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1. Introduction
In RAN4#102-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
1) How to develop the requirements for FR2 MIMO OTA
In RAN4#102-e meeting, the following WF were agreed:
· Simulation results should be aligned/calibrated firstly before specifying FR2 MIMO OTA requirements. 
· FFS whether both simulation results and measurement results should be taken into account when defining FR2 MIMO OTA requirements.
· FFS the gap between simulation results and measurement results of FR2 UEs.
As of RAN4#102-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 [2]. As shown in [3], the simulation results for beam peak directions are aligned well. But for the simulation results for the 36 test directions, there is a big gap (~10dB) between two companies. 
The following two factors might lead to the gap for the 36 test directions:
· Channel normalization approach for 36 test directions. 
Per our understanding, the approach of normalizing individually for 36 test points should be used. Otherwise, if normalized all points with a common value that will result in worse results for good direction and better result for bad directions. 
Proposal 1: RAN4 to consider the way of normalizing individually for 36 test points.
· Antenna assumptions for 36 test directions
It was agreed in [1] that using “Rel-15 EIS requirements” as the baseline UE assumption for MIMO OTA simulation analysis. Considering the results for beam peak direction has been aligned among the companies, the baseline antenna assumptions from Rel-15 EIS requirements would be helpful to reduce the gap for other test directions. 
It is encouraged companies to align the simulation results considering the factors of channel normalization approach and antenna assumptions.
Proposal 2: It is encouraged companies to align the simulation results considering the factors of channel normalization approach and antenna assumptions.
The approach of considering both simulation results and measurement results were discussed in last meeting. First of all, we’d like to clarify the way of developing requirements in RAN4. The traditional way of specifying the requirements in RAN4 is based on the simulation results. After completing the requirements in RAN4, RAN5 will initiate conformance testing WI to complete the conformance spec taking into account the test equipment ecosystem. In this case, all the requirements for FR1 and FR2 were all specified with simulation approach in RAN4 including the FR2 requirements which are based on OTA test method. Therefore, before the conformance spec is completed in RAN5, it is unmatured to request the commercial test step to do the measurement for FR2 MIMO OTA requirements development. Note that FR1 TRP/TRS and FR1 MIMO OTA are different since the test setup for LTE could be reused.
Observation 1: The traditional way of specifying requirements in RAN4 is simulation approach. Before the conformance spec is completed in RAN5, it is unmatured to request the commercial test setup to do the measurement for FR2 MIMO OTA requirements development.
Proposal 3: The simulation approach should be the baseline to specify FR2 MIMO OTA requirements in RAN4. 
2) How to evaluate the offset of equivalent SNR due to the non-ideal factors 
In [1], the following WF was agreed on how to emulate non-ideal factors between simulation and measurement:
· RAN4 to use the limits of FR2 channel model validation for power and delay tolerance, and AoA/ZoA offsets to evaluate the maximum impact on the FR2 MIMO OTA simulation results as a starting point.
As the discussion on the pass/fail limits for FR2 channel validation is still ongoing, we could not provide the simulation results for case taking into non-ideal factors account for the channel modelling.
As shown in Table 1, the following limits were agreed for FR1 channel validation. Even though it would be the different limits for FR2, we could take the power and delay tolerance of FR1 as an example to explain how to emulate the channel for FR2 MIMO OTA simulation.
Table 1: PDP limits for FR1 CDL-C UMi channel model validation
	
	Power Tolerance
	Delay Tolerance

	Paths from 0dB to 10dB
	±1dB
	±6ns

	Paths from 10dB to 20dB
	±2.5dB
	±6ns

	Paths from 20dB to 30dB
	±5dB
	±6ns



The approach of modelling the non-ideal factors in the FR2 MIMO OTA simulation:
· 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.
Proposal 4: RAN4 to consider the following approach as the baseline 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.
We are running the simulation results assuming the same pass/fail limits of FR2 as FR1 to initially evaluate the impact of channel parameters offset on the MIMO sensitivity. We will provide the simulation results once it is ready. 
3) Simulation results
In this section, the simulation results for 36 test points under 70% maximum throughput are provided where two modules are placed on the two sides of the mobile phone. The CCDF of simulation results for MIMO sensitivity are shown in Figure 1. 
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Figure 1: CCDF of simulation results for 36 test directions
Observation 2: Per the formula of MACS defined in TS38.151, the MASC of meeting 70% maximum throughput is calculated as -141.2dBm/Hz based on the latest simulation results.
Proposal 5: To take the simulation results in Figure 1 into account when specifying the FR2 MIMO OTA requirements.
3. Conclusion
In this paper, we discussed the FR2 MIMO OTA requirements and have the following observations and proposals.
Proposal 1: RAN4 to consider the way of normalizing individually for 36 test points.
Proposal 2: It is encouraged companies to align the simulation results considering the factors of channel normalization approach and antenna assumptions.
Observation 1: The traditional way of specifying requirements in RAN4 is simulation approach. Before the conformance spec is completed in RAN5, it is unmatured to request the commercial test setup to do the measurement for FR2 MIMO OTA requirements development.
Proposal 3: The simulation approach should be the baseline to specify FR2 MIMO OTA requirements in RAN4. 
Proposal 4: RAN4 to consider the following approach as the baseline 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.
Observation 2: Per the formula of MACS defined in TS38.151, the MASC of meeting 70% maximum throughput is calculated as -141.2dBm/Hz based on the latest simulation results.
Proposal 5: To take the simulation results in Figure 1 into account when specifying the FR2 MIMO OTA requirements.
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