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Abstract

In recent years, there have been numerous theoretical inno-
vations and prototype testing efforts that have demonstrated
the advantages of Reconfigurable Intelligent Surfaces (RIS)
technology in terms of low cost, low power, and ease of de-
ployment, as well as numerous potential opportunities and
broad application prospects for future 6G networks. How-
ever, implementing beamforming with RIS can be challeng-
ing, especially in the case of beam widening requirements.
This paper proposes a dedicated Genetic Algorithms (GA)-
based algorithm for beamwidening in RIS-based communi-
cations. The main idea of this paper, with respect to previ-
ous studies published in the literature is that it ensures an
enhanced control of wide beam characteristics by adjusting
the constraints of the cost function optimized by GA.
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1 Introduction

6G and future generations of telecommunications are expected to
operate at higher frequencies, potentially ranging from 10 GHz to
30 THz. However, higher frequencies can result in shorter sig-
nal transmission distances and lower communication link qual-
ity due to high path loss and limited coverage. Currently, there
are several solutions available to address the issue of path loss
in high-frequency bands, including Ultra-Scale Multiple-Input
Multiple-Output (MIMO) and Reconfigurable Intelligent Surfaces
(RIS) [1].

RIS is an artificial electromagnetic hypersurface that can flex-
ibly regulate the amplitude, phase, polarization, and frequency
of spatial electromagnetic waves. It has gained significant atten-
tion in academia and industry due to its advantages of low cost,
low power consumption, tunability, and high reliability. RIS can
be deployed in the wireless signal transmission path to improve
the scattering conditions of the channel passively, enhancing the
multiplexing gain of the communication system. Additionally, it
can actively regulate the signals on the propagation path, effec-
tively eliminating signal blind zones, enhancing received signals,
and improving the performance of communication transmission
through channel regulation.

1Contribution made when the author was affiliated with Orange Labs,
current affiliation is with Ericsson France.

The transmitter and reflector arrays are a subset of the RIS tech-
nology. Transmit and reflect arrays have lower cost and power
consumption compared to the all-digital massive MIMO solution.
They act as antennas with many reconfigurable elements, focusing
the radiated energy in a specific direction in space. This produces
a very narrow, highly directional beam that can counteract prop-
agation path losses. However, narrow beams are more suscepti-
ble to obstruction and may have increased overhead due to longer
scan times. They are also more susceptible to pointing errors due
to user mobility.

To overcome these limitations, researchers are investigating beam
widening techniques. The goal is to obtain wide beams that can
be used for applications such as cell or sector-wide broadcasting.
Commonly used methods for optimization include the phase-array
method [2], amplitude-array method [3], phase-amplitude array
method [3], element grouping method [4], and so on. Some stud-
ies have also utilized genetic algorithms (GA) [5] and neural net-
works [6].

The method proposed in this paper builds upon the work done
in [5], which proposes GA-based optimization to generate code-
books with wide beams by phase-only tapering of 1-bit coded
transmitter array antennas while ensuring minimum levels of side-
lobes and beam ripples. The idea of this paper is to adjust the
parameters of the loss function and the GA in order to get better
beam characteristics, especially out-off the RIS broadside. The
structure of this paper is the following. In section II, we introduce
the system model and basic concepts, in section III we explain the
optimization problem formulation, section IV presents simulation
results, before concluding in section V.

2 System Model

2.1 Transmit array RIS system model

This paper considers a general RIS-assisted single-input single-
output (SISO) wireless communication system in a transmitting
array (TA) scenario, as shown in Figure 1. This paper considers
a square RIS operating in the 26 GHz band with dimensions M =
N = 20, where M and N denote the number of rows and columns
of regularly arranged cells in the RIS, respectively. The RIS is
positioned in the x-y plane of the Cartesian coordinate system,
with the geometric center of the RIS located at the origin of the
coordinate system. Each cell has a dimension dx along the x-axis
and dy along the y-axis. In this paper, we use dx = dy = λ/2. We
denote by D = max(M × dx,N × dy) the maximum width of the
RIS. A transmit horn antenna is located on the negative z-axis at
a focal distance of F , which is a function of D and the radiation
pattern of the horn antenna used [7]. The optimal value of F/D



for a square array of 20×20 UC when using one horn antenna is
0.47 [7].

Figure 1. An illustration of the transmitarray’s system
model [5].

2.2 Electric field

In this paper, we only consider the far-field transmission case,
which means that the distance from the receiver to the center of
the RIS will be greater than the boundary between the far and near
fields, determined by L = 2D2/λ .

Since the original equation for calculating the electric field in-
volves double summation [8], we use 2D Fast Fourier Inverse
Transform (2D-IFFT) instead of double summation to simplify
and speed up the calculation, which also transforms the directions
(θr,ϕr) into the corresponding angular coordinates (u,v), thus re-
sulting in [9]
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and
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Ftx(θ tx
mn) is the radiation pattern of Tx where θ tx

mn is the elevation
angle from the Tx to the (m,n)th UC, Fx(θ x

mn) are the radiation
patterns of UCs where x ∈ {t,r} is for transmission or reception
respectively and θ x

mn is the elevation angle from the (m,n)th UC
to the Tx or Rx, Aphy is the physical area of the UC, NFFT

x and
NFFT

y are the output shapes of the FFT in the x and y directions,
respectively.

3 Optimization problems

This section presents a Genetic Algorithm (GA) approach defined
in [5] to optimize the phase matrix of the UCs to obtain a radia-
tion pattern with a lower Side Lobe Level (SLL) and specific con-
straints on the Half-Power Beamwidth (HPBW). The objective of
this section is to improve the performances shown in [5], by ad-
justing the parameters of the GA algorithm and the cost function.

This paper utilizes the GA to compute the phase matrix of UCs.
GA is a stochastic adaptive global search optimization method that
models the process of biological evolution in nature. It was orig-
inally developed from computer simulation studies on biological
systems, which simulate the phenomena of replication, crossover,
and mutation that occur in natural selection and inheritance [11].

The computation of the phase matrix can be transformed into an
optimization problem. The stochasticity in the algorithm helps to
find the global minimum, providing the matrix with the best per-
formance for the RIS. The objective function is to minimize the
difference between the computed radiation pattern and a predeter-
mined desired radiation pattern. Since we are mainly concerned
with SLL and HPBW, the objective function of GA can be written
as
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(u,v)∈SL

(
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where
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and Ê is the normalized radiation pattern, with ML and MU are the
lower and upper masks containing the given metrics HPBW and
SLL, respectively. SL is the region which applies only to where Ê
is less than ML, while SU is the region which applies only to where
Ê is greater than MU . The operator | · | denotes the cardinality of
a set.

3.1 Circular Masks

In [5], the masks are designed to have a circular shape in the UV
plane. They are expressed by

ML(u,v) =

{
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, (8)
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Θhp and Θ f n are the preset HPBW and first-null beamwidth
(FNBW) of the main beam, respectively, and τ is the target SLL.
The angular coordinates of the main beam in a given direction are
represented by (u0,v0), which are used to determine the location
of the center of the circular mask. It should be noted that 1-bit
quantization coding is used in this paper, i.e. Φmn is selected from
only two values, 0 and π .

3.2 Elliptical masks

The resulting beam from the circular mask will not, however, be
symmetric in θ and ϕ , for θr ̸= 0. As the value of θr increases, the
HPBW obtained from an elevation slice of the beam will be larger
than that from an azimuthal slice. This difference is insignificant
when the steering angle is small, but it becomes more obvious
as the steering angle increases. To overcome this problem, we
substitute the original circular mask with an elliptical projection
of the main beam in the UV-plane. The mask is defined as the
projection of a circle in the 3D plane. The axis direction is formed
by the intersection of a rectangular cone with the center vertex of
the surface, the tensor angle Θhp, and the beam direction as its
point of intersection. In other words, the center of the elliptical
mask will overlap with that of the circular mask, and the radius r
of the long axis of the ellipse will be the same as the radius of the
circle. However, the short axis radius in the theta direction (the
direction between the center of the ellipse and the center of the
RIS) will be r cos(θr). The expressions of the elliptical masks are
given by
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(θr,ϕr) are the spherical coordinates of the main beam.

4 Simulation Results

In this section, we show some simulation results for circular
and elliptical masks, respectively, by using the optimization ap-
proach described in the previous section. For the simulations op-
timized with GA in this paper, we use the Unified Non-dominated
Sorting Genetic Algorithm III (U-NSGA-III) algorithm in py-
moo [11], with a configured population size of W = 1000, Bino-
mial Crossover with Pc = 0.9, Gaussian Crossover with Pm = 0.1
and Latin Hypercube Sampling, for G = 400 generations. Fig-
ure 2 (a) and (b) shows the phase matrices obtained using the
GA-optimized circular and elliptical masks for the target HPBW,
Θt = 20◦, τ =−18, θr = 40◦, and ϕr = 0◦. Then, Figures 2 (c) and
(d) show the far-field radiation patterns obtained from the two ma-
trices in Figure 2, respectively. Tables 1 and 2 present the resulting

beam widths and SLLs with the circular and elliptical masks for
different steering angles, respectively.

Tables 1 and 2 demonstrate that for the same target HPBW Θt , as
the steering angle θr increases, the SLL generated by the circular
mask increases, as well as the directivity D decreases; while in the
case of the same θr, they also show the same trend with increas-
ing Θt , as we expected. This can also be observed in the elliptical
mask cases as well. Furthermore, it is worth noting that the ellipti-
cal mask outperforms the circular mask in terms of both SLL and
directivity at larger steering angles.

Additionally, as the steering angle increases, the circular mask
generates a main beam with a larger θ dimension, whereas the
elliptical mask produces a more uniform main beam with dimen-
sions closer to each other in both θ and φ directions. Moreover,
using the circular mask, we are unable to generate a beam with
Θt = 20◦ at θr = 60◦, unlike with the elliptical masks.

As stated in Section 3.2, when the steering angle increases, the
circular mask generates a main beam with a larger θ dimension
than the φ dimension, which becomes increasingly apparent. The
UV-plane radiation patterns in Figure 2 (c) and (d) show that with
θr = 40◦ and ϕr = 0◦, the difference between the two results in a
more homogeneous main beam. Tables 1 and 2 also indicate that
the θ dimension in Figure 2 (d) is smaller than that in Figure 2
(c). During GA optimization, the elliptical masks are larger in
the region where SLL needs to be controlled and smaller in the
region where HPBW needs to be ensured, compared to the circular
masks. That better balances the weights between the two metrics,
resulting in a better performance.

5 Conclusion

This paper presents an optimization method based on a genetic al-
gorithm that can generate wide beams while controlling the SLL
using two different mask shapes. Simulation results indicate that
the beams obtained from the elliptical masks, especially the larger
beams, are more uniform in width than those generated by the cir-
cular masks, particularly off-broadside. As a first future direction
of the work, we will extend our system model to a multi-user sce-
nario involving multiple Tx feeders. Another direction, for our
future studies, will be the use of deep learning for beam shaping
and widening.
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