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1	Introduction
In the RAN4 #88bis meeting the channel models for NR MIMO OTA for FR1 and FR2 were initially discussed [1]. The work plan set for the November meeting was to make progress on channel models at FR1 and FR2 [2]. For 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 MPAC systems is discussed in many papers, see e.g. [3]. In this contribution, we present an analysis which shows that the practical FR2 MPAC systems are feasible. Instead of utilizing hundreds or tens probes in the test system, smaller number of probes are shown to be sufficient. Example simulation results of OTA model implementation of 3GPP 38.901 CDL NLOS models with six probes are provided in this paper.
2	Total Variation Distance of PAS
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 with three non-line-of-sight CDL models from Section 7.7.1 of [5], namely CDL-A, CDL-B, and UMi CDL-C. Delay and angular scaling according to Sections 7.7.3 and 7.7.5.1 of [5] are implemented to the models. In the simulations, the center frequency is 28 GHz and baseline scenario is UMi NLOS. 
[bookmark: _Hlk528872477]The BS antenna array is an 8×8 uniform rectangular array (URA) with half wavelength inter-element spacing. In total, 64 fixed beams are constructed from a grid of eight elevation angles from –25 to +25 with ~7.1 steps and eight azimuth angles from –55 to +55 with ~15.7 steps. For the study, the two strongest beams are selected based on the sum of cluster powers allocated to them. 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. 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. 
The probe locations (six) within the chamber are included in OTA simulation models and same locations are kept the same for all three CDL models presented in this paper.
4	Simulation Results
In this Section, reference PAS and OTA PAS for two strongest BS beams are shown.
4.1	CDL-A
Figure 1 illustrates the total variation distance of reference PAS seen by DUT and OTA PAS seen by DUT. 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 with chamber utilizing the six probes. 
By the visual inspection the OTA PAS is very similar in comparison to reference PAS. PSP is 89.8% and 90.16% for the strongest and second strongest beams, respectively. The composite angular spreads of CDL-A model are substantially narrower than with CDL-B and CDL-C models. Two strongest beams of CDL-A model illuminate the same cluster and therefore, the reference PAS with the strongest and second strongest BS beams are almost identical.   
[image: OTA_UMI_CDL-A_New_ProbeConfig_6probes_Beam1_TVDofPAS]
[bookmark: _Ref525118482]Figure 1. CDL-A, total variation distance of PAS with strongest BS beam. Reference PAS (left), OTA PAS (right).
[image: OTA_UMI_CDL-A_New_ProbeConfig_6probes_Beam2_TVDofPAS]
Figure 2. CDL-A, total variation distance of PAS with 2nd strongest BS beam. Reference PAS (left), OTA PAS (right).
4.2	CDL-B
CDL-B model has multiple strong clusters in angular domain and the PAS observed by the DUT is much more dispersed compared to CDL-A. For beam 1, the direction of the strongest power components as well as the angular spread of the strongest power concentration of the OTA model are very well matched with the reference model. The PSP metric for beam 1 is 84.7%. The difference is mainly seen from the direction where the power level is more than 10dB below the strongest power. For the second strongest beam, the direction of the strongest power concentration of OTA model is slightly different from beam 1 and it is well matched with the reference model. The angular spread of beam 2 OTA model is slightly wider compared to the reference model, but the PSP metric is still 82.2%.
[image: OTA_UMI_CDL-B_New_ProbeConfig_6probes_Beam1_TVDofPAS]
Figure 3. CDL-B, total variation distance of PAS with strongest BS beam. Reference PAS (left), OTA PAS (right).
[image: OTA_UMI_CDL-B_New_ProbeConfig_6probes_Beam2_TVDofPAS]
Figure 4. CDL-B, total variation distance of PAS with 2nd strongest BS beam. Reference PAS (left), OTA PAS (right).

4.3	CDL-C
As in the CDL-B model, the PAS seen by DUT is similar at the directions where the received power level is within 10dB from the maximum. The differences in PAS can be seen mainly at the directions where the power level is 20dB weaker than the maximum level. The PAS of CDL-C model with beams 1 and 2 is notably different with respect to direction of the strongest power concentration and the angular spread. The OTA implementation can reflect these differences well and the PSP metric of both beams is good.
[image: OTA_UMI_CDL-C_New_ProbeConfig_6probes_Beam1_TVDofPAS]
Figure 5. CDL-C, total variation distance of PAS with strongest BS beam. Reference PAS (left), OTA PAS (right).
[image: OTA_UMI_CDL-C_New_ProbeConfig_6probes_Beam2_TVDofPAS]
[bookmark: _Ref352176984]Figure 6. CDL-C, total variation distance of PAS with 2nd strongest BS beam. Reference PAS (left), OTA PAS (right).
5	Conclusion
FR2 OTA channel model accuracy for the CDL A/B/C NLOS channel models was simulated with an MPAC configuration of six probes with fixed directions. The visual comparison and PSP metric between reference PAS and realized OTA PAS indicate good OTA model accuracy with reasonable number of probes for all CDL NLOS models; increasing the number of probes can further increase the accuracy. 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. The probe locations are kept same for each model; thus, it can be concluded that all CDL models can be implemented with a fixed probe configuration with limited number of probes.
Proposal 1: Consider an MPAC methodology for FR2 NR MIMO OTA testing in Release 16
[bookmark: _GoBack]Proposal 2: Feedback from BS vendors is requested in terms of suitable antenna configurations for FR2
In the case of dynamic channel models or multiple interfering base stations, the probe number requirement would of course increase.
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