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Introduction
Investigations have been carried out on designing 3D-MPAC systems for NR FR2 MIMO OTA testing [1] and to evaluate the impact of key design parameters (e.g., the number of probes, range length, DUT-array offset, channel model, etc.) on the OTA system performance [2], [3], and [4]. In the WF from RAN4#92 [5], it was agreed to decide on limits for PSP (i.e., the validation metric used in FR2 MIMO OTA testing) for the down selected channel models (InO CDL-A and UMi CDL-C). To this end, in our previous study [6], we have provided the initial results to illustrate the behaviour of PSP with the DUT offset for the two selected channel models in the WF. 
In this contribution, we further extend our investigations on suitable system implementation of FR2 3D-MPAC systems with the goal to defining the limits of PSP, the number of probes, and the range length.  Specifically, we evaluate the PSP by sampling a large number of DUT offsets in 3D within the spherical DUT test zone, for InO CDL-A and UMi CDL-C models with range lengths = 1 m and 0.75 m. 
Simulation Model and Results
[bookmark: _Hlk528872477][bookmark: _GoBack]In the simulations, the BS antenna array is an 8×16 uniform rectangular array (URA) with half wavelength inter-element spacing. In total, 128 fixed beams are constructed from a grid of 8 elevation angles from –25 to +25 with ~7.1 step size and 16 azimuth angles from –60 to +60 with 8 step size [8]. For the study, the strongest beam is selected as agreed in [8]. A virtual 4×4 rectangular array with half wavelength inter-element spacing is used to observe PAS at the DUT-array and to determine the PSP. Then, for a predefined range length we evaluate the PSP at each feasible point in the DUT test zone. 
To model the spherical DUT test zone, we first define a cube with base = 10 cm, see Figure 1. Then, we sample the cube such that the distance between two sampling points is 2 cm. To construct the spherical DUT test zone, we pick all the points from the sampled cube which satisfy the following condition;

where  are the coordinates of the centre of the test zone, and   are the coordinates of any ith point in the cubic region, and  is the radius of the spherical test zone. Parameter  is defined in a way that the considered DUT array lies fully inside the DUT test zone. Based on the dimensions of the virtual 4x4 DUT array, we set cm. Once the DUT test zone is defined, the PSP is evaluated at each point of the test zone. 
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	[bookmark: _Ref23767838]Figure 1: Illustration of DUT test zone sampling with inter-sampling point distance = 2 cm.



In this study, we have reoptimized the probe locations (compared to the probe locations we have used in our previous studies [2], [3] and [4]) to be matched with the spatial characteristics of InO CDL-A and UMi CDL-C channel models. The selected probe locations support both these channel models without moving or switching off the probes. In the probe location optimization phase, a minimum angular separation of  between two probes is imposed [7]. The simulations are carried out for 28 GHz frequency band, and we have used the agreed NR MIMO OTA channel model implementation in [8].  
Unfortunately, the simulations did not complete on time prior to the submission deadline and will be provided in a revised (late) contribution.  
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	[bookmark: _Ref24119459]Figure 2: The CDF of PSP values obtained for 28 GHz with range length = 0.75 m: (a) InO CDL-A and (b) UMi CDL-C



Results in Figure 2 show the CDF of PSP% for InO CDL-A and UMi CDL-C models when the range length is 0.75 m. Results show that for both models, there is a clear improvement in the mean PSP% for a 3D-MPAC system with 6, 8, 10, or 12 probes compared to a 3D-MPAC system with 4 probes. Furthermore, it can be seen that the improvement in PSP% obtained by using 10 or 12 probes in the system is not so significant compared to the PSP% obtained in a system with 8 probes. 
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	[bookmark: _Ref24120506]Figure 3: The CDF of PSP values obtained for 28 GHz with range length = 1m: (a) InO CDL-A and (b) UMi CDL-C



Results in Figure 3 show the CDF of PSP% for InO CDL-A and UMi CDL-C models when the range length is 1 m. Compared to the case when range length = 0.75 m, it can be seen that the PSP% has been increased for all the probes when the range length is 1 m. 
The results in Table 1 show the mean PSP% for all the considered simulation scenarios.
[bookmark: _Ref24718417]Table 1: Summary of mean PSP% values for all considered simulation scenarios
	
	Mean PSP%

	
	4 probes
	6 probes
	8 probes
	10 probes
	12 probes

	InO CDL-A (range length = 0.75 m)
	79.84  
	81.98   
	82.08   
	83.24   
	83.58

	UMi CDL-C (range length = 0.75 m)
	79.29  
	81.31   
	82.85
	82.73   
	82.66

	InO CDL-A (range length = 1 m)
	82.11   
	84.96   
	85.15   
	86.72   
	87.11

	UMi CDL-C (range length = 1 m)
	81.20   
	83.56   
	85.37   
	85.24   
	85.23



For both InO CDL-A and UMi CDL-C models;
Observation 1: For all the considered probe configurations, the PSP% obtained in the case of range length = 0.75m is clearly lower than the PSP% obtained when the range length = 1 m.   
Observation 2: The PSP% obtained with 6 or 8 probes is larger than the PSP% obtained with 4 probes. No significant improvement in PSP% can be obtained by increasing the number of probes to 10 or 12 in the 3D-MPAC system.
Observation 3: The mean PSP% obtained with 6 or 8 probes is >83%. 
Proposal 1: Proposed range length for FR2 MIMO OTA is ≥1m.
Proposal 2: The probe configuration system design metric for FR2 MIMO OTA is mean PSP%. 
Proposal 3: The proposed acceptance limit for the mean PSP% is 83%.
Proposal 4: Number of probes for NR MIMO OTA is 8.

Conclusion
The following proposals were made in this contribution. 
Pending
Observation 1: For all the considered probe configurations, the PSP% obtained in the case of range length = 0.75m is clearly lower than the PSP% obtained when the range length = 1 m.   
Observation 2: The PSP% obtained with 6 or 8 probes is larger than the PSP% obtained with 4 probes. No significant improvement in PSP% can be obtained by increasing the number of probes to 10 or 12 in the 3D-MPAC system.
Observation 3: The mean PSP% obtained with 6 or 8 probes is >83%. 
Proposal 1: Proposed range length for FR2 MIMO OTA is ≥1m.
Proposal 2: The probe configuration system design metric for FR2 MIMO OTA is mean PSP%. 
Proposal 3: The proposed acceptance limit for the mean PSP% is 83%
Proposal 4: Number of probes for NR MIMO OTA is 8.
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