 contribution, we will express our further view on the issues above. 
2 Discussion
Orientations for FR2 MIMO OTA static testing

Whether to adopt the whole 3D rotation will depend on the importance of evaluating multiple antenna reception in vertical planes. The NR system in FR2 has beamforming on both gNB side and UE side, which has also been imitated by the NR MIMO test: the strongest beam from the gNB is aligned with the strongest cluster in the channel during the test. Such a setup results in the test being similar to a single link test scenario. 
In order to elaborate on the point above, the following simulations of a UE rotation over 3D sphere have been carried out: the channel capacity of a UE with a 4x1 linear patch array at 28 GHz is simulated under the NR UMi CDL-C and NR InO CDL-A in FR2 [2]:
· In the simulation, seven beams are used for the UE with dual-polarization of each beam, and the UE is composed of a practical phone form-factor with roughly 150mm x 70mm. The 4x1 antenna array with dual polarization is an assumption that has been commonly used in FR2 UR RF discussion, for example peak EIRP [3]. Therefore, we think the MIMO OTA test setup discussion can also use it as a baseline. 
· A BS beam from a dual-polarized 8x16 array is included in the simulation, centered towards the strongest cluster. The SNR is defined as the SNR, averaged over two orthogonal polarization modes, experienced by DUT located at the center of the quite zone and equipped with an isotropic antenna. The SNR is set to be 9 dB here. The UE is rotated over the whole 3D sphere in the simulations. The roll, pitch, and yaw angles are the Euler angles as defined in Appendix E in [4].
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Fig. 1 The channel capacity over 3D rotation of the UE in (a) the NR FR2 UMi CDL-C, (b) the NR FR2 InO CDL-A, and c) the antenna gain spherical coverage with LOS aligned with the direction of the strongest cluster. In the left column, the roll and pitch angles are set to 0 and -90 degrees, respectively. The yaw angle is always zero degrees.

From the simulation results in Fig. 1, it can be observed that the spatial distribution of channel capacity in both test scenarios is highly similar to the UE antenna gain spherical coverage (see Fig. 1(c)). Therefore, a scan over the whole 3D sphere for the MIMO throughput might be redundant, since the UE spherical coverage for both Tx and Rx are tested.
Observation 1: 	The spatial distribution of the MIMO channel capacity is similar to the spherical coverage of the UE antenna gain.
Proposal 2: 	The NR MIMO OTA test does not need to cover the whole 3D sphere. 

Potential UE orientations and rotation steps
Comparing the spherical coverage of the UE, the MIMO OTA test can also verify the RANK-2 receiver performance and dual-polarization isolation on the antenna performance. The receiver performance shall be constant on all the directions, but the isolation and balance between the two polarizations of the antenna change. Typically, in the boresight of each antenna panel, a good isolation and power balance can be achieved. However, the performance degrades when the angle off from the boresight is too high, e.g., the end-fire direction of the antenna panel. Moreover, the spherical coverage of an antenna panel is not typically the same on the vertical plane and horizontal plane, so it may need to be tested over two cuts. Therefore, our conclusion is that testing the UE over one horizontal cut and one vertical cut should be enough to capture the DL MIMO performance in FR2. 

To avoid that the two cuts are dropped out the spherical coverage region of the UE, it is possible to start the rotation from the EIS peak direction of the UE. Such a result will be anyway tested in UE RF requirement and can be declared by UE vendors during the OTA test. 

Observation 2: 	Further study whether it is sufficient to test MIMO OTA performance over one horizontal cut and one vertical cut.  

Observation 3: 	To ensure the measured cuts are within the UE spherical coverage, the test can be started from the EIS peak direction based either on the UE RF test outcome or UE vendor declaration. 

The number of test points have been addressed in the contribution in [4] and [5]. Here we provide some further views. As we have discussed above, the MIMO performance of a dual-polarized antenna panel degrades when the spatial angle is too far off from the boresight direction. A linear 4x1 patch array can usually cover a spatial region of roughly 150º on one plane and 90º on the other plane. Therefore, a step with 45º, which can ensure at least two test points drop into the spherical coverage of a single antenna panel, should be enough. Simulations of a UE rotated over horizontal plane with different number of test points have been plotted to elaborate the comments above (Fig. 2). The simulation setup is the same as in the previous section. It can be observed in Fig. 2: with 45 º step (8 test points), it is sufficient to capture the variation of the channel capacity over the horizontal rotation. 
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Fig. 2.  The average channel capacity over azimuth plane with different number of test points


Proposal 3: 	Use 45 º as the step size in the test. 

Feasible dynamic range ranges in FR2 MIMO OTA. 
In FR2 MIMO OTA, the noise limited test case has been agreed to be the baseline. The dynamic range is limited by the test distance especially in case we keep on talking about far field criteria even for MIMO OTA. The range length of the OTA setup mainly determines the dynamic range at the DUT location. The dynamic range shall be defined to properly dimension the OTA system setup in terms of the distance between DUT and measurement antennas.

Observation 4: 	The dynamic range at the DUT location is mainly determined by the range length of the OTA setup. 

3 Conclusion
In this contribution, the roataion of in vertical plane in FR2 MIMO OTA test, the UE orientation, and number of test points have been discussed, the following observations and proposal are given:
Observation 1: 	The spatial distribution of the MIMO channel capacity is similar to the spherical coverage of the UE antenna gain.
Observation 2: 	Further study whether it is sufficient to test MIMO OTA performance over one horizontal cut and one vertical cut.  

Observation 3:  To ensure the measured cuts are within the UE spherical coverage, the test can be started from the EIS peak direction based either on the UE RF test outcome or UE vendor declaration. 

Observation 4: 	The dynamic range at the DUT location is mainly determined by the range length of the OTA setup. 

Proposal 1:      Using the same UE antenna assumption as in FR2 UE RF discussion as a baseline to analyze the orientations for FR2 MIMO OTA static testing.

Proposal 2: 	The NR MIMO OTA test does not need to cover the whole 3D sphere. 

Proposal 3: 	Use 45 º as the step size in the test. 
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