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Optimizing 5G Deployment in Resource—Constrained Environments: A Real-World
Multi—Criteria Optimization Study Using GA and PSO
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ABSTRACT
This paper presents a comprehensive and practical optimization framework for the phased integration

of fifth generation (5G) cellular networks over existing heterogeneous infrastructures (2G/3G/4G), uti-
lizing the Syrian national cellular network as a large-scale real-world case study. The research is built
upon a massive operational dataset collected, integrated, and geolocalized from the main network op-
erators (Syriatel and MTN) after undergoing extensive preprocessing, cleaning, and geospatial filtering.
The primary contribution lies in formulating the multi-criteria optimization problem into a unified
scalar objective function using the Weighted Sum Scalarization method and designing and developing
two parallel metaheuristic optimization algorithms to solve it: a proposed Adaptive Genetic Algorithm
(AGA) and a proposed Binary Particle Swarm Optimization (BPSO), incorporating a robust mathe-
matical constraint repair mechanism. The evaluation framework focuses on three crucial conflicting
objectives: maximizing population coverage, minimizing capital expenditure (CAPEX), and optimiz-
ing annual energy consumption. Both models were evaluated on a real-world dataset containing over
79,000 active cellular sites (cells). Empirical results demonstrate that BPSO achieves superior perfor-
mance in computational convergence speed, running 16% faster than AGA, and provides better annual
energy savings. Conversely, AGA demonstrates higher statistical stability and lower standard deviation
of solutions across multiple randomized runs. These findings validate the proposed approaches as high-
ly effective, reliable decision-support tools for strategic network planning in developing countries with
restricted capital budgets, aligning perfectly with recent ITU standards and 5G-Advanced specification.
Keywords: Network Planning, Advanced 5G, Adaptive Genetic Algorithm (AGA), Particle Swarm Opti-
mization (PSO), Multi-Criteria Optimization, Energy Efficiency, Algorithm Comparison
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/| Initialization
FOR each particle i from 1 to N:
Initialize random Position (X_i) and Velocity
(Vi)
Evaluate Fitness(X_i) using the Triple
Objective Function
pBest i = X i
END FOR

// Determine the initial leader
gBest = Best(pBest_1, ..., pBest_N)

/| Main Optimization Loop
FORt=1TOT:
FOR each particle i from 1 to N:
// Update kinematics
Update Velocity (V_i) using the Modified
PSO equation
Update Position (X_i) using the Sigmoid
Function (Binary mapping)

/| Constraint Repair Mechanism
// Handle Budget Constraint
WHILE (Total_Cost(X_i) > B):
Find selected site j where x_ij = 1 with
the lowest (Coverage/Cost) ratio
Set x_ij = 0 (Remove site)
END WHILE

// Handle Minimum Coverage Constraint
WHILE (Total_Coverage(X_i) < C_min):
Add site j (x_ij = 1) that offers highest
coverage/cost benefit
END WHILE

// Evaluation and Update
Evaluate Fitness(X_i)
IF Fitness(X_i) is better than
Fitness(pBest _i):
pBest i =X i
END IF
END FOR

/| Update Global Best
gBest = Best(pBest_1, ..., pBest_N)

/| Parameter Adaptation
Linearly decrease Inertia Weight (w)
END FOR
RETURN gBest
END
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Algorithm: Adaptive Genetic Algorithm with Constraint
Handling
Input: Population size (P), Max generations (T), Budget
(B), Min Coverage (C_min)
Output: Best Solution (X_best)
BEGIN
// Initialization
Generate initial population of P solutions randomly
Evaluate all solutions using the Triple Objective
Function

/| Evolution Loop
FORt=-1TOT:

/] Selection
Perform Tournament Selection to choose parents

/| Reproduction

Apply Crossover to generate offspring

Apply Adaptive Mutation based on population
diversity

/| Constraint Repair Mechanism
FOR each new offspring solution:

// Handle Budget Constraint
WHILE (Total_Cost > B):
Identify selected site 1 where x_i = 1 with the
lowest (Coverage/Cost) ratio
Set x_i = 0 (Deselect site)
END WHILE

// Handle Minimum Coverage Constraint
IF (Total_Coverage < C_min):
Add sites (x_i = 1) using a greedy benefit-cost
approach until C_min is met
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END IF
END FOR

// Adaptation and Update

Update Algorithm Parameters (e.g., adjust Adaptive
Mutation Rate)

Re-evaluate Fitness for all new solutions

/] Environmental Selection
Update Population (Replace old solutions with better
offspring - Elitism)
END FOR

// Final Result
RETURN Best Solution (X_best)
END
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