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1
Introduction
The channel model validation procedure for FR1 MIMO OTA have been defined, but some important aspects related to power validation are still not clear [1]. 
This paper discusses the FR1 Power Validation procedure and compensation process.

2
Discussion

2.1  Power validation procedure 
The power validation procedure is defined in [1]:
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For H component power validation, if the horizontally polarized sleeve dipole is used, then four orthogonal horizontal positions should be measured and summed. This is an extrapolation of averaging a bunch of patterns with different orientations, which uses the averaged orthogonally oriented theta patterns to create a combined symmetrical pattern. However, given sleeve dipoles are not point dipoles, the pattern does not follow sin(theta), so the summed pattern of 4 orthogonal polarizations is not flat vs angle, as shown in Figure 1. Obviously, close to 0.5dB variation can be found. 
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Figure 1 in [2]: Sum of 4 orthogonally oriented theta patterns
Observation 1: By using the average of 4 four orthogonal horizontal positions, the sum pattern is not flat vs angle, close to 0.5dB ripple is shown. 
With this approach, if we increase the number of horizontal positions from 4 to 16, then the averaged pattern converges to something nearly circular. The ripple is within 0.1dB, as shown in Figure 2.        
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Figure 2 in [2]: Sum of 8 (left) and 16 (right) oriented theta patterns
To reduce the measurement error, more orientations should be allowed for H component validation if horizontally polarized sleeve dipole approach is used instead of magnetic loop, the recommended number is 16. 
Given this is power measurement based on fast spectrum scan of spectrum analyser, the test speed is quick and insignificant measurement time would be increased. The accuracy of power validation would have direct impacts on the final MIMO OTA sensitivity at each point, thus it is important to minimize the error of power validation.
Proposal 1: If a horizontally polarized sleeve dipole is used for H component power validation, the horizontal positions should be more than 4.  Recommended value is 16 to make sure the residual error is within 0.1 dB.

In addition, one important information is missing in the spec, that the reference antenna gain for dipole-based H-component power validation is not the typical dipole gain, but the average gain determined from a single theta cut (E-plane) pattern;
Observation 2: The reference antenna gain for dipole-based H-component power validation is the average of the theta gain pattern cut, which is missing in the spec. 

Proposal 2: A note is needed in the power validation Measurement Procedure: “Note: in step 4, if horizontally polarized sleeve dipole is used, the reference gain correction should be the average of the theta gain pattern cut of the dipole.”
2.2  Frequency for FR1 Power validation  
Frequencies to be used for channel model validation is defined in [1]:

Table C.3.1-1: Channel model validation frequencies
	NR FR1 Bands
	Range
	Test frequency (MHz)

	n71
	Low
	617MHz 

	n12, n17, n29, n14, n28, [n29]
	
	722MHz

	n5, n8, n18, n20
	
	836.5MHz

	n50, n51, n74
	Mid
	1575.42MHz

	n3, n2, n25, n39
	
	1880MHz

	n1, n34, n65
	
	2132.5MHz

	n7, n30, n41, n40, n38, [n90]
	
	2450MHz

	n77,n78
	High
	3600MHz

	n79
	
	[4700MHz] 


For other channel model validation measurements (i.e. PDP, Doppler, spatial correlation, XPR and PSP), the defined low/mid/high frequencies are sufficient to cover all the FR1 bands. 
However, for power validation, according to the measurement procedure, the settings of base station emulator should be identical to the MIMO OTA throughput measurements condition. Then, the issue is that, the measurement frequency should be the centre frequency of each band, thus 1880MHz and 2450MHz listed are not testable. 
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Observation 3: The base station setting for power validation should be identical to the measurement conditions, therefore the measured frequency needs to be the centre frequency of each band. 

In addition, the power validation should be performed per band, but not selecting specific frequency to cover a mount of common bands. 
Proposal 3: The power validation should be performed per band, and the measured frequency is the centre frequency of each band. 

2.3  Compensation of power validation  
The power validation shall be performed to ensure that all of the system corrections have been applied properly and the power generated in the centre of the test zone is correct. Given the power validation results at each band is a fixed power offset after the whole test system is well calibrated, this value should be considered as the systematic error/offset, which needs to be used to compensate the DL power in the centre of the test zone. 
Since the test essentially measures the residual error term in the system, and any measured systematic-error should be corrected for, the validation process may also be used as a final path loss correction. The system-level offset identified by the power validation measurements shall be used to correct on the final sensitivity value to further reduce measurement uncertainty after the calibration process.
Proposal 4: The power validation results should be considered as systematic offset of each band, which needs to be used to correct on the final sensitivity value to further reduce measurement uncertainty.
3 Conclusion

In this paper, we share our proposals on test parameters for power validation, and discuss how to treat the validated power offset. 
Observation 1: By using the average of 4 four orthogonal horizontal positions, the sum pattern is not flat vs angle, close to 0.5dB ripple is shown. 

Proposal 1: If a horizontally polarized sleeve dipole is used for H component power validation, the horizontal positions should be more than 4.  Recommended value is 16 to make sure the residual error is within 0.1 dB.

Observation 2: The reference antenna gain for dipole-based H-component power validation is the average of the theta gain pattern cut, which is missing in the spec. 

Proposal 2: A note is needed in the power validation Measurement Procedure: “Note: in step 4, if horizontally polarized sleeve dipole is used, the reference gain correction should be the average of the theta gain pattern cut of the dipole.”
Observation 3: The base station setting for power validation should be identical to the measurement conditions, therefore the measured frequency needs to be the centre frequency of each band. 

Proposal 3: The power validation should be performed per band, and the measured frequency is the centre frequency of each band. 

Proposal 4: The power validation results should be considered as systematic offset of each band, which needs to be used to correct on the final sensitivity value to further reduce measurement uncertainty.
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Measurement Procedure:


1. Place a vertical reference dipole in the center of the test zone connected to a spectrum analyzer (or power meter) via a cable.


2. Record the cable and reference dipole gains.


3. Load the target channel model into the channel emulator.


4. Start the NR FR1 signaling in the base station emulator with the required parameter identical to the measurements conditions.


5. Average the power received by the spectrum analyzer for a sufficient amount of time to account for the fading channel – one full channel simulation might be unnecessary.


6. Repeat steps 1 to 4 with a magnetic loop for the horizontal polarization, or a horizontally polarized sleeve dipole measured in four orthogonal horizontal positions and summed to measure the H component.


7. Calculate the total power received at the test area as the sum of the power in the two polarizations.





Measurement Procedure:


4. Start the NR FR1 signaling in the base station emulator with the required parameter identical to the measurements conditions.
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