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1 Background
It has been agreed in RAN4 #91 [1] that to reuse the FS DMP, FS DML, and FS DMSU for NR FR1 MIMO OTA testing, the DUT azimuthal rotation shall be performed over 360 degrees per orientation in 30-degree steps (12 total positions). Besides, rotating DUT during the testing shall be adopted for FR2 NR MIMO OTA. However, how to rotate the DUT and how to choose potential test directions while considering the number of test points is FFS. In addition, feasible SNR ranges for FR2 MIMO OTA testing also needs to be investigated. The issues above are captured in WF [2]. This contribution provides our views on the topics above.
2 Discussion
UE orientation and number of test points
It has been proposed in [3]-[4] to test for FR2 NR MIMO OTA within EIS spherical coverage. However, different UEs may have different spherical coverage properties. Some examples of EIS spherical coverage have been shown below in Fig. 1, where significant discrepancies in EIS spherical coverage can be observed among UEs. Therefore, the test points can vary between device to device, which eventually causes difficulty in standardizing the number of probes and placement of probes. Also, such a measurement method may lead to an additional EIS spherical coverage test prior to the MIMO OTA test, which could increase the measurement time in the end.
Observation 1: The EIS spherical coverage varies from device to device in FR2.
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Fig. 1. The EIS spherical coverage of three different UEs.

UE orientations in the OTA test shall be able to reflect the UE positions in real life. Considering that FR2 bands are mainly for high throughput communications, the UE will most likely be held in DMP (Data Mode Portrait position) and DML (Data Mode Landscape position). Therefore, those two positions shall be taken as prior cases to be studied. Rotation over the azimuth plane shall also be included to test the UEs in different spherical coverage conditions.
The number of rotation points needs to be further discussed. However, it is worth noting that with current agreed MIMO OTA test setup in FR2, the MIMO performance of DUT mainly depends on its dual-polarization performance. For FR2 antennas in a handheld mobile device, each antenna panel typically has semi-hemispherical coverage, where good dual-polarization performance generally is obtained around the center part of each hemisphere coverage and degraded at the outer edges of the covered space. Therefore, for each antenna panel in a UE, a few test points within the hemisphere shall be sufficient to test.
Proposal 1: Test the UE in FS DML, and FS DMP for FR2, rotation with limited number of test points.

The following simulation of a UE rotating over the horizontal plane has been carried out to elaborate on the proposal above: the channel capacity of a UE with a 4x1 linear patch array at 28 GHz is simulated under the NR UMi CDL-A in FR2 [5], which is shown in Fig. 2. Seven beams are used for the UE, and the UE is composed of a practical phone form factor with roughly 150mm x 70mm size. A BS beam is also included in the simulation with its center towards the strongest cluster. The SNR through the contribution is defined as the averaged SNR between the two polarizations in the center of the DUT, and is set to be 10 dB here. The UE is placed in FS DMP and rotated over the azimuth plane with 72 steps (5º per step) and 12 steps (30 º per step). It can be observed that the capacity variation over the azimuth plane can be fully captured with only 12 steps, and the channel capacity remains stable within the spherical coverage.
 [image: ]          [image: ]
Fig. 2.  The simulation setup under UMi CDL-A, and the average channel capacity over azimuth plane at SNR = 10 dB.

The simulation above takes the rotation over azimuth plane into account. LTE MIMO OTA and NR MIMO OTA in FR1 is 2D, and thus only azimuth plane rotation is sufficient.  However, it is still unclear if it is valid for FR2. The benefit of 2D vs. 3D in terms of MIMO OTA performances in FR2 should be further studied.  
Observation 2: The benefit of 2D vs 3D in terms of FR2 MIMO OTA performances is unclear.

Feasible SNR ranges in FR2 MIMO OTA. 
The average channel capacity at SNR levels of 0 dB, 10 dB, and 20 dB is presented in Fig. 3 based on the same simulation setup as in Fig. 2, where the SNR is defined in the center of the DUT. 

For LTE MIMO OTA test, the requirement is to start the test at 30 dB SNR at the DUT, and the throughput is measured along with the increased noise at the DUT. As a general observation, LTE devices typically reach 70% throughput at SNR level higher than 20 dB [6]. However, it will be tough at FR2 to reach such SNR levels at the DUT location, especially in case we keep on talking about FF criteria even for MIMO OTA. The range length of the OTA setup mainly determines the SNR at the DUT location. Max SNR level shall be defined to properly dimension the OTA system setup in terms of the distance between DUT and measurement antennas.
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Fig. 3.  The average channel capacity over azimuth plane at SNR = 0, 10, 20 dB.

Observation 3: The SNR at the DUT location is mainly determined by the range length of the OTA setup. Max SNR level shall be defined in order to properly dimension the OTA system setup in terms of distance between DUT and measurement antennas
Channel model impact on DL MIMO performance
In current FR2 test setup, the BS beam is fixed towards the strongest cluster. Some concerns have been addressed previously regarding this test case [4], [7]-[8].  In our simulations, it has been observed that the strongest cluster is dominating the MIMO performance of the DUT with this test setup. A comparison of channel capacity between all the clusters and only the strongest cluster in the NR Umi CDL-A model is shown in Fig. 3. The simulation setup is the same as the simulation in Fig. 2. From the results, we can observe a very similar channel capacity curve with all clusters and only one strongest cluster. Similar conclusions can be observed with other channel profiles as well. Therefore, the strongest cluster dominates the performance in the DL MIMO performance. 
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Fig.3.  The average channel capacity with all clusters and with only the strongest cluster 

Observation 4: Test MIMO performance is dominated by the strongest cluster due to the spatial filter of BS. 
3 Conclusion
In this contribution, the UE orientation and number of test points have been discussed, the following observations and proposal are given:
Observation 1: Test EIS spherical coverage varies from device to device in FR2.

Observation 2: The benefit of 2D vs 3D in terms of FR2 MIMO OTA performances is unclear.

Observation 3: The SNR at the DUT location is mainly determined by the range length of the OTA setup. Max SNR level shall be defined in order to properly dimension the OTA system setup in terms of distance between DUT and measurement antennas

Observation 4: Test MIMO performance is dominated by the strongest cluster due to the spatial filter of BS. 

Proposal 1: Test the UE in FS DML, and FS DMP for FR2, rotation with limited number of test points.
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