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1	Introduction
In RAN4#92 meeting, the enviromental conditions for NR FR1 MIMO OTA were discussed in [1-5]. And the following agreements were reached in [6] on the test environmental conditions: 
· The Environmental condition for FR1:
· Continue the discussion on the open issues for UE noise-limited and SNR controlled environmental condition until Nov RAN4 meeting.
· Select one of metrics above by the Nov RAN4 meeting 
· SI outcome will recommend the selected metric for test cases metric in the WI phase
· Further study the environmental conditions for FR1, the goal is to select only one environmental condition for FR1 NR MIMO OTA.
· Companies are encouraged to provide measurement results or simulations
In LTE MIMO OTA, noised-limited and interference-limited were used for 3GPP and CITA respectively. In NR MIMO OTA SI, the pros and cons of these two options were extensively discussed but no conclusion were reached. In this paper, we further provide our views on test conditions for NR FR1 MIMO OTA testing.
2	Dicussion
2.1	Interference-limited condition
In LTE MIMO OTA discussion, the tests aimed to find which MIMO testing method between 3GPP and CTIA can be used by the industry to identify MIMO OTA performance differences between devices was performed by operators. In that test, 10 commercial smartphones from 2016 and 2 commercial smartphones from 2013 have been selected. The study is to test MIMO OTA performance with all 10 devices using 3GPP (UMi) and CTIA (UMa) methods in anechoic chamber, the detail of test plan can be found in LS from GSMA to CTIA and the test plan below has been used [6]: 
· Test MIMO OTA with all 10 devices using 3GPP (UMi) and CTIA (UMa) methods in DMP mode in Free Space by using anechoic chamber test environment
· Test outage points: 95%,75%,70%,65%,45% 
· Test MIMO OTA by swapping the channel models i.e. 3GPP with UMa and CTIA with UMi
· Determine time duration of testing for each method per band
· Execute the tests in middle channel of LTE bands FDD 7 and FDD 20
From the test results, it can be observed that the CTIA method was not possible to distinguish between good and bad performing devices due to low variance of the results. The spread among the tested smartphones is within 2dB and the deviations were within measurement uncertainty. While with the 3GPP method we saw at least 10 dB difference between devices. Therefore, 3GPP method is feasible to identify the difference of  MIMO OTA performance. In order to understand if the channel model has any impact on MIMO performance of each method used, channel models, i.e. CTIA with UMi and 3GPP with UMa were swapped for further evaluation. The test results show that changing of the channel model is only equivalent to adding an offset. 
Observation 1: Interference-limited condition is not possible to distinguish between good and bad performing devices due to low variance of the results. The spread among the tested smartphones is within 2dB and the deviations were within measurement uncertainty. While noise-limited method is feasible to distinguish the differences between devices and bands.
As we known, with interference-limited test condition, antenna gain and antenna efficiency will not directly impact the required SIR to reach the particular MIMO throughput since the signal and interference power are set tens of dB above the UE noise floor. Therefore, the controlled SIR at UE antenna side will be the same as SIR at the baseband. Moreover, from the above test results, we can figure out that interference-limited test condition is not sensitive to the antenna correlation since only a UE with highly correlated received antenna will not be able to demodulate the rank 2 MIMO signal. Then, only MIMO performance difference, i.e. 2dB difference in the test results, can be verified under interference-limited test condition while it has been tested in the demodulation test cases with conducted mode. 
Observation 2: Antenna gain and antenna efficiency will not directly impact the required SIR to reach the particular MIMO throughput in interference-limited test condition. And interference-limited test condition is not sensitive to the antenna correlation since only a UE with highly correlated received antenna will not be able to demodulate the rank 2 MIMO signal.
Observation 3: Only MIMO performance can be verified under interference-limited test condition while  it has been tested in the demodulation test cases with conducted mode.
2.2	Hybrid condition
Hybrid environmental condition was proposed in [1] and this test condition could combine the properties of noise-limited and interference-limited environmental conditions by using fixed artificial noise level and dynamic controlled the signal power. We should note that the hybrid condition has been used for FR2 OTA demodulation testing which is “virtual cable” methodology to verify the baseband performance but not antenna performance. With 6dB higher Noc level setting as in FR2 OTA demodulation testing, hybrid condition has similar sensitivity to the antenna metric as interference-limited test condition. 
Observation 4: Hybrid condition has been used for FR2 OTA demodulation testing which is “virtual cable” methodology to verify the baseband performance but not antenna performance. And this test condition has similar sensitivity to the antenna metric as interference-limited test condition.
2.3	Noise-limited condition
With above observations, it looks like noise-limited condition is a good choice and selecting this option can test the antenna gain, antenna efficiency, and MIMO performance for FR1 MIMO OTA.
Proposal 1: The option of noise-limited condition is preferred as the test condition for FR1 NR MIMO OTA.
3	Conclusion
In this paper, we provide the views on the three options of enviromental conditions for NR FR1 MIMO OTA testing. The following observations and proposal are given:
Observation 1: Interference-limited condition is not possible to distinguish between good and bad performing devices due to low variance of the results. The spread among the tested smartphones is within 2dB and the deviations were within measurement uncertainty. While noise-limited method is feasible to distinguish the differences between devices and bands.
Observation 2: Antenna gain and antenna efficiency will not directly impact the required SIR to reach the particular MIMO throughput in interference-limited test condition. And interference-limited test condition is not sensitive to the antenna correlation since only a UE with highly correlated received antenna will not be able to demodulate the rank 2 MIMO signal.
Observation 3: Only MIMO performance can be verified under interference-limited test condition while  it has been tested in the demodulation test cases with conducted mode.
Observation 4: Hybrid condition has been used for FR2 OTA demodulation testing which is “virtual cable” methodology to verify the baseband performance but not antenna performance. And this test condition has similar sensitivity to the antenna metric as interference-limited test condition.
Proposal 1: The option of noise-limited condition is preferred as the test condition for FR1 NR MIMO OTA.
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