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Background
In RAN4#82 bis in Spokane 28GHz mmW antenna frequency response was discussed in [1] (Qualcomm) and [2] (Samsung). Views from more companies including other antenna types were requested.
In this contribution UE antenna gain versus frequency responses for three antenna types are presented for the frequency range 24 – 30GHz.
Simulation setup
We will study three microstrip antenna types. All antennas are optimized for a center frequency of 28.0GHz. Simulation is done for a single element. 
1. Patch
2. Dipole
3. Notch
Gain is measured in maximum direction (bore site of the antenna). Base station antenna is polarized matched. Free space and far field is assumed.
[image: ]
[bookmark: _Ref477423898]Figure 1. Schematic drawing of antennas


Result
Figure 2 shows the realized gain versus frequency responses for three antenna types in the 24 - 30GHz frequency range. Realized gain includes mismatch losses.
[image: ]
[bookmark: _Ref481508121]Figure 2. Gain versus frequency responses for patch element, dipole element and notch element

We concentrate on the 26.5 - 29.5GHz range since WF on 28GHz spectrum [3] includes the 26.5 - 29.5GHz as one of the agreed ranges. The result for the 26.5 - 29.5GHz frequency band is shown in Table 1.

	Frequency band 26.5-29.5GHz
	Patch 
	Notch
	Dipole

	Average gain [dB]
	4.1
	3.7
	3.9

	Peak gain [dB]
	6.3
	4.1
	4.0

	Ripple [dB]
	5.6
	1.4
	0.4


[bookmark: _Ref481571076]Table 1. Simulation result for single element: patch, notch and dipole.

Note that simulation shows single element only. Considering the relative small frequency range the frequency response for an array is similar but BF gain is added. BF gain for a 4 elements array is additionally 3 – 6 dB depending on beam alignment and deflection angle (refer to half-gain beam width). The antennas are “textbook” antennas.

Observation 1: Average gain is similar for typical patch, dipole and notch antennas over the 26.5 - 29.5GHz frequency band.
Observation 2: Typical dipole and notch antennas have acceptable gain variation over the 26.5 - 29.5GHz frequency band but a typical patch antenna has too high gain variation. 
Table 2 shows the result looking over the narrower sub band of 27.5-28.35 GHz. For this frequency range the patch antenna has an acceptable gain variation.

Observation 3: A typical patch antenna has acceptable gain variation for the 27.5-28.35GHz sub band.

	Frequency band 27.5-28.35GHz
	Patch 
	Notch
	Dipole

	Average gain [dB]
	5.9
	3.5
	4.0

	Peak gain [dB]
	6.3
	3
	4.0

	Ripple [dB]
	1.2
	1.4
	0.1


[bookmark: _Ref481678215][bookmark: _Ref481678958]Table 2. Simulation result for single element: patch, notch and dipole.


The antenna efficiency is shown in Figure 3. The patch element has a much more narrow-band response.

[bookmark: _GoBack]Observation 4: Typical dipole and notch antennas show a more wide-band efficiency response than a typical patch antenna simulated over the 26.5 - 29.5GHz frequency band. 


[image: ]
[bookmark: _Ref481511439]Figure 3. Efficiency versus frequency responses for patch element, dipole element and notch element


Conclusion
Gain versus frequency response is studied for three different antenna types for the 28GHz band. 
Observation 1: Average gain is similar for typical patch, dipole and notch antennas over the 26.5 - 29.5GHz frequency band. 
Observation 2: Typical dipole and notch antennas have acceptable gain variation over the 26.5 - 29.5GHz frequency band but a typical patch antenna has too high gain variation. 
Observation 3: A typical patch antenna has acceptable gain variation for the 27.5-28.35GHz sub band.
Observation 4: Typical dipole and notch antennas show a more wide-band efficiency response than a typical patch antenna simulated over the 26.5 - 29.5GHz frequency band. 
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