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Abstract 
 

This contribution presents the design and simulation results 

of a dual-polarized reflectarray antenna for coverage-

enhancing applications in sub-THz 6G communication 

networks. A 68 mm x 68 mm reflectarray panel, 

comprising a planar array of 40 x 40 cells, has been 

designed to produce two independent beams in orthogonal 

linear polarizations at 100 GHz, in order to cover two 

different regions of mobile users. The beams have been 

broadened by the application of a beamforming technique 

to cover a wider angular region. The proposed design 

procedure can be applied to design passive reflectarrays for 

operation as base station antennas or reflecting intelligent 

surfaces, capable of improving wireless coverage in future 

sub-THz 6G systems. 

 

1. Introduction 
 

The new generations of mobile systems (5G and 6G) are 

exploiting the use of higher frequency bands at the 

millimeter-wave (mmW) spectrum, from 20 GHz to 300 

GHz, to deal with the growing number of mobile users and 

the increasing demand for broadband communications [1]. 

While the first mmW 5G networks are targeting the lower 

mmW bands, such as the 26-28 GHz and 38-40 GHz bands, 

it is expected that future 6G networks will use frequencies 

above 100 GHz, in the sub-THz spectrum [2]. The benefits 

arising from the use of these frequencies are related to the 

larger bandwidth available at mmW, which will result in 

higher transmission rate, lower latency and larger capacity 

of the system [1, 2]. However, the larger propagation and 

penetration losses suffered by mmW signals can lead to 

coverage problems in some deployment scenarios, either 

indoor or outdoor, with a high density of users [3]. 

 

Within the framework of the smart radio environment [4], 

reflectarray antennas are being investigated as a promising 

technology for coverage-enhancing applications in mmW 

5G/6G networks [5-7]. Printed reflectarrays can be 

developed at a low cost to operate as base station antennas 

[5] or as passive Reflecting Intelligent Surfaces (RIS), also 

known as Smart Electromagnetic Skins (SES) [6], to 

improve coverage of users in challenging scenarios.  

Passive reflectarray-based SES [7] represent an efficient 

alternative to reconfigurable RIS, which have the 

drawbacks of the large energy consumption and higher 

fabrication cost and complexity. The reflectarray, formed 

by a planar array of printed elements, can be designed to 

reflect the signal in a certain direction (which can be 

different from the specular direction of the incident signal), 

at the same time as providing a specific beam shaping to 

match the specifications of the coverage region [6, 7].  

 

In this contribution, the authors present the design and 

simulation results of a sub-THz reflectarray antenna to 

enhance coverage of users at the 100-GHz band for 6G 

mobile communications. The reflectarray generates two 

beams in orthogonal linear polarizations, in two different 

directions, as shown in Figure 1, to cover two different 

blind regions of a 6G mobile scenario. The two beams are 

broadened both in the elevation and azimuth planes in order 

to cover a wider angular region. 

 

 
(a)    

 
 (b) 

Figure 1. (a) Proposed reflectarray configuration to 

generate independent beams in each linear polarization. (b) 

Indoor 6G scenario illustrating the concept of the coverage-

enhancing reflectarray. 



2. Reflectarray design 
 

The reflectarray surface is composed of a planar array of 

40 x 40 cells, with total dimensions of 68 mm x 68 mm. 

The surface will be illuminated by a primary feed working 

at 100 GHz in dual-linear polarization, which is located at 

(x, y, z) = (-17, -17, 120) mm, according to the coordinate 

system in Figure 1. The beam directions are set as θ1 = 20º, 

φ1 = 0º for V-polarization, and θ2 = 20º, φ2 = 90º for H-

polarization, so the reflectarray will deviate the beams in 

two different directions, which are also different from the 

specular direction of the feed. The current specifications 

have been set to match a generic deployment scenario and 

to facilitate the experimental validation of the reflectarray 

at the laboratory. 

 

The reflectarray employs a unit-cell structure similar to the 

one proposed in [7], based on a single layer of dipole-type 

elements, which are arranged in orthogonal groups to 

enable independent phase adjustment in each linear 

polarization, see Figure 2. The geometry of the unit cell has 

been adjusted by a parametric study to enable operation at 

100 GHz. As a result, the cell dimensions have been fixed 

to: Lx = Ly= 1.7 mm. The lengths of the central and lateral 

dipole are related by the following scale factors: lx2 = 

0.67·lx1 and ly2 = 0.67·ly1. This allows to have a single 

design variable to control the phase response in each 

polarization (lx1 and ly1), which simplifies the design 

process of the reflectarray. The dielectric layer is 

implemented by RT Duroid 5880 (thickness h = 0.508 mm, 

relative permittivity εr = 2.2, and loss tangent tanδ = 

0.0009). The copper layers are 0.018 mm thick.  

 

 
(a) 
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Figure 2. (a) Periodic cell of the reflectarray, upper view. 

(b) Stack configuration of the reflectarray, side view. 

The electromagnetic analysis of the unit cell has been 

performed with the software FEKO, applying periodic 

boundary conditions to the cell. Figure 3 shows the phase 

response of the cell reflection coefficient for V and H 

polarizations at 100 GHz, as a function of the central dipole 

lengths (lx1 and ly1, respectively), under different angles of 

incidence. As can be seen, the cell provides an angularly 

stable performance with a phase range larger than 360º (a 

full phase cycle), which is a requirement for the design of 

the reflectarray antenna. 

 

 

(a) 

 

 

(b) 

Figure 3. Phase response of the unit cell at 100 GHz under 

different incidence angles: (a) in V-polarization as a 

function of lx1, (b) in H-polarization as a function of ly1. 

 
The phase-shift distributions that must be introduced by the 

40 x 40 cells of the reflectarray to generate the beams in the 

prescribed directions have been computed by a two-step 

process. First, the analytic phases that are required in each 

polarization to produce a high-gain collimated beam in the 

direction θb, φb are obtained by the following formula: 

 

      𝜙𝑛 = 𝑘0(𝑑𝑛 − (𝑥𝑛 cos 𝜙𝑏 + 𝑦𝑛 sin 𝜙𝑏) sin 𝜃𝑏)

 

where φn represents the required phase of the reflection 

coefficient for the n-element of the reflectarray (located at 

coordinates xn, yn) to collimate the beam, being k0 the wave 

number at 100 GHz and dn the distance between the n-

element and the feed. 



Then, the analytic phase distributions obtained at 100 GHz 

for each polarization are optimized by the application of a 

beamforming technique [8]. This technique is employed to 

broaden the reflected beams in both elevation and azimuth 

planes, in order to cover a wider angular range: in this case, 

a region of 10º x 10º (elevation x azimuth). Note that the 3-

dB beamwidth of the high-gain collimated beam produced 

with the phases computed by (1) is lower than 2º, so the 

beams are significantly broadened after applying the 

beamforming technique. As a result, the phase-shift 

distributions shown in Figure 4 are obtained.  

 

To obtain the final layout of the 40x40-cell reflectarray, the 

lengths of the printed dipoles in each cell are adjusted to 

provide the required phases in V and H polarizations. For 

this process, the phase response of the unit-cell under the 

real incidence angles from the feed is considered. 

 

 

(a) 
 

 
(b) 

Figure 4. Phase-shift distributions (in degrees) that the 

40x40-element reflectarray must introduce at 100 GHz in 

(a) V-polarization and (b) H-polarization. 

 

3. Simulated results 
 

The designed reflectarray has been simulated to obtain the 

radiation patterns produced at 100 GHz in each 

polarization. The results are depicted in Figure 5. As can 

be seen, the reflectarray generates two independent 

broadened beams in orthogonal polarizations and different 

directions, which correspond to θ1 = 20º, φ1 = 0º for the V-

polarized beam, and θ2 = 20º, φ2 = 90º for the H-polarized 

beam. Each beam covers an angular region of 

approximately 10º x 10º, with a ripple lower than 3 dB, in 

order to enhance coverage of mobile users in a sub-THz 6G 

network. The cross-polar components are more than 30 dB 

below the main lobe of the co-polar patterns, as shown in 

Figure 5.  
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(c) 

Figure 5. Simulated radiation patterns in gain (dBi) of the 

designed reflectarray at 100 GHz: (a) uv-pattern in V-

polarization, (b) uv-pattern in H-polarization, (c) 

superposition of azimuth cuts (in the planes u = 0.327 and 

u = 0) showing the co-polar and cross-polar components. 



 

4. Conclusions 
 

In this contribution, the authors present the design and 

simulated results of a sub-THz reflectarray antenna for 

coverage-enhancing applications in 6G communication 

networks. The reflectarray generates two independent 

beams in orthogonal polarizations, each beam covering an 

angular region of 10º x 10º. The reflectarray manufacturing 

is currently in progress and it is expected to present 

measurement results at the conference.  
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