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Abstract—A dual-band omnidirectional horizontally polarized 

base station antenna with concentric cylinder radome at Sub-6 

GHz band is proposed. The high frequency band element layers 

are arranged between the low frequency band element layers. The 

dielectric dual-band radome replaces several layers of antenna 

elements. The radome enlarges the effective aperture of array 

element of each frequency band so that the elements spacing at the 

same frequency band can be lengthened over 1.3 wavelength. Both 

in-band and cross-band isolation are improved. Also, apparent 

grating lobe does not appear even under such large spacing while 

the omnidirectional property is kept well. The experiment of the 

antenna element with radome shows the gain enhancement at both 

frequencies. 3.03 dBi of gain at 4.05 GHz and 2.5 dBi at 5.75 GHz 

are observed. 

 
Index Terms—Dual-band, Large spacing array antennas, Fewer 

elements, Grating lobe, Dielectric radome 

 

I. INTRODUCTION 

N Beyond 5G (B5G) mobile communication systems, 

omnidirectional antennas are expected to be utilized in 

centralized radio access networks (C-RAN) [1-8] with low-

cost, stable, high-quality, and high-capacity communication 

compared with beamforming antennas at the Sub-6 GHz band. 

Generally, vertically polarized antennas are much more easily 

to obtain the desired omnidirectional property [9-12]. As 

horizontally polarized (HP) antenna [13-15] may obtain up to 

10 dB diversity gain than vertically polarized (VP) antenna in 

the urban or indoor wireless environment [16], there is a great 

demand for the dual-band omnidirectional horizontally 

polarized (DBOHP) base station antenna.  

In past decades, there have been several pieces of research on 

DBOHP antenna for base station or WLAN use. One of the 

dual-band methods is utilizing broadband array element to 

enlarge the original bandwidth [17]. The rectangular slots not 

only work for impedance matching but also further increase the 

gain bandwidth. The antenna finally works at 2.8-5.13 GHz 

with the peak gain of 0.6-3.7 dBi. Another major method is 

realizing the two frequencies with two resonant components. In 

[18], a loop-based electrically small planar antenna is proposed 

for Wi-Fi application. The electrically small loop antenna 

works at 2.4 GHz and the Alford loop antenna works at 5 GHz. 

 
These research results were obtained from the commissioned research 

(JPJ012368C02201) by National Institute of Information and Communications 

Technology (NICT), Japan. Corresponding author: Junyi Xu. 

The two elements each can only provide 1.28 dBi at 2.4 GHz 

and 0 dBi at 5 GHz. Furthermore, multi-modes are also used to 

generate several operating frequencies [19]. The slot antenna 

only with feeding folded patch can radiate with half-wavelength 

mode (e.g., 2.4 GHz) and full-wavelength mode (e.g., 5 GHz). 

Parasitic patches are added to enlarge the impedance bandwidth 

at 5 GHz. The antenna finally works with gain of 1.6 dBi at 2.45 

GHz and 2.3 dBi at 5.5 GHz. All the antennas mentioned above 

only have low gain so that numerous elements are necessary to 

observe enough gain for the coverage required by C-RAN. This 

brings the complex feeding network and the infrastructure 

shortage. Also, the frequency selection is limited, because the 

structures used are only valid when the selected frequencies 

have the integral multiple relationships.  

In this paper, a dual-band omnidirectional horizontally 

polarized base station antenna with concentric cylinder radome 

at Sub-6 GHz band is proposed. The high frequency band (fh) 

element layers are arranged between the low frequency band (fl) 

element layers. The dual band dielectric radome has the ability 

of replacing the antenna elements. What’s more, the radome 

enlarges the effective aperture of array element of each 

frequency band so that the elements at the same frequency band 

can be placed with a large spacing. It provides more space for 

the sharing of infrastructure [20]. Both in-band and cross-band 

isolation are improved. Also, apparent grating lobe does not 

appear even under such large spacing while the omnidirectional 

property is kept well. 

II. THEORETICAL ANALYSIS AND DUAL-BAND RADOME 

DESIGN 

Conventionally, a planar superstrate is introduced above a 

printed circuit antenna to enhance the antenna directivity [21]. 

In our research, the dual-band cylindrical radome is chosen to 

enhance the performance of omnidirectional antenna, because 

of the symmetry compared to prism.  

A. Antenna Configuration 

In Fig. 1, the configuration of proposed dual-band 

omnidirectional horizontal polarized (DBOHP) antenna with 

concentric cylinder radome is described. The layers refer to the 

fh are placed between the layers of fl. The adjacent layers with 

the same operation frequency band are placed with the spacing 
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of ha1 and ha2 for fl and fh, respectively. The radius of the 

conducting cylinder is r0, which mainly influences the 

roundness of the radiation pattern. The radius of the inner 

dielectric radome cylinder is r2, and the radius of the outer 

radome is r3. The horizontally polarized (HP) dipole antenna is 

utilized as the fundamental array element. All the antenna 

elements are placed averagely on the circumference with the 

radius of r1. The dual-band radome is made of the same medium 

with relative permittivity of r=3. The thickness of the inner 

radome and outer radome is t1 and t2, respectively. 

 
Fig. 1. Proposed antenna array with dual-band radome 

surrounding. (a) Top view. (b) Structure image. 

 

B. Dual-band Radome Design 

In the theory of Fabry-Perot [22] antenna, the resonant 

condition can be derived as the following equation. 

 𝜑 + 𝜋 −
4𝜋𝑑

𝜆
= 2𝑘𝜋, 𝑘 = 0,1,2, …  (1) 

 

where  refers to the phase of the reflection coefficient of the 

proposed radome and d refers to the distance between radome 

and ground plane. 

When the resonant condition is satisfied, the maximum 

directivity can be expressed as followed. 

 𝐷𝑚𝑎𝑥 =
1+𝑝

1−𝑝
 (2) 

 

where p refers to the magnitude of the reflection coefficient of 

the proposed radome. 

The exact phase curve of the dielectric superstrate can be 

observed from the calculation of equivalent characteristic 

impedance. Taking a two-layer case for example, the equivalent 

model is shown in Fig. 2(a). The results are expressed as in (3) 

and (4). 

 

{
 
 

 
 𝜂𝑒𝑓1 = 𝜂1

𝜂0+𝑗𝜂1tan(𝛽1𝑡1)

𝜂1+𝑗𝜂0tan(𝛽1𝑡1)

𝜂𝑒𝑓2 = 𝜂0
𝜂𝑒𝑓1+𝑗𝜂0tan(𝛽0𝑡3)

𝜂0+𝑗𝜂𝑒𝑓1tan(𝛽0𝑡3)

𝜂𝑒𝑓3 = 𝜂1
𝜂𝑒𝑓2+𝑗𝜂1tan(𝛽1𝑡2)

𝜂1+𝑗𝜂𝑒𝑓2tan(𝛽1𝑡2)

 (3) 

 

 𝛤 = 𝑝𝑒𝑗𝜑 =
𝜂𝑒𝑓3−𝜂0

𝜂𝑒𝑓3+𝜂0
 (4) 

 

The intersections of the ideal phase curve in (1) and the exact 

phase curve  in (4) of the dielectric superstrate are the 

operation frequency. And the directivity is in direct proportion 

to the amplitude of the reflection coefficient. 

In single frequency single radome case [23], the thickness of 

radome is set as g/4. The effect on directivity enhancement is 

not significant in both frequencies when only one layer is 

utilized [24]. Therefore, more layers providing effective g/4 at 

another frequency should be utilized as the radome such as two 

layers with air gap. 

The design is based on the double-layer structure for 5 GHz 

with thickness of g/4 and air gap of 0/4, which originally was 

used to enhance the gain performance in single frequency case.  

Choosing d=30 mm as the distance between the ground plane 

and the dual-band radome, the final parameters are shown in 

Fig. 2. The determined two frequencies are 4.05 GHz and 5.75 

GHz. 

 
Fig. 2. Magnitude and phase of calculated reflection coefficient. 

The red dash dot dash line stands for the ideal phase. 

 

 
Fig. 3. The reflection coefficient of the antenna with and 

without cylinder radome. 

III. LARGE SPACING DUAL-BAND ANTENNA ARRAY 

A. Large Spacing Via the Dual-band Radome 

To satisfy the roundness of DBOHP antenna, 8 HP dipole 

elements are utilized in the same layer. And multi-layer 

structure is used to observe high directivity. The dual-band 

radome increases the effective aperture of the antenna, which 

gives the possibility to extend the distance between two 

adjacent elements when constructing an array. 

Fig. 3 shows the reflection coefficient of 8 HP elements 

omnidirectional antenna with and without radome. It is obvious 

that the existence does not affect the impedance matching at fl. 

But it brings frequency shift at fh. Therefore, in simulation, 

directivity is used to evaluate the performance of proposed 

antenna. 
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Fig.4(a). Fig.4(b) and (c) show the radiation patterns of the 3-

layer DBOHP antenna in the vertical plane at 4.05 GHz and 

5.75 GHz, respectively. At 4.05 GHz, the concentric cylindrical 

radome extends the layer spacing to 1.3 wavelength without 

creating the apparent grating lobe, while the 7 dBi average 

directivity in the horizontal plane is kept. Similarly, at 5.75 GHz, 

the layer spacing is extended to 1.5 wavelength, while keeping 

same average directivity in the horizontal plane. Therefore, For 

the dual-band application, the fh layer can be placed between 

two adjacent fl layers with wide spacing compared to the 

conventional 0.5 wavelength spacing, as shown in Fig.1. 

Fig.5 shows the average directivity at fl and fh. As the main 

propose in this article is designing omnidirectional antenna 

after all, only the average directivity at the frequency with <3 

dB roundness is plotted in the figure. At fl and fh, around 1 GHz 

gain bandwidth can be observed. This result means that the 

antenna is able to maintain the stability and effectiveness of its 

performance under the frequencies within the 3 dB gain 

bandwidth. 

 
Fig. 4. (a) Structure of 3-layer antenna array with varied spacing. 

(b) vertical plane radiation pattern at 4.05 GHz. (b) vertical 

plane radiation pattern at 5.75 GHz. 

B. DBOHP Antenna Array 

The radiation patterns of the proposed DBOHP antenna with 

concentric cylindrical radome and conventional DBOHP 

antenna without radome are presented in Fig. 6. The fh element 

layers of 5.75 GHz are placed between the fl layers of 4.05 GHz 

with the wide spacing observed from previous results. More 

antenna layers must be used to guarantee the same directivity 

level without the radome while keeping the omnidirectional 

property. It can be observed from Fig. 6(b) and (c) that several 

antenna layers can be replaced by the dielectric radome, which 

decreases the complexity and cost of feeding network. The 

cross-band isolation [25] is 25 dB with radome compared with 

20 dB without radome. The in-band isolation [26] also 

improved after introducing the radome by 8.5 dB and 6.5 dB at 

fl and fh, respectively. 

 
Fig. 5. The average directivity of the antenna with cylinder 

radome. 

 

 
Fig. 6. (a) Structure of antenna with radome and without 

radome. (b) Radiation pattern in vertical plane. (c) Radiation 

pattern in horizontal plane. 

 

The roundness can be improved by rotating the adjacent layer 

with the same frequency [27-29] which is reported as a wideband 

solution for roundness. 

In addition, because only two layers of fh and three layers of 

fl are utilized, further high directivity can be realized by more 

layers of the HP dipole antenna elements. 

 
Fig. 7. Fabrication of the proposed antenna. 
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Fig. 8. Experiment results at both frequencies. 

IV. ANTENNA PERFORMANCE IN EXPERIMENT 

The two 8-element HP cylindrical dipole antenna arrays are 

fabricated to evaluate the performance of the dual-band radome-

covered antenna at 4.05 GHz and 5.75 GHz, respectively. The 

radome is fabricated by 3D printer using PLA as the material. As 

shown in Fig. 7, the 8 HP dipole antennas are attached to a 

cylindrical copper plate. And due to the experiment environment, 

7 of them are terminated by 50 Ohm. The last one acts as the 

feeding point. The radiation pattern with the 8 elements all fed is 

calculated from the measured 1-element fed pattern. 

Because the length of 50 Ohm termination is too long, the radius 

of copper cylinder in experiment has to be extended. Though it 

might influence the omnidirectional property, the effect of radome 

in enlarging the effective aperture of element layer can still be 

observed. 

Fig. 8(a) and (b) presents the experimental radiation patterns of 

the HP dipole antenna array with and without concentric 

cylindrical radome in horizontal plane and vertical plane at 4.05 

GHz. The peak gain is enlarged after introducing the radome by 

2.2 dB. And the beamwidth on the vertical plane is narrowed which 

meets well with precious simulation result. In Fig. 8(e), the 

radiation pattern of 8-element fed case is based on the measured 1-

element fed case. The average gain is increased to 3.03 dBi (3 dB 

increment), while the roundness is kept under 3 dB, which means 

good omnidirectional property. 

Also, at 5.75 GHz, as shown in Fig.8(c) and (d), the peak gain 

increases from 8.07 dBi to 10.59 dBi by introducing the radome. 

The beamwidth is narrowed in the vertical plane. Still, the radiation 

pattern of 8-element fed case is based on the measured 1-element 

fed case and shown in Fig. 8(f). From this figure, the average gain 

increment on the horizontal plane of 2.5 dBi can be observed. As 

mentioned previously, the radome affects the impedance matching 

at fh. Therefore, if the mismatching loss is compensated in 

practical application, such as using matching circuit, the realized 

gain might be higher than the gain in Fig.8(f). The worsened 

roundness for 5.75GHz might be caused by the extension of the 

radius of the copper cylinder in the experiment, and it can also be 

improved by the above-mentioned array later rotation. 

According to the experiment results, it can also be seen that the 

proposed antenna in this research can present the good 

omnidirectional property and high gain requirement. 

Table R1 Comparison on previous works and this work 

 Freq. 

Band 

Freq 

[GHz] 

GE
a 

[dBi] 

GA
b 

[dBi] 

Num.c ha
d
 [] 

[17] Wide

band 

2.8-

5.13 

0.6-

3.7 

N/A N/A N/A 

[18] Dual 

band 

2.4 & 

5 

1.28 

& 0 

N/A N/A N/A 

[19] Dual 

band 

2.45 

& 5.5 

1.6 

&2.3 

N/A N/A N/A 

[28] Wide

band 

1.71–

2.69 

1.2-

2.5 

6.65-

8.11 

6 0.7 

This 

work 

Dual 

band 

4.05 

& 

5.75 

3.03 

& 2.5 

7.8 & 

7.27 

3 & 2 >1.3 

aGE=Gain of Element, bGA=Gain of array, cNum.=Element 

Number, dha=Array Spacing. 

V. CONCLUSION 

A dual-band omnidirectional horizontally polarized base 

station antenna with concentric cylindrical dielectric radome at 

Sub-6 GHz band was proposed. The fh element layers were 

arranged between the fl element layers. Several antenna 

elements were replaced by the dual-band dielectric radome. The 

radome enlarged the effective aperture of array element of each 

frequency band so that the elements at the same frequency band 

could be placed with a large spacing compared with 

conventional 0.7-0.8 wavelength case. Both in-band and cross-

band isolation were improved. Also, apparent grating lobe did 

not appear even under such large spacing while the 

omnidirectional property was kept well. The experiment of the 

antenna element with radome showed the gain enhancement at 

both frequencies. 3.03 dBi of gain at 4.05 GHz and 2.5 dBi at 

5.75 GHz were observed. Although further optimization is 

required.  
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