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Introduction
This contribution shares some general and TE specific views of the NR FR1 MUs in [1] and is largely aligned with [2]. 
Discussion
RAN4 has done a preliminary MU investigation for MIMO OTA testing in [3] to determine whether labs are aligned or not in order to participate in the performance alignment campaign and thus be eligible to submit device measurements for the NR FR1 MIMO OTA requirements definition. It is common practice for RAN5 to finalize/optimize the MU which this contribution attempts to.
TE Measurement Uncertainties
While the TE MUs in [1][3] are generally listed with a rectangular distribution, TE datasheets are commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2”, i.e., all TE MUs in [1] should be quoted with a normal distribution and a divisor of 2. This approach was endorsed for [5]. 
[bookmark: _Ref142672552]Proposal 1: Quote the TE MUs in [1] using a normal distribution and a divisor of 2 going forward. 
Since the datasheets of NR FR1 communication testers are not readily available for review to everyone, i.e., not available to download from manufacturer’s websites, this contribution focuses on Keysight’s UXM MU for the ‘Base Station simulator’ with the expectation that other communication tester vendors can confirm the MUs presented here. Here, it is assumed that the output power level uncertainty for MIMO OTA matches that of SISO OTA [2]. The MU element ‘Base Station simulator’ presented in Table 1 was derived from the output level accuracy of the UXM by RSS combining the CW level accuracy and the level flatness (for up to 100 MHz bandwidths). These values are significantly lower than the 0.87 dB (std. uncertainty) for <3GHz and the 1.15 dB (std. uncertainty) for >3GHz [1][3] which seem unreasonably high especially compared with the 0.58 dB (std. uncertainty) for LTE MIMO OTA [4] and LTE SISO OTA [4]. The latest generation of communication testers should yield a better MU than the legacy communication testers. Efforts are under way in RAN5 to define the ‘Communication Tester: uncertainty of the absolute output level’ MU element [5]; once that MU is defined, it is proposed to align the ‘Base Station simulator’ MU [1] with the ‘Communication Tester: uncertainty of the absolute output level’ MU element [5].
[bookmark: _Ref140665176]Table 1: Proposed MU for ‘Base Station simulator’
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Probability Distribution
	Divisor
	Standard Uncertainty [dB]

	Base Station simulator
	From datasheet of communication tester (RSS combining the CW level accuracy and the level flatness)
	≤3 GHz: 0.45
>3 GHz: 0.75
	Normal
	2
	≤3 GHz: 0.23
>3 GHz: 0.38



The VNA measurement uncertainty ‘Total uncertainty of the Network Analyzer’ was derived from Keysight, R&S, and Anritsu mid-range to high-end VNA datasheets. Given the frequency split and the free-space path loss (FSPL) differences of a chamber with a 1.2 m range length (FSPL at 3 GHz: 43.6 dB and at 7.125 GHz: 51.1 dB), the VNA MUs for below 3 GHz were based on transmission coefficients of -60 dB and for above 3 GHz were based on transmission coefficients of -70 dB. It should be noted that that these transmission coefficients should be considered worst-case as MIMO OTA system generally utilize amplification. Efforts are under way in RAN5 to define the ‘Uncertainty of network analyzer’ MU element [5]; once that MU is defined, it is proposed to align the ‘Total uncertainty of the Network Analyzer’ MU [1] with the ‘Uncertainty of network analyzer’ MU element [5].
[bookmark: _Ref140665197]Table 2: Proposed MU for ‘Total uncertainty of the Network Analyzer’
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Probability Distribution
	Divisor
	Standard Uncertainty [dB]

	Uncertainty of network analyser
	From datasheet of VNA with assessed transmission coefficients
	≤3 GHz: 0.2
>3 GHz: 0.5
	Normal
	2
	≤3 GHz: 0.1
>3 GHz: 0.25


It is proposed to adopt the TE MUs from Table 1 through Table 2 unless compromise values in SISO OTA [5] are agreed.
[bookmark: _Ref142672555][bookmark: _Ref149914514]Proposal 2: Adopt the TE MU ‘Base Station simulator’ from Table 1 unless a compromise value for ‘Communication Tester: uncertainty of the absolute output level’ in SISO OTA [5] are agreed which should be adopted for [1] as well. 
[bookmark: _Ref142672556]Proposal 3: Adopt the TE MU ‘Total uncertainty of the Network Analyzer’ from Table 2 unless a compromise value for ‘Uncertainty of network analyzer’ in SISO OTA [5] are agreed which should be adopted for [1] as well
Quality of quiet zone
This MU for quality of quiet zone in [1][3] is listed as 0.6 dB, while a value of 0.5 dB is used for LTE MIMO OTA [4] and for NR FR1 SISO OTA [5]. Commonly, the same combination chambers for SISO and MIMO OTA are used, i.e., the MUs for NR FR1 MIMO should be the same as NR FR1 SISO (as well as LTE MIMO OTA). 
[bookmark: _Ref149143191]Proposal 4: Change the example value of ‘Quality of quiet zone’ for UIDs 3 and 13 [1] to 0.5 dB. 
Random Uncertainty
For NR FR1 SISO OTA, a random uncertainty of 0.4 dB with normal distribution was adopted for TRS which includes a digital error rate uncertainty. It is proposed to align the random uncertainties between LTE [5][6] and MIMO OTA [1]. 

[bookmark: _Ref149143192]Proposal 5: Change the example value of ‘Random uncertainty’ for UID 7 [1] to 0.4 dB.
Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
This MU element describes the measurement uncertainty of the calibration antenna used to calibrate the total system losses in the various paths used for transmitter and receiver measurements and the data should come from “from a calibration report with traceability to a National Metrology Institute with measurement uncertainty budgets generated following the guidelines outlined in internationally accepted standards.” It is proposed to adopt the same MU value of this MU element as for SISO OTA [5], i.e., an example value of 0.58 dB with normal distribution. 
[bookmark: _Ref142672562][bookmark: _Ref149143193]Proposal 6: Change the example value of ‘Uncertainty of an absolute gain of the calibration antenna’ for UID 15 to 0.58 dB (std. deviation of 0.29 dB). 
Throughput measurement: output level step resolution
As outlined in [7], this uncertainty corresponds to an “asymmetric uncertainty contribution of +0/-step size” and yields a mean error that can be corrected by - 0.5* search step size. This approach was adopted for SISO OTA testing [5] and it is proposed to adopt the same approach for NR FR1 MIMO OTA testing. The alternate linearization approach from [8] can be applied to MIMO OTA as well.
[bookmark: _Ref141681500][bookmark: _Ref140235227]Proposal 7: No longer treat the ‘Throughput measurement: output level step resolution’ as a measurement uncertainty but instead correct the TRMS results by the mean error, i.e., - 0.5*search step size and note the correction in the test report. 
[bookmark: _Ref149914515]Proposal 8: Adopt the alternate linearization approach for NR MIMO OTA testing as well. 

Conclusion
Proposal 1: Quote the TE MUs in [1] using a normal distribution and a divisor of 2 going forward.
Proposal 2: Adopt the TE MU ‘Base Station simulator’ from Table 1 unless a compromise value for ‘Communication Tester: uncertainty of the absolute output level’ in SISO OTA [5] are agreed which should be adopted for [1] as well.
Proposal 3: Adopt the TE MU ‘Total uncertainty of the Network Analyzer’ from Table 2 unless a compromise value for ‘Uncertainty of network analyzer’ in SISO OTA [5] are agreed which should be adopted for [1] as well
Proposal 4: Change the example value of ‘Quality of quiet zone’ for UIDs 3 and 13 [1] to 0.5 dB.
Proposal 5: Change the example value of ‘Random uncertainty’ for UID 7 [1] to 0.4 dB.
Proposal 6: Change the example value of ‘Uncertainty of an absolute gain of the calibration antenna’ for UID 15 to 0.58 dB (std. deviation of 0.29 dB).
Proposal 7: No longer treat the ‘Throughput measurement: output level step resolution’ as a measurement uncertainty but instead correct the TRMS results by the mean error, i.e., - 0.5*search step size and note the correction in the test report.
Proposal 8: Adopt the alternate linearization approach for NR MIMO OTA testing as well.
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