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1.
Introduction

We introduced our estimation of measurement uncertainty (MU) value on EIRP/EIS OTA measurement for mmWave at RAN4 NR-AH #2 in Qingdao [1]. In this paper we show our latest calculation result of MU values for EIRP after taking into account of some additional study results on MU contributions such as “Offset of DUT phase centre from axis of rotation” [2] , “Quality of quiet zone” [3], and some indications pointed out from other companies. Also we show our view on how to calculate RSS to make a consensus in RAN4.


2. Discussion
2.1 Views on a way to calculate RSS values for measurement uncertainty
Before explaining supplementary notes on specific contributions, it seems there is one point that is necessary to clarify an understanding in RAN4 regarding a way to calculate MU of EIRP or EIS, in other words, a way to calculate RSS (Root of the Sum of the Squares) in dB or linear. 
Though there is not a clear statement in TS34.114 nor TR38.803, it seems to be reasonable that the RSS is calculated in dB. Because almost all the MU elements for EIRP or EIS are uncertainties of gain or attenuation, so the uncertainties become summation in dB.
Observation 1: RAN4 need to have a common understanding on a way to calculate RSS MU values, whether we calculate in dB or linear.

Observation 2: It seems reasonable to calculate the RSS in dB.
However, there is one issue that the total MU tends to get bigger when calculating the RSS in dB rather than in linear scale. The result of the latest calculation is derived by calculating the RSS in dB.
Observation 3: The total MU tends to get bigger when calculating the RSS in dB rather than in linear.
2.2 Supplementary notes on specific MU contributions

In this section we explain our view on specific contributions which we studied further or which we got as indications previously.
Actual calculation result is shown in Appendix A at the end of this paper.

Calibration stage

· Quality of quiet zone


As explained at proposal 3 in another paper [3], we deleted the MU value from calibration stage.

· Uncertainty of the absolute output level of signal generator
There was a comment previously that we can use VNA at the calibration stage. However if we use VNA at the calibration stage, it means that we have to replace the VNA with another test equipment at the measurement stage. And it also requires us to add some other uncertainty values. Therefore we propose a setup to use a signal generator at the calibration stage.

And for the MU value by using the SG, we changed the value from previous one to smaller value. It can be achieved if we calibrate the output power from the SG by the power meter. (The previous value was the typical uncertainty of the SG itself.)
· Uncertainty of the absolute level of the measurement receiver

There was a comment previously that we should apply rectangular as the probabilistic distribution because the uncertainties are likely from datasheets.
We think that we can keep “Normal” if we know that the uncertainty on the datasheet is an expanded uncertainty with 95%-confidence-level which is composed of multiple uncertainty elements in the measurement receiver.
· Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
This value varies depending on how we acquire the calibration antenna and it is a trade-off of cost and time. Anyway we need to decide what value to apply to.  (Suppose the value varies approximately from 0.1 to 2.5 dB.)
· Misalignment of measurement antenna
This contribution is newly added based on the proposal 3 in another paper [2]

· Influence of the XPD

There was a comment previously that in real life the phase difference can have any value and the resulting distribution of superposed amplitudes should be U-shaped. We agree with it and therefore we changed the probabilistic distribution from rectangular to U-shaped.
Also we added this factor to the calibration stage though it was not in the previous paper.

And this value can vary depending on a characteristic of measurement antenna. Currently we apply the value for 20 dB XPD antenna.

Measurement stage

· Quality of quiet zone

Though we got a comment that the value 2dB is pretty high, we would like to keep it as it is at this moment.
And its value depends on the result of discussion on our paper [3].

· Misalignment of DUT

This contribution is newly added based on the proposal 2 in another paper [2]

· Influence of the XPD
It is same as a case of calibration stage.
By taking these items into consideration, we estimated the MU value for EIRP. However since we do not have a target value for each test case yet, we cannot judge if the result is acceptable to the real 5G network or not.

Therefore we think that we need a target MU value for each test case.

Observation 4: RAN4 should decide a target MU value for each test case before finishing its estimation.


3.
Conclusion
In this paper we showed our latest estimation of MU values for EIRP after taking into consideration of some study results. The actual calculation result is shown in Appendix A. 
Observation 1: RAN4 need to have a common understanding on a way to calculate RSS MU values, whether we calculate in dB or linear.
Observation 2: It seems reasonable to calculate the RSS in dB.

Observation 3: The total MU tends to get bigger when calculating the RSS in dB rather than in linear.
Observation 4: RAN4 should decide a target MU value for each test case before finishing its estimation.
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Appendix A
Estimation of measurement uncertainty values for EIRP measurement

	UID
	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	“Black box approach” 
	“White box approach”

	
	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	　
	Stage 1: Calibration measurement

	12
	Impedance mismatch
	U-shaped
	1.414
	0.62
	0.438
	0.62
	0.438

	13
	Reference antenna positioning misalignment
	Rectangular
	1.732
	0
	0.000
	0
	0.000

	14
	Mismatch and insertion loss
	U-shaped
	1.414
	0
	0.000
	0
	0.000

	15
	Quality of quiet zone
	Normal
	1
	0
	0.000
	0
	0.000

	16
	Amplifier uncertainties
	Normal
	2
	0
	0.000
	0
	0.000

	17
	(Uncertainty of the Network Analyzer)...< Instead of this, use SG>
	-
	-
	-
	　
	-
	　

	　
	Uncertainty of the absolute output level of signal generator 
	Normal
	2
	0.23
	0.115
	0.23
	0.115

	　
	Uncertainty of the absolute level of the measurement receiver
	Normal
	2
	0
	0.000
	0
	0.000

	17
	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0
	0.000
	0
	0.000

	18
	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	2
	1.000
	2
	1.000

	19
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.3
	0.173
	0.3
	0.173

	
	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.3
	0.173
	0.3
	0.173

	
	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.07
	0.040
	0.07
	0.040

	12
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587
	0.83
	0.587

	　
	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058
	0.1
	0.058

	　
	Stage 2: DUT measurement

	1
	Positioning misalignment
	Rectangular
	1.732
	0
	0.000
	0
	0.000

	2
	Measure distance uncertainty
	Rectangular
	1.732
	0
	0.000
	0
	0.000

	3
	Quality of quiet zone
	Normal
	1
	2
	2.000
	2
	2.000

	4
	Mismatch in the Tx and Rx chain
	U-shaped
	1.414
	0.1
	0.071
	0.1
	0.071

	6
	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000
	0
	0.000

	7
	Uncertainty of the RF power measurement equipment
	Normal
	2
	1.53
	0.765
	1.53
	0.765

	8
	Phase curvature
	U-shaped
	1.414
	0
	0.000
	0
	0.000

	9
	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	5.24
	3.706
	0
	0.000

	
	
	Displacement of DUT
	Rectangular
	1.732
	0.07
	0.040
	0.07
	0.040

	
	
	Misalignment of DUT
	Rectangular
	1.732
	0.3
	0.173
	0.3
	0.173

	10
	Amplifier uncertainties
	Normal
	2
	0
	0.000
	0
	0.000

	11
	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231
	0.4
	0.231

	12
	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587
	0.83
	0.587

	　
	Total of the uncertainties
	　
	　
	　
	4.513
	　
	2.576

	　
	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	8.846
	　
	5.049


Note 1: The uncertainty contribution elements here are from the WF which was agreed at the June adhoc meeting in Qingdao [4]. 
Note 2: Total of the uncertainties is derived by calculating RSS in dB.

Note 3: Contributions which are colored in green are factors which were newly added or changed. Items colored pink are ones whose values can vary depending on a result of discussion. 
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