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1. Introduction
The SI on MIMO OTA was completed in RAN#88e meeting in which the test methodology for FR1 and FR2 MIMO OTA was specified. Then a follow-up WI was approved for MIMO OTA in [1]. In this paper, we provide the considerations on performance requirements for FR2 MIMO OTA.
2. Discussion
2.1   Feasible SNR and RMC down selection
In MIMO SI, two candidate RMCs were captured in TR38.827 which are 16QAM and 64QAM. To select the RMC, the SNR analysis was discussed in [2]-[5] but no consensus was reached. Based on the discussion in SI phase, to down select the RMC for FR2 MIMO OTA, the following two aspects should be considered:
· Feasible SNR range shall be analyzed based on the agreed probe layout and channel model in 3D-MPAC. 
· The required SNR for FR2 CDL-A InO and CDL-C UMi shall be evaluated. 
With feasible SNR range and required SNR, RAN4 could select RMC for FR2 MIMO OTA requirements definition.
Observation 1: RAN4 should select RMC based on the feasible SNR range and required SNR for CDL-A InO and CDL-C UMi.
According to Observation 1, simulation should be conducted to obtain the required SNR which would be different from required SNR in Demod test cases with TDL channel model. In [3], the simulation assumptions are proposed which are mainly based on the TR38.827. Companies are encouraged to provide the input on simulation results based on the assumptions. We are still working on the simulation and will provide the results in next meeting. Meanwhile we can expect that the required SNR for CDL channel model would be lower than that in TDL channel model which is shown in Table 1.
Table 1: Minimum performance for Rank 2 (FRC)
	Test num.
	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)

	2-1
	R.PDSCH.5-4.1 TDD
	100 / 120
	QPSK, 0.30
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	4.1

	2-2
	R.PDSCH.5-2.2 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x2 ULA Low
	70
	14.4

	2-3
	R.PDSCH.5-5.2 TDD
	50 / 120
	16QAM,0.48
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	14.0

	2-4
	R.PDSCH.5-2.3 TDD
	200 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x2 ULA Low
	70
	14.2

	2-5
	R.PDSCH.4-1.1 TDD
	50 / 60
	16QAM, 0.48
	FR2.60-1
	TDLA30-75
	2x2 ULA Low
	70
	14.3

	2-6
	R.PDSCH.5-6.1 TDD
	100 / 120
	64QAM, 0.43
	FR2.120-2
	TDLA30-75
	2x2 ULA Low
	70
	18.6



The following feasible SNR framework was discussed in [2] in which the SNR in 3D-MPAC consists of SNR with single probe and the contribution of multi-probe :
SNR3D-MPAC = SNRsingle-probe + ΔSNRmulti-probe
Based on the analysis in [4], the feasible SNR of 24.4dB for single probe layout can be achieved on n260 which assumes that the signals are coming from the beam peak direction. To further consider the other test directions, the feasible SNR would be about 24.4-12.6=11.8dB. Here 12.6dB is the difference between EIS and EIS spherical coverage requirements on n260. Note that for n257/258/n261, the feasible SNR would be at least 10dB higher than that on n260 considering the EIS requirements and pathloss difference between two frequency ranges. 
Then for the contribution of multi-probe, the range of ΔSNRmulti-probe is [0, 7.8dB] when considering the probe weights are 1 for 6 probes. But in real testing, the probes weights are calculated based on the channel mode and the values of weights also depends on the test equipment implementation. We expect the estimation of ΔSNRmulti-probe can be provided by TE vendors. However, for n257/258/n261, the feasible SNR is at least 21.8dB even with single probe assumption. Then then we can have the following observation:
Observation 2: For n257/258/n261, the feasible SNR is at least 21.8dB where 64QAM RMC can be tested. For n260, the gap between feasible SNR and required SNR for 64QAM RMC need to be further studied.
Note that all the above analysis assumes 100MHz channel bandwidth. The feasible SNR would be higher if smaller channel bandwidth is used. For example, with 50MHz channel bandwidth, the feasible SNR will be 3dB higher than that for 100MHz.
Observation 3: The feasible SNR would be higher if we smaller channel bandwidth is used. For example, with 50MHz channel bandwidth, the feasible SNR will be 3dB higher than that for 100MHz.
In case RAN4 has the conclusion that the testable SNR is not feasible for 64QAM on n260, we think a hybrid approach which is measuring the performance of 16QAM all the test directions meanwhile measuring the performance of 64QAM at the good enough test directions e.g., best direction among all the candidate test angles could be considered.
Observation 4: A hybrid approach which is measuring the performance of 16QAM all the test directions meanwhile measuring the performance of 64QAM at the good enough test directions e.g., best direction among all the candidate test angles could be considered.

Based on the above observations, we have the following proposals:
Proposal 1: RAN4 to select 64QAM RMC to define the FR2 MIMO OTA requirements for n257/n258/n261.
Proposal 2: RAN4 to further study the feasible SNR and RMC down selection for n260. The following aspects could be considered:
· Use smaller channel bandwidth for 64QAM RMC, e.g. 50MHz 
· A hybrid approach of considering both 16QAM and 64QAM 
2.2   Sensitivity Performance Metric
During SI phase, RAN4 agreed to use 36 test directions with a constant density to test FR2 MIMO sensitivity level performance, and the test angles are specified in Table 6.2.3.2-1 of TS38.827. Note that in TR38.810 a statistical distribution of the beam peak error and spherical coverage for number of grid points thoroughly analysed and it was demonstrated that at least 200 grid points with constant density grid are necessary to make a reasonable trade-off with EIS measurement uncertainties. Though the RAN4 agreement to limit FR2 MIMO sensitivity test to 36 points favoured test time, it will likely have large MU and/or a test feasibility issue in an extreme case.
Observation 5: Compared to required number of grid points for beam peak search and EIS test presented in TR38.810, the agreed number of grid points for FR2 MIMO sensitivity requirement is much smaller. 
In order to avoid defining requirements with a larger MU than expected, a similar analysis work to TR38.810 is necessary. For example, when we build CDF of EIS over sphere based on measurements at 200 grid points, it can be seen as (a) of Figure 1. Here, 3 lines (solid, dashed, dot-dashed) represent CDFs of EIS for different offset angles added to 200 grid points. As analysed in TS38.810 that constant density grid with 200 points can provide a fairly small STD, a deviation between CDF curves is expected to be marginal. On the other hand, when the same exercise is conducted with 36 grid points, a large deviation between CDFs for different offset angles can be observed as shown in (b) of Figure 1. If we quantify EIS statistics for different offset angles and if it is larger than a certain threshold, it may imply that the agreed test grids need to be revisited, or RAN4 may not be able to come up with a reasonable performance metric.
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(a) CDF of EIS based on measurements at 200 grid points        (b) CDF of EIS based on measurements at 36 grid points
Figure 1. Example CDFs of EIS for different sizes of measurement grids
Proposal 3: RAN4 to discuss antenna configuration details, e.g. 8x2, 4x2, etc and investigate the effects of number of gird points on MU (e.g. statistical analyses of EIS, directivity gain, etc.) and/or achievable SNR to see whether and how much performance can be affected due to spatially under-sampled measurement grids.
Although it is undesirable to start developing a performance metric for MIMO sensitivity level before mature analyses on MU and/or a statistical distribution of achievable SNR with the currently agreed grid points are available, we would like to go over two candidates for performance metric, i.e. TRMS- and CDF-base performance metrics.
1) TRMS based approach

TRMS based approach has been adopted as OTA throughput performance metric in LTE and FR1 systems. Since it quantifies required reception power to achieve a certain level of maximum throughput for a specific RMC by averaging measured powers over multiple test angles, there can be cases where TRMS becomes invalid if there is a direction where UE cannot achieve the predefined throughput even at the maximum reception power. In order to cope with it to the extent that it can be acceptable, a substitution method is also incorporated in the TRMS definition (Section 7.4.1 of TS37.544). Note that the higher predefined throughput, the more directions where the predefined throughput cannot be achieved even at the maximum reception power, for example, in LTE 1 and 2 azimuth positions are allowed to be substituted with the maximum downlink RS-EPRE for 70% and 95% of the maximum throughput, respectively. Based on this observation, if there is a large deviation of achievable SNR with 36 grid points, TRMS will require more exceptional directions, hence, will become a little loosened performance metric. It should also be noted that TRMS is based on Harmonic mean where smaller values are dominant contributors, thus, replacing invalid values with the maximum RS-EPRE may not be able to properly penalize UEs for not achieving the predefined throughput.

2) CDF based approach

Performance metric can be defined as a required minimum power at X% of CDF to achieve a certain level of maximum throughput for a specific RMC. With this metric, we can avoid the issue due to directions where valid measurement cannot be obtained to some extent because it will be reflected into the CDF without any manipulation of measured data. For example, if there are many test directions where valid data couldn’t be observed, the CDF curve will be saturated at a certain % of CDF and the overall graph will be horizontally shifted to the right proportionally. Moreover, the performance metric won’t be biased towards the lowest minimum required power. On the other hand, CDF based approach cannot properly reflect min/max and STD characteristics because it only represents a performance at a specific %-tile of CDF.
Observation 6: TRMS based Rank2 performance metric may have to allow many test directions to be exempted from performance assessment to some extent if a deviation of achievable SNR with 36 grid points is large.
Observation 7: CDF based Rank2 performance metric may not properly reflect performance distribution because it only represents a performance at a specific %-tile of CDF.
Based on the observations, we propose to consider both TRMS- and CDF-based enhanced approaches, e.g. Harmonic mean of top [X]%, required minimum powers at [Y1][Y2][Y3] %-tile of CDF, etc., and even including a hybrid type approach, e.g. TRMS based and CDF based performance metrics for 16- and 64-QAM, respectively, based on the outcome of investigation on MU and achievable SNR.
Proposal 4: RAN4 to consider both TRMS- and CDF-based performance metric for FR2 rank2 MIMO sensitivity requirements.

3. 	Conclusion
In this paper, we provide the considerations on performance requirements for FR2 MIMO OTA. We have the following observations and proposals: 
Observation 1: RAN4 should select RMC based on the feasible SNR range and required SNR for CDL-A InO and CDL-C UMi.
Observation 2: For n257/258/n261, the feasible SNR is at least 21.8dB where 64QAM RMC can be tested. For n260, the gap between feasible SNR and required SNR for 64QAM RMC need to be further studied.
Observation 3: The feasible SNR would be higher if we smaller channel bandwidth is used. For example, with 50MHz channel bandwidth, the feasible SNR will be 3dB higher than that for 100MHz.
Observation 4: A hybrid approach which is measuring the performance of 16QAM all the test directions meanwhile measuring the performance of 64QAM at the good enough test directions e.g., best direction among all the candidate test angles could be considered.
Proposal 1: RAN4 to select 64QAM RMC to define the FR2 MIMO OTA requirements for n257/n258/n261.
Proposal 2: RAN4 to further study the feasible SNR and RMC down selection for n260. The following aspects could be considered:
· Use smaller channel bandwidth for 64QAM RMC, e.g. 50MHz 
· A hybrid approach of considering both 16QAM and 64QAM 
Observation 5: Compared to required number of grid points for beam peak search and EIS test presented in TR38.810, the agreed number of grid points for FR2 MIMO sensitivity requirement is much smaller. 
Proposal 3: RAN4 to discuss antenna configuration details, e.g. 8x2, 4x2, etc and investigate the effects of number of gird points on MU (e.g. statistical analyses of EIS, directivity gain, etc.) and/or achievable SNR to see whether and how much performance can be affected due to spatially under-sampled measurement grids.
Observation 6: TRMS based Rank2 performance metric may have to allow many test directions to be exempted from performance assessment to some extent if a deviation of achievable SNR with 36 grid points is large.
Observation 7: CDF based Rank2 performance metric may not properly reflect performance distribution because it only represents a performance at a specific %-tile of CDF.
Proposal 4: RAN4 to consider both TRMS- and CDF-based performance metric for FR2 rank2 MIMO sensitivity requirements.
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