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1.
Introduction

This contribution is mainly reusing the previously introduced paper [1] and shows results of simulations to estimate the impact of EIRP-measured-beam-direction shift in Gray-box approach. This is a companion paper of [2] and detailed simulation conditions are described in [2].


2. Discussion

2.1 EIRP-measured-beam-direction shift 
 As introduced in the companion paper [2], in Gray-box approach, we assume that measurement uncertainty shall be larger than White-box approach because of the following factors. In this contribution we discuss on one of the factor C), which is caused by a beam steering of DUT in a case of EIRP measurement.

A) Directivity of the measurement antenna

When an active array-antenna position is shifted from the center of the rotation, the signal level gets lower because of the directivity of the measurement antenna.

B) Path-loss difference caused by the placement of the array-antennas in a DUT
C) EIRP-measured-beam-direction shift
This factor has two kinds of influences on EIRP and EIRP-CDF, one is caused by a beam steering of DUT and the other causes measurement point density variation.
D) Phase curvature
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For the estimation of EIRP measurement uncertainty, it would be necessary to assess the impact of the measurement uncertainty elements of “C) EIRP-measured-beam-direction shift”. Figure 2.1-1 shows an example of the measurement setup where the measured-beam direction can be shifted as much as 7.1 degrees. And the simulation result is shown in Figure 2.1-2, with which we can understand that the absolute measurement-angle can be shifted up to 7.1 degrees in the simulation conditions defined in [2], which is the result also consistent with the image shown in Figure 2.1-1.

In EIRP measurement, the DUT autonomously steers its beam towards the measurement antenna, so the simulation result in Figure 2.1-2 tells us that the DUT-beam direction could be shifted as much as shown. The impact of the DUT-beam-direction shift against the EIRP-measurement-uncertainty should depend on how sensitively the DUT signal level changes with the DUT-beam-direction change. 
Assuming the following three conditions, the EIRP vs beam-direction characteristics shown in Figure 2.1-4 shall be derived.

· EIRP-CDF is as shown in Figure 2.1-3.

· The EIRP-signal level gets higher when the beam-direction gets closer to the boresight direction.

· The EIRP-signal levels are constant at the beam-angles where the angle between the boresight direction and the beam-direction is constant.

If the EIRP-signal-level changes as shown in Figure 2.1-4, the DUT-beam angle shift of 7.1 degrees corresponds to around 0.1dB signal level reduction, which seems negligible. However because we have seen only one example, we may need to study with other conditions. 
Observation1: The impact of factor C) “EIRP-measured-beam-direction shift” seems negligible as far as the EIRP-CDF characteristics are similar to [3]. 

Proposal 1: RAN4 study further to assess the impact of the factor C) caused by Gray-box approach. 
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3.
Conclusion
In this paper, the following observations are found w.r.t the measurement uncertainties in Gray-box approach. 

Observation1: The impact of factor C) “EIRP-measured-beam-direction shift” seems negligible as far as the EIRP-CDF characteristics are similar to [3]. 

Proposal 1: RAN4 study further to assess the impact of the factor C) caused by Gray-box approach.


4. References
[1] R4-1800327, “MU in mmWave Gray-box Measurements”, Anritsu, RAN4 NR AH-1801, San Diego

[2] R4-1801516, “Consideration on MU in mmWave Gray-box Measurements (1)”, Anritsu, RAN4 #86, Athens 

[3] R4-1713850, “Consideration of EIRP spherical coverage requirement”, Apple Inc., Intel Corporation, RAN4#85
Figure 2.1-1   Simulation setup
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Figure 2.1-2  Distribution of absolute measurement-angle shift
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Figure 2.1-4  EIRP vs beam-direction characteristics
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Figure 2.1-3  Empirical CDF [3]
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