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1 Background What is IRS?

Millimeter-wave (mmWave) communication offers vast bandwidth but suffers from severe path loss and
sensitivity to blockages. Massive MIMO and hybrid beamforming help address these challenges, yet real-world
deployment remains limited by hardware cost and dynamic environments.

Intelligent Reflecting Surfaces (IRSs) can reshape the wireless environment to enhance coverage and signal
strength. However, optimizing IRS phase shifts and hybrid beamforming is non-trivial due to non-convexity and
hardware constraints. Conventional algorithms often yield suboptimal solutions, dependent on initial conditions.
This research introduces a Real-Valued Genetic Algorithm (RVGA)-based optimization framework for joint IRS
and hybrid beamforming design. The goal is to maximize spectral efficiency while maintaining low complexity and
robustness We provide practical insights into the deployment of IRS-assisted mmWave MIMO-OFDM systems.
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2 System Model and Problem Formulation 4 RVGA Algorithm Flowchart

System
The total downlink cascade channel on the k™ subcarrier
through ™ IRS equipment;
Hi% = HY| 0 Hy

where, @' = diag (0, ...,0y), the received signal on the
k™ subcarrier through i IRS equipment:

Yix = Hiy FrpFppSq + Ny
Frr and Fggj are analog and digital hybrid precoder,
respectively. sq and n; and ng~CN(0,62) denote data
symbols vector and Additive White Gaussian Noise matrix.
The achievable spectral efficiency (SE) on the k™
subcarrier through i™ IRS equipment:

Ry = log, det (I + Rn;HtOtFRFFBBk(Hlk FrrFpp k) )
where, Rn; = 02 is the noise covariance matrix of ny.
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Problem Formulation
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3 Optimizing Hybrid Precoder and IRS Phase Shifts Matrix

Optimization variables initialization
The digital baseband precoding matrix:
Fpp k (x,y) = fx,y
fxy represents the complex baseband weight applied,
controls both the amplitude and phase contribution.
The analog precoding matrix:

1 .
Fre(x,y) = ——e/%x»

t
where @, € [0,2m) represents the phase of each phase

shifter at the transmitter.
Population initialization
Initialize the chromosome
T
Xiot = [XEF' XgB,k'XI,i] €
where, Xkp = arg(Fgp) | X;; = arg (Gi(:)) , XEB_k =
[Re(Fgg,), Im(Fgp )], Deot = NEF(N, + 2Ns) + N,

RlXDtut

where NRF denotes the number of RF chain at

transmitter and N; denotes the number of the

data stream.

Population initialization

Initialize population for individual
P=X+1rp=1,..,

Specify fitness function

The fitness function is defined as

FitP = R;
Compute selection, crossover, and mutation
The sum of fitness values and the selection

Popsize

probability of the p™ individual

itP
Fitgum = X Fit?, P(p) = =

Fitsum'

Input data:
population size Pgige,
crossover p.and
mutation pp
probability, number
of elite individuals pe,
number of iterations
Iiter, threshold €
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Fig.1 presents the optimized spectral
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Why RVGA Works?

Unlike closed-form derivation methods,
this not the
optimization problem to be convex, nor
does it reduce the problem's dimensionality
to obtain a suboptimal closed-form
solution. Instead, the algorithm can directly
optimize the variables to determine the
desired solution structure.

approach does require
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