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1
Introduction
The detailed parameters including minimum number of slots per stream for NR MIMO OTA testing have been defined in the TR 38.827 v16.1.0 [1]. From testing time reduction perspective, a smaller minimum number of slots has also been proposed in [2].
In this paper, we use different number of slots for comparison test to further study whether the defined value is over considered. The latest measurement results are provided.
2
Discussion 
2.1
Minimum number of slots
During the MIMO OTA measurement, enough number of slot samples is required to average out the variations due to the fading channel. The setting of this parameter has direct impacts on the measurement uncertainty and testing time.

While using the 20s duration adopted by LTE MIMO, FR1 MIMO OTA test requires a larger number of slots samples for 30kHz SCS. Therefore, the minimum number of slots per stream for each test case for FR1 MIMO OTA is defined as below [3]:
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However, since the experimental data show that the 10000 subframes and 20000 subframes have almost the same results, document R4-2016227 pointed out that 10s duration is sufficient for LTE MIMO OTA testing. CCSA also adopts the configuration of 10k subframes in LTE MIMO OTA test. The standard was first released in 2015, including LTE MIMO OTA test methods and performance requirements [4]. Follow the conclusion of LTE MIMO OTA, we believe it is worth further study the feasibility of using a duration of 10s for FR1 MIMO OTA to reduce the total testing time.
In this paper, we did some comparison measurements of commercial 5G smartphones by using 10k subframes (selected by CCSA for LTE MIMO OTA), 20k subframes (selected by 3GPP/CTIA) and 40k subframes (reference). 
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Figure 1: FR1 MIMO OTA measurement results with 10000, 20000 and 40000 subframes
As shown in Figure 1, the test results with 10k and 20k subframes are almost the same. Even if the number of subframes is further increased to 40k, the difference in the result at 70% throughput outage is within 0.2dB. Measurement results of each of the 12 rotations are also provided, as shown in Figure 2. The differences in test results for 10k subframes and 20k subframes are neglectable.
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(a) rotation:0, 30, 60                                           (b)  rotation:90, 120, 150
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(c) rotation:180, 210, 240                                          (d)  rotation:270, 300, 330
Figure 2: Measurement results of 12 orientations with 10000 and 20000 subframes
Observation 1: Test results with 10k and 20k subframes are almost the same. A minimum of 10k subframes is sufficient for FR1 MIMO OTA testing.
Although the measurement results are very close, there are significant difference in the test time required to complete the automated measurement when using different number of subframes, as shown in Table 1. The total amount of time cost to complete the 5G measurement for only one mode (FS DMP, FS DML or FS DMSU) will be about 50 min when using 20k subframes, which means that the complete MIMO OTA test needs about 2.5h for single channel. This is obviously time-consuming. 
When the minimum number of subframes is reduced to 10k, it only takes about 30 minutes to complete the measurement for one mode. This can effectively reduce the test time without significantly affecting the accuracy of the test.
Table 1: Reference measurement time with EMQuest (Commercial 5G MIMO OTA test software from ETS-Lindgren)
	5G 10K subframe
	5G 20K subframe
	5G 40K subframe
	LTE 10K subframe

	30mins
	50mins
	90mins
	30mins


Comparison results based on more 5G devices are also encouraged.

Observation 2: A minimum of 10k subframes can reduce nearly half of the testing time compared to the defined 20k slots for 15kHz SCS and 40k slots for 30kHz SCS.
Proposal 1: Adopt 10k as the minimum number of subframes to perform FR1 MIMO OTA measurement.
3
Conclusions 

In this paper, the measurements result of different number of slots are provided. The impact of slots number on measurement uncertainty and total measurement time is analysed.
Following observations were made:
Observation 1: Test results with 10k and 20k subframes are almost the same. A minimum of 10k subframes is sufficient for FR1 MIMO OTA testing.
Observation 2: A minimum of 10k subframes can reduce nearly half of the testing time compared to the defined 20k slots for 15kHz SCS and 40k slots for 30kHz SCS.
Proposal 1: Adopt 10k as the minimum number of subframes to perform FR1 MIMO OTA measurement.
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Test Parameters for FR1 requirements


Minimum number of slots: 20k for 15kHz SCS; 40k for 30kHz SCS
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