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Abstract: In this contribution we discuss the effect a 3GHz bandwidth will have on the pattern of a 4 element collinear dipole array at the 28GHz frequency band. The specific frequency range we will be addressing is from 26.5GHz to 29.5GHz.


1. Background
Increasing system bandwidth to incorporate national regulations or to enable high data rates may have affect antenna performance. In this study, we evaluate the 3GHz band between 26.5GHz and 29.5GHz and asses the effect such a bandwidth has on beam squinting, bandwidth and beam steering of a previously published mobile station (MS) antenna at the extremes of the band.


2. Dipole MS Antenna Performance at 26.5-29.5GHz
In a document in the RAN4 #82 [1], we discussed the need to increase beam testing resolution at mm Wave frequencies. In this contribution we will be using the same antenna, published in [2], to show that there is minimal impact on antenna performance throughout the 26.5GHz-29.5GHz band.
The antenna consists of 4 collinear printed dipole elements at the edge of a 70mm × 140mm ground plane to mimic a smartphone sized UE. More details about the dipole element can be found in [2].
2.1 Impedance Bandwidth
The measured and simulated S-parameters for each antenna element are shown in Fig 2-1 taken from [2]. Fig 2-1 clearly shows that the impedance bandwidth extends from below 26GHz all the way to above 30GHz. Fig 2-2 shows the simulated S-parameters for the same antenna positioned on the bigger 70mm×140mm ground plane. Again, it is clear that the impedance bandwidth () remains large enough to cover the 26.5GHz-29.5GHz band.

Observation 1: 	The antenna impedance bandwidth from 26.5GHz to 29.5GHz can easily be covered without loss of performance.
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Figure 2-1: The simulated and measured reflection coefficient for each antenna port. The antenna labelling is shown in the inset picture of the fabricated prototype. Taken from [2].
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Figure 2-2: The simulated reflection coefficient for each antenna port with the 70mm×140mm ground plane shown on the left.

2.2 Boresight Gain 
In this section, we evaluate the boresight gain performance of the antenna array across the 26.5GHz-29.5GHz band. Fig 2-3 depicts the boresight gain from 26GHz-30GHz shoing a less than 1dB drop within 26.5GHz-29.5GHz.

Observation 2: 	The antenna boresight gain variation from 26.5GHz to 29.5GHz can feasibly remain at low levels below 3dB throughout the band.

[image: ]
Figure 2-3: The simulated Co-pol (X) and cross-pol (Y) gain towards the boresight direction (, ) over the 26.5GHz-29.5GHz band.

2.3 Beam steering
In this section, the effects on the capability of the antenna to electronically steer the beam are considered. First of all, we can observe the co-pol pattern across the frequency band to see if there are any qualitative changes to the pattern. Fig 2-4 gives a 3D representation of the x-polarized array pattern at 26.5GHz, 28GHz and 29.5GHz. It is clear that the pattern remains consistent throughout the band.
To evaluate beam steering effectiveness throughout the band we can observe steered beams at the edges and the middle of the band. Figure 2-5 depicts 5 steered beams with ±90°, ±45° and 0° phase progression across the array elements at 26.5GHz, 28GHz and 29.5GHz. Apart from the ripple caused by the size of the ground plane we notice a difference close to 1dB for each beam which is consistent with the analysis in the previous section.

Observation 3: 	The antenna steered beam gain variation from 26.5GHz to 29.5GHz can feasibly remain at low levels below 3dB throughout the band.
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Figure 2-4: The simulated 3D Co-pol (X) realized antenna gain pattern at 3 frequencies, namely 26.5GHz, 28GHz and 29.5GHz.
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Figure 2-4: The simulated Co-pol (X) realized antenna gain E-plane pattern steered with ±90°, ±45° and 0° element phase progression at 3 frequencies, namely 26.5GHz, 28GHz and 29.5GHz.



3. Conclusion
From the analysis above the following observations were made:

Observation 1: 	The antenna impedance bandwidth from 26.5GHz to 29.5GHz can easily be covered without loss of performance.
Observation 2: 	The antenna boresight gain variation from 26.5GHz to 29.5GHz can feasibly remain at low levels below 3dB throughout the band.
Observation 3: 	The antenna steered beam gain variation from 26.5GHz to 29.5GHz can feasibly remain at low levels below 3dB throughout the band.
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