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Abstract: The fifth-generation (5G) mobile network aims to support high data rates and
massive connectivity, driven in part by small cell technology. The Cloud Radio Access
Network (C-RAN) has emerged as a promising architecture to address the increasing resource
demands of a growing user base by separating base station functions into centralized
baseband units (BBUs) and distributed remote radio heads (RRHs). Despite its advantages,
C-RAN introduces challenges in efficiently allocating resources to dynamic and
heterogeneous users. This paper proposes a hybrid resource allocation framework that
enhances system efficiency while meeting varying user demands in C-RAN environments.
The approach integrates centralized control with multi-agent-based decision-making, where a
centralized controller within the BBU pool collaborates with virtual base stations (VBSs)
acting as agents in a multi-agent system (MAS). Resource allocation decisions are made by
jointly considering real-time resource requests from agents and historical demand predictions
generated by the centralized controller. Simulation results demonstrate that the proposed
method outperforms conventional random and fixed allocation schemes in terms of resource
utilization, fairness, and reduction of unmet user demands. By effectively combining real-
time and historical information, the proposed strategy ensures improved long-term resource

planning and adaptability, making it a robust solution for dynamic C-RAN systems.
Key Words: Cloud Radio Access Networks, Resource Allocation, Multi-Agent

Reinforcement Learning, Centralized Optimization, Radio Resource Management 5G and

Beyond Networks.

1.Introduction challenge by separating base station
The rapid growth of mobile users and functions into centralized Baseband Units
connected devices has significantly (BBUs) and distributed Remote Radio
increased data traffic, making it difficult Heads (RRHs), enabling flexible and
for conventional networks to meet efficient resource management through
dynamic resource demands. Cloud Radio virtualization. In this architecture, Virtual
Access Network (C-RAN) addresses this Base Stations (VBSs) are dynamically
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allocated resources from the BBU pool
based on traffic conditions. However,
maintaining an optimal balance is critical,
as over-allocation leads to resource
wastage, while under-allocation results in
poor Quality of Service (QoS).

In this paper, present a combined

centralized and multiagent-based resource

allocation scheme for C-RAN. The main
contributions of this paper are summarized
in the following:

» We first design the C-RAN
environment to formulate our resource
allocation problem for both multi-agent
and centralized systems.

» We propose a combined resource
allocation =~ scheme  where  the
centralized controller and multiple
VBS agents take part in allocating
resources based on user demand. The
main  objective is to allocate
computational resources to each VBS
such that the allocation solution meets
the user requirements for a longer
duration.

The process system introduces a hybrid

resource allocation approach that combines

centralized control with a multi-agent
system (MAS). In this framework, Virtual

Base Stations (VBSs) act as agents that

make real-time decisions based on current

network conditions and user requirements,
while the centralized controller in the BBU
pool utilizes historical data and global
network insights to guide long-term
planning. The integration of these two
mechanisms enables better coordination,
improved resource utilization, reduced
unmet demand, and enhanced fairness
among users. The project also includes
simulation-based evaluation, where the

proposed method is compared with
traditional random and fixed allocation
techniques, demonstrating its effectiveness
and suitability for next-generation C-RAN
environments.

2.Litarature Survey

Y. Cui et al. (2024), Developed a multi-
agent  reinforcement learning-based
resource slicing strategy for vehicular
networks. The approach models each
network entity as an agent and optimizes
resource sharing among users. The results
showed improved network throughput and
better QoS in  highly  dynamic
environments.

R. Firouzi et al. (2024) Introduced a
delay-sensitive allocation
mechanism for [oT systems in O-RAN
architecture. The method uses a two-level
slicing approach to allocate both
communication and computation resources

resource

efficiently, ensuring low latency and
reliable QoS for time-critical applications.
3.Proposed System

The proposed system introduces a hybrid
resource allocation framework for Cloud
Radio Access Networks (C-RAN) by
combining centralized control with a
Multi-Agent System (MAS) to efficiently
manage dynamic resource demands. In this
approach, the centralized controller
maintains global network knowledge and
historical data, while distributed agents
(virtual base stations) collect real-time
demand information from users. The
Hybrid Multi-Objective Genetic Resource
Allocation  Algorithm 1is applied to
optimize resource distribution based on
multiple objectives such as minimizing
unfulfilled demand, maximizing resource
utilization, and ensuring fairness among
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users. The system dynamically prioritizes
requests and allocates resources adaptively
rather than following a rigid allocation
strategy. Genetic optimization enhances
decision-making by exploring optimal
allocation  patterns under  varying
conditions. The interaction between
centralized intelligence and decentralized
agents improves responsiveness and
scalability. The proposed model supports
real-time applications such as IoT, smart
healthcare, and autonomous systems. It
significantly reduces resource wastage and
improves Quality of Service (QoS).
Overall, the system provides a robust and
efficient solution for next-generation 5G
and beyond network environments.
4.System Architecture

System architecture defines the structure
and interaction of components in a system.
In a C-RAN resource allocation setup, it
shows how user requests are processed,
resources are managed, and allocation
algorithms operate together.

Real-Time Applications

= ) o £
1 5 5 El é -_
= =9

Demand Rﬂweﬂsl Real-Time Data

Centralized Controller

Cloud Radio Access Network (MAS)
]
Resource Alotic m Decisions
Fixed Priority-Based Proposed Hybrid Priority Aware
Resource Allocation Algorithm e bl Adaptive Resource Allgorithm
o Static & Priority-Based | centralized Controller | * Adaptive Decision-Making

* Inefficient Utilization * Optimized Utilization

* Higher Unfulfilled Demand Resource Allocation * Reduced Unfulfilled Demand
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ; Decisions

t R

___C-RAN/MAS

e H
Proposed Hybrid Priority-Aware
Adaptive Resource Aligorithm [

i

i

i

Demand Feedback | * Adaptive Decision-Making
* Optimized Utilization

| * Static & Priority-Based
i
| * Inefficient Utilization

i
. Higher Unfulfilled Demand * Reduced Unfulfilled Demand |
|

Extension : Multi =Objjective Genetic Optimization,

Hybrid Multi-Objective Genetic Resource Allocation Algom

Bx :EL< ----------- *lﬁtiﬁ‘ﬁ
. . g Fronthaul Link

A B K R X K &
BBUsT RRHs BBUs TRRHS

Fig 1: System Architecture
A well-designed architecture ensures
efficient  resource use, scalability,
modularity, and real-time performance for
applications  like IoT and  smart
communication networks.

S.Methodology

The proposed methodology follows a
hybrid centralized—multi-agent resource
allocation framework designed for Cloud
Radio  Access Networks (C-RAN).
Initially, the system collects real-time
resource requests from multiple users
along with available CPU, memory, and
storage capacities. A centralized controller
aggregates this information and forms the
global system state.
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Fig 2: Hybrid Genetic Resource C-RAN
Allocation

Multiple candidate allocation solutions are
then generated to represent different
possible resource distribution strategies.
Each solution is evaluated using a multi-
objective fitness function that considers
resource utilization, fairness among users,
priority levels, and unfulfilled demand.
Genetic operators such as selection,
crossover, and mutation are applied to
evolve the population toward optimal
solutions over successive iterations. In
parallel, priority-based rules guide the
allocation of critical requests to ensure
service quality for high-priority users.
Finally, the system selects the best-
performing  solution, achieving an
efficient, balanced, and adaptive resource
allocation strategy.

6.Design and Construction

The system is designed with a centralized
controller and distributed agents to manage
C-RAN
environment. It integrates modules for data

resource  allocation in a
collection pre-processing, and
optimization. The core component is a
hybrid multi-objective genetic algorithm
that constructs candidate allocation
solutions and refines them using selection,
crossover, and mutation.
i)Uploading Dataset: This
generates or uploads synthetic demand

module

data (CPU, Memory, Storage, priority) to
simulate user requests in a C-RAN
environment. It initializes
capacities and serves as the foundation for
resource allocation experiments.

ii) Data Pre-processing: The data is
cleaned, structured, and normalized into
standard formats. Missing values and
inconsistencies are handled to ensure
compatibility with allocation algorithms.
iii) Model Development: Three
approaches are implemented: Fixed
Allocation, Hybrid Allocation and a Multi-
Objective Genetic Algorithm. The hybrid
model improves adaptability, while the
genetic approach enhances optimization,
fairness, and resource utilization.

iv) Prediction Module: This module
processes test data through pre-processing
and applies the hybrid model to allocate

system

resources based on priority and
availability, producing final allocation
results.

v) Performance Evaluation: Algorithms
are compared based on unfulfilled demand.
The hybrid model outperforms the fixed
method, and the genetic approach further
optimizes resource usage and fairness.
Priority handling and real-time updates are
incorporated to ensure adaptive decision-
making. The architecture enables efficient
interaction between modules, ensuring
scalable, flexible, and optimized resource
distribution.

7.Results and Discussion

The proposed Hybrid Multi-Objective
Genetic Resource Allocation method
outperforms the Fixed Priority-Based
approach by dynamically adapting to
changing workloads and optimizing
resource distribution based on priority,
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fairness, and availability. As a result, it
improves resource utilization, reduces
unmet demand, and minimizes resource
wastage, leading to more efficient and
reliable allocation.
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Fig 3: Project Deployment
Fig 3 is the python web server started and
now open browser and enter URL as
http://127.0.0.1:8000/index.html and then
press enter key to get below page.

Combined Multi-Agent and Centralized Resource Allocation in Cloud Radio Access Networks

Home  Userlogintere  New UserRegisirason Here

Fig 4: Home Page

Fig 4 illustrates the main interface of the
C-RAN system, featuring Home, User
Login, and New User Registration options.
These functions provide simple navigation
and secure access to the system's resource
allocation services.
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Fig 5: Resources Demand Priorities

Fig 5 shows the initial resource allocation
setup with available resources and multiple
demand requests. The Fixed Allocation
method assigns resources using a
predefined strategy and determines the
resulting unfulfilled demand.
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Fig 6: Proposed Model
Fig 6 illustrates the results of the proposed
hybrid allocation algorithm,  which
efficiently distributes resources by fully
satisfying high-priority requests while
partially serving lower-priority demands
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Fig 7: Extension model
Fig. 7 displays the results of the Hybrid
Multi-Objective
approach, which optimizes resource

Genetic Allocation
distribution to further reduce unfulfilled
demand while fully satisfying high-priority
requests.
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Fig 8: Comparison

Fig. 8 illustrates the comparison of unfilled
demand over time for the Existing Fixed
Allocation, Proposed Hybrid Allocation,
and Extension Multi-Objective Allocation
algorithms. The graph shows that the
Extension = Multi-Objective  Allocation
consistently achieves the lowest unfilled
demand, demonstrating superior resource
allocation performance.

8.Conclusion and future scope

This study proposed a Hybrid Multi-
Objective Genetic Resource Allocation
framework for Cloud Radio Access
Networks (C-RAN) to improve resource
management efficiency. The proposed
approach dynamically allocates CPU,
memory, and storage resources based on
demand, priority, and fairness
considerations. Experimental results show
that it significantly reduces unfulfilled
demand compared to the traditional Fixed
Priority-Based method. The model
achieves better resource utilization while
ensuring fair distribution among users. The
integration of genetic optimization further
minimizes resource wastage and improves
allocation performance. Overall, the
proposed framework provides a flexible,
efficient, and scalable solution for modern
cloud-based network environments.
Future Scope: Future work can
incorporate real-time C-RAN datasets and

advanced machine learning techniques for
predictive  resource allocation. The
framework may also be enhanced using
other  optimization  algorithms and
evaluated in large-scale distributed
environments.
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