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Introduction
This contribution is a continuation of [1][2] further investigating the two probe configurations highlighted in RAN4#92 WF [3], i.e., 
	· Probes configuration
· Option 1: 16 probes with 8 uniformly spaced probes (to guarantee LTE backward compatibility) and remaining 8 probes aligned on a 2D sector for NR FR1
· Option 2: 16 probes ring (uniformly spaced) for NR FR1 MPAC system


Analysis
The analyses in this contribution follow the proposed approach in [4], i.e., the weighted RMS correlation error is analysed with option 6 over a disc of diameter 20cm with a maximum antenna spacing of 20cm. The results in this contribution were based on a rectangular spatial correlation sampling grid inside the disc with equal step size of x=y=0.1In this paper, it was assumed that the probes were placed in the far-field. 
Propagation parameters are from channel models CDL-A and CDL-C decided in RAN4#92 [3]. Two strongest base station beams are applied to the departure rays. The fixed coupling as described in [5] of arrival and departure rays is applied. The impact of 2x2 initial phase matrix on ray powers is ignored.
3.5 GHz
Figure 1 illustrates resulting CDL-A model at 3.5GHz. The ray magnitudes and corresponding AoAs of the ideal reference model as observed by a UE are denoted with red dots. The OTA case of 16 probes uniformly placed within a ring configuration is denoted with blue circles that indicate the probe angles and corresponding power weights. The spacing between probes for this configuration is 22.5. From Figure 1 we can observe that only 8 of 16 probes are within a 30dB dynamic range, i.e., the 30dB probe power range measured from the probe with the highest power. This dynamic range is commonly considered in industry; for LTE MPAC systems with 8 probes, dynamic ranges of probe powers of up to 19dB were considered. The probes within this dynamic range contribute notably and should therefore be connected to a channel emulator output; probes outside this range are not necessarily needed in the system or do not have to be connected to a channel emulator.
Similar curves with identical settings but for CDL-C model are illustrated in Figure 2. The CDL-C model has wider angular dispersion. Now 13 probes are within 30dB dynamic range and the remaining 3 are outside of that range. 
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[bookmark: _Ref20897709]Figure 1. Ray powers and probe weights with CDL-A ring of 16 probes at 3.5GHz.
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[bookmark: _Ref20898242]Figure 2. Ray powers and probe weights with CDL-C ring of 16 probes at 3.5GHz.


Corresponding figures for 8 non-uniformly placed probes in a sectorized configuration are shown in Figure 3 (CDL-A) and Figure 4 (CDL-C). The probe locations have been optimized jointly for CDL-A and C model, with the intention to emulate both models with the same 8 probes. There is an underlying assumption that we can rotate the target PAS to fit to the probe directions by mechanically rotating the DUT correspondingly. The minimum probe spacing is 10 which is greater than the 7.5o minimum probe spacing proposed for NR FR1 in [6]. As illustrated in Figure 4 for CDL-C, all 8 probes are effectively in use since the probe powers are all within 30dB of the probe with the highest power. In Figure 3 with the CDL-A model (dispersed less than the CDL-C model) only 7 of the 8 irregularly placed probes are within the 30dB dynamic range.
The weighted rms correlation error was simulated for the four model and probe configuration combinations. The result is shown in Figure 5. The histograms representing the probability distributions of the weighted correlation error for the two models and probe configurations are plotted simultaneously in Figure 6. While the weighted RMS correlation error () provide us with the intuitive understanding of the imperfections compared to the reference case, the histogram presents an overall picture of  distribution envelope with respect to the DUT spatial sampling location inside the test zone. The results demonstrate that the optimized 8 sectorized probes configuration clearly outperforms the 16 probes ring configuration.
[bookmark: _Ref21013075]Observation 1: For the CDL-A model and 3.5GHz where the 20cm test zone size is ~2.3, the optimized 8 sectorized probe configuration clearly outperforms 16 uniform probe ring. 
[bookmark: _Ref21013082]Observation 2 All but the 16 uniform probe configurations for the CDL-A model and 3.5GHz result in weighted RMS correlation errors below 0.1. 
[bookmark: _Ref21013086]Observation 3: For the CDL-C model and 3.5GHz, the uniform 16 probe configuration is slightly better than optimized 8 probe sectorized probe configuration. 
[bookmark: _Ref21084863]Observation 4: The optimized 8 probe sectorized configuration seems sufficient for both models at 3.5GHz while the 16 probe ring is not consistently below a weighted RMS correlation error of 0.1. 
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[bookmark: _Ref20899318]Figure 3. Ray powers and probe weights with CDL-A optimized 8 probes at 3.5GHz.
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[bookmark: _Ref20899327]Figure 4. Ray powers and probe weights with CDL-C optimized 8 probes at 3.5GHz.
[image: ]
[bookmark: _Ref20947332]Figure 5: Weighted rms correlation error for CDL-A and CDL-C models with 16 uniform probe configuration and optimized 8 sectorized probe configurations with centre frequency of 3.5GHz.
[image: ]
[bookmark: _Ref21084620]Figure 6. PDF of weighted correlation error for CDL-A and CDL-C models with 16 uniform probe and optimized 8 sectorized probe configurations at 3.5GHz.

7.125 GHz
Figure 7-Figure 10 show the probe weighting in contrast with the ray powers for the CDL-A and CDL-C models for the 16 uniform probes and the 8 optimized sectorized probe configuration, respectively.  The rays with their corresponding power and angle-of-arrival (AoA) observed by a UE are highlighted as red dots. Furthermore, the probe angles and corresponding power weights are indicated with the blue circles. 
For the uniform 16 probes configuration, the probes are uniformly distributed with a spacing of 22.5. In Figure 7 and Figure 8, it can be seen that 9 and 16 probes of the 16 probes for CDL-A and CDL-C models, respectively, are within the 30dB dynamic range (yellow line). We see a relatively large number of probes above the 30dB dynamic range for the CDL-C model because its clusters are more spread out compared to the CDL-A model.
[image: ]
[bookmark: _Ref20948162][bookmark: _Ref20948129]Figure 7: Ray powers and probe weights for CDL-A 16 uniformly distributed probes ring at 7.125 GHz.
[bookmark: _Ref20469568][image: ]
[bookmark: _Ref20948618]Figure 8: Ray powers and probe weights for CDL-C 16 uniformly distributed probes ring at 7.125 GHz.
For the optimized 8 sectorized probe configuration, the probe locations are jointly optimized for CDL-A and CDL-C models such that the weighted correlation error is minimized. The optimized probe locations allow the emulation of both models without changing the probe location but maintaining the performance. Here, the underlying assumption is that we can rotate the target power angular spectrum (PAS) of the model to fit to the probe directions by mechanically rotating the DUT. It is also important to note that the minimum probe spacing is 10. For both CDL-A and CDL-C models all 8 probes are effectively illuminating the clusters and above the 30dB dynamic range, as illustrated in Figure Figure 9 and Figure 10. 
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[bookmark: _Ref20948979]Figure 9: Ray powers and probe weights for CDL-A optimized 8 probes at 7.125 GHz.
[image: ]
[bookmark: _Ref20948144][bookmark: _Ref20948138]Figure 10: Ray powers and probe weights for CDL-C optimized 8 probes at 7.125 GHz.

Figure 11 shows the weighted rms correlation error evaluated for the two models and probe configuration. At 7.125 GHz, the 20 cm test zone size corresponds to 4.76; clearly, the probe spacing of 22.5 of the 16 uniform probe configuration is too wide to cover it properly. 
[bookmark: _Ref21013091]Observation 5: For the CDL-A model and 7.125GHz where the 20cm test zone size is ~4.8, the optimized 8 sectorized probe configuration significantly outperforms the 16 uniform probe ring. 
[bookmark: _Ref21013096]Observation 6: Only the 8 probe sectorized probe configuration for 7.125GHz result in weighted RMS correlation errors below 0.1 while the uniform 16 probe configurations are in excess of 0.2. 
[image: ]
[bookmark: _Ref20949019]Figure 11: Weighted rms correlation error for CDL-A and CDL-C models with 16 uniform probe configuration and optimized 8 sectorized probe configurations with centre frequency of 7.125GHz.

The weighted RMS correlation errors from this contribution are tabulated in Table 1 and compared with the weighted correlation errors for LTE presented in [7]. Clearly, the results show that the NR FR1 weighted RMS correlation errors are higher than those for LTE and only the 8 sectorized probe configuration comes close to matching the LTE RMS correlation errors. 
[bookmark: _Ref21085132]Table 1: NR FR1 and LTE Weighted RMS Correlation Errors (Option 6)
	Channel Model
	Weighted RMS Correlation Error (Option 6)

	
	NR FR1 @3.5GHz and 2.31test zone size
	NR FR1 @7.125GHz and 4.8test zone size
	LTE @ 1test zone size

	
	8 Sectorized
	16 Uniform
	8 Sectorized
	16 Uniform
	8 Uniform

	SCME UMa
	N/A
	N/A
	N/A
	N/A
	0.032

	SCME UMi
	N/A
	N/A
	N/A
	N/A
	0.047

	CDL-A (UMi)
	0.02
	0.12
	0.07
	0.29
	N/A

	CDL-C (UMa)
	0.08
	0.08
	0.08
	0.2
	N/A



[bookmark: _Ref21013101]Observation 7: The NR FR1 weighted RMS correlation errors are higher than those for LTE 
[bookmark: _Ref21013106]Observation 8: Only the 8 sectorized probe configuration comes close to matching the LTE RMS correlation errors.
The histograms representing the probability distributions of the weighted correlation error for the two models and probe configurations are plotted simultaneously in Figure 12. While the weighted RMS correlation error () provide us with the intuitive understanding of the imperfections compared to the reference case, the histogram presents an overall picture of  distribution envelope with respect to the DUT spatial sampling location inside the test zone. The results clearly demonstrate that the optimized 8 sectorized probes configuration clearly outperforms the 16 probes ring configuration with on average 30 percent smaller weighted rms correlation error.
[bookmark: _Ref21013121]Proposal 1: Adopt the 8 sectorized probe configuration for NR FR1 MIMO OTA MPAC systems
[image: ] 
[bookmark: _Ref21084570]Figure 12. PDF of weighted correlation error for CDL-A and CDL-C models with 16 uniform probe and optimized 8 sectorized probe configurations at 7.125GHz.

Conclusion
The following observations and proposals were made in this contribution:
[bookmark: _GoBack]Observation 1: For the CDL-A model and 3.5GHz where the 20cm test zone size is ~2.3, the optimized 8 sectorized probe configuration clearly outperforms 16 uniform probe ring.
Observation 2 All but the 16 uniform probe configurations for the CDL-A model and 3.5GHz result in weighted RMS correlation errors below 0.1.
Observation 3: For the CDL-C model and 3.5GHz, the uniform 16 probe configuration is slightly better than optimized 8 probe sectorized probe configuration.
Observation 4: The optimized 8 probe sectorized configuration seems sufficient for both models at 3.5GHz while the 16 probe ring is not consistently below a weighted RMS correlation error of 0.1.
Observation 5: For the CDL-A model and 7.125GHz where the 20cm test zone size is ~4.8, the optimized 8 sectorized probe configuration significantly outperforms the 16 uniform probe ring.
Observation 6: Only the 8 probe sectorized probe configuration for 7.125GHz result in weighted RMS correlation errors below 0.1 while the uniform 16 probe configurations are in excess of 0.2.
Observation 7: The NR FR1 weighted RMS correlation errors are higher than those for LTE
Observation 8: Only the 8 sectorized probe configuration comes close to matching the LTE RMS correlation errors.
Proposal 1: Adopt the 8 sectorized probe configuration for NR FR1 MIMO OTA MPAC systems
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