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1. Introduction
In RAN4#101-bis-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 calculate the sensitivity values by simulation SNR
Similar as the FR2 RRM and Demod test setup specified in TR 38.810, the reference point for MIMO sensitivity is located at the centre of the QZ. Figure 1 shows the MIMO sensitivity reference point for FR2 MIMO OTA testing.
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Figure 1: MIMO sensitivity reference point for FR2 MIMO OTA testing
To clarify the relationship among MIMO sensitivity, simulation SNR and baseband SNR, we use the SNRSIM indicates the SNR at the reference point and SNRBB indicates the SNR at the baseband. Noisethermal indicates the UE thermal noise. GainANT and GainBF indicate the antenna gain and beamforming gain of UE, respectively.
In general, the MIMO sensitivity can be given by:
MIMO sensitivity  = SNRBB – GainANT - GainBF + Noisethermal                                                                (1)
With different test directions, obviously, the GainANT and GainBF would be different. Since the SNRBB only depends on the MCS and rank number with a certain channel model, the SNRBB should be the same regardless of test directions in MIMO OTA simulation. In addition, UE thermal noise would not change with test directions.
With above, per our understanding, the SNR provided for the FR2 MIMO OTA simulation, i.e., SNRSIM is the SNR jointly considering the different antenna gain and beamforming gain with 36 test directions and SNRBB.
As shown in (1), since SNRBB can be obtained by simulation, the key point for deriving the MIMO sensitivity is how to calculate/assume the UE antenna gain, beamforming gain and thermal noise. As discussed in previous meetings, the following two options can be considered:
· Option 1: derive the MIMO sensitivity based on Rel-15 EIS requirements
· With EIS requirements, MIMO sensitivity at the beam peak direction can be calculated as : 
· MIMO sensitivity at beam peak direction= REFSENS + SNRBB -(-1) (reference SNR for REFSENS) + 3dB (diversity gain)
· MIMO sensitivity at direction X can be calculated by:
· MIMO sensitivity at test direction X =  MIMO sensitivity at beam peak direction + (SNRSIM at test direction X - SNRSIM at peak direction)
· Option 2: derive the MIMO sensitivity per UE implementation assumptions
·  The parameters of GainANT, GainBF, and Noisethermal can be obtained per UE implementation assumptions.
· With GainANT, GainBF and SNRBB for different test directions, the MIMO sensitivity could be derived.
The pros of option 1 is we can leverage the same UE assumptions including GainANT, GainBF, and Noisethermal  as Rel-15 FR2 UE which should be acceptable for the companies since all the UE shall pass Rel-15 EIS requirements. Therefore, we have the following observation and proposal:
Observations 1: The pros of option 1 is we can leverage the same UE assumptions including GainANT, GainBF, and Noisethermal  as Rel-15 FR2 UE which should be acceptable for the companies since all the UE shall pass Rel-15 EIS requirements.
Proposal 1: RAN4 to considering the following two options for MIMO sensitivity values calculation by simulation results. Option 1 is with high priority.
· Option 1: derive the MIMO sensitivity per Rel-15 EIS requirements
· With EIS requirements, MIMO sensitivity at the beam peak direction can be calculated as : 
· MIMO sensitivity at beam peak direction= REFSENS + SNRBB -(-1) (reference SNR for REFSENS) + 3dB (diversity gain)
· MIMO sensitivity at direction X can be calculated by:
· MIMO sensitivity at test direction X =  MIMO sensitivity at beam peak direction + (SNRSIM at test direction X - SNRSIM at peak direction)
· Option 2: derive the MIMO sensitivity per UE implementation assumptions
· The parameters of GainANT, GainBF, and Noisethermal can be obtained per UE implementation assumptions.
· With GainANT, GainBF and SNRBB for different test directions, the MIMO sensitivity could be derived.
2) How to evaluate the offset of equivalent SNR due to the non-ideal factors including AoA/ZoA, power and delay offset of clusters
In RAN4#101-bis-e meeting, companies provided the simulation results with ideal channel parameters [2]. As agreed in [1], TE vendors are encouraged to provide the input on the offset of channel parameters and other related information. 
Per the discussion in previous RAN4 meetings, TE vendors raised the concerns about disclosing the probe weights with real implementation. While our understanding is we can use the information of FR2 channel validation to evaluate the gap for required SNR considering the maximum power and delay tolerance as the first step. It is saying to add the tolerances to the channel parameters based on TR38.827. Below are the agreed power and delay tolerance for FR1 as an example. If the same PDP limits for FR2 can be assumed, we can consider adding ±1dB for the paths from 0dB to 10dB, ±2.5dB for the paths from 10dB to 20dB and ±5dB for the paths from 20-30dB when running the simulation. 
Table 1: PDP limits for FR1 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]



Similarly, 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. For AoA/ZoA offsets, per our understanding they are only related with the probe locations which have been specified in the TR38.827. 
With above, we have the below proposal:
Proposal 2: 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.
3) Simulation results
In this section, the simulation results for 36 test points are provided. Compared with the results in [2] [3], the main difference is two modules are placed on the two sides of the mobile phone instead of the front and back. And we also updated the some of simulation assumptions. The channel parameters are from TR38.827 which means the non-ideal factors are not considered. The CCDF of simulation results for MIMO sensitivity are shown in Figure 2. 

Figure 2: 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 -138.8dBm/Hz based on the latest simulation results.
Proposal 3: To take the simulation results in Figure 2 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.
Observations 1: The pros of option 1 is we can leverage the same UE assumptions including GainANT, GainBF, and Noisethermal  as Rel-15 FR2 UE which should be acceptable for the companies since all the UE shall pass Rel-15 EIS requirements.
Proposal 1: RAN4 to considering the following two options for MIMO sensitivity values calculation by simulation results. Option 1 is with high priority.
· Option 1: derive the MIMO sensitivity per Rel-15 EIS requirements
· With EIS requirements, MIMO sensitivity at the beam peak direction can be calculated as : 
· MIMO sensitivity at beam peak direction= REFSENS + SNRBB -(-1) (reference SNR for REFSENS) + 3dB (diversity gain)
· MIMO sensitivity at direction X can be calculated by:
· MIMO sensitivity at test direction X =  MIMO sensitivity at beam peak direction + (SNRSIM at test direction X - SNRSIM at peak direction)
· Option 2: derive the MIMO sensitivity per UE implementation assumptions
· The parameters of GainANT, GainBF, and Noisethermal can be obtained per UE implementation assumptions.
· With GainANT, GainBF and SNRBB for different test directions, the MIMO sensitivity could be derived.
Proposal 2: 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.
Observation 2: Per the formula of MACS defined in TS38.151, the MASC of meeting 70% maximum throughput is calculated as -138.8dBm/Hz based on the latest simulation results.
Proposal 3: To take the simulation results in Figure 2 into account when specifying the FR2 MIMO OTA requirements.
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