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1. Introducion
In RAN4#90 meeting, the BS antenna pattern and channel model for NR MIM OTA were discussed. And WF on NR MIMO OTA including BS antenna assumption, channel model simulation assumption for CDL-A/CDL-C and scaling procedure was approved in [1]. In this paper, we further discuss test condition and test setup for FR2 NR MIMO OTA. 
2. Discussion
2.1 Test condition
In Rel-15, demodulation is tested on ‘virtual cable’ in which both signal and noise are transmitted from beam peak direction which is similar as interference-limited condition. To guarantee the SINR error between baseband and reference point within 1dB, the noise level shall be 6dB higher than UE thermal noise. In this case, the SNR at UE receiver is only related with ratio of signal and artificial noise level from the transmitting probe but is not impacted by antenna gain. Therefore, the UE antenna gain is not well verified in interference-limited condition.
While in noise-limited condition, antenna gain would directly impact the required power to reach a certain throughput. Moreover, as discussed in [2], noise-limited condition is also sensitive to the antenna imbalance and antenna correlation. Therefore, in Rel-16 FR2 NR MIMO OTA static testing, it is proposed to use noise-limited test condition as baseline.
Proposal 1: Use noise-limited test condition as baseline in FR2 NR MIMO OTA static testing.
2.2 Test setup
In LTE MIMO OTA testing [3], in each mode, 12 positions will be tested, and the average TRMS is calculated by the following equations:
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In FR2 demudualtion test, the signals come from the beam peak direction. But in FR2 MIMO OTA tesing, if 12 positions are also considered, it is not feasiable to test all the MIMO perforamnce under beam peak direction. Therefore, for FR2 MIMO OTA testing with static testing, the testing should be done within spherical coverage.
Proposal 2: The FR2 MIMO OTA testing with static testing should be done within spherical coverage.
If proposal 2 is apporved, the next question is how to select the direcions. For instance, if the constant step, i.e. 30 degree, is applied during the testing, some positions might not fall into the UE spherical coverage. Therefore, the method on how to select the test directions should be spcified for FR2 MIMO OTA testing.
Proposal 3: The method on how to select the test directions within spherical coverage should be specified for FR2 MIMO OTA tesing. And the following options can be considered:
· Option 1: select the positions with constant step, i.e. 30 degree. If the direction cann’t satisfy the sphiercal coverage RF requirements, then skip the step and continue to the next step. In this case, the number of test positions might be less than 12.
· Option 2: select the positions with random step to make sure all the 12 directions are within DUT’s sperical coverage.
· Other options are not excluded.

The SNR rang should also be considered when designing the test cases . In [4], the SNR range for fine beam with beam-peak or non beam peak direction was discussed. And the following SNR range in table 1 was provided when both signal and artificial noise are transmitting from probe.
Table 1: Maximum SNR with 50MHz for non-peak beam direction with fine beam
	
	n260
	n257

	Maximum SNR (dB)
	9.1
	21.3



And we should note that the SNR is derived under the assumption that the artificial noise power is 6dB higher than the UE thermal noise. Therefore, for noise-limited test condition which is without artificial noise transmitting, we can assume that the SNR is about 6dB higher than table 1.
Observation 1: For noise-limited test condition under noise free, the maximum SNR with 50MHz will be about 15dB and 27dB for n260 and n257 respectively.
2.3 Other issue
In [1], it was agreed to use the 1 transmitting beam for FR2 which is the strongest beam to the strongest cluster. As discussed in section 2.2, UE need rotate the directions when doting the test. But when UE changes the postion/rotating the directions, as described in Fig. 1, the better MIMO performance may come from weaker cluster while UE has stronger beamforming gain in this direction which is also observed in [5].
 


Fig 1. BS beamforming from different clusters 
Therefore, when selecting the codebook for the strongest BS transmitting beam direction, the isotropic UE antenna gain assumption might lead to wrong selection. Therefore, the UE antenna pattern and potential UE rotation should also be taken into account when deciding the BS transmitting beam.Observation 2: When selecting the codebook for the strongest BS transmitting beam direction, the isotropic UE antenna gain assumption might lead to wrong selection
Proposal 4: The UE antenna pattern and potential UE rotation should also be taken into account when deciding the BS transmitting beam. 
To overcome this issue, another solution is to introduce more than one BS transmitting beam (e.g. [2 or 3]) to cover all the possiable UE rotations with more angular spread.
Proposal 5: Consider more than one BS transmitting beam (e.g. [2 or 3]) as a possisble sulution to cover all the possiable UE rotations and UE antenna pattern.
3 Conclusion
In this paper, we provide considerations on test condition and test setup. We have the following observations and proposals:
Proposal 1: Use noise-limited test condition as baseline in FR2 NR MIMO OTA static testing.
Proposal 2: The FR2 MIMO OTA testing with static testing should be done within spherical coverage.
Proposal 3: The method on how to select the test directions within spherical coverage should be specified for FR2 MIMO OTA tesing. And the following options can be considered:
· Option 1: select the positions with constant step, i.e. 30 degree. If the direction cann’t satisfy the sphiercal coverage RF requirements, then skip the step and continue to the next step. In this case, the number of test positions might be less than 12.
· Option 2: select the positions with random step to make sure all the 12 directions are within DUT’s sperical coverage.
· Other options are not excluded.
Observation 1: For noise-limited test condition under noise free, the maximum SNR with 50MHz will be about 15dB and 27dB for n260 and n257 respectively.
Proposal 4: The UE antenna pattern and potential UE rotation should also be taken into account when deciding the BS transmitting beam. 
Proposal 5: Consider more than one BS transmitting beam (e.g. [2 or 3]) as a possisble sulution to cover all the possiable UE rotations and UE antenna pattern.
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