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Introduction
Progress of the NR MIMO OTA study item include agreements for scenarios to be analyzed, BS antenna assumptions, channel model assumptions and how to approach scaling [1-4]. While we have discussed performance metrics and testing methodologies for both FR1 and FR2, no agreements have been reached for which method or condition to use. In this contribution we provide views on the general FR2 MIMO OTA test setup and selected test methodologies aspects.
Discussion
Noise vs Interference limited conditions
Rel-15 NR UE demodulation requirements focus on baseband performance verifications and the spatial antenna characteristics are mainly tested using RF requirements (e.g. spherical coverage requirements). Rel-16 FR2 MIMO OTA requirements are expected to characterize the end-to-end UE performance and one of the key testability questions is whether the performance will be tested in a noise-limited, or interference limited condition. Under noise-limited conditions, the test system is expected to transmit the desired signal only. In contrast, in the interference-limited condition the test system will transmit both the wanted signal and additional artificial noise/interference. 

Discussions for what specific environment test condition, interference-limited or noise-limited, applies to FR1 have so far let both options open. Though, it is worth noting that some companies have expressed their preference for noise-limited condition as baseline [5-6]. The reasoning for this preference lies in the noise-limited condition being better at differentiating the UE’s antenna performance.

For FR2, a paper in last meeting [7] made a similar point regarding the impact of antenna properties. Considering the importance of the antenna performance (gain, spherical coverage, focus of beam) in FR2, it makes sense to use a noise-limited environment as the baseline test condition. Additionally, under noise-limited conditions (i.e. in case the test system does not transmit artificial noise and UE performance is limited by the internal UE RF noise) the testable SNR range can be higher than it is for interference-limited scenarios.

Observation 1: Though additional discussions are needed, a preference for noise-limited environment condition has been expressed for both FR1 and FR2.

While we believe it is too early to completely preclude the interference-limited environment, we can further discuss the additional benefits of this specific setup. Also, during Rel-15 studies the support of artificial noise (interference) modeling for RRM requirements was considered, and two options were evaluated: 
· Transmit artificial noise from the same probes as the useful signal
· Transmit artificial noise from multiple probes (i.e. spatially white noise). 

These two options will impact TE complexity and UE performance, and thus should be clarified before we can decide on an interference-limited environment.

Proposal 1: Prioritize noise-limited environment as the baseline test condition for FR2 NR MIMO OTA testing. Further discuss whether an interference-limited environment will be considered, along with potential details of the interference-limited setup (directive or spatially white noise transmission).
Test setup
As outlined in [7], we should address the following test setup and methodologies aspects in order to define the FR2 MIMO OTA requirements:
· Test directions
· SNR range

Test directions
Selection of test directions for MIMO OTA testing will have impact on the eventual performance. FR1 performance testing is done in the full spherical coverage. For FR2, UE performance may vary significantlly depending on the specific direction. In [7], it is suggested to perform tests within the UE’s spherical coverage. However, we should first discuss how to approach this and the potential impact this may have. We suggest aligning on the following points before deriving any conclusions:
· Number of test points: Performing the test within the spherical coverage may substantially increase test time; we should assess how feasible this is, based on the chosen number of test points.
· Spherical coverage map availability: To perform the test in the RX beam peak direction, or within the spherical coverage directions, an RF pre-test shall be conducted to identify valid directions.
· Channel model: Considering practical propagation conditions, the desired signals may not come from a single direction, so we need to further discuss the exact definition of the wanted signal’s angle of arrival. For example, in case we have a large AoA spread, we may find that some of the channel taps come from directions not corresponding to the UE spherical coverage. Therefore, discussions on how to address such cases are needed.
· SNR: Due to spatial directivity, the effective SNR in certain directions may be limited and RAN4 should take this into account while defining the tested directions.

Proposal 2: Further study how to choose potential test directions while considering the number of test points, the spherical coverage map availability, channel model, and impact on SNR range.

SNR range
Another factor we need to consider in FR2 OTA testing is the SNR range, as this one will have impact on the tested throughput performance. In Rel-15, testing was done in RX beam peak direction, which allowed us to achieve up to ~20dB SNR, assuming we use artificial noise transmission (interference limited setup). For FR2 MIMO OTA testing, it is important to identify a feasible SNR range, while considering the factors below:
· Noise or Interference-limited conditions: The effective SNR range in a noise-limited setup can be higher by ~6 dB and this may be one reason to prioritize a noise-limited setup.
· Test directions: Maximum SNR will be achieved in the RX beam direction. In case the testing is performed in other directions, the SNR range might be reduced.
· TE characteristics: The SNR range is largely driven by the test system characteristics, which include the probe transmit power and the test distance. So far, it is unclear if all test system parameters from Rel-15 setups can be reused.

Proposal 3: Further study feasible SNR ranges for FR2 MIMO OTA testing and how the ranges are impacted by noise or interference-limited conditions, set of tested directions, and test system characteristics.
UE antenna assumptions
Lastly, during RAN4 #90 we agreed that the single strongest beam (strongest cluster) would be used. While the intention behind this agreement is understood, this may be an issue if we assume an isotropic pattern for the UE. Considering the changes in orientation and direction the UE may experience, it is important to consider the actual UE antenna pattern of the UE. Also, to be fair to the UE, the BS should use more than one beam direction as proposed in [7]. Then, we can compare the outcome of the beams and keep the one that yields the best results. Of course, this may be an issue for the test time, but we should further discuss if more than one beam is feasible.

Observation 2: To be fair to the UE, we should consider its actual antenna pattern and discuss if it is feasible to use more than one transmitting beam from the BS.
Conclusions
In this paper, we presented our views on the general test setup for FR2 MIMO OTA, several aspects of test methodologies and important factors we can discuss moving forward. The following proposals and observations were made:
Observation 1: Though additional discussions are needed, a preference for noise-limited environment condition has been expressed for both FR1 and FR2.

Proposal 1: Prioritize noise-limited environment as the baseline test condition for FR2 NR MIMO OTA testing. Further discuss whether an interference-limited environment will be considered, along with potential details of the interference-limited setup (directive or spatially white noise transmission).

Proposal 2: Further study how to choose potential test directions while considering the number of test points, the spherical coverage map availability, channel model, and impact on SNR range.

Proposal 3: Further study feasible SNR ranges for FR2 MIMO OTA testing and how the ranges are impacted by noise or interference-limited conditions, set of tested directions, and test system characteristics.

Observation 2: To be fair to the UE, we should consider its actual antenna pattern and discuss if it is feasible to use more than one transmitting beam from the BS.
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