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Introduction
The intention of this contribution is to further evaluate the minimum number of probes in the 3D MPAC system for NR FR2 MIMO OTA testing. Initial studies on the number of probes to be implemented inside a 3D MPAC system can be found in [1], [2], and [3]. Later, further investigations were conducted in [4] and [5] to evaluate the impact of different parameters (e.g., the number of probes, range length, DUT offset, channel model, etc.) on the OTA system performance. Specifically, the simulation study in [4] showed the impact of the number of probes on the PSP for CDL models A, B, and C for UMi and InO scenarios. Then, in [5], the PSP has been evaluated by fixing the number of probes to be six, for different test zone sizes for the UMi and InO scenarios at FR2. 
The objective of this study is to evaluate the PSP when the frequency band and the number of probes is varied along with the range length and the DUT offset; this is done by further extending the study in [5]. The simulations are for both 28 GHz and 40 GHz frequency bands and for 6 and 8 probes configurations while varying the range length along with the DUT offset. 
Simulation Model and Results
In this study, we use the same simulation model as we have used in our previous contribution [5], and extend the model to support 8 probes and the 40 GHz frequency band. Note that in our simulations, we use the same 3D probe locations for each of the channel model and scenario configurations. Therefore, the minimum number of probes can be reduced for a subset of channel models. Here, the fixed probe locations are selected to support multiple models and scenarios without moving or switching off the probes. 
In our previous study [4], we conducted a simulation study to observe the impact of number of probes on the PAS similarity percentage (PSP) for a fixed range length and offset at 28 GHz band for UMi and InO scenarios using CDL-A and C models. In Figure 1, we have extracted some of the results from [4] to illustrate the behavior of PSP with the number of probes for a given range length and without DUT antenna offset.
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	[bookmark: _Ref8820035]Figure 1: PSP as a function of the probes with range length of 1 m and without DUT offset a) CDL-A 
b) CDL-C.


Results in Figure 1a show that the PSP is almost same for all simulated number of probes in the CDL-A model for UMI and InO scenarios. For CDL-C models, shown in Figure 1b, the PSP metric is almost saturated after eight probes. In the current study, we extend the simulations to further investigate the impact of probes by varying the range length and the DUT offset for different frequency bands.
The results in this contribution are for CDL A and C models for UMi and InO scenarios for both 28 GHz and 40 GHz frequency bands by varying the number of probes from 6 to 8. In all our simulations, we have used the same fixed probe locations, i.e., the locations of 6 probes and 8 probes are kept fixed for each of the channel model, frequency, and scenario configurations. Compared to the previous contribution in [5] (results were presented only for 28 GHz with 6 probes), in this contribution we have added more simulation results by adding results for the 8 probes case, and then by extending all the simulations, i.e., the simulations for 6 and 8 probes case to 40 GHz frequency band. 
Results in Figure 2 show that at 28 GHz band in InO scenario, the PSP value decreases when the DUT offset increases; however, by increasing the range length the PSP value can be increased. Results in Figure 2a illustrates that for CDL-A model, increasing the number of probes to 8 does not help to improve PSP, and the performance obtained using 6 and 8 probes are very close to each other (note the solid line-use to represent results for 6 probes and the dashed line-used to represent results for 8 probes are nearly overlapping). In contrast to CDL-A scenario, results in Figure 2b show that for CDL-C model there is a slight improvement in the PSP when the number of probes is increased from 6 to 8. 
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	Figure 2 : PSP versus DUT offset for different range lengths at 28 GHz in InO: (a) CDL-A (b) CDL-C
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	Figure 3: PSP versus DUT offset for different range lengths at 28 GHz in UMi: (a) CDL-A (b) CDL-C



Observation 1: In InO scenario, the improvement in PSP obtained by increasing number of probes (from 6 to 8) is not significant for CDL-A and CDL-C models.
In Figure 3, we present the results obtained for UMi scenario for 28 GHz band. Results show that in UMi scenario for CDL-A model, the improvement in PSP when the probes are increased from 6 to 8 is insignificant (see Figure 3a). However, results in Figure 3b show that compared to the CDL-A model we can see an improvement in the PSP when the channel model is changed to CDL-C. This is caused by the fact that the angular dispersion is narrower in CDL-A that in CDL-C model, and thus, by adding more probes to the space where power is weak does not yield any improvement to PSP in CDL-A model. Furthermore, if we compare the CDL-C models in InO and UMi scenarios (i.e., Figure 2b and Figure 3b), we can observe that in UMi scenario the improvement in the PSP when 8 probes are used is larger than that of in InO scenario. The reason is that in the InO scenario, the clusters are widely spread in the elevation domain, and hence, the added probes cannot improve the PSP.  
Observation 2: In UMi scenario, the improvement in PSP obtained by increasing number of probes (from 6 to 8) is not significant for CDL-A. However, for the CDL-C model the PSP is improved noticeably with 8 probes when compared to 6 probes. 
Figure 4 and Figure 5 illustrate the PSP for 40 GHz frequency band by changing the channel model and the scenario. Results show that behaviour of PSP with the DUT offset, range length, scenario, and channel model follow the same behaviour as we have seen in the case of 28 GHz band. 
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	Figure 4: PSP versus DUT offset for different range lengths at 40 GHz in InO: (a) CDL-A (b) CDL-C
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	Figure 5: PSP versus DUT offset for different range lengths at 40 GHz in UMi: (a) CDL-A (b) CDL-C



Observation 3: The difference in PSP between 28GHz and 40GHz for the studied channel models, scenarios, range lengths, and DUT antenna offsets is insignificant. 
Given the results presented in this contribution, an FR2 MPAC system with 8 active probes does not seem to offer significant advantages over a system with 6 probes. It is therefore proposed to limit the maximum number of probes for the NR FR2 MIMO OTA MPAC system to 6.
In order to progress, an acceptable PSP limit needs to be agreed to determine the min. range length for the NR FR2 MPAC system, e.g., a 75% PSP limit requires a min range length of 1m.
Proposal: An acceptable PSP limit needs to be agreed to determine the min. range length and number of probes for the NR FR2 MPAC system 
Conclusion
The following observations and proposals were made in this contribution:
Observation 4: In InO scenario, the improvement in PSP obtained by increasing number of probes (from 6 to 8) is not significant for CDL-A and CDL-C models.
Observation 5: In UMi scenario, the improvement in PSP obtained by increasing number of probes (from 6 to 8) is not significant for CDL-A. However, for the CDL-C model the PSP is improved noticeably with 8 probes when compared to 6 probes. 
Observation 6: The difference in PSP between 28GHz and 40GHz for the studied channel models, scenarios, range lengths, and DUT antenna offsets is insignificant. 
Proposal: An acceptable PSP limit needs to be agreed to determine the min. range length and number of probes for the NR FR2 MPAC system 
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