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1 Introduction 
In RAN4#103-e meeting, FR2 MIMO OTA requirements were discussed and the WF on NR MIMO OTA was agreed in [1]. In this paper, we provide our views on FR2 MIMO OTA requirements.
2 Discussion 
How to develop the requirements for FR2 MIMO OTA
In RAN4#103-e meeting, the following WF were agreed:
RAN4 can further discuss the following proposals on how to define FR2 MIMO OTA requirements, other proposals are not precluded:
· Proposal 1: RAN4 to consider the way of normalizing individually for 36 test points. Companies who submitted the results are encouraged to clarify how to do the normalization for the 36 test points.
· Proposal 2: Clarify “channel normalization approach” firstly, and encourage companies to align the simulation results considering the factors of channel normalization approach and antenna assumptions. 
· Proposal 3: RAN4 continue to work for evaluation approach(s) with good confidence-level before defining baseline to specify FR2 MIMO OTA requirements.
· Proposal 4: The simulation approach can be used as baseline to specify FR2 MIMO OTA requirements, as long as the simulation model demonstrates good correlation with reality, and minimum simulation/measurement correlation needs to be demonstrated.
As of RAN4#103-e meeting, three companies submitted the simulation results for beam peak direction and two of the companies further submitted the simulation results for 36 test directions. As shown in [2], the simulation results for beam peak directions are aligned well. With the latest simulation results for the 36 test directions with the approach of normalizing individually, the gap has been reduced from ~10dB to ~-6dB. Note that the gap among the companies for the results with 36 test directions is mainly from different assumptions for antenna implementation which is allowed for the FR2 MIMO OTA simulation. Therefore, we think the simulation approach can be used as the baseline to specify the FR2 MIMO OTA requirements. The margin due to the misalignment between simulation and measurement can be further discussed.
Proposal 1: RAN4 to use simulation approach as the baseline to specify the FR2 MIMO OTA requirements. The margin due to the misalignment between simulation and measurement can be further added.
How to evaluate the offset of equivalent SNR due to the non-ideal factors
· It was agreed in [1] that the following approach can be considered to emulate the non-ideal factors in the channel parameters:
· Power offset: In each slot, apply the power offset by α * Power Tolerance, e.g., ±1dB for path from 1dB to 10dB, where α is a random number with uniform distribution
· Delay offset: In each slot, apply the power offset by β * Power Tolerance, e.g., ±6ns for path from 1dB to 10dB, where β is a random number with uniform distribution
· AoA/ZoA offset: For AoA/ZoA, if we can have the offsets (The maximum offset can be assumed as the worst case) compared with ideal parameters defined in TR38.827, then we can consider the offsets when doing the simulation to get the gap/impact on the required SNR. Note that the AoA/ZoA offset is only related with the probe layout, therefore it could be a fixed value.
The pass/fail limits for FR2 channel validation were agreed as below in [1]. 
Table 1: pass/fail limits for FR2 channel validation
	 
	Power Tolerance 
	Delay Tolerance 

	Paths from 0 dB to 10 dB below the peak
	[±1 dB]
	[±6 ns] 

	Paths from 10 dB to 30 dB below the peak
	[±5 dB]
	[±6 ns] 

	Paths from 30dB to 40dB
	[±10 dB]
	[±6 ns]



Following the above approach for emulating non-ideal factors, the power offset and delay offset were added in the simulator and the comparison between with and without tolerance is listed in the table 2.
Table 2: Comparison of simulation results at beam peak direction
	Test case
	70% maximum throughput
	90% maximum throughput

	w/o Tolerance 
	-149.20dBm/Hz
	-144.45dBm/Hz

	w/ Tolerance 
	-149.20dBm/Hz
	-144.47dBm/Hz



Observation 1: The impact on MIMO sensitivity due to the non-ideal factors for the beam peak direction is marginal. 
Observation 2: The main influence on the simulation is coming from the assumptions for antenna module which are depending on the UE implementation. 
Based on the observation 1, it is proposed to consider upto [0.1dB] as the margin to compensate for the offset due to the non-ideal factors in simulation. 
Proposal 2: To consider upto [0.1dB] as the margin to compensate for the offset due to the non-ideal factors in the simulation.
How to derive the FR2 MIMO OTA requirements
The simulation campaign for FR2 MIMO OTA has been started from RAN4#100e. As of now, three companies have submitted the simulation results. Based on the calibration, the alignment for the ideal channel modelling has been completed. In addition, the impact due to the non-ideal factors of channel modelling was simulated based on the agreed pass/fail limits for channel validation. Therefore, we suggest to using the simulation results collected in [2] as the data pool to derive the FR2 MIMO OTA requirements by means of dB averaging. The margin of [0.1dB] due to the non-ideal factors will be added on top of average value.
Proposal 3: To use the simulation results collected in [3] as the data pool to derive the FR2 MIMO OTA requirements by means of dB averaging. The margin of [0.1dB] due to the non-ideal factors will be added on top of average value.


3 Conclusions
In this paper, we discussed the FR2 MIMO OTA requirements and have the following observations and proposals:
Proposal 1: RAN4 to use simulation approach as the baseline to specify the FR2 MIMO OTA requirements. The margin due to the misalignment between simulation and measurement can be further added.
Observation 1: The impact on MIMO sensitivity due to the non-ideal factors for the beam peak direction is marginal. 
Observation 2: The main influence on the simulation is coming from the assumptions for antenna module which are depending on the UE implementation. 
Proposal 2: To consider upto [0.1dB] as the margin to compensate for the offset due to the non-ideal factors in the simulation.
Proposal 3: To use the simulation results collected in [3] as the data pool to derive the FR2 MIMO OTA requirements by means of dB averaging. The margin of [0.1dB] due to the non-ideal factors will be added on top of average value.
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