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1	Introduction
At FR2, the number of probes and the respective placement in the chamber is a fundamental problem as the wavelength decreases and the electrical size of DUT increases. The number of probes in 3D MPAC systems has been discussed in many papers, see e.g. [1] and [2]. It was agreed to add indoor office (InO) to the test scenarios for FR2 [3]. Also, it was agreed to simulate the BS antenna as an 8x16 uniform rectangular array (URA) with half wavelength inter-element spacing [3]. This paper is the continuation from our previous contribution presented in RAN4 #89 meeting [1]. In this paper, we present new simulation results for UMi and InO scenarios and study the OTA system performance with different number of probes. The probe locations are kept fixed for all six simulation cases to illustrate that multiple models and scenarios can be supported with fixed probe configuration without moving or switching of probes. This contribution shows that increasing number of probes in the chamber does not provide substantial improvement to the OTA system performance. Instead, a manageable number of probes is shown to be sufficient.
2	OTA system performance metrics
The Total Variation Distance (TVD) of power angular spectrum (PAS) is used to measure the similarity of the PAS produced by the OTA system and the reference PAS. The output of the metric is in the range [0, 1], where 0 means full similarity and 1 means maximum dissimilarity. Detailed description of the metric is presented in [4]. In this paper, we use the complement of the same metric as it is more intuitive. PAS similarity percentage (PSP) is defined as (1-TVD)100%. Now, PSP=100% denotes full similarity and PSP=0% denotes full dissimilarity.
3	Simulation Model
Simulations are carried out in two baseline scenarios; urban micro (UMi) and indoor office (InO) with three non-line-of-sight CDL models from Section 7.7.1 of [5], namely CDL-A, CDL-B, and CDL-C. Delay and angular scaling according to Sections 7.7.3 and 7.7.5.1 of [5] are implemented to the models [6]. In the simulations, the centre frequency is 28 GHz. 
[bookmark: _Hlk528872477]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. For the study, the four strongest beams are selected based on the sum of cluster powers allocated to them. The test system should support testing with multiple gNB beams, because depending on the channel model and DUT beam characteristics, there can be multiple close to equally strong beam directions in the channel model. The gNB beam powers with the channel model are calculated for an isotropic receiver, but depending on DUT antenna characteristics, DUT orientation and other beam management related aspects, DUT may report different gNB beam as strongest beam for the PDSCH beam selection. In addition, to support mobility testing, the strongest beam may change due to UE movement. Allocated cluster powers to the selected beams form the power angular spectrum (PAS) seen by the UE (DUT). The antenna pattern of UE is excluded from the channel model. In the simulations, virtual 4×4 rectangular array with half wavelength inter-element spacing is used to observe PAS at the UE and to determine the metrics described in Section 2. 
4	3D MPAC Simulation Results
This section presents example results for all six combinations of channel models and scenarios as a function of the number of 3D MPAC probes. The range for the number of probes is from 4 to 20 with the increment of two probes. The same probe locations are kept for all six models.  
4.1	Example PSP for UMi CDL-C with 8 probes
Figure 1 presents the PSP of reference PAS seen by DUT and OTA PAS seen by DUT for 8 3D MPAC probes for the UMi CDL-C scenario for the strongest beam. The reference PAS (left half of Figure 1) is according to TR 38.901 model, whereas OTA PAS (right half of Figure 1) is implemented by simulating the OTA channel model in a 3D MPAC system. 
By visual inspection, the OTA PAS represent the Reference PAS well. The directions of the strongest power components are well matched. The angular spread of the strongest power concentration of the OTA model shows some mismatch and on the other hand the directions where the power level is 20 dB below the maximum power level.  
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[bookmark: _Ref435054]Figure 1. PAS plots (reference on left, OTA on right) and PSP calculations are illustrated for the strongest BS beam and for the UMi CDL-C channel model/scenario with 8 probes. 


4.2	Example PSP for InO CDL-C with 8 probes
Figure 2 shows the PSP metric for a 3D MPAC system with 8 probes for the four strongest beams. The simulations were made for the InO CDL-C scenario which has multiple strong clusters in angular domain. The PAS observed by the DUT is much more dispersed, e.g., compared to the CDL-A model. The direction of the strongest power components is well matched with the reference model in all four beams. The difference is primarily the angular spread of the strongest power concentration of the OTA model. The PSP metric for the 8-probe 3D MPAC implementation is larger than 83% for two strongest beams and larger than 86% for the third and fourth strongest beams.
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[bookmark: _Ref528497]Figure 2. PAS plots (reference on left, OTA on right) and PSP calculations are illustrated for the InO CDL-C scenario for an 8-probe MPAC system. BS beam a) strongest b) 2nd strongest c) 3rd strongest and d) 4th strongest.
4.3	PSP for CDL-A and CDL-B models with 8 probes
4.3.1 CDL-A UMi and InO 
Figure 3 presents the PSP for the strongest beam in UMi and InO CDL-A scenarios. By the visual inspection the OTA PAS is very similar in comparison to the reference PAS. The PSP metric is larger than 90% for both scenarios. The composite angular spreads of CDL-A model are substantially narrower than with CDL-B and CDL-C models. Therefore, the 3D MPAC system can reflect the main cluster extremely well in CDL-A scenario.
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[bookmark: _Ref516491]Figure 3. PAS plots (reference on left, OTA on right) and PSP calculations are illustrated for the strongest BS beam for a) CDL-A UMi b) CDL-A InO scenarios. Results are for an 8-probe MPAC system.

4.3.2 CDL-B UMi and InO 
The PSP for the strongest beam in CDL-B UMi and InO scenarios are shown in Figure 4. The CDL-B model has multiple strong clusters in the angular domain and the PAS observed by the DUT is much more dispersed compared to CDL-A model. 
The direction of the strongest power of the OTA model is well matched with the reference model. Differences are seen in the azimuth angular spread concentration around the strongest power. However, the PSP metric for strongest BS beam is still ~80% and 78% for UMi and InO, respectively. 
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[bookmark: _Ref517501]Figure 4. PAS plots (reference on left, OTA on right) and PSP calculations are illustrated for the strongest BS beam for a) CDL-B UMi, b) CDL-B InO scenarios. Results are for an 8-probe MPAC system.

4.3	Number of probes vs PSP
The impact of the number of probes on the PSP metric is summarized in this section. Figures 5—8 show the PSP for four strongest beams as a function of probes for the six combinations of the three channel models and the two scenarios. The simulations used the exact same 3D probe locations for each of the channel model and scenario configurations. Therefore, the effective number of probes used for a certain model may be lower than indicated by number of probes for certain simulation case and it is obvious that all six models cannot provide equally good results. 
As shown in the plots, the PSP is almost the same for all beams and simulated number of probes in the CDL-A model. This caused by the fact that angular dispersion is narrow in this model and adding more probes to the space where power is weak does not yield any improvement to PSP. 
[bookmark: _Ref790725]Observation 1: The CDL-A Channel Model can be implemented well with a limited number of probes in a 3D MPAC system.
Angular dispersion is significantly larger in CDL-B models leading to lower PSP. The CDL-B model is more challenging to implement with small number of probes. Thus, clear improvement in PSP can be seen when more probes are added to the test system. 
[bookmark: _Ref790730]Observation 2: The CDL-B channel model is challenging to implement with small number of probes.
For CDL-C models, the PSP metric is almost saturated after eight probes. The worst PSP, approximately 75%, is observed for the second strongest beam in InO CDL-B scenario. In this case, PSP is practically constant after eight probes meaning that more than eight probes do not provide much improvement to PSP metric in this scenario 
[bookmark: _Ref790741]Observation 3: The CDL-C channel model is represented well with a minimum of 8 probes and little improvement is seen by increasing the number of probes. 
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[bookmark: _Ref429316]Figure 5. Strongest beam, PSP vs number of probes.
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Figure 6. 2nd strongest beam, PSP vs number of probes.
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Figure 7. 3rd strongest beam, PSP vs number of probes.
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[bookmark: _Ref429442]Figure 8. 4th strongest beam, PSP vs number of probes.

[bookmark: _Ref352176984]The FR2 OTA channel model accuracy for the CDL A/B/C NLOS channel models was simulated with a 3D MPAC configuration utilizing between 4 and 20 probes with fixed probe locations. The visual comparison and the PSP metric between reference PAS and realized OTA PAS with different number of probes indicate a good OTA model accuracy with reasonable number of probes for all CDL NLOS models; increasing the number of probes beyond eight probes often just slightly increases the channel model emulation accuracy but increases the OTA test system costs as well. The results for LOS models were not shown in this contribution, but it is known that even better match can be obtained with the LOS models because of the dominant effect of the LOS component. 
As the simulations used the exact same 3D probe locations for each of the channel model and scenario configurations, it can be concluded that a 3D MPAC system with a minimum of 8 probes is sufficient to accurately emulate all NLOS and LOS channel models for the UMi and InO scenarios of interest. 
[bookmark: _Ref790749]Proposal 1: Limit the number of probes of the 3D MPAC system to eight. 
Further improvements in terms of the number of probes could be made if specific channel model and scenario combinations are selected.
[bookmark: _Ref790757]Observation 4: Further reduction in the number of 3D MPAC probes based on probe location optimizations could be made if specific channel model and scenario combinations are selected
[bookmark: _GoBack]
5	Conclusions
The following observations and conclusions were made in this contribution:
Observation 1: The CDL-A Channel Model is represented the best by a 3D MPAC system.
Observation 2: The CDL-B channel model is represented well with a minimum of 8 probes.
Observation 3: The CDL-C channel model is represented well with a minimum of 8 probes and little improvement is seen by increasing the number of probes.
Proposal 1: Limit the number of probes of the 3D MPAC system to eight.
Observation 4: Further reduction in the number of 3D MPAC probes based on probe location optimizations could be made if specific channel model and scenario combinations are selected. 
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