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1. Introduction

In 3GPP RAN4 #81, the effect of antenna coupling on radiation pattern was reported at 15GHz [1]. It was then concluded that in case of 2D^2/lambda FF criteria, D shall be the dimension of the device and not just the dimension of either the radiating element or antenna array. In this contribution, different antenna types, and hence different antenna beam patterns are presented. Each antenna type has been measured and the radiation patterns along with the current distributions on PCB are shown. 
The aim of the contribution is to show once again the effect of antenna coupling on the radiation patterns for the measured antenna types and hence the need to consider D as the whole device dimension when determining the FF distance [2].
2. Antenna Types
In figure 1 the device size and antenna locations are shown:
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Figure 1. Device size and Antenna locations
Especially we measured the following antenna types:

Antenna 1 – Port 1 -> Dipole

Antenna 2 – Port 2 -> Notch

Antenna 4 – Port 4 -> Slot

Antenna 5 – Port 5 -> Patch

Each antenna type has its own beam pattern as it can be seen in section 4 from the simulated and measured antenna radiation patterns.

3. Near Field Measurement Test Range and Diagnostic Tool
Figure 2 shows the Near Field measurement set up:
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Figure 2. Near Field Measurement test range

The NF test range has a radius of 45cm and 15 high frequency probes which are evenly spaced (22.5deg). Near Field to Far Field transform has been applied in order to determine the FF radiation patterns.
As it was anticipated, the aim of the contribution is to show the effect of antenna coupling for the antenna types tested for the Figure 1 device. To accomplish that, Equivalent Current has been reconstructed on a geometry representing the measured antenna and the device. Figure 3 shows the work flow:
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Figure 3. Antenna Diagnostic - Work Flow
It has to be noted that in order to compute the current distribution on a geometry representing the device, amplitude and phase information for the electric field are needed. In a Near Field system, amplitude and phase of the electric field are measured on the full 3D sphere around the device under test.

4. Preliminary Results - Radiation Pattern and Current Distributions
Preliminary results will be reported for the Antenna type 1 (dipole) and Antenna Type 5 (Patch). Those are two extreme cases which is interesting in comparing for both radiation patterns and hence the equivalent current distributions on the device under test.
4.1 Type 1 – Dipole
Figure 4 shows the equivalent current distribution:
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Figure 4. Equivalent Current distribution

Figure 5, and 6 show the comparison between NF reconstructed and NF filtered for the elevation cut – Phi=0deg, and Phi=90deg respectively:
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Figure 5. NF patterns comparison – Phi=0deg
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Figure 6. NF patterns comparison – Phi=90deg
4.2 Type 5 – Patch

Figure 7 shows the equivalent current distribution:
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Figure 7. Equivalent Current distribution

Figure 8, and 9 show the comparison between NF reconstructed and NF filtered for the elevation cut – Phi=0deg, and Phi=90deg respectively:
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Figure 8. NF patterns comparison – Phi=0deg
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Figure 9. NF patterns comparison – Phi=90deg

5. Observations

Following are some observations:

a. In case of the dipole antenna type, there are currents on the bottom of the PCB which are not seen in case of patch antenna. This can be due to the fact that patch antenna is more directive than dipole.
b. Spatial Filtering of the currents on the bottom of the PCB does have impact on the patterns in case of the dipole but the impact is not dominant in case of the patch. It means that for the dipole case, some currents on the bottom of the device under test are due by the antenna itself (fundamental modes) and cannot be filtered out. Next step is to confirm this by plotting the simulated current distributions on top of the reconstructed equivalent current distribution.
Observations b. does imply that when looking at the FF criteria (2D^2/lambda), D should be taken as the whole device’s dimension when testing dipole-like antenna. This means that careful must be taken when revisiting the FF criteria for mmWave since it looks that the FF distance could depend on the antenna beam pattern. It means that if considering D as the dimension of either the radiating element or antenna array, the dipole antenna types are not in Far Field but rather in Near Field since the Far Field distance is when D is the whole dimension of the device under test.
6. Conclusions

Radiation pattern measurements of different antenna types were presented at 28GHz. The aim was to investigate the current distributions of two antenna types, dipole and patch on the device under test. For the dipole case, the currents can be seen on the bottom of the device rather than just around the antenna radiating element itself while in case of patch antenna, the equivalent currents distribute around the radiating element. This can be also seen by comparing the measured Near Field patterns with the filtered patterns. The effect of the filtering is dominant for the dipole case. 
Next step would be to check the impact of different materials on the equivalent current distributions.
Proposal: Care must be taken when revisiting the Far Field criteria. Empirical solution to the FF criteria can only work for some antenna topologies.
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