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1
Introduction
In the last RAN4 meeting, progress on FoM of FR2 MIMO OTA requirements was made [1]. 
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However, there is still confusion about how to collect 36 measurement points for CCDF, these values are Power at which level of throughput [xx]% is not defined. 

In the WF, the RMC of FR2 was agreed to be finalized this meeting:
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This paper discusses the FoMs and RMC for FR2 MIMO OTA requirements.

2
Discussion

2.1  FR2 FoM of MIMO OTA requirements
For FR1 MIMO OTA, the FoM of TRMS is clearly defined in the TR 38.827 [2]:
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As the throughput outage of FR1 MIMO OTA is agreed as 70% of maximum throughput value, then for each TRMS value, it has 36 points of PMODE,70%. 
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Figure 1, Example of 12 PMODE for 1 SMODE of FR1 MIMO OTA throughput
Based on the similar approach, FR2 test points were agreed as 36 with constant density distribution. In addition, the CCDF data processing of these 36 points is agreed as the first step, further define the requirement based on the CCDF curve is under discussion.
However, the main issue is that the values in the CCDF are data at which throughput outage of each UE orientation is not decided yet. This motivates the discussion of the throughput outage of the FR2 PMODE.
Observation 1: Throughput outage of the FR2 PMODE is not defined yet.     

Potential way forward is that we select the same outage point of 70% of maximum theoretical throughput for FR2 MIMO OTA. But, different from FR1, FR2 UE is not easy to reach maximum throughput at each UE orientation, UE shows remarkable throughput performance difference at different direction due to the beamforming.  
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Figure 2, Example of part of 36 PMODE of FR2 MIMO OTA throughput

Some measurements of FR2 MIMO OTA with real 5G devices have been carried out, the test parameters are aligned with that defined in TR 38.827. these results show that very high DL power/SNR is required. Even under high DL power, many UE orientations still could not reach the maximum throughput, which is different from typical FR1 behavior, as shown in Fig 1 and Fig2. 
Observation 2: FR2 UE shows different throughput behaviour, the outage level should be defined properly to present the MIMO OTA performance for FR2.     

To align with Demodulation testing requirements in TS 38.101-4 and agreed FR1 outage, 70% of maximum throughput could the best starting point for discussion. 

Proposal 1: Align with demodulation test cases and FR1 MIMO OTA, 70% of maximum throughput as outage could be the starting point for FR2 MIMO OTA requirements.
However, considering FR2 MIMO OTA would a challengeable test case for UE, this outage of throughput for final requirements should be defined carefully. Measurement data with real FR2 UE can be the basis for the group to make final decision. 
Proposal 2: RAN4 should define the final outage of throughput for FR2 MIMO OTA requirements based on measurement results of real devices. 

In addition, we need to further discuss how to treat the orientations those could not reach 70% TP. 
Proposal 3: Decision should be made on how to treat the orientations those can not reach target outage throughput in the future. 

2.2 RMC for FR2 MIMO OTA requirements
RMC is the basic parameter for next step’s measurement or simulations campaign, RAN4 agreed to make the final decision of FR2 RMC in this meeting. 
As shown in Fig.2 (the red circle part), even with 16QAM, the starting throughput performance for different UE orientations show big difference. FR2 Beamforming could be one of the reasons, however, we believe another important reason is the limited DL power supported by the FR2 test system.
Observation 2: Limited DL power of FR2 system has impacts on throughput testing of different UE orientations.     

Therefore, even though the test issue of 64QAM was not presented directly based on measurement results in this paper, compare with 16QAM modulation, we think 64QAM is more challengeable for FR2 MIMO OTA system. Learned from the real measurement results with FR2 devices, we believe 16QAM is reasonable for RAN4 to define FR2 MIMO OTA requirements.
Proposal 4: Select 16QAM as the only RMC for FR2 MIMO OTA requirements. 

As a compromise, if clear benefits of selecting 64QAM could be identified in the future, adding 64QAM as an additional requirement for FR2 is not precluded.
3 Conclusion

In this paper, we share our proposals on throughput outage and RMC for FR2 MIMO OTA requirements. 
Observation 1: Throughput outage of the FR2 PMODE is not defined yet.     

Observation 2: Limited DL power of FR2 system has impacts on throughput testing of different UE orientations.     

Proposal 1: Align with demodulation test cases and FR1 MIMO OTA, 70% of maximum throughput as outage could be the starting point for FR1 MIMO OTA requirements. 
Proposal 2: RAN4 should define the final outage of throughput for FR2 MIMO OTA requirements based on measurement results of real devices. 
Proposal 3: Decision should be made on how to treat the orientations those can not reach target outage throughput in the future. 

Proposal 4: Select 16 QAM as the only RMC for FR2 MIMO OTA requirements. 
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For FR2 MIMO OTA performance requirements:


Select averaging all the values better than [50%] percentile of CCDF as the Figure of Merit for FR2 MIMO OTA requirement


Further check whether [50%] percentile value of the CCDF curve should also be a FoM of FR2


Analysis on number of test points vs uncertainty of FR2 MIMO OTA performance is encouraged








For FR2 MIMO OTA performance requirements:


Further discuss the down-selection of FR2 RMC, feasibility of 64 QAM for FR2 will be checked, and final conclusion will be made next meeting.  


Technical input from companies is encouraged to analyze SNR range and feasibility of 64QAM


Further discuss the down-selection of FR2 channel model for defining FR2 MIMO OTA requirement


keep both InO CDL-A and UMi CDL-C at this stage, the goal is to select one for final requirement








5.2	Averaging of throughput curves


For FR1 MIMO OTA measurement, the throughput curves shall be averaged by:


The average TRMS of free space data mode portrait (FS DMP), free space data mode landscape (FSDML), and free space data mode screen up (FS DMSU), as defined in Annex A.3. The averaging shall be done in linear scale for the TRMS results at these DUT positions.


� EMBED Equation.DSMT4 ���


where


� EMBED Equation.DSMT4 ���


Such that MODE is one of {FS_DMP, FS_DML, FS_DMSU}, x is one of throughput outage (for example {[70%, 95%]}), and {PMODE,x,0, …, PMODE,x,11} are the measured sensitivity values at each azimuth position.
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