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Abstract—This paper presents a multi-faceted surface oper-
ating as a passive reflecting surface in a mm-wave scenario,
typical for 5G/B5G or 6G communications. The reflecting surface
has been optimized to adapt the orientation of the panels to
an architectural element with an spherical profile (dome). The
multi-faceted scheme consists of irregular triangular panels to
ensure assembly and proper approximation of the doubly-curved
spherical profile. Some preliminary electrical studies have been
conducted to evaluate the reflecting electromagnetic skin. This
structure demonstrates its feasibility to deviate the field to a
certain direction of space, while it maintains a high camouflage
with the environment.

Index Terms—5G/B5G/6G communications, millimeter waves,
reflecting intelligent surfaces, reflectarrays.

I. INTRODUCTION

Technological advances in current and future mobile net-
works (5G, 6G and B5G) have boosted the use of wire-
less communications operating at millimiter-wave frequencies
(such as 28, 39 and 100 GHz) [1]. The main reason is
its potential to provide high throughput and low latency
communications, specially in urban areas with high demand
[2]. Nevertheless, the design of wireless systems at mm-
wave frequencies must deal with: significant propagation and
penetration losses; and sensitivity to obstacles and physical
barriers [3]. These issues typically result in the appearance of
areas with poor coverage, also called blind zones.

In this context, one technological solution proposed is
the use of Reflective Intelligent Surfaces (RIS). It typically
consists of a flat reflecting surface that deviates the field from
a base station to a certain coverage. Passive RIS, also called
Electromagnetic Skins (ES)[4], have attracted special interest
thanks to their high energetical efficiency (they do not require
a power supply network), low-cost, and easy manufacturing.
Several works in the literature propose the use of reflectarray
technology to implement these reflecting surfaces. In this
sense, reflectarray-based ES can be properly designed accord-
ing to the user requirements such as: generating a directive
beam in an specific direction or coverage both in the near- or
far-field of the reflecting surface [5], [6], [7]; or operating at
different frequencies or polarizations at the same time [8].

The typical arrangement of the ES is as a planar surface
[5], [6], [7], [8] since it can be easily integrated with several

architectural elements in the mm-wave scenario (building
facades, room walls...). However, some scenarios contain ele-
ments with non-flat profiles (i.e, barrel vaults, domes, curved
corridors....) which may compromise the camouflage of the
flat ES with the environment. Some works proposed the use
of conformal ES to ensure high integrability with this non-
flat architectural element [9] at the expense of dealing with
complex manufacturing process.

Recently, our group has proposed the use of multi-faceted
electromagnetic skins (MFES) as an alternative of using
conformal reflecting shapes [10]. This reflecting surface is
composed by flat rectangular panels, assembled edge-to-edge,
approximating the curved profile of a building. This multi-
faceted approach exhibited good electrical performance similar
to a flat ES, but ensuring a very high integrability with the
building.

This work further explores the use of multi-faceted surface,
adjusted to architectural elements with doubly-curved profiles
such as domes. This architectural elements follow an spherical
profile, so the use of canonical shapes panels in the MFES
cannot be appropriate in this case. To ensure both the approx-
imation of the curve and proper assembly between panels,
the multi-faceted surface consists of irregular triangle panels.
The position and orientation of the panels are calculated
applying a meshing technique to the spherical profile. Some
preliminary simulations have been performed considering this
multi-faceted approach, focusing on the density of panels
in the approach and the practical concerns of reflectarray
technology to implement the reflecting surface.

II. THE MM-WAVE SCENARIO: ANTENNA REQUIREMENTS

Fig. 1 (a) illustrates the mm-wave scenario considered in
this work. In addition, Fig. 1 (b) shows a detail of its optical
definition, paying attention to the multi-faceted surface and
base station (BS). It is considered a dome with 8 meters of
diameter installed at the top of a building. The reflective multi-
faceted surface is installed on part of the second quadrant of
the dome, covering the range between 40º and 50º of Elevation
according to the center of the dome (see Fig. 1 (a)). The base
station (BS) is located at the other side of the dome (first
quadrant), with an orientation of 45º in Elevation.



the MFES. Nevertheless, it should be noted that this phase
distribution is smoother than the one required in the multi-
faceted design reported in [10] with similar electrical size.
The main reason is the concave configuration of the MFEs
proposed in this work, which relaxes the phase range required
in the surface. Different directions are observed in the phase
jumps of each panel, derived from the local orientation of each
panel.

IV. PRELIMINARY RESULTS OF THE MULTI-FACETED
APPROACH

The following section presents two technical studies about
the multi-faceted scheme proposed in this work. In such
analysis, several EM characterizations have been carried out,
using the procedure and formulation reported in [15].

TABLE I: Optical features of the MFES for different number
of panels

Design MFES-5 MFES-10 MFES-20

N. panels 5 10 20
Panel Profile Triang. Irr. Triang. Irr. Triang. Irr.
Mean Elements per panel 9520 4712 2449
Mean Area per panel [m2] 0.21 0.10 0.05
Tilt panels (max) [º] 8.19 6.52 5.81
Total Aperture [m] 1 x 1 1 x 1 1 x 1

A. Study considering different number of panels

The first study is devoted to the evaluation of the multi-
faceted surface, considering different density of panels in the
surface. In this sense, three multi-faceted configurations of
similar size have been designed. All of them take as a baseline
the antenna optics depicted in Fig. 1 (b) using a different
number of panels: 5, 10 and 20 panels. Table I lists some
optical features of each configuration. The three MFESs are
composed by panels with irregular triangular profiles (see
Fig. 1 (b)), conforming a multi-faceted structure with a total
aperture of 1 m (which is 86λ0) and roughly 50,000 radiating
elements. The maximum tilt between panels is low (less than
10º) and it is reduced as the number of panels increases.

Fig. 3 and Fig. 4 show the radiation patterns at central
frequency of the three MFESs, considering ideal phase-shifters
in the multi-faceted surface (i.e. they provide the exact re-
quired phase-shift computed as [15]). The three reflectarray
examples meet properly the requirements imposed in Section
II - they provide a directive beam pattern, pointed at r̂0, with a
beamwidth of 0.76 x 0.63 º, low side radiation (see Fig. 4) and
a peak gain of 35 dBi. Comparing the three electromagnetic
skins, the MFES with 5 panels achieves an slightly higher
peak gain and lower side radiation than the others. This
small difference may be attributed to the difference in the
illumination field in each case. Same behaviour has been
identified for the Y-polarization.

B. Analysis of a MFES considering real phase-shifters.

Delving into the findings of the above study, a more detailed
approach for the MFES of 5 panels has been designed and
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Fig. 3: Co-polar radiation pattern in dBi of the multi-faceted
approach considering: (a) 5 panels; (b) 10 panels; (c) 20
panels. X-Polarization.

assessed, considering a real-phase shifter instead of an ideal
unit-cell response.

According to Fig. 5, the phase-shifter to be implemented
consists of a variable-size radiating patch, on top of a single-
layer quartz substrate (εr = 3.8, tan δ = 0.001) with a
height of h = 1 mm and backed by a ground plane. This
substrate has been chosen due to the transparent properties
of the quartz, which further increase the camouflage of the
antenna with the dome. Moreover, transparent materials with
metallic properties, such as indium tin oxide (ITO), could be
deposited in this material [16]. The periodicity of the unit-cell






