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1	Introduction
In RAN4#91 meeting, the enviromental conditions for NR FR1 MIMO OTA were discussed [1] [2]. And the following agreements were reached in [3] on the test environmental conditions: 
· The environmental conditions:
· FR1:
· Option 1: UE noise-limited;
· Option 2: Interference-limited;
· Option 3: Hybrid condition;
· FR2:
· FR2: noise-limited environment is the baseline test. Interference-limited environment is not precluded.
· Further study the environmental conditions for FR1, the goal is to select only one environmental condition for FR1 NR MIMO OTA.
In this paper, we provide our views on enviromental conditions for NR FR1 MIMO OTA testing.
2	Dicussion
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 the last meeting, another option of hybrid condition was proposed in [1] and it was agreed to select only one environmental condition among UE noise-limited, interference-limited and hybrid conditions. From the discussion, we can observe that companies have the same underestanding on harmonizing environmental conditions among standard organizations is benefic to industry. In CTIA, there is no concludion on the enviromental conditions for FR1 NR MIMO OTA discussion, which means both noise-limited and interferference-limited conditions can be selected. However, considering the workplan in NR MIMO OTA testing and the timeline of 5G NR commercialization, we should make the decision on FR1 environmental condition in 3GPP as soon as possiable.
[bookmark: _Hlk16893345]Oberservation 1: Harmonizing environmental conditions among standard organizations is benefic to industry. Considering the SI workplan and the status of other standard organizations, we should make the decision on FR1 environmental condition in 3GPP as soon as possiable.
With that, our views are provided on the three options as follows.
2.1	Interference-limited condition
In LTE MIMO OTA discussion, the test 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, and detail of test plan and the test results can be found in GSMA LS [3]. 
From the test results of 3GPP and CTIA methods, 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.
Observation 2: Interference-limited condition is not possible to distinguish between good and bad performing devices due to low variance of the results. While noise-limited method is feasible to distinguish the differences between devices and bands.
Moreover, the possibility of reusing the LTE MIMO chamber for FR1 NR MIMO OTA was discussed in RAN4. Currently, the layout is under discussion. But if the similar layout of LTE MIMO chamber (probes ring) is selected, then it is possible to use the same chamber for both LTE and NR OTA testing which will save the testing cost. In this case, if interference-limited condition is selected for NR, that means the chamber should support noise-limited for LTE and interference-limited conditions for NR in some labs. However, due to need setting different signal and noise level, there is a problem of switching back and forth between two environmental conditions. For example, in interference-limited condition, a high signal strength is needed in the test volume while to limit the noise level, a lower signal strength is needed for noised-limited condition. That means the amplifiers gain must be changed by manual approach or power control unit when switching between two environmental conditions. And the re-calibration procedure is needed which might introduce more complexity and uncertainty for the testing.
Observation 3: Switching between noise-limited and interference-limited in MPAC might introduce more complexity and uncertainty for the testing. 
2.2	Hybrid condition
Considering the large frequency range of FR1 (450MHz~7.125GHz), hybrid environmental condition is proposed in [1]. The hybrid 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 think is a good option to solve the issues for the current environmental conditions. But it seems if we select this option, we need more time to study the detail and run measurements based on it which will lead to the delay of this SI
Observation 4: If we select hybrid condition for FR1 NR MIMO OTA, more time is needed to study the detail and run measurements which will lead to the delay of NR MIMO OTA SI. 
2.3	Noise-limited condition
With above observations, it looks like noise-limited condition is a good choice and selecting this option can also finalize the test methodology for FR1 NR MIMO OTA on schedule. Moreover, given the absence of TRP/TIS testing discussion in 3GPP, noise-limited condition is a good compromise between including the antenna gain, antenna efficiency, and MIMO performance.
Proposal 1: The option of noise-limited condition is selected as the environmental 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:
Oberservation 1: Harmonizing environmental conditions among standard organizations is benefic to industry. Considering the SI workplan and the status of other standard organizations, we should make the decision on FR1 environmental condition in 3GPP as soon as possiable.
Observation 2: Interference-limited condition is not possible to distinguish between good and bad performing devices due to low variance of the results. While noise-limited method is feasible to distinguish the differences between devices and bands.
Observation 3: Switching between noise-limited and interference-limited in MPAC might introduce more complexity and uncertainty for the testing. 
Observation 4: If we select hybrid condition for FR1 NR MIMO OTA, more time is needed to study the detail and run measurements which will lead to the delay of NR MIMO OTA SI. 
[bookmark: _GoBack]Proposal 1: The option of noise-limited condition is selected as the environmental condition for FR1 NR MIMO OTA.
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