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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]During RAN4#90, the Way Forward on NR MIMO OTA was approved in [2]. In this way forward, further definition of the assumptions for BS antenna was agreed and Channel Emulator vendors were requested to provide proposals of the channel models in [3] with and without filtering and simplifications.
The center frequency for the simulation of the Chanel Model scaling for FR1 was also agreed to be 3.5GHz, with special attention to the impact of the complete FR1 frequency range.
In this contribution we provide Spatial Correlation Error results to analyze the effect of frequency on an MPAC probe arrangement.
NOTE: All the results in this contribution use the same simulation assumptions detailed in [4].
Spatial Correlation Error
Table 2-1 presents an excerpt of the total angular spread simulation results in [4]:
	Scenario
	Channel Model
	Center Frequency fc[GHz]
	Azimuth spread [º]
	Elevation spread [º]

	UMi
	CDL-C
	0.4
	146.58
	26.13

	
	
	3.5
	151.03
	26.13

	
	
	7.25
	197.43
	36.96


Table 2‑1: Channel model angular spread for UMi NLOS scenario
CDL-C channel model scaled for UMi scenario and fc = 3.5GHz was taken as a reference for the selection of the probe angular resolution (i.e. 15º for both azimuth and elevation), and covering the whole angular spread in table 2-1, for which the following Spatial Correlation Error is obtained when considering a 15cm diameter Test Volume:
[image: ]
Figure ‎2‑1 Spatial Correlation Error. CDL-C, UMi, fc=3.5GHz, 15º probe resolution both Azimuth and Elevation
As it can be seen, the Spatial Correlation error is better than 0.1. The same analysis was performed for 400MHz and 7.25GHz:
[image: ][image: ]
(a)							(b)
Figure 2‑2 Spatial Correlation Error. CDL-C, UMi, 15º probe resolution both Azimuth and Elevation
(a) fc=400MHz (b) fc=7.25GHz

Observation 1: Spatial Correlation Error is <0.1 for fc = 400MHz and 3.5GHz when using a probe angular resolution = 15º in both azimuth and elevation.
Observation 2: Spatial Correlation Error is >0.5 for fc = 7.25GHz when using a probe angular resolution = 15º in both azimuth and elevation.
Further simulations were performed to obtain the minimum angular resolution, both in azimuth and elevation, required to keep the Spatial Correlation <0.1 for fc = 7.25GHz.
[image: ]
Figure 2‑3 Spatial Correlation Error. CDL-C, UMi, fc=7.25GHz, 8º probe resolution both Azimuth and Elevation

Observation 3: Spatial Correlation Error is <0.1 for fc = 7.25GHz when using a probe angular resolution = 8º in both azimuth and elevation.
Observation 4: frequency has a major impact on the required probe angular resolution in an MPAC environment.
In addition to these simulation, a similar study was conducted for a probe arrangement only over a 2D ring, i.e. distributed only over the azimuth with no elevation. Taking the 15º probe spacing obtained above for fc = 3.5GHz as a reference, the following Spatial Correlation Error are obtained:
[image: ][image: ]
(a)							(b)
 Figure 2‑4 Spatial Correlation Error. CDL-C, UMi, 15º probe resolution on Azimuth only
(a) fc=400MHz (b) fc=3.5GHz

Observation 5: Spatial Correlation Error is <0.1 for fc = 400MHz and >0.25 for fc = 3.5GHz when using a probe angular resolution = 15º in azimuth only.
In the case of fc = 7.25GHz, 8º probe resolution was considered as reference to obtain the corresponding Spatial Correlation Error when probes are only distributed only over the azimuth with no elevation:
[image: ]
Figure 2‑5 Spatial Correlation Error. CDL-C, UMi, fc=7.25GHz, 8º probe resolution on Azimuth only
Observation 6: Spatial Correlation Error is >0.6 for fc = 7.25GHz when using a probe angular resolution = 8º in azimuth only.
Observation 7: limiting the MPAC implementation to a 2D ring will require further simplification and diversion from the reference models in TR 38.901.
Summary
As it has been shown for the reference case use in this contribution (i.e. CDL-C, UMi), the minimum probe angular resolution required in both azimuth and elevation directions to cover the whole FR1 frequency range is 8º. Increasing this minimum resolution will imply simplifications of the channel models in [5] only because of one of the methodologies (i.e. MPAC), while RTS does not require such simplifications.
Observation 8: RTS does not require simplifications of the channel model in TR 38.901.
Proposal: Define the MPAC probe resolution based on the worst case in frequency for the applicable channel models.
The following observations and proposal have been made in this contribution: 
Observation 1: Spatial Correlation Error is <0.1 for fc = 400MHz and 3.5GHz when using a probe angular resolution = 15º in both azimuth and elevation.
Observation 2: Spatial Correlation Error is >0.5 for fc = 7.25GHz when using a probe angular resolution = 15º in both azimuth and elevation.
Observation 3: Spatial Correlation Error is <0.1 for fc = 7.25GHz when using a probe angular resolution = 8º in both azimuth and elevation.
Observation 4: frequency has a major impact on the required probe angular resolution in an MPAC environment.
Observation 5: Spatial Correlation Error is <0.1 for fc = 400MHz and >0.25 for fc = 3.5GHz when using a probe angular resolution = 15º in azimuth only.
Observation 6: Spatial Correlation Error is >0.6 for fc = 7.25GHz when using a probe angular resolution = 8º in azimuth only.
Observation 7: limiting the MPAC implementation to a 2D ring will require further simplification and diversion from the reference models in TR 38.901.
Observation 8: RTS does not require simplifications of the channel model in TR 38.901.
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