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1. Introduction
The WI on MIMO OTA was approved in [1] at RAN#88-e meeting and started from RAN4#96-e meeting. In RAN4#96-e meeting, several aspects were discussed in [2] and the WF on NR MIMO OTA was agreed in [3]. In this paper, we provide our views on down-selecting of parameters and the Figure of Merit for FR2 MIMO OTA.
2. Discussion
2.1   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 the past few meetings [4]-[8] but no consensus was reached. In [3], we have the following agreements on FR2 RMC down-selection:
· Further discuss the down-selection of FR2 RMC, feasibility of 64 QAM for FR2 will be checked, and final conclusion will be made next meeting.  
· Technical input from companies is encouraged to analyze SNR range and feasibility of 64QAM
In [4] [6], the simulation assumptions were proposed which are mainly based on the output of TR38.827 and companies are encouraged to provide the input on simulation results. Based on our preliminary simulation, we can expect that the required SNR for CDL channel model is comparable with that for corresponding TDL channel model.
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



For achievable SNR analysis, the following SNR framework was discussed in [5] 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 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 other test directions, e.g., within spherical coverage, the min. achievable 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. 
Then for the gain 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. In [8], the SNR increase due to the multi-probe configuration is assumed as ~3.5dB. And more input on ΔSNRmulti-probe is expected by TE vendors. 
While with the current assumptions, SNR3D-MPAC can be calculated by 11.8dB+3.5dB=15.3dB.
Observation 1: The achievable SNR in 3D-MPAC is ~15.3dB for n260. There is still a gap between achievable and required SNR for 64QAM in CDL channel.
To make sure the selected RMC is testable in 3D-MAPC, selecting 16QAM makes more sense if no further update on achievable SNR from companies.
Observation 2: To make sure the selected RMC is testable in 3D-MAPC, selecting 16QAM is reasonable if no further update on achievable SNR from companies.
Based on the above observations, we have the following proposal:
Proposal 1: RAN4 to select 16QAM RMC to define the FR2 MIMO OTA requirements at this stage. Further check the feasibility of 64QAM RMC based on the technical input from companies.
2.2   Channel model down selection
In MIMO SI, two channel models i.e., InO CDL-A  and UMi CDL-C were defined. In the WF from last meeting [3], we have the following agreements:
· Further discuss the down-selection of FR2 channel model for defining FR2 MIMO OTA requirement
· keep both InO CDL-A and UMi CDL-C at this stage, the goal is to select one for final requirement
Firstly, we think InO and UMi are two important scenarios for FR2 deployment. To make the test cases align with operators’ deployment, we prefer to keep both InO and UMi for FR2 MIMO OTA testing to increase the test coverage. 
On the other hand, the probe layout defined in MIMO OTA SI was extensively discussed and optimized based on both InO CDL-A and UMi CDL-C channel model parameters. The current 3D-MPAC has already supported both InO CDL-A and UMi CDL-C. If only one channel model is selected to specify the requirements, RAN4 might need to revisit the current probe layout which can improve the PSP performance and/or reduce the probe number to save cost.
Proposal 2: To increase the test coverage and fully utilize the capabilities of 3D-MPAC, RAN4 to keep both InO CDL-A and UMi CDL-C for FR2 MIMO OTA testing.
2.2   Sensitivity Performance Metric
In last meeting, companies had discussion on FR2 MIMO OTA performance metric and had the following agreements in [3]: 
· For FR2 MIMO OTA performance requirements:
· Select averaging all the values better than [50%] percentile of CCDF as the Figure of Merit for FR2 MIMO OTA requirement
· Further check whether [50%] percentile value of the CCDF curve should also be a FoM of FR2
· Analysis on number of test points vs uncertainty of FR2 MIMO OTA performance is encouraged
Regarding the FoM, as indicated in [4], we think the approach of averaging MIMO sensitivity better than certain percentile of CCDF e.g. 50% for PC3, can be selected as the FoM for FR2 MIMO OTA requirement.
Observation 3: The approach of averaging MIMO sensitivity better than certain percentile of CCDF e.g. 50% for PC3, can be selected as the FoM for FR2 MIMO OTA requirement.
In order to analyse the impact of number of test points on the MIMO OTA performance, we compare the EIS measurement results with different test point numbers as below. 
In Figure 1, a scatter plot of reletive EIS differences on upper hemi-sphere is shown. The EIS data is measured in a constant step grid with step size of 15 degrees for both  and . Angles of blue circle represent directions where UE cannot provide at least 3dB better EIS than the largest EIS (i.e., the worst EIS sensitivity). For angles that coincide with red circles, UE can provide relatively good EIS. Angles of black circle represent directions that EIS values are among the blue and red circles. Star markers in green are plotted over the sphere to show agreed constant density grid based 36 angles. 
[image: ]
Figure 1. EIS difference (maximum EIS – EIS(,))

In Figure 2, EIS CCDF is presented on a 1dB/x divition EIS scale. In order to vitualize how EIS statistics changes depending on test grids, 3 different levels of down sampling with a constant step grid and a constant density based grid were considered. And note that for EIS data measured in a constant step grid, sin weighting is applied. As it can be seen, EIS statistics mode deviates from the orginal EIS CCDF as down sampling rate increase. Especially compared with orignal data and 18 samples (equivalent to 36 samples in whole sphere), we can find out that the deviations are nontrivial.

[image: ]
Figure 2. CCDF of EIS for different test grids

Observation 4: EIS statistics mode deviates from the orginal EIS CCDF as down sampling rate increase. Compared with orignal data and 18 samples (equivalent to 36 samples in whole sphere), the deviations are nontrivial. 
If we assume MIMO sensitivity and EIS sensitivity has the similar performance, and the hemi-sphere EIS results are on top of 50% percentile of CCDF, we can calculate the average sensitivity with below equation:

Here  is the sensitivity on the test direction n, and N is the number of test direction. 
With above equation, we can obtain that the average sensitivity difference between the original data and 18 samples is ~0.77dB. That means 36 grid points will lead to ~0.77dB MU per our measurement results which is much larger than TRP MU of 0.25dB defined in TR38.810. 
Observation 5: Based on the EIS measurements analysis, 36 grid points will lead to ~0.77dB MU on averaging sensitivity which is much larger than TRP MU of 0.25dB. 
Therefore, we think RAN4 should consider more test points to make sure the MU of MIMO OTA performance requirement is reasonable. The MU of TRP i.e., 0.25dB can be used as the target.
Proposal 3: RAN4 to consider more test points to make sure the MU of MIMO OTA performance requirement is less than 0.25dB.
3. 	Conclusion
In this paper, we provide the views on performance requirements for FR2 MIMO OTA. We have the following observations and proposals: 
Observation 1: The achievable SNR in 3D-MPAC is ~15.3dB for n260. There is still a gap between achievable and required SNR for 64QAM in CDL channel.
[bookmark: _GoBack]Observation 2: To make sure the selected RMC is testable in 3D-MAPC, selecting 16QAM is reasonable if no further update on achievable SNR from companies.
Proposal 1: RAN4 to select 16QAM RMC to define the FR2 MIMO OTA requirements at this stage. Further check the feasibility of 64QAM RMC based on the technical input from companies.
Proposal 2: To increase the test coverage and fully utilize the capabilities of 3D-MPAC, RAN4 to keep both InO CDL-A and UMi CDL-C for FR2 MIMO OTA testing.
Observation 3: The approach of averaging MIMO sensitivity better than certain percentile of CCDF e.g. 50% for PC3, can be selected as the FoM for FR2 MIMO OTA requirement.
Observation 4: EIS statistics mode deviates from the orginal EIS CCDF as down sampling rate increase. Compared with orignal data and 18 samples (equivalent to 36 samples in whole sphere), the deviations are nontrivial. 
Observation 5: Based on the EIS measurements analysis, 36 grid points will lead to ~0.77dB MU on averaging sensitivity which is much larger than TRP MU of 0.25dB. 
Proposal 3: RAN4 to consider more test points to make sure the MU of MIMO OTA performance requirement is less than 0.25dB.
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