https:/doi.org/10.53655/joe.r8776] Jurnal OptoElektronik .

Effect of Adaptive Resource Allocation Methods on Per-
formance Metrics in the Load Balanced RoF System

Muhammad Hasif Mahazir’*, Syamsuri Yaakob!, Zuraidah Zan!, Mahfida Amjad?

WiPNET, Department Of Computer And Communication System Engineering, Faculty of Engineering,
43400 UPM Serdang, Malaysia

*Corresponding author: gs70604@student.upm.edu.my

Keywords Abstract

Radio Frequency over Fiber (RFoF) This paper explores adaptive resource allocation methods to

Optical Wireless Communication achieve efficient load balancing in Radio Frequency over Fiber

Hybrid Network Architecture ] . .
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load balancing model that predicts optimal Remote Antenna Unit
(RAU) assignments for improved throughput and signal integrity.
Comparative evaluation shows that the proposed machine learn-
ingbased approach outperforms traditional methods, achieving
higher accuracy, reduced latency, and better energy efficiency.
The results highlight the potential of intelligent, data-driven re-
source allocation for enhancing the scalability and performance of
nextgeneration RoF networks.

1. Introduction

The increasing demand for high-speed, flexible, and reliable wireless communication has driven
the convergence of radio frequency (RF) and optical fiber technologies. As network traffic surges,
issues like congestion and server overload become more critical. Grand View Research [1] projected
that data center traffic would reach 9,965 exabytes by 2020, up from 4,515 exabytes in 2015.
Additionally, SDN-based data center traffic was expected to rise from over 58% to more than 75%
by 2020 [2]. Radio over Fiber (RoF) systems transmit RF signals via optical fiber, merging the high
bandwidth and low attenuation of fiber optics with the mobility of wireless systems. This makes RoF
essential for 5G, IoT, and smart healthcare applications [3]. Commonly used in fronthaul links, RoF
connects base stations with centralized units [4]. A key challenge in RoF systems is load balancing
distributing traffic efficiently across components like Remote Radio Heads (RRHs) and optical links
to improve QoS, optimize resources, and maximize throughput [5]. Efficient resource allocation of
bandwidth, memory, and processing power enables balanced loads, resulting in higher throughput
and lower latency [6], [7].

Figure 1 shows a typical RoF architecture, where the Central Office (CO) centrally manages
resources and user connections. This centralized view of all Remote Antenna Units (RAUs) allows
for optimized network performance [8]. Recent studies have explored RoF in Wavelength Division
Multiplexing (WDM) and Passive Optical Networks (PONs), as well as in 5G mobile fronthaul
to improve speed and throughput [9]. Backhaul networks can be optical or wireless. In optical

This is an Open Access article distributed under the terms of the Creative Commons Attribution-Non Commercial 4.0 International License,
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. Jurnal
OptoElektronik (e-ISSN: 2773-546X). © 2005 M. H. Mahazir et al.


https://doi.org/10.53655/
joe.r8776j

le M. H. Mahazir et al.: Vol. 4 (2005)

@\

Base Station A ﬁfa

- PE— -}
< A

/
1)
==t RAU

Power splitter

Figure 1: Radio over Fiber (RoF) Network.

backhaul, RF signals are generated at a central point, transmitted over fiber, and converted to
wireless at the RRH [10]. This setup supports advanced features like beamforming and MIMO, and
allows dynamic spectral allocation. RoF, offering speeds up to 30 Gb/s, is ideal for dense networks
such as pico- and femto-cells. While wireless backhaul is simpler and cheaper to deploy, it is limited
by spectrum scarcity, making optical backhaul preferable for high-capacity needs [10]. In dense
networks, efficient radio resource allocation is vital for maintaining QoS. Machine Learning (ML)
improves load balancing by enabling traffic prediction, better resource use, and enhanced scalability
and performance [11]. Despite these advancements, two critical problems remain unaddressed in
RoF-based wireless networks. First, uneven traffic distribution due to increasing user demand leads
to performance degradation and user dissatisfaction [3]. Second, scalability and service diversity
are constrained by limited resources. Although integrating cloud and edge computing architectures
offers potential solutions, these limitations continue to hinder optimal network performance [11].

2. Literature Review

This section reviews four selected papers, comparing their objectives, network types, parameters,
methodologies, outcomes, and limitations. Several studies address the number of Remote Radio
Heads (RRHs), base stations, control units, and users in the Radio Access Network (RAN), aiming
to enhance Quality of Service (QoS) in the growing 5G landscape. The focus is on load balancing
and physical resource allocation in RoF-based networks.

M.Salhani and M. Liinaharja [12]

3. Design

Figure 2 presents the general architecture of the mmWave generator employing a cascaded
modulation scheme, while Figure 3illustrates the design of the proposed RoF system developed in
OptiSystem 21.1. The system operates at the 30 GHz band, where a Central Station (CS) generates
and distributes RF signals corresponding to IEEE 802.11ad channel allocations to multiple Remote
Antenna Units (RAUs) through an optical fiber link. At the RAUs, the optical signals are converted
back into electrical form, amplified, and transmitted wirelessly to serve end-user devices. The
simulation framework is further utilized for dataset generation, as depicted in Figure 4, where
extracted features such as received optical power, Signal-to-Interference-plus-Noise Ratio (SINR),
throughput, and logarithmic Bit Error Rate (log BER) are collected. Figure 4 illustrates the
workflow of the proposed Random Forest (RF) model used for load balancing in the RoF system.
The dataset collected from OptiSystem simulations undergoes feature extraction and preprocessing
before being divided into training (80%) and testing (20%) subsets. The trained RF model predicts
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Table 1: Comparison table for physical resource allocation for radio access network.
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Figure 2: Architecture of mmWave generator using cascaded scheme.

e
Figure 3: Simulation environment for RoF.

load distribution outcomes, which are then evaluated through performance metrics such as accu-
racy, Q-factor, and BER to assess the efficiency of the algorithm. These extracted parameters form
the basis for training and evaluating the proposed Random Forest based load balancing model to
assess system efficiency and decision performance.

Table 2 shows the dataset collected from the OptiSystem simulations of the 30 GHz mmWave
RoF system. Each simulation run is identified by a unique run_id, with multiple RAUs (rau_id)
operating under varying bandwidth configurations. The recorded parameters include received
optical power (rx_power), Q-factor (q_factor), and logarithmic Bit Error Rate (log_ber), which serve
as the primary features for machine learning input. The binary label best indicates the optimal RAU
selection based on the highest signal quality and lowest bit error performance during each run. This
dataset forms the foundation for training the Random Forest load balancing model, allowing it to
learn the relationship between system parameters and optimal RAU assignment. By incorporating

Feature :
Dataset ¥ Pre-processing
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Performance
evaluations RF models
[ T 1
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Figure 4: Workflow of load balancing using Random Forest models.
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Table 2: Dataset collections from setup simulations.

run_id num_rau rau_id Band- rx_power  q_factor log_ber best

width (dBm)

(GHz)
1 2 1 15 0.28 8.53 -17.22 1
1 2 2 15 0.28 8.52 -17.19 0
2 2 1 15 0.31 8.49 -17.22 1
2 2 2 -0.01 3.94 -4.46 0
3 2 1 4 -0.55 0.00 0.00 0
3 2 2 0.09 3.93 -4.44 1
4 4 1 15 -5.59 8.56 -17.23 0
4 4 2 15 -5.59 8.56 -17.33 0
4 4 3 15 -5.59 8.54 -17.26 0
4 4 4 15 -5.59 8.56 -17.34 1
5 4 1 15 -5.70 8.51 -17.14 0
5 4 2 8 —6.02 3.95 —4.47 0
5 4 3 15 -5.70 8.54 -17.26 1
5 4 4 8 —6.02 3.95 -4.49 0

metrics such as Q-factor and log(BER), the model can effectively distinguish high-performance
transmission links from degraded ones, enabling dynamic and intelligent load distribution across
multiple RAUs.

4. Results and Discussion

As shown in Table 2, the simulated RoF system operating with a 5 dBm laser diode and a 40 km
SMF link exhibits stable transmission performance across multiple RAU configurations. Higher
bandwidth settings, particularly at 15 GHz, consistently produce stronger received power and
higher Q-factor values (= 8.5), with corresponding log1o(BER) around —17, indicating superior signal
integrity. In contrast, lower bandwidth cases (4 - 8 GHz) experience notable degradation in Q-
factor and BER due to increased dispersion and attenuation. Overall, the results confirm that the
RoF link maintains reliable performance under long distance fiber transmission, forming a solid
dataset foundation for the subsequent Random Forest-based load balancing analysis. The expected
performance of the RF models should obtained 90% and above of accuracy.

5. Conclusion

This paper discuss resource allocation techniques using random forest algorithm in load-balanced
RoF systems. The findings highlight that efficient allocation of spectrum, bandwidth, and process-
ing resources significantly improves throughput, latency, and energy efficiency. Most reviewed
methods use fixed strategies, but ML-based approaches show potential for adaptive load balancing.
Future work should focus on low-complexity, real-time algorithms that integrate with SDN and
edge computing to meet the demands of dense and dynamic network environments.
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