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Introduction

The Study Item on NR MIMO OTA was approved in RAN #80 with the following objective specific to FR1 [1]:

-	A study to define the environmental conditions is needed
-	Noise-limited and interference-limited (with spatial interference emulation) scenarios shall be considered
-	Considering the definition of interference conditions e.g. coloured by in-channel frequency allocation, space and time
-	Maintaining alignment with the corresponding baseband demodulation test case parameters in [TS38.101-4] as much as possible
…
-	For testing methodology in FR1
-	Use the reference MPAC MIMO OTA methodology and the harmonized RTS methodology in TR37.977, extend the applicability of the LTE MIMO OTA methodology to NR FR1
-	Use the performance metric based on the LTE MIMO OTA performance metrics in TS37.144 and CTIA MIMO OTA Test Plan as a starting point such that
-	The DUT configuration, DUT positions (FS DMP, FS DML, FS DMSU), and DUT azimuth positions should be reused where possible
-	Support up to 100 MHz CBW
-	Support UE operating frequency in the range of 450 MHz – 6000 MHz


With TR38.827 as the repository of key agreements [2], a number of intermediate agreements have guided progress on the FR1 MIMO OTA methodology development. Our views on this topic were provided in [3]. This contribution provides further views on the environmental conditions applicable to FR1 MIMO OTA test setup.
Discussion
Throughput vs. SIR test methodology is targeted to evaluate the MIMO specific performance on the device.  In Throughput vs. SNR measurements, we fix the downlink power to a high value and inject the noise in the system. In doing so we evaluate the device baseband radio and decoder performance for MIMO. The performance in such cases is not limited by the sensitivity of the device and can provide better understanding of MIMO specific performance. 

In throughput vs. power measurements, the downlink power level is reduced and the throughput performance is evaluated. This type of testing captures the antenna efficiency, sensitivity and MIMO features of the device. This test methodology does not isolate the impact of SISO from MIMO on the devices and hence does not provide any new insight into the MIMO specifics of the device.

The main objective here is to have a test methodology that evaluates the MIMO performance of the device. Also spatial multiplexing is predominantly seen only in regions of high SNR; therefore testing in such environments gives a more representative performance of the device in the field. Interference limited test will be a better methodology to evaluate the spatial multiplexing (Rank 2) performance of the device.
When the device is in low SNR regions, spatial diversity could be either better or comparable to spatial multiplexing performance. Testing the device in Rank 1 (Rx Diversity) mode in UE noise limited environments, will provide a good insight into the antenna performance as well as conducted sensitivity. In low SNR regions, spatial diversity would be either better or comparable to spatial multiplexing performance. Hence testing in Rx diversity mode for noise limited test case is more aligned with the field performance of the device.
Following observations and analysis are made for UE that supports both LTE and NR FR1: 
The current LTE test scope with UE noise limited test methodology provides a good insight into the SISO impacts on the device (antenna efficiency and conducted sensitivity).  We also need to evaluate the MIMO specific performance of the device eliminating the SISO impact. For the NR FR1 re-farmed bands we propose evaluating spatial multiplexing (Rank 2) feature of the device in interference limited test methodology. This way we have a more holistic performance evaluation.

For the new NR FR1 bands (>3.3GHz), we propose to define two test methodologies. The first method is interference limited for Rank 2 (spatial multiplexing) MIMO OTA performance evaluation and the second method is UE noise limited test case for Rank 1 (Rx Diversity). The first method provides an overview of the MIMO performance while the second method provides an understanding of the SISO performance. 

Since the UE noise limited test methodology tracks the TRS (SISO) performance which is more of a reflection of the antenna efficiency [7], rather than the MIMO receiver performance, the performance of the device is frequency dependent.  Hence the test coverage for UE noise limited case for Rank 1 (Rx Diversity) should target frequency ranges (low band, mid band and high bands). Hence we propose to use subset of the band coverage for Rank 1 OTA performance evaluation rather than each supported band.

For UE that supports only NR FR1 or NR FR1 and FR2, we propose interference limited test methodology for Rank 2 (spatial multiplexing) OTA performance evaluation and UE noise limited test methodology for Rank 1 (RX Diversity) with a subset of bands that covers low/mid/high frequency ranges. This provides the overall system performance that encompasses the antenna efficiency, conducted sensitivity and MIMO receiver performances. 

With Throughput vs. SNR test methodology for Rank 2 also helps to align with CTIA and reduces the time and certification efforts. In the case of LTE, the outcome related to this topic resulted in the fragmentation of the conformance certification ecosystem across two test environment conditions (UE noise limited and SNR controlled).  3GPP RAN4 ultimately chose the UE noise-limited environment [5], while CTIA defined the SNR control method in their MIMO OTA Test Plan [6].
Fragmentation in the conformance certification ecosystem for FR1 MIMO OTA is highly undesirable from the point of view of enabling rapid adoption of 5G NR.
Proposal 1: For UE that supports both LTE and NR FR1, we propose to use the current test methodology for LTE test scope with UE noise limited. For the re-farmed NR FR1 bands use the interference limited test methodology. This covers both the SISO as well as the MIMO specific performance for the device.
Proposal 2: For UE that supports both LTE and NR FR1, we propose to define two test methodologies for new NR FR1 bands (>3.3GHz). The first method is interference limited for Rank 2 OTA MIMO performance evaluation and the second method is UE noise limited test case for Rank 1 with a subset of the bands that covers low/mid/high frequency ranges.
Proposal 3:  For UE that only supports NR FR1, we propose interference limited test methodology for Rank 2 (spatial multiplexing) OTA performance evaluation and UE noise limited test methodology for Rank 1 (RX Diversity) with a subset of bands that covers low/mid/high frequency ranges.

Further discussion can be helpful to define the parameters of both test methodologies, and an agreement on the principles can help steer this progress.
Conclusions
Based on the analysis provided in this paper, the following proposal can be made:

Proposal 1: Use the current test methodology for LTE test scope with UE noise limited. For the re-farmed NR FR1 bands use the interference limited test methodology. This covers both the SISO performance (antenna efficiency and conducted sensitivity) as well as the MIMO specific performance for the device.
Proposal 2:  Define two test methodologies for new NR FR1 bands (>3.5GHz). The first method is interference limited for Rank 2 OTA MIMO performance evaluation and the second method is UE noise limited test case for Rank 1.
Proposal 3:  For UE that only supports NR FR1 bands, we propose interference limited test methodology for Rank 2 (spatial multiplexing) OTA performance evaluation and UE noise limited test methodology for Rank 1 (RX Diversity) with a subset of bands that covers low/mid/high frequency ranges
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