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Introduction
A discussion paper on Test Tolerance submitted to the last AH#5 meeting triggered some offline and online discussion on the correlation of MU components. This contribution is meant to address this topic and action points created during the meeting. 
Discussion
A discussion paper [1] on UE fail rate for spherical coverage test cases which involves multiple sequential measurements compared the impact of uncorrelated measurements and correlated measurements on the CDF. Given the large difference of fail rates, RAN5 decided to create action points to the TE vendors to provide feedback on whether and which MU components are correlated: 
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AP#Adhoc#5.1
RF

For FR2 EIRP spherical coverage evaluate further, which MU components are correlated (repeatability in multiple grid points within a test execution)

TE vendors

R5-193483

RAN5#83

Open

AP#Adhoc#5.2

RF

For FR2 EIS spherical coverage evaluate further, which MU components are correlated (repeatability in multiple grid points within a test execution)

TE vendors

R5-193483

RAN5#85

Open




First of all, the difference between correlated and uncorrelated MU components should be highlighted. As defined in  [1], uncorrelated input quantities are independent, and the combined standard uncertainty is the root sum squared (RSS’ed) result of the standard uncertainties with uncorrelated input quantities. 
C.3.7 Independence

Two random variables are statistically independent if their joint probability distribution is the product of their

individual probability distributions.

NOTE If two random variables are independent, their covariance and correlation coefficient are zero, but the

converse is not necessarily true.
It should therefore be assumed that the terms in the MU budget (other than the systematic error terms) are uncorrelated and should not be confused with repeatability. 
Observation 1: The terms in the MU budget (other than the systematic error terms) are uncorrelated and should not be confused with repeatability

It is therefore assumed that the questions from the action points meant to clarify whether the measurement error, i.e., the difference between the measurement and the actual UE performance, is expected constant between different grid points and if not, which terms contribute to this discontinuous behaviour.
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Figure 1: Illustration of measurement concept
The behaviour of the EIRP and EIS results and errors largely depends on some underlying assumptions. In the context of spherical coverage tests, the following typical best practice assumptions are made:

· Measurements are performed in the same test system with the same test equipment

· Measurements are performed in close succession

· Environmental conditions, e.g., ambient temperature, between measurements are practically the same
· The test equipment and the DUT have been warmed up prior to the test case execution

· No operator errors have been made in setting up the measurements (positioning error, repositioning errors, fixturing, etc.)

Deviating from any of the above proper engineering judgement could certainly lead to significant differences in measurement repeatability and errors between subsequent measurements. With the above assumptions, it can be assumed that the measurement results between subsequent measurements are very repeatable and the measurement error is constant. 
It should be noted that that highly repeatable measurements should hold for EIRP and EIS values at or near the global or local beam peaks. Larger uncertainties can be expected near the nulls of the TX and RX antenna patterns as very small positioning changes could result in more significant changes between measurements. It should be noted that nulls in one link polarization might not be nulls in another link polarization, i.e., the max( , ) operator for the EIRPRtarget-CDFR 
The EIRPRtarget-CDFR is then obtained from the Cumulative Distribution Function (CDF) computed using maximum(EIRP(PolRLinkR=), EIRP(PolRLinkR=) for all grid points
or the average of two EIS values for the average EIS

EIS = 2*[1/EIS(PolMeas= PolLink=) +1/EIS(PolMeas= PolLink=)]P-1
will prevent deep nulls from being taken into account for spherical coverage CDFs.

It should now be further clarified whether the actual EIS and EIRP levels between grid points are similar or vastly different. 

Case 1: EIS and EIRP between subsequent grid points are very similar
The first case investigated is the case where the “true” levels between two grid points/measurements are very similar as illustrated in Figure 2.
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Figure 2: Illustration of Case 1

As outlined earlier, with the “true” levels being very similar, no big changes in the measurement errors are expected. The MU element that could lead to differences in measurement errors between two measurement grid points with very similar EIRP and EIS is:

· Random uncertainty as outlined in B.2.1.9 of TR38.903 with =0.25dB

Additionally, the following MU element specifically defined for EIS test cases can also contribute to differences in measurement error

· Systematic error related to EIS spherical coverage which corresponds to the DL power step size as outlined in Clause B.2.1.30 of TR38.903 with =0.2dB (systematic uncertainty)

Clearly, the differences in measurement error between two grid points that should yield very similar EIS and EIRP results are very small.

Case 2: EIS and EIRP between grid points are different
This case is where the “true” levels between two grid points/measurements are very different. Repeatability is no longer guaranteed due to the large differences in levels. As such, the measurement errors, no longer have to be similar between the two grid points as illustrated in Figure 3, e.g., the measurement result for one grid point is above the “true” value while the measurement result for the other grid point is below the “true” value. 
The MU elements that contribute to this behaviour, i.e., the change in measurement error between grid points, have to be related to power levels. Most MU elements in the tables for EIRP spherical coverage and EIS spherical coverage are independent on power levels, e.g., measurement grid related elements, QoQZ MU, positioning MUs, absolute antenna gain MU, etc. The MU elements that are obviously dependent on input/output power levels are as follows:
· EIRP & EIS: Mismatch 
as outlined in B.2.2.4 of TR38.903 with =1.3dB

· EIRP only: Uncertainty of the RF power measurement equipment as outlined in B.2.2.6 with =1.08dB

· EIS only: gNB uncertainty on absolute level as outlined in B.2.2.17 with =1.45dB

· EIRP & EIS: Amplifier uncertainties as outlined in B.2.2.8 of TR38.903 with =1.05dB

· EIRP & EIS: Amplifier uncertainties as outlined in B.2.2.8 of TR38.903 with =1.05dB

· EIRP & EIS: Uncertainty of the Network Analyzer as outlined in B.2.2.14 of TR38.903 with = 0.37dB

· EIRP only: Influence of Noise as outlined in B.2.1.27 of TR38.903 with = TBD

Most of these MU terms are related to Test Equipment and active components used in the systems. However, no information is available how the measurement errors vary as a function of power levels. Traditionally, only the measurement uncertainty as a range is provided/determined but not the trends over power levels. 
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Figure 3: Illustration of Case 2

Based on the feedback provided, it is proposed to close the action points AP#Adhoc#5.1 and AP#Adhoc#5.2.

Proposal 1: Close action points AP#Adhoc#5.1 and AP#Adhoc#5.2

Conclusion
The following observations and proposals were made in this contribution
Observation 1: The terms in the MU budget (other than the systematic error terms) are uncorrelated and should not be confused with repeatability
Proposal 1: Close action points AP#Adhoc#5.1 and AP#Adhoc#5.2
References

[1] JCGM 100:2008, Evaluation of measurement data — Guide to the expression of uncertainty in measurement

[2] R5-193483, Discussion on TT and the impact on UE fail rate for EIRP CDF, Ericsson, Telecom Italia, Orange, 3GPP TSG-RAN WG5 Meeting #5 NR Adhoc
[image: image4.png]Level

#i #i+1 Grid Point



[image: image5.png]Level

#i #i+1 Grid Point



[image: image6.png]Level

“True” Value

(
l * Measurement

95% Confidence Interval of Measurements
(“True” Value £ MU)

Measurement Error, £
(Measurement — “True” Value)




