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1
Introduction
After concluding on the probes location of FR2 3D-MPAC system in the last RAN4 meeting [1], the NR study item has almost finalized all the work of NR MIMO OTA for SI phase [2], and open issue on PSP validation and QoQZ is expected to be done this meeting. On top of the study outcome, the follow-up WI is proposed to finalize the next-step work of NR UE MIMO OTA performance requirements [3][4]. Even the WI is not started yet, we think it is also beneficial for the industry to share our latest MIMO OTA measurement results of some commercial 5G UEs.
This contribution shares our latest measurement results of some commercial and R&D 5G UEs.
2
Discussion

Until now, all the FR1 UEs are tested by conducted methodology connected with the temporary antenna ports without real antennas, and it remains unknown what the actual performance of the UE would be in realistic network conditions with the UE antenna included. The NR MIMO OTA test method is the only approach to quantify the performance of the actual end-user experience with entire device together with its antennas. Considering High-Speed is one of the main targets of 5G eMBB, it is very important to measure the UE throughput performance under MIMO OTA condition.
Different from LTE, 4x4 MIMO is the mandatory feature for some FR1 bands, the optimization of throughput performance under 4x4 MIMO condition would be one of the main work for UE R&D in the next several years. 
Based on the standardized parameters in TR38.827 [5], we did some measurements for the commercial and R&D 5G UEs in the validated 16-probe MPAC system [6].The core test devices in the test system is Keysight UXM + Propsim F64 channel emulator with ETS-Lindgren 16-probe MIMO OTA chamber. The detailed configuration is aligned with the Table 8.2-5 in TR38.827, 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 Table 7.2.1-8 in TR38.827;

· Environmental condition: UE noise limited;

For further study about the impact by UE antennas, two R&D UEs, named UE1 and UE2, with external MIMO antennas were tested, and the external antenna is shown in Fig.1. The antenna has linear vertical polarization, with 0dBi average gain at N41 band. 
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Figure 1: External MIMO antenna for UE1 and UE2
And two more commercial UEs, named UE3 and UE4, with their own antennas were tested as well so that there were totally 4 UEs for this test. The measurement result of N41 4x4 MIMO OTA is shown in figure 2.
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Figure 2: N41 MIMO OTA result using the parameters in TR38.827
We can see that the result shows very clear and different 4x4 MIMO OTA performance for the 4 UEs, and the offset between the best and the worst is larger than 8dB at 70% Max-Throughput point. It proves that the defined channel models and test method in TR38.827 is sufficient to identify the good or bad UEs, which meets the main target of NR MIMO OTA work.
Specially, UE2 and UE4 are exact same UEs, the only gap is that UE2 was connected with external antenna, and UE4 was using its own integrated antenna. In Fig.2, 5.5dB shift is caused by external and integrated antenna, which shows that the antenna design is very critical to the 5G UE performance, considering limited room for 4 antenna elements in 5G UE. Obviously, the MIMO antenna has great impact on the final throughput performance. 
In addition, we also do some test based on customized parameters: 
· Duplex Mode: TDD

· Layer: 4x4 MIMO

· Band: N41;

· Bandwidth: 100MHz;

· DL modulation: 64QAM;

· MCS:19;

· Channel model: UMa CDL-C in Table 7.2.1-8 in TR38.827;

· Environmental condition: UE noise limited;
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Figure 3: N41 MIMO OTA results with 64QAM and 100MHz bandwidth 
In figure 3, larger downlink power for UE3 and UE4 is required to meet the max-throughput, when higher MCS and wider BW is selected. The MIMO OTA performance deviation among these UEs is more visible compared with MCS13, which means under some extreme conditions it’s more challenge for the UE to reach Max throughput under higher MCS. In addition, higher output power in the centre of test zone is required for the system. 
We also compare the UE performance with different modulation and MCS configuration, i.e. MCS13 to MCS19, different UEs have different performance, 9.5dB shift to UE1, 8.5dB shift to UE2. 
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Figure 4: MIMO OTA results with different modulation configuration
Larger scale MIMO OTA testing based on more commercial 5G UEs will be done for next-step performance requirement [4], and more work for higher MCS is expected for further discussion. 
3
Conclusions

The latest FR1 MIMO OTA measurement results based on the agreed test system in TR38.827 is presented. Some observations on UE performance are also discussed. This selected approach is able to differentiate 4x4 MIMO OTA performance and more work for higher MCS is expected in the future. 
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