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1 Introduction
According to the WF agreed in RAN4#97-e meeting [1], for FR2 MIMO OTA requirements, “number of test points vs uncertainty” will be further analysed. In this document, we provide our simulation results and analysis. In our view, the analysis justifies the current method, which assumes “36 evenly spaced test points” and “averaging all the values better than [50%] percentile of CCDF as the Figure of Merit for FR2 MIMO OTA requirement”.
2 Discussion
2.1 Simulation assumptions
1) UE side
For UE side, the simulation assumptions are in line with [3], which were used in analysis of MU for EIS spherical coverage in TR 38.810, including
1) Assume two 8x2 antenna arrays integrated in the UE, and the implementation loss for the antenna near the front is 5dB less than the antenna near the back.
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[bookmark: _Ref525215830]Figure 1: Illustration of the two antenna arrays integrated in the UE (from [3])

2) UE Beam Steering Assumptions
· In the xz plane, assume 45o beam steering granularity (from 45o to 135o)
· In the xy plane, assume 22.5o beam steering granularity (from -90o to 90o)
3) Antenna Radiation Patterns: 260deg/130deg HPBW as in table 1 and table 2 of [3]. Because the large loss of the radio signal to penetrate the UE body i.e. battery, PCB etc., it is assumed that the front hemisphere is served by the front antenna array, and vice versa. 
2) Channel model and Base Station setting
The channel model and base station setting are in line with TR 38.827, including
1) UMi CDL-C channel model
2) BS Beam Steering Assumptions: “For FR2: A code book of 128 fixed beams is constructed to a grid of eight elevation angles from –25 to +25 with ~7.1 step size and 16 azimuth angles from –60 to +60 with 8 step size;”
3) Base Station beamforming: “For NR FR2 MIMO OTA, 1 strongest transmitting beam is generated from BS, the direction of this beam towards the strongest cluster of each FR2 channel model.”
2.2 Simulation results
1) Simulated scenarios 
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Figure 2: Evaluated scenarios: Single probe vs. MIMO 

As shown in figure 2, UE is placed at the centre of test system which is a sphere surrounding the UE. The positions of test point are constant density grids on the sphere. In each test, 
Step1: UE is placed with random relative position to the test system. UE beam peak always aligns with one of grips.
Step2: Reference signal is transmitted from each test point, UE received signal power is recorded one by one (with adaptive UE beam selection), CDF statistic is calculated over the different received powers of all test points.    
· In single probe case, the reference signal is transmitted form single direction without PAS, as shown in the left side of figure 2. This is similar to EIS spherical coverage test in TR38.810.
· In MIMO case, the reference signal is UMi CDL-C with PAS, the direction of strongest cluster aligns with the test point, as shown in the right side of figure 2.    
In the simulation, we repeat step1 and step2 to make different CDF statistics of different UE positions. For each grid density, 1000 random UE positions are simulated, then these different CDF statistics (e.g. 50% CDF value of each statistic) are compared for the analysis of measurement uncertainty.
2) Simulation results and analysis

Single probe w/o PAS (36, 72, 144, 288 constant density grids)
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MIMO UMi CDL-C (36, 72, 144, 288 constant density grids)
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x-axis granularity: 1dB
Figure 3: CDF results for UE received signal power in constant density measurement grids

Table1: Statistical results of UE received signal power in constant density measurement grids
	Number of grid points
	Single probe 50%CDF
	MIMO 50%CDF
	MIMO average over top 50%

	
	STD [dB]
	Span [dB]
	STD [dB]
	Span [dB]
	STD [dB]
	Span [dB]

	36
	0.40
	2.68
	0.38
	2.96
	0.40
	1.90

	72
	0.27
	1.97
	0.32
	2.03
	0.37
	1.65

	144
	0.17
	1.19
	0.29
	1.67
	0.31
	1.63

	288
	0.09
	0.62
	0.23
	1.27
	0.31
	1.26
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Figure 4: Statistical results for UE received signal power in constant density measurement grids

The simulation results are shown in figure 3. In single probe cases, the reference red line is the result with very fine grids (288*32 points used in above simulation). For the metric of interest, i.e. “50%CDF” or “average over top 50%”, the specific results are further listed in table 1 and shown in figure 4. According to these results, we have following observations: 
[bookmark: _Ref528523222]Observation1: In single probe case, the 50%CDF values converge significantly with lager grid points, i.e. STD decreases along with 36, 72, 144 or 288 grid points. The results are similar with EIS spherical coverage analysis in TR 38.810 Table G.3.3.2.1-2. 
Observation2: In MIMO case, the 50%CDF values do not converge significantly with lager grid points.
We think the reason of observation2 is PAS of the MIMO channel model. It is not fully symmetric around the direction of the strongest cluster. Despite we move the strongest cluster along the constant density grips to cover whole sphere of the test system, the path of other clusters may not be constant density, and they may even only go through part of the sphere with some duplication areas due to their relative position to the strongest cluster. 
Observation3: In MIMO case, the two metrics (“50%CDF” or “average over top 50%”) are similar in terms of STD i.e. measurement uncertainty.
Besides above three observations from the simulation results, it is also noticed that the relative position between MIMO channel model and the test system has been standardized and fixed in the specification i.e. TR38.827 section 6.2.3 “3D Multi-Probe Anechoic Chamber (MPAC) for FR2”. And the UE positions are also standardized and fixed, i.e. TR38.827 Table 6.2.3.2-1 “Evenly spaced FR2 test points with a constant density”. Therefore it is understood that in case of UE MIMO OTA, all random terms in the above simulation are fixed including “random UE position” and “moving channel model along the grip points”.
Observation4: MIMO OTA Specification TR38.827 has defined fixed channel model position relative to the test system, and UE test positions are also well specified. These conditions will make sure that all UE are verified in similar environment even they are tested in different labs.
Based on above observations, we propose that 
Proposal 1: Keep current agreement that “36 evenly spaced test points with a constant density” are used for FR2 UE MIMO OTA test.
Proposal 2: Keep current agreement that “Select averaging all the values better than [50%] percentile of CCDF as the Figure of Merit for FR2 MIMO OTA requirement”, and “not to introduce “[50%] percentile of the CCDF curve” as another FoM”.
Proposal 3: Conclude the open issue about “Further analysis on number of test points vs uncertainty of FR2 MIMO OTA requirements”
As discussed above, the setup of FR2 MIMO OTA is different from the EIRP/EIS measurement in TR38.810. Consistency of the results from different labs is provided by specified/standardized relative positions among coordinate system, channel model and UE. In other words, “number of test points” does not impact “uncertainty of FR2 MIMO OTA requirements” in the same way it impacts the MU of EIRP/EIS measurement in TR38.810.
3 Conclusions
In this document, we present our simulation results and analysis on number of test points vs uncertainty of FR2 MIMO OTA requirements.
Observation1: In single probe case, the 50%CDF values converge significantly with lager grid points, i.e. STD decreases along with 36, 72, 144 or 288 grid points. The results are similar with EIS spherical coverage analysis in TR 38.810 Table G.3.3.2.1-2. 
Observation2: In MIMO case, the 50%CDF values do not converge significantly with lager grid points. 
Observation3: In MIMO case, the two metrics (“50%CDF” or “average over top 50%”) are similar in terms of STD i.e. measurement uncertainty.
Observation4: MIMO OTA Specification TR38.827 has defined fixed channel model position relative to the test system, and UE test positions are also well specified. These conditions will make sure that all UE are verified in similar environment even they are tested in different labs.
Proposal 1: Keep current agreement that “36 evenly spaced test points with a constant density” are used for FR2 UE MIMO OTA test.
Proposal 2: Keep current agreement that “Select averaging all the values better than [50%] percentile of CCDF as the Figure of Merit for FR2 MIMO OTA requirement”, and “not to introduce “[50%] percentile of the CCDF curve” as another FoM”.
Proposal 3: Conclude the open issue about “Further analysis on number of test points vs uncertainty of FR2 MIMO OTA requirements”
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