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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 are 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.


Observation 1: Spatial multiplexing is predominantly seen only in regions of high SNR; therefore testing in such environments give a more representative performance of the device in the field.
Observation 2:  When the device is in low SNR regions, spatial diversity could be either better or comparable to spatial multiplexing performance.
Observation 3: With Throughput vs. SNR test methodology for TM3 MIMO 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.
A measurement campaign was carried out to compare the performance of four devices with throughput vs. power and throughput vs. SNR metrics.
Test Configuration Settings
	Specifications	
	Parameters

	Channel Model
	UMi

	MCS 
	Test 1: MCS: TTI 0: 10, TTI 1-4: 11, TTI 6-10: 11
Test 2: MCS: TTI 0: 17, TTI 1-4: 18, TTI 6-10: 18
Test 3: MCS: TTI 0: 21, TTI 1-4: 22, TTI 6-10: 22

	No of Devices
	4

	MIMO Configuration
	2x2 

	Mode
	TM3
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Observation 4: The results from throughput vs. power and throughput vs. SNR tests performed under the similar channel conditions with varying MCS levels show significant 70% MTS (MIMO Throughput Sensitivity – RS EPRE corresponding to the 70% of the maximum throughput) delta in throughput vs. EPRE test methodology. This implies that a device performance for MIMO in high SNR regime is not captured by the EPRE test methodology since aside from MIMO unique performance features like antenna envelope correlation, MIMO conditioning, MIMO decoder the performance also depends on individual antennas efficiency and conducted sensitivity. The main objective is to have a test methodology that evaluates the MIMO performance and that can be projected to the behavior on high SNR. As a next step, performing measurements of the devices in spatial diversity mode and comparing the results would provide the required additional support to consider an SNR based methodology for MIMO performance evaluation.
Proposal 1: Companies are encouraged to provide measured data for the next meeting to help determine the best environment test conditions to evaluate MIMO performance of UEs, including design factors such as antenna envelope correlation, MIMO conditioning, and MIMO decoder performance. 

Proposal 2:  Based on the technical analysis of the merits of an SNR controlled test environment in LTE MIMO OTA, practical experience with MIMO performance evaluation, and a strong desire to harmonize the conformance certification ecosystem for FR1 MIMO OTA, it is proposed to adopt the SNR control method as the testing condition applicable to the FR1 MIMO OTA test setup.
Conclusions
Based on the analysis provided in this paper, the following proposal can be made:

Proposal 1: Companies are encouraged to provide measured data for the next meeting to help determine the best environment test conditions to evaluate MIMO performance of UEs, including design factors such as antenna envelope correlation, MIMO conditioning, and MIMO decoder performance. 

Proposal 2:  Based on the technical analysis of the merits of an SNR controlled test environment in LTE MIMO OTA, practical experience with MIMO performance evaluation, and a strong desire to harmonize the conformance certification ecosystem for FR1 MIMO OTA, it is proposed to adopt the SNR control method as the testing condition applicable to the FR1 MIMO OTA test setup.
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Test Specifications 
Channel Model: UMi
MCS: TTI 0: 17, TTI 1-4: 18, TTI 6-10: 18
Max Throughput: 35.424 Mbps


	Throughput
	Sample 1
	Sample 2
	Sample 3
	Sample 4

	95%
	-88.48
	-94.45
	-95.83
	-94.74

	90%
	-89.13
	-95.15
	-96.69
	-95.47

	70%
	-90.74
	-96.54
	-98.39
	-96.89
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Test Specifications 
Channel Model: UMi
MCS: TTI 0: 21, TTI 1-4: 22, TTI 6-10: 22
Max Throughput: 40.948 Mbps


	Throughput
	Sample 1
	Sample 2
	Sample 3
	Sample 4

	95%
	-86.53
	-93.05
	-93.87
	-92.79

	90%
	-87.18
	-94.12
	-94.72
	-93.52

	70%
	-88.58
	-95.41
	-96.45
	-95.02
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Test Specifications 
Channel Model: UMi
MCS: TTI 0: 10, TTI 1-4: 11, TTI 6-10: 11
Max Throughput: 15.614 Mbps

	Throughput
	Sample 1
	Sample 2
	Sample 3
	Sample 4

	95%
	-100.49
	-104.91
	-105.02
	-104.97

	90%
	-101.01
	-105.49
	-105.78
	-105.55

	70%
	-102.25
	-106.70
	-107.19
	-106.73
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Test Specifications 
Channel Model: UMi
MCS: TTI 0: 17, TTI 1-4: 18, TTI 6-10: 18
Max Throughput: 35.424 Mbps


	Throughput
	Sample 1
	Sample 2
	Sample 3
	Sample 4

	95%
	21.04
	19.32
	19.26
	19.96

	90%
	20.34
	18.47
	18.39
	19.26

	70%
	18.84
	17.28
	16.68
	17.91
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Test Specifications 
Channel Model: UMi
MCS: TTI 0: 21, TTI 1-4: 22, TTI 6-10: 22
Max Throughput: 40.948 Mbps


	Throughput
	Sample 1
	Sample 2
	Sample 3
	Sample 4

	95%
	23.10
	21.41
	21.16
	22.01

	90%
	22.40
	20.47
	20.28
	21.29

	70%
	20.93
	19.22
	18.61
	19.92
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Test Specifications 
Channel Model: UMi
MCS: TTI 0: 10, TTI 1-4: 11, TTI 6-10: 11
Max Throughput: 15.614 Mbps

	Throughput
	Sample 1
	Sample 2
	Sample 3
	Sample 4

	95%
	10.99
	9.94
	10.12
	10.36

	90%
	10.39
	9.22
	9.39
	9.77

	70%
	9.18
	8.14
	7.93
	8.61
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