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1. Introduction

During RAN4#80 –bis, R4-168320 was discussed. It was mainly highlighted that in order to fulfil the FF criteria, 2D^2/lambda, the dimension of the antenna array could have been used as D instead of the dimension of the device under test (DUT).
This contribution shows the effect of the Antenna Array coupling with the PCB on the EIRP radiation pattern and the Antenna element gain. Tested frequency is 15GHz.
2. Tested Antenna Array
An antenna array [2] operating at 15GHz has been simulated and then measured in a Near Field test range. 
The antenna array consists of 8 antenna elements at around lambda/2 spacing for a total array’s dimension of around 10cm. The antenna array is mounted on a phone mock-up which size is L=163mm, W=82mm, and H=5mm. When in normal operation, it means when the antenna array would be properly connected to an RDN (Radio distribution Network), this configuration will be capable of doing TX beamforming. 

Figure 1 shows the antenna array pattern:
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Figure 1. Antenna Array pattern

The above antenna array has been measured in a Near Field test range as shown in Figure 2:
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Figure 2. Measurement setup

3. Antenna Array Diagnostic at 15GHz
As anticipated in the introduction, the aim of this study is making diagnostics on the antenna array tested in tablet phone mock-up. For this task, EQuivalent Currents (EQC) have been reconstructed on a geometry representing the antenna and the device [3, 4, 5]. It shall be noted that the currents distribution is based on the measurement taken on the antenna array and using the setup in Figure 2. The equivalent currents are not just simulated. Port 1 of the array is fed. Figure 3 shows the J current distribution throughout the PCB to where the antenna array is designed:
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Figure 3. Antenna Array Diagnostic – EQuivalent Current distribution
The reconstructed geometry consists of a box (red box in Figure 3) which dimensions are: L=163mm, W=82mm, and H=5mm.
Figure 4 shows the workflow of such investigation:
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Figure 4. Antenna Array Diagnostic – Investigation workflow
Based on the above workflow, Figure 5 shows the Measured Near Field radiation pattern and the associated equivalent currents distribution on the reconstructed geometry:
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Figure 5. EQC based on the Near Field measured pattern
It can be noted that the relevant currents are by the fed antenna array element. This is also highlighted in Figure 6, and 7 where a comparison between EQC simulated and measured is reported:
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Figure 6. EQC comparison – simulated vs measured
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Figure 7. EQC comparison – simulated vs measured
In order to understand the impact of the antenna array coupling on the PCB, we did apply a spatial filtering for the equivalent currents on the PCB. The filtering area is marked blue under Figure 6 below:
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Figure 8. EQC – Spatial Filtering
It can be observed that there is a difference in terms of the 3D pattern. This difference is of around 1.2dB when looking at the gain at the beam center.
4. Results
To better understand what it happens to the antenna element radiation pattern when spatially filtering the EQC on the PCB, 1D plot comparison between the radiation pattern with and without filtering is shown in Figure 7, and 8:
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Figure 9. Elevation cut at Phi=0deg – Near Field Reconstructed vs Near Field Filtered
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Figure 10. Elevation cut at Phi=90deg – Near Field Reconstructed vs Near Field Filtered

It can be seen that the filtering is impacting the radiation pattern. It means that there is coupling between antenna array element and PCB which cannot be filtered out.

The impact of the filtering on radiation pattern is seen also when looking at the EIRP FF patterns, Figure 11, and 12:
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Figure 11. Elevation cut at Phi=0deg – EIRP FF Reconstructed vs EIRP Far Field Filtered
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Figure 12. Elevation cut at Phi=90deg – EIRP Far Field Reconstructed vs EIRP Far Field Filtered

5. Conclusions

In this contribution an antenna array diagnostic was shown with the aim of understanding the impact of the antenna coupling on the EIRP pattern. The antenna array has been tested at 15GHz when placed in a tablet mock up. A Near Field test range has been used for the measurements and Equivalent Currents distribution (EQC) have been reconstructed on a geometry representing the device under test. Spatial filtering has been also applied to the currents on the tablet mock up (PCB). The effect of the filtering is relevant on the antenna element radiation pattern and it is causing around 1.2dB variation on the antenna element gain.
Using the dimension (D) of the antenna element or array to determine the far field criteria (2D2/) will not ensure that the measurement is in the far field given that the antenna array couples to the tablet mock up. It is also unlikely that in order to simplify the testing process, several “standard” testing distances could be defined based on the antenna size. It means that for FF test range if any scalability takes place this would be determined by the dimension of the device under test. 

Next step will be to perform the same antenna diagnostic for an antenna array at 30GHz, 60GHz, and 80GHz. We do expect that at such frequencies the complexity of the antenna array increases so that the interaction between antenna array element and PCB is even more evident than what it was shown at 15GHz. This would determine a change in the radiation pattern when the antenna array would be decoupled from the PCB.
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