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1. Introduction

During last 5G UE RF NR MU meeting, there were discussions focused on OTA measurements of spurious emission. Specifically, it was proposed to reposition the DUT so that the main beam (in band) was toward the measurement antenna when measuring power at the 2nd harmonic. This contribution provides simulation results of an antenna array on a phone size ground plane with regard to the difference in directions between the main beam (in band) and 2nd harmonic beam (out of band). 
2. Background
For the 2nd harmonic power emission, the following was discussed in [1]:

This emission is expected to be observed from the activated Tx antenna. So the peak direction can be assumed almost the same as UL signals and thus we can carry out TRP measurement with a same manner as the case of in-band TRP MOP measurement without the DUT repositioning concept.
An action point was created in RAN5 (AP#82.21) in order to clarify the difference in direction between in-band beam peak and the beam of the spur for the 2nd harmonic. The goal is to optimize the OTA TX spurious emissions test at FR2.
3. Simulation Results
In our simulation we have been using the same setup as the one used in RAN4 for deriving EIRP requirements.
3.1
Model
In figure 1, a 4x1 linear patch array placed in a corner of a PCB is shown:
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Figure 1. Antenna array
In figure 2, the S11 of such antenna array is also reported:
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Figure 2. S11 of 4x1 antenna array

It can be noted that the first harmonic is at 28GHz while the 2nd harmonic is at 51GHz.
3.2
Results
In figure 3 the first harmonic is shown:
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Figure 3. First harmonic (28GHz) – Radiation pattern
While in figure 4, the 2nd harmonic is shown:
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Figure 4. Second harmonic (51GHz) – Radiation pattern

In figure 5 a phi-cut (theta=90deg) for realized gain of both 1st and 2nd harmonic is reported:
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Figure 5. Phi-cut (theta=90deg)
It can be observed that the strongest beam is toward the side of the ground plane in case of 2nd harmonic. The following are several design aspects which impact the 2nd harmonic beam direction:

· Surface current distribution – phone form factor, and shape of ground plane
· Phase shifter response at high frequency

· Antenna array geometry 
Observation 1. 2nd harmonic power emission depends on UE implementation.

Observation 2. DUT Repositioning for out of band spurious emission is not straight forward exercise without knowledge of the UE implementation.
4. Conclusion 
This contribution provides simulation results and shows the difference between the beam direction of the 1st and 2nd harmonic for a 4x1 linear array on a phone size ground plane. The method proposed in [1] cannot be used for all DUTs and would require knowledge of the UE implementation. The method which is used should encompass all UE implementations.
Reference
[1] R5-192668, On applicability of DUT repositioning concept to FR2 spurious measurement, Anritsu, 3GPP TSG RAN5#82, February 2018[image: image6.png]



