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1
Introduction
The NR MIMO OTA test method is the only approach to quantify the actual performance of UE in realistic radio/fading conditions together with its antennas. Defining FR1 MIMO OTA requirements is one of the key objectives of TS38.151, some initial measurement results of commercial and R&D 5G UEs have been shared by CAICT in [1].
RAN4#97e further discussed the test parameters for performance requirements, including channel model mappings and FoM for requirements [2]. In this paper, we share the latest measurement results of some commercial 5G UEs in different channel models.
2
Discussion 
2.1
Measurement results of FR1 MIMO OTA
The agreed WF from last meeting shows that channel model mapping for FR1 MIMO OTA test needs to be reconsidered, this is because the selection of current channel models was made without evaluation of the suitability of the channel models for a given test scenario [1,3]. CDL-C UMa for 4x4 and CDL-A UMi for 2x2 is agreed as baseline and the conclusion will be confirmed in this meeting.
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Based on the latest agreed baseline of channel model mapping, we performed FR1 MIMO OTA test on the center frequency of n41. The test procedure is aligned with TR38.827 and TS38.151. Some key parameters are shown as below:
· Duplex Mode: TDD

· Layer: 4x4 MIMO

· Band: n41
· Bandwidth: 40MHz
· DL modulation: 16QAM

· MCS: 13

· Channel model: UMa CDL-C in TS38.151 Table C.1-2 [4]
· Data mode: FS DMP, FS DML, FD DMSU

CAICT has provided some initial measurement results of commercial and R&D 5G UEs in [1], this paper extends the measurement using a completely automated setup from ETS-Lindgren and Keysight enabling improvement of test time and efficiency.  
Three commercial 5G smartphones from three different vendors were selected for MIMO OTA testing, named UE1, UE2 and UE3 respectively. The DUT are tested under FS DMP, FS DML and FS DMSU mode, only middle channel of n41 is verified. The azimuth of DUT is rotated every 30 degrees and a total of 12 rotations are tested in each mode.
The measurement results of 4x4 MIMO OTA with UMa CDL-C model are shown in figure 1.
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Figure 1. n41 MIMO OTA measurement results with UMa CDL-C model. 
As shown in Figure 1, all UEs can reach the maximum theoretical throughput, and the results show very different 4x4 MIMO OTA performance for the 3 commercial UEs. For example, the difference between UE2 DMP and UE3 DMP at 70% throughput outage is greater than 6dB. These results prove that the UMa CDL-C model is suitable for 4x4 layer testing, and the defined test method for FR1 MIMO OTA is sufficient to differentiate between good or bad UEs.
For the same UE, the maximum difference of MIMO OTA performance in three modes is about 4dB (UE2). Moreover, as can be seen from Figure 2, the MIMO OTA performance of the UE at various azimuth positions fluctuates greatly. For UE2 and UE3, 2 of total 12 rotations cannot reach 70% of the maximum theoretical throughput under FS DML mode. In this case, the average is calculated using the 10 measured sensitivities. 
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Figure 2. UE performance difference every 30 degrees

If we use peak2peak index to evaluate the performance consistency of the same UE in 12 azimuth positions, we can find that the difference of the measured sensitivity values reaches 6.8dB in the worst case (UE3, FS DMP), which shows that it is very important to evaluate the MIMO performance of 5G UE in different azimuth positions and it is necessary to further discuss the restriction of PMODE at 70%TP for 40MHz CHBW testing.
Table 1. peak2peak performance of the measured sensitivity 
	peak2peak
	UE1
	UE2
	UE3

	FS DML
	2.2dB
	1.8dB
	2.7dB

	FS DMP
	2.6dB
	6.2dB
	6.8dB

	FS DMSU
	4.6dB
	1.9dB
	3.9dB


To further verify whether the agreed channel model mapping baseline can be applied to FR1 MIMO OTA testing, we used UMi CDL-A model to test the 2x2 MIMO performance of UE1 in addition to the previous measurement results. Key parameters are shown as below:

· Duplex Mode: TDD

· Layer: 2x2 MIMO

· Band: n41
· Bandwidth: 40MHz
· DL modulation: 64QAM

· MCS: 19

· Channel model: UMi CDL-A in TS38.151 Table C.1-1 [4]
· Data mode: FS DMP
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Figure 3. Measurement results with Uma CDL-C for 4x4 and UMi CDL-A for 2x2
Figure 3 shows the test results of the same UE under UMa CDL-C and UMi CDL-A model. The UE can reach full throughput under both conditions and the offset is about 2.5dB at 70% throughput outage. Due to the time constraint, the 2x2 MIMO OTA testing was only carried out under FS DMP mode.
Observation 1: The agreed channel model mapping baseline is suitable for FR1 MIMO OTA testing.
Proposal 1: Adopt CDL-C UMa model for 4x4 testing and CDL-A UMi model for 2x2 testing.  

3
Conclusions 

The latest FR1 MIMO OTA measurement results based on the agreed baseline of channel model mapping are presented. Some observations on UE performance are also discussed. 
Following observations were made:
Observation 1: The agreed channel model mapping baseline is suitable for FR1 MIMO OTA testing.
Proposal 1: Adopt CDL-C UMa model for 4x4 testing and CDL-A UMi model for 2x2 testing.  
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CDL-A UMi model is not suitable for 4x4 4-layer performance testing. Channel models mapping for NR MIMO OTA test need to be reconsidered. The group will confirm the conclusion in RAN4#98e based on below options:


Option1: CDL-C UMa for 4x4 and CDL-A UMi for 2x2 (is agreed baseline)


Option2: CDL-C UMi for 4x4 and CDL-C UMa for 2x2


Option3: CDL-C UMi for 4x4 and CDL-A UMa for 2x2
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