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Introduction
The number of probes and the probe configuration in a two-dimensional multi-probe anechoic chamber (2D MPAC) setup at FR1 are studied in this contribution. The study is performed by evaluating the spatial correlation error in various simulated probe configurations covering a sector of angles. The purpose is to determine the minimum number of probes for NR FR1 2D MPAC setups.
This contribution is a continuation of [1] with focus on the 2D sector configuration of probes instead the uniformly distributed probes that unnecessarily increases the number of probes. In the sector configuration, different number of probes are placed on a segment of arc covering a sector of angles and the capability of the configuration to reconstruct the target channel model is evaluated. The evaluation method is analytical and does not consider other non-idealities such as, e.g., limited range length, which requires a separate investigation. In the 2D sector evaluations of [1] the angular sector for probes was determined to contain 90% of total power. In this contribution, different percentages are evaluated together with the “non-simplified” case where the sector is chosen to contain 100% of power.
It is important not to confuse probe configuration simplifications with channel model simplifications. In this contribution, as well as in [1], the CDL channel models have not been simplified. i.e., reference channel models are as specified in [2]. Different probe configurations are not channel model simplifications. Probe configurations are just different implementations of a MPAC setup for reconstructing the target channel model.
Analysis Assumptions
The spatial correlation is calculated between two spatial points. It is determined by power weighted average of phase difference between the sample points. The average can be calculated as a sum, since the reference channel model, as well as the probe configuration, are discrete. Spatial correlation and the correlation for the ideal and for the discrete case are defined in [3].
Spatial sampling for correlation analysis was discussed in [1] and agreed in [4]. Here we choose option 5, i.e., a disc with 20cm diameter to match the test zone size which was previously agreed for smartphone UEs. One sample point is always the centre of the disc the other point lies within the disc. Points are spaced with 0.1 separation in a Cartesian coordinate system. Examples of the sampling grid are illustrated in [1].
In this contribution, the evaluated CDL channel models are non-simplified, i.e., reference channel models are as specified in [2]. They are CDL-A (with UMi scaling) and CDL-C (with UMa scaling). The elevation spread at the UE (arrival) side has been reduced to zero making the channel models 2D as observed by a UE. BS antennas are as agreed in [5]. Two strongest BS beams are considered, which substantially reduces the effective angular spreads at the UE side
Simulation Results
As a reminder, we show weighted rms correlation error curves with the settings, e.g., 90% power filtering, of [1] in Figure 1. The figure clearly indicates that sector configurations require less probes than the ring configuration for low correlation errors. For this reason, we focus on the sector configuration in this contribution. Among the (dashed) sector configuration curves, we can observe that the dark blue 7.15GHz CDL-C (UMa) curve generally has the highest error values. In other words, the 7.125GHz CDL-C case is the most challenging one and requires highest number of probes among the sector configuration cases. Therefore, we choose that case for supplemental investigations.
[image: ]
[bookmark: _Ref16672737]Figure 1. Weighted RMS spatial correlation error as a function of number of probes in eight different channel model, centre frequency, and probe configuration combinations.

Figure 2 illustrates the probe configuration in the case of eight probes and CDL-C (UMa) channel model. Rays are denoted with blue dots. Magnitudes of rays are indicated by radii. The probe locations with fixed angular separation are denoted with circles in the polar plot; a non-uniform spacing of probes within the sector could further reduce the number of probes and will be investigated in subsequent contributions. Angular sector widths for probes chosen to contain 85, 90, 95, 99, and 100% of the total power. In each case, the angular spacing of probes within the sector is uniform and additional 5 segment is added to both edges of the X% sector. In Figure 2, e.g., in the 90% power case the sector has its left edge in 200 and the right edge in 100. We can also observe that the 100% sector case is identical to the full ring case. This is a consequence of small power rays all around the 360 AoA sector (see blue dots in the origin of the polar plot).
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[bookmark: _Ref16686485]Figure 2. Ray and probe angles in CDL-C (UMa) case with eight probes and various probe sector widths. 

In Figure 3 we show the weighted rms correlation errors of the configurations of Figure 2. Evidently, the 100% sector gives the worst performance, being identical to a ring configuration. The 85% power sector yields the lowest error with small probe numbers but the highest error floor with larger probe numbers. Both the 85% and 90% cases provide below 0.1 error with nine or more probes. 
The 99% curve yields worse performance with small probe numbers but the best performance on 20 and more probes among the sectored probe configurations (and not the full ring configuration). The result indicates the impact of sufficient small angular sampling by probes and sufficient wide sector to cover also weaker ray directions. With small probe numbers the angular sampling is too sparse and the resulting error is high. On larger probe numbers the spatial sampling becomes adequate and the sector width starts to dominate the correlation error.
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[bookmark: _Ref16684255]Figure 3. Weighted RMS spatial correlation error as a function of number of probes in CDL-C (UMa) 7.125GHz case with five different probe sector widths.
Discussion
The simulation results show that nine or more probes provide a low weighted RMS spatial correlation error of less than 0.1 with the sector probe configurations in the case of CDL-C (UMa) at 7.125GHz frequency (worst case in terms of number of probes) for an MPAC system supporting a 20cm test zone size. As this channel model and frequency combination yields the largest number of probes for an NR FR1 MPAC system, the mentioned probe number should be sufficient also in other channel model and frequency combinations. A further reduction of number of probes needed for the NR FR1 channel model implementation can and will be investigated next by considering non-uniform spacing of probes within the sector. 
Proposal: A maximum RMS correlation error limit needs to be agreed to finalize the minimum number of probes. Additionally, it needs to be determined whether to consider the weighted or non-weighted RMS correlation error. 
However, at this point, it can be concluded that 16-probe MPAC systems commonly deployed in test labs for LTE MIMO OTA for 3GPP MIMO OTA [6] and CTIA MIMO OTA [7] testing (each test plan limits the number of active probes to 8) should be applicable for LTE MIMO OTA and NR FR1 MIMO OTA testing after probe placement modifications, i.e., 8 uniformly placed probes are used for LTE MIMO OTA and a fraction of the 16 probes with the 8 probes not used for LTE MIMO OTA placed in a sectored configuration for NR FR1 MIMO OTA. This approach has been visualized in Figure 4 with the assumption that 8 probes for NR MIMO are sufficient.
Observation: A 16-probe MPAC systems commonly deployed in test labs for LTE MIMO OTA for 3GPP MIMO OTA and CTIA MIMO OTA testing (each test plan limits the number of active probes to 8) should be applicable for LTE MIMO OTA and NR FR1 MIMO OTA testing after probe placement modifications
[image: ]
[bookmark: _Ref16690312]Figure 4: Left: Common LTE MIMO System Configuration with 16 probes (only 8 active probes); Right: Potential dual-purpose LTE and NR FR1 MIMO System Configuration with 16 probes (8 LTE MIMO and 8 NR MIMO probes)
Conclusion
The following observation was made in this contribution:
[bookmark: _GoBack]Proposal: A maximum RMS correlation error limit needs to be agreed to finalize the minimum number of probes. Additionally, it needs to be determined whether to consider the weighted or non-weighted RMS correlation error. 
Observation: A 16-probe MPAC systems commonly deployed in test labs for LTE MIMO OTA for 3GPP MIMO OTA and CTIA MIMO OTA testing (each test plan limits the number of active probes to 8) should be applicable for LTE MIMO OTA and NR FR1 MIMO OTA testing after probe placement modifications
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