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1. Introduction
In RAN4#99-e meeting, MIMO OTA were discussed and the WF on NR MIMO OTA was agreed in [1] in which several open issues regarding FR2 MIMO OTA were listed. In this paper, we provide our views for the following aspects on FR2 MIMO OTA performance requirements:
· Maximum downlink power for FR2 
· FR2 Figure of Metric
· FR2 simulation activity
2. Discussion
2.1 Maximum downlink power for FR2
The maximum downlink power for FR1 was discussed based on the configuration of LTE MIMO OTA defined in TR37.977 and the following PRS-EPRE-MAX values were agreed.
Table 1: PRS-EPRE-MAX for FR1 MIMO OTA
	Frequency
	Bandwidth
	PRS-EPRE-MAX
	Note

	<3GHz
	10MHz
	-80dBm/15kHz
	/

	
	40MHz
	-77dBm/30kHz
	The value can be modified based on practical measurement in the future

	>3GHz
	10MHz
	NA (no FDD bands>3GHz)
	/

	
	40MHz
	[bookmark: _Hlk72010542]-77dBm/30kHz
	the value can be modified based on practical measurement in the future or missing point requirements can be further modified



For FR2 maximum downlink power, -67dBm/100kHz was proposed in [2] per the assumptions referring to TR38810. The proposal was not agreed since companies wanted more time to check the TE feasibility. Meanwhile, [3] proposed to consider the power difference for peak direction and spherical coverage direction. Per the definition of RS-EPRE in LTE/FR1 MIMO OTA, maximum downlink power, i.e., RS-EPRE, is defined as the received power per RE in PDSCH. Therefore, the downlink signal level is not only related with Tx parameters of TE but also with UE antenna gain. For FR1, the antenna pattern is almost omnidirectional. While for FR2, the maximum received downlink power is highly depending on the UE beamforming gain and test direction. Hence it could be not easy to estimate the FR2 UE beamforming gain and therefore it is difficult to specify maximum RS-EPRE for FR2 MIMO OTA. In this case, our proposal is to use the similar approach as FR2 EIS requirements specifying. That means we use the concept of maximum downlink power at reference point which is at the center of QZ to define the maximum downlink power for FR2 MIMO OTA testing.
Proposal 1: Specify maximum downlink power at the center of QZ rather than RS-EPRE for FR2 MIMO OTA testing.
With proposal 1, we can refer to the parameters specified in TR38.810 to derive the maximum downlink power. According to TR38.810, TE power amplifier 1dB compression is 23dBm, and backoff from P1dB is -13dB. Therefore, the maximum output power from a single TE probe would be 22dBm/100MHz considering 12dB probe gain. With the assumption of 0.75m min. measurement distance, the max. free space pathloss is -62.7dB@43.5GHz. Therefore, the maximum downlink power for FR2 is around -40.7dBm/100MHz=-69.9dBm/120kHz considering single probe configuration. In [4], ~3.5dB gain is assumed considering multiple probes configurations in 3D-MPAC. Then the maximum downlink power for FR2 can be estimated as -69.9+3.5  = -66.4dBm/120kHz. Therefore, we have the following proposal:
Proposal 2: RAN4 to agree -66dBm/120kHz as FR2 maximum downlink power for the frequency up to 43.5GHz.
2.2 Figure of Metric 
The TP to TS38.151 for revision on MIMO Average Spherical Coverage (MASC) was approved in [5] in which the MASC for PC3 UE was specified by the average of best 18 points instead of using CCDF approach. While the additional criterion of FR2 FoM such as the number of missing points among of 36 3D orientations is FFS. Note that the number of points for requirements deviation, i.e., 18 for PC3 UE, is derived by the rank of EIS spherical coverage, i.e., 50%. Therefore, it is reasonable to adopt the criterion that UE must meet 70% throughput at least in 18 test points. If the UE fails to meet this criterion due to the limitation on the parameter of maximum downlink power, the measurement channel bandwidth can be revisited, e.g., from 100MHz to 50MHz, to achieve higher downlink Pmax power. The additional criterion, e.g., 90% TP outage level is FFS.
Proposal 3: RAN4 to agree the pass criterion for PC3 UE to be 18 or more test points meeting or greater than 70% maximum throughput. The additional criterion, e.g., 90% TP outage level is FFS.
Proposal 4: If the UE could not meet the criterion in proposal 3 due to the limitation on the parameter of maximum downlink power, the measurement channel bandwidth can be revisited, e.g., from 100MHz to 50MHz, to achieve higher downlink Pmax power. The additional criterion, e.g., 90% TP outage level is FFS.
2.3 FR2 Simulation Activity
In RAN4#99e meeting, RAN4 agreed to adopt two-step approach in [2] to align the simulation and provide the simulation results for FR2 MIMO OTA.
As described in [2], step one is to align the simulator among companies. We ran the simulation using the channel modeling parameters specified in TR38.827 for CDL-C UMi. The simulation parameters such as UE antenna, UE beamforming and polarization alignment assumptions are listed as below:
· UE antenna array: two panels 1x4 patches
· UE antenna parameters and Beam forming: Follow TR 38.803 
· Polarization alignment: polarization aligned between UE and TE
Note that to generate normalized CDL channel coefficients, a relatively long time window is repeated in the simulation to make sure only UE beamforming gain changes the received SNR for different directions.
The preliminary simulation results are shown in Table 1.
Table 1: Required SNR at baseband w/o HARQ
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNRBB (dB)

	R.PDSCH.5-2.2 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	CDL-C
	2x2 ULA Low
	70
	11.74

	R.PDSCH.5-2.2 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	CDL-C
	2x2 ULA Low
	90
	16.45



For step two, it was agreed to use the following approach to emulate the gap between measurement and simulation:
· TE/CE vendors are encouraged to provide the variation range for AoA/ZoA, PAS, power, delay, etc. those impacting by 6 probes in the chamber. 
To move forward, we encourage TE/CE vendors to share the variation range for AoA/ZoA, PAS, power, delay, etc. We believe that information is also necessary for FR2 channel validation.  
Proposal 5: TE/CE vendors to share the variation range for AoA/ZoA, PAS, power, delay, etc., those impacting by 6 probes which is also necessary for FR2 channel validation. 

3. 	Conclusion
In this paper, we provide the views on FR2 MIMO OTA performance requirements such as maximum downlink power, FoM and simulation activity. We have the following proposals: 
Proposal 1: Specify maximum downlink power at the center of QZ rather than RS-EPRE for FR2 MIMO OTA testing.
Proposal 2: RAN4 to agree -66dBm/120kHz as FR2 maximum downlink power for the frequency up to 43.5GHz.
Proposal 3: RAN4 to agree the pass criterion for PC3 UE to be 18 or more test points meeting or greater than 70% maximum throughput. The additional criterion, e.g., 90% TP outage level is FFS.
Proposal 4: If the UE could not meet the criterion in proposal 3 due to the limitation on the parameter of maximum downlink power, the measurement channel bandwidth can be revisited, e.g., from 100MHz to 50MHz, to achieve higher downlink Pmax power. The additional criterion, e.g., 90% TP outage level is FFS.
Proposal 5: TE/CE vendors to share the variation range for AoA/ZoA, PAS, power, delay, etc., those impacting by 6 probes which is also necessary for FR2 channel validation. 
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