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1
Introduction
The channel model validation procedures for FR1 MIMO OTA captured in in TR38.827 [1], e.g., verification of PDP, Doppler, Spatial correlation, XPR and power, are important to ensure the correct implementation of propagation environments. Some initial channel model validation results have been shared by CAICT in [2], specifically, measurement results of PDP and Doppler for CDL-C UMa. 
For performance requirement, it was agreed to adopt FR1 UMi CDL-A for 4x4, and FR1 UMa CDL-C for 2x2 during RAN4#96e [3]. In this paper, we did some further measurement of FR1 channel model validation based on this latest conclusion.
2
Discussion 
2.1
General 
The WF from the last RAN4 meeting list several key aspects to promote NR MIMO OTA WI, simulation analysis and measurement results of channel model validation from CE vendors and Labs are encouraged to specify the pass/fail limits.
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Based on the standardized parameters in TR38.827, we did some additional FR1 channel model validation measurements in a 16-probe MIMO OTA chamber. The key equipment utilized in the test system are shown as below:
· ETS-Lindgren 16-probe MIMO OTA chamber

· Keysight Propsim F64 channel emulator

· Keysight PNA-X Network Analyzer
· Power Amplifier

The detailed configuration is aligned with TR38.827. The measurement is performed at 2450MHz with UMi CDL-A since this channel model is adopted for 4x4 according to the WF.
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The propagation environment generated in the 16-probe MPAC test zone is defined in Clause 7.2 TR38.827 with base station antenna filtering effect, 2 strongest transmitting beams among the 60 fixed beams are selected to define the BS pattern for FR1. Considering the real propagation environment that DUT will experienced in test zone during the measurement, the base station antenna filtering effect must be taken into account. 
However, the channel model tables presented in Clause 7.2.1 TR38.827 are only the propagation parameters and the effect of base station antenna filtering is not considered. Therefore, the parameters including cluster delay, power and XPR in TR38.827 cannot be considered as theory reference for pass/fail limits of channel model validation. Spatial correlation reference curves in Clause 7.4.1.3 TR38.827 have already considered the effect of base station antenna filtering.
Observation 1: Some of the theoretical reference values of the channel model verification after considering the filtering effect of the base station are currently absent.
Proposal 1: Theoretical values of channel model validation with base station antenna filtering effect shall be provided as reference.
2.2
FR1 channel model validation results
2.2.1
PDP 
Based on the validation results of UMa CDL-C shared in [2], we further validate the PDP of CDL-A UMi channel model on center frequency 2450MHz with the effect of base station antenna filtering. The test procedure is aligned with TR38.827:
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Figure 1: Setup for PDP measurements

VNA settings:

Table 1: VNA settings for PDP measurements

	Item
	Unit
	Value

	Centre frequency
	MHz
	2450 (Band n41)

	Span
	MHz
	200 

	Number of traces
	
	1000

	Number of points
	
	1101

	Averaging
	
	1


Channel model specification:

Table 2: Channel model specification for PDP measurements
	Item
	Unit
	Value

	Distance between traces in channel model
	wavelength (Note)
	> 2

	Channel model
	
	CDL-A UMi

	NOTE:
Time [s] = distance [(] / MS speed [(/s]


MS speed [(/s] = MS speed [m/s] / Speed of light [m/s] * Center frequency [Hz]


Measurement results:
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Figure 2. PDP measurement result and simulated reference for CDL-A UMi. 
As shown in Figure 2, the measured PDP of CDL-A UMi matches well with the simulated (BW-Filtered) reference. The BW filtered reference is a bandwidth filtered simulation, which includes the effect limited 200 MHz bandwidth for the reference curve. This is needed, because bandwidth limited measurement system is not able to differentiate between all taps and therefore multiple taps are summed up in some of the peaks of the measured impulse response. Therefore, the BW filtered reference can be considered as the best reference for the measurement result. The slight gap between simulated (BW-filtered) and simulated (ideal) results is due to the limited measurement bandwidth (200MHz).
Observation 2: The measured PDP of CDL-A UMi channel models matches well with the simulated reference. 

The CDL-A UMi channel model is applied with the effect of based station pattern filtering. The BS beamforming affects strongly the cluster powers, by attenuating the clusters whose departure angles are further apart from the main beam of the applied BS beam. Dynamic range of more than 40dB is observed in Figure 2 for both vertical and horizontal polarization measurement. Therefore, it could be difficult to measure the “weak” clusters accurately and it is also difficult to define strict verification limits for these clusters.
Observation 3: The dynamic range of different clusters in PDP measurement results exceeds 40 dB due to the effect of BS pattern filtering. It could be difficult to measure the “weak” clusters accurately.
Proposal 2: Focus on the high power clusters (e.g. dynamic range within 40dB) in the follow-up WI phase for defining the channel model validation limits. Alternatively, consider relaxing the limits of “weak” clusters (e.g. below -40dB).
2.2.2
Spatial correlation
Spatial correlation is validated by using frequency domain techniques defined in Clause 7.4.1.3 TR38.827. This is the first time of spatial correlation validation shared by CAICT, based on the standard NR MIMO OTA channel model and test method in 3GPP. The spacing of spatial samples is set as λ/10 in the first quadrant (i.e. 270︒-180︒) while the rest of circle use a sparse sampling of λ/2.
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Figure 3: Configuration for spatial correlation validation

Measurement result of vertical polarization and comparison to theoretical curve is shown in Figure 4.  
During the validation, the number of traces is set as 500 for each position and it takes about 10 minutes for VNA to complete the measurement. According to Table 7.4.1.3-3 in TR38.827, the total number of spatial samples for test frequency 2450MHz is 20, then the total amount of time cost to validate the spatial correlation will be about 3.5 hours. Obviously, if a larger number of traces is required to achieve more accurate estimation of spatial correlation, the testing time will be increased accordingly.
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Figure 4: Spatial correlation measurement result and theoretical curve for vertically polarized 16-probe MPAC (CDL-A UMi)
Table 3: Spatial correlation verification results for CDL-A UMi
	2450 MHz UMi CDL-A

	Azimuth [o]
	rref
	measured result
	delta

	270
	1
	1
	0

	263
	0.997
	0.9956
	0.0014

	256
	0.99
	0.9862
	0.0038

	249
	0.979
	0.9713
	0.0077

	242
	0.966
	0.9521
	0.0139

	234.9
	0.951
	0.9264
	0.0246

	227.9
	0.932
	0.9013
	0.0307

	220.9
	0.913
	0.8716
	0.0414

	213.9
	0.888
	0.8439
	0.0441

	206.9
	0.862
	0.8181
	0.0439

	199.9
	0.833
	0.791
	0.042

	192.9
	0.805
	0.7639
	0.0411

	185.9
	0.783
	0.7404
	0.0426

	144.9
	0.742
	0.7306
	0.0114

	109.9
	0.754
	0.7653
	-0.0113

	74.8
	0.727
	0.7218
	0.0052

	39.8
	0.778
	0.7734
	0.0046

	4.7
	0.901
	0.8868
	0.0142

	329.7
	0.974
	0.97
	0.004

	294.6
	0.98
	0.9722
	0.0078


In Table 3, the spatial correlation validation result matches well with the theoretical reference, the maximum deviation between theory and measured results is within 0.045. The small difference between two curves can be explained by the limited number of traces and measurement uncertainty.
Observation 4: The measured spatial correlation of FR1 CDL-A UMi channel model matches well with the theoretical reference. 
3
Conclusions 

In this paper, some further verification results of FR1 channel model validation in 16-probe MPAC have been provided. The validation results are well matched with the simulated and theoretical reference. 
Following observations were made:
Observation 1: Some of the theoretical reference values of the channel model verification after considering the filtering effect of the base station are currently absent.
Proposal 1: Theoretical values of channel model validation with base station antenna filtering effect shall be provided as reference.
Observation 2: The measured PDP of CDL-A UMi channel models matches well with the simulated reference. 

Observation 3: The dynamic range of different clusters in PDP measurement results exceeds 40 dB due to the effect of BS pattern filtering. It could be difficult to measure the “weak” clusters accurately.
Proposal 2: Focus on the high power clusters (e.g. dynamic range within 40dB) in the follow-up WI phase for defining the channel model validation limits. Alternatively, consider relaxing the limits of “weak” clusters (e.g. below -40dB).
Observation 4: The measured spatial correlation of FR1 CDL-A UMi channel model matches well with the theoretical reference. 
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Pass/fail criteria of channel model validation


Simulation analysis and measurement results from CE vendors and Labs are encouraged to specify the pass/fail limit as soon as possible.








For FR1 MIMO OTA performance requirements:


Adopt FR1 UMi CDL-A for 4Rx bands, and FR1 UMa CDL-C for 2Rx bands.
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