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Introduction
This contribution is addressing previously raised concerns that the weighted RMS correlation error might not be the best metric to determine and finalize NR MIMO OTA system layouts. Instead, it was proposed to study the impact of the RMS correlation error on TP performance as captured in last meeting’s WF. While this contribution is not studying this impact, it provides throughput simulation results with Keysight SystemVue, an electronic system-level design software, to study and compare the two different probe configurations with a reference probe configuration for the “ideal” case. 

SystemVue Simulation Assumptions
The weighted RMS correlation error is based on a large number of possible sampling combinations within the circular disk [2], e.g., a sampling grid with x=y=0.25 results in ~40k combinations and a grid with x=y=0.15 results in ~300k combinations. Correlating the RMS correlation error with TP would therefore be an extremely time consuming and tedious task.
The previous WF [1] suggested to focus on two probe configurations for NR FR1 MIMO OTA systems:
	· 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





These two configurations are schematically illustrated in Figure 1. 
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[bookmark: _Ref21706249]Figure 1: Illustration of Option 1 (left) with only the 8 NR probes illustrated and Option 2 (right)
This contribution is using Keysight SystemVue, an electronic design automation environment for electronic system-level design as well as NR end-to-end system simulations which can be used to for standard-compliant 5G NR signal generation and advanced receiver modelling for EVM and throughput simulation. It supports 3D MIMO channel emulation using either 3GPP 38.901 channel models for FR1 and FR2 or user-defined channel models. 
The throughput (TP) simulations were performed for the CDL-A (UMi) channel model as a function of SNR for the two different probe configurations presented in Figure 1. The TP results are then compared with a reference probe configuration to emulate the “ideal” case with a very large number of probes. Initial investigations showed that 32 uniform probes were sufficient to serve as the reference. This configuration is illustrated in Figure 2.
[image: ]
[bookmark: _Ref21707160]Figure 2: Illustration of the reference probe configuration with 32 uniformly placed probes. 


A screenshot of the SystemVue simulation setup is shown in Figure 3. 
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[bookmark: _Ref21787780]Figure 3: Snapshot of the SystemVue simulation setup. 
Some of the underlying assumptions for these simulations are as follows:
· BW: 10MHz in DL
· MIMO Configuration: 4x4
· MCS 13: 16QAM, LDPC rate: 0.478
· Receiver: 
· soft Maximum Likelihood Decoder (MLD)
· Real synchronization
· Real channel estimation
· HARQ disabled
· UE antenna: 2 dual-pol antennas with up to 2.5 antenna spacing
· Far-Field assumption
· Operating frequency: 7.125GHz
Results and Discussion
[bookmark: _GoBack]It has previously been shown that the 8 probe sectorized probe configuration yielded significantly better weighted RMS correlation performance than the 16-probe configuration with uniform spacing for FR1 NR MIMO [4].  While some legacy LTE MIMO OTA MPAC systems have been outfitted with 16 probes spaced uniformly in a horizontal ring even though LTE MIMO OTA MPAC systems only require 8 dual-polarized probes with a 16-port channel emulator, many existing systems would have to be upgraded to 16 probes to support LTE and NR FR1 MIMO. For these system upgrades and new system installations, there is no difference between Option 1 and Option 2; however, the number of channel emulation resources required is significantly less complex and more cost effective is with 8 sectorized probes, i.e., Option 1. 
The CDL-A OTA model is generated for each of these three probe-configurations and the data was analysed to evaluate the spatial correlation along the y axis.
Figure 4 illustrates the spatial correlation evaluated for the three probe configurations briefly describes above, while Figure 5 shows the theoretical 2D surface plots of the correlation error. It is observed that the studied model, CDL-A, remains in the high spatial correlation regime for all the three probe configurations up to 1.5 antenna spacing inside the test zone with relatively small differences between each other. As we increase the antenna spacing further, we see a remarkable variation in the spatial correlation values for the three probe configurations considered. It is evident that the optimized 8-probe configuration is closer to the ideal case when compared to  the 16-probe ring configurations that deviates significantly for larger antenna separations, e.g.,  the spatial correlation values approaches a correlation value of 1 while the 32-probe configuration is less than 0.4. Based on this result, it is safe to assume an antenna spacing of 2.5 inside the test zone to maximize TP performance. Figure 6 presents the spatial correlation values obtained from the end-to-end SystemVue simulations for the three probe configurations investigated and show similar trends in the spatial correlation values for the antenna spacing compared to the results in Figure 4. 
[bookmark: _Ref21901683]Observation 1: Antenna separations in excess of 2.5 may be considered optimal inside the test zone for maximizing the throughput for CDL-A model.
[bookmark: _Ref21901693]Observation 2: Good agreement in spatial correlation between theory and SystemVue simulations can be observed
[image: cid:image001.jpg@01D57FBE.96C9A990]
[bookmark: _Ref21900746][bookmark: _Ref21784247]Figure 4: Theoretical CDL-A spatial correlation as a function of antenna spacing in the y-axis for the three different configurations: Optimized, sectorized 8 probe, 16-probe uniform ring, and 32-probe uniform ring.
[bookmark: _Ref21932749][image: cid:image004.png@01D57EEA.2DC01DF0][image: cid:image006.png@01D57EEA.2DC01DF0][image: ]
Figure 5: Theoretical 2D CDL-A spatial correlation surface plots as a function of antenna spacing for the two different configurations considered for NR FR1 MIMO OTA: Optimized, sectorized 8 probe, 16-probe uniform ring, and 32-probe uniform ring.
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[bookmark: _Ref21784919]Figure 6: CDL-A spatial correlation as a function of antenna spacing in the y-axis for the three different probe configurations: Optimized, sectorized 8 probe, 16-probe uniform ring, and 32-probe uniform ring. These results were obtained using end-to-end SystemVue simulations.
Finally, the system throughput estimated from the SystemVue simulations is shown in Figure 7, which clearly demonstrates that the sectorized 8-probe configuration with optimized probe locations yields better alignment in TP results with the ideal case than the uniform 16-probe ring and an antenna spacing of 2.5  inside the test zone can maximize the throughput.  
[image: ]
[bookmark: _Ref21784930]Figure 7: CDL-A throughput from end-to-end SystemVue simulations for the three different probe configurations: Optimized, sectorized 8 probe, 16-probe uniform ring, and 32-probe uniform ring 
[bookmark: _Ref21901702]Observation 3: The sectorized 8-probe configuration shows better alignment in TP performance with the ideal case than the uniform 16-probe configuration.
[bookmark: _Ref21901712][bookmark: _Ref21013121]Proposal 1: Adopt the 8 sectorized probe configuration for NR FR1 MIMO OTA MPAC systems
Conclusion
Observation 1: Antenna separations in excess of 2.5 may be considered optimal inside the test zone for maximizing the throughput for CDL-A model.
Observation 2: Good agreement in spatial correlation between theory and SystemVue simulations can be observed 
Observation 3: The sectorized 8-probe configuration shows better alignment in TP performance with the ideal case than the uniform 16-probe configuration.
Proposal 1: Adopt the 8 sectorized probe configuration for NR FR1 MIMO OTA MPAC systems
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