Com.puters, Materials & <Térch Science Press
Continua

Do0i:10.32604/cmc.2025.071280

ARTICLE Check for

updates

Performance Analysis of Bandwidth Aware Hybrid Powered 5G Cloud Radio
Access Network

Md. Al-Hasan', Mst. Rubina Aktar’, Fahmid Al Farid>"", Md. Shamim Anower’,
Abu Saleh Musa Miah"° and Md. Hezerul Abdul Karim""

"Department of Computer Science and Engineering, Bangladesh Army University of Science & Technology, Nilphamari, 5300,
Bangladesh

*Department of Electrical and Electronic Engineering, Bangladesh Army University of Science & Technology, Nilphamari, 5300,
Bangladesh

3Facul'[y of Computer Science and Informatics, Berlin School of Business and Innovation Karl-Marx-Straf3e 97-99, Berlin, 12043,
Germany

*Centre for Image and Vision Computing (CIVC), COE for Artificial Intelligence, Faculty of Artificial Intelligence and Engineering
(FAIE), Multimedia University, Cyberjaya, 63100, Selangor, Malaysia

>Department of Mechatronics Engineering, University of South Australia (UniSA), Mawson Lakes, 5095, Australia

®Department of Computer Science and Engineering, Rajshahi University, Rajshahi, 6203, Bangladesh

*Corresponding Authors: Fahmid Al Farid. Email: fahmid.farid@mmu.edu.my;

Md. Hezerul Abdul Karim. Email: hezerul@mmu.edu.my

Received: 04 August 2025; Accepted: 11 October 2025; Published: 10 February 2026

ABSTRACT: The rapid growth in available network bandwidth has directly contributed to an exponential increase in
mobile data traffic, creating significant challenges for network energy consumption. Also, with the extraordinary growth
of mobile communications, the data traffic has dramatically expanded, which has led to massive grid power consump-
tion and incurred high operating expenditure (OPEX). However, the majority of current network designs struggle to
efficiently manage a massive amount of data using little power, which degrades energy efficiency performance. Thereby,
it is necessary to have an efficient mechanism to reduce power consumption when processing large amounts of data in
network data centers. Utilizing renewable energy sources to power the Cloud Radio Access Network (C-RAN) greatly
reduces the need to purchase energy from the utility grid. In this paper, we propose a bandwidth-aware hybrid energy-
powered C-RAN that focuses on throughput and energy efficiency (EE) by lowering grid usage, aiming to enhance
the EE. This paper examines the energy efficiency, spectral efficiency (SE), and average on-grid energy consumption,
dealing with the major challenges of the temporal and spatial nature of traffic and renewable energy generation across
various network setups. To assess the effectiveness of the suggested network by changing the transmission bandwidth, a
comprehensive simulation has been conducted. The numerical findings support the efficacy of the suggested approach.

KEYWORDS: 5G; bandwidth; renewable energy; energy efficiency; spectral efficiency; C-RAN

1 Introduction

The need for widespread and fast wireless communication has experienced a substantial rise in recent
years owing to the extensive use of personal mobile computing devices such as tablets and smartphones, as
well as the increasing prevalence of data-intensive mobile applications [1]. The next generation 5G cellular
network is expected to need 1000 times the bandwidth, 100 times the data throughput, 100 times increases
in spectral efficiency, and 1000 times increases in energy efficiency to address the rapidly increasing rate [2].
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As a result, a technological revolution is required to meet these demands. The traditional cellular network
was not designed to sustenance the capabilities required to handle the significant rise in data traffic and to
reduce capital and operational expenses. To address these challenges, a new architecture called C-RAN has
been introduced [3]. C-RAN represents a revolutionary redesign of the cellular architecture. In contrast,
traditional base stations (BSs) in mobile networks consume a substantial amount of energy, 60%-80% of
the total network’s energy usage [4]. Moreover, BSs also have a negative impact on the environment due
to the significant amount of carbon dioxide CO, emissions they generate. Therefore, it is prominent to
optimize network energy efficiency, which is the key objective of this study. C-RANs have emerged as a viable
solution for mitigating energy consumption. By centralizing the Baseband Units (BBUs) in C-RAN, there
is a reduction in energy usage associated with site maintenance equipment and air conditioning systems.
Furthermore, the central BBU pool effectively manages the signal processing for numerous dynamically
deployed Remote Radio Heads (RRHs). The development of mobile commerce has increased energy
consumption, which puts a great deal of strain on the resources of the traditional grid and also has a harmful
impact on the ecological and economic aspects [5]. It is widely accepted that the cost of producing renewable
energy is considerably lower than that of traditional grid electricity, and it has the advantage of no CO,
emissions [6]. However, the combination of random renewable energy sources into the dynamics of energy
consumption on wireless networks poses a significant challenge for next-generation fifth generation (5G)
cellular networks. To address this issue, a viable approach has emerged in the form of powering BSs in
cellular network architecture to enhance energy efficiency. This approach involves combining renewable
energy sources with traditional grid supplies through an aggregation technique, which shows promise in
achieving improved energy efficiency in the infrastructure of mobile networks.

1.1 Cloud Radio Access Network (C-RAN)

Base station duties are divided into two sections in C-RAN [7]. The RRHs are strategically positioned
near the mobile users throughout the network, while the BBUs consist of high-speed processors and are
utilized in the cloud for conducting baseband processing operations [8]. The central BBU effectively manages
the RRHs through a cost-effective optical transport link with high bandwidth [9]. Although there are fewer
cell sites in C-RAN since the BSs are centralized, there are also fewer additional site support devices that
require air conditioning and electricity. Moreover, the central BBU pool lowers the expense of deploying
and running BSs. Furthermore, the implementation of C-RAN enables efficient provision of services to a
substantial user base through the utilization of network information within the BBU pool. However, it is
important to consider the energy efficiency aspect, as the deployment of densely distributed RRHs may lead
to increased energy consumption within the C-RAN system. This can impose a considerable burden on
the electric grid and result in elevated operational expenses. This study offers a thorough understanding of
C-RAN powered by hybrid supply, which can significantly contribute to greater improvements in energy
efficiency by lowering total grid power usage.

1.2 Motivation & Contributions

The authors in [10] presented fundamental design concepts for mobile networks driven by green energy
sources, while emphasizing the adaptability of green energy-powered BSs to accommodate the evolving
demands of mobile data traffic. In [11], the authors investigated transmission mechanisms employed by
BSs to reduce energy consumption of the network. Furthermore, in order to use green energy as much as
possible, authors in [12] explored the distribution of traffic loads among BSs to effectively meet the traffic
demands of all users. Lastly, authors in [13], examined user association schemes that take into consideration
the availability of green energy sources. The fundamental goal of these research endeavors is to modify
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the transmission techniques of BSs using renewable energy sources. Nevertheless, the majority of these
studies neither take energy storage into account nor do they examine potential energy storage techniques.
The aforementioned authors have identified key research challenges and trends that are essential for the
integration of energy harvesting as a facilitating technology for 5G systems. Given that 5G networks are
expected to be highly dense, the issues of energy consumption and carbon dioxide emissions will assume
global significance.

To address the previously mentioned problem, we propose a C-RAN that operates on renewable energy
sources. This solution aims to reduce the power consumption of BS during specific periods and store excess
energy for future use, thereby ensuring compliance with the network’s outage restrictions. The existing study
extensively inspects the potential advantages of solar energy in terms of mitigating energy consumption. The
contribution of this paper are summarized as

o The difficulties of highly increasing BSs energy consumption is formulated and then explored the
potential benefits of integrating renewable energy source with traditional grid supply to power these BSs.

o In order to coordinate the power control and energy allocation of the entire system, a hybrid energy
provided C-RAN with energy cooperation is proposed.

o A power consumption model for C-RAN based on varying traffic load is proposed.

o An energy sharing dynamics is developed which can significantly contribute to greater improvements
in energy efficiency by lowering total grid power usage.

o We examine the system performances in terms of several performance metrics such as energy efficiency,
spectral efficiency, and average on-grid energy saving aiming to increase the EE and SE.

o Through extensive simulations, we evaluate the effectiveness of our framework by varying the transmis-
sion bandwidth.

The remainder of the manuscript is structured as follows. Section 2 contains a comprehensive assess-
ment of related works. The network model is addressed in detail in Section 3, together with the solar
energy model, path loss model, traffic model, and BS power model, among other things. Section 4 presents
numerical findings as well as a thorough analysis. Finally, Section 5 concludes this study.

2 Related Works

Numerous surveys and reviews have previously examined the potential of future 5G C-RAN with hybrid
supply to decrease energy consumption throughout the year. The following literature presents research
conducted in this field. In [14], the authors proposed a novel model for C-RAN that incorporates an
amalgamation of on-grid and renewable energy sources. In the context of 5G networks, the model accounts
for the overall energy consumption of several network elements. Adiraju and Rao in [15] present a C-RAN
network that dynamically distributes BBU resources to RRHs in accordance with the RRH’s traffic loads.
The network also minimizes the power consumption of the BBU by intelligently switching between active
and inactive modes using the particle swarm optimization algorithm. Simulation outcomes show that the
suggested network accomplishes significantly improved energy efficiency, with a 95% enhancement. Another
study in [16], the authors proposed a hybrid C-RAN that integrates renewable energy and traditional grid
power supply to create an energy-efficient 5G network. This combination reduces the effective grid power
consumption and CO, emissions. Authors in [I7] proposed an a mechanism that adjusts energy usage
among base stations and allows for the hybrid power supply of additional subscribers using renewable
energy sources. The authors also demonstrate how to maximize the usage of green energy during periods
of high traffic, resulting in significant on-grid energy savings. Elhattab et al. in [18] focused on improving
spectral efficiency and QoS without considering the issue of EE. The SE and throughput of the entire
network will be increased by placing more RRHs in a single cell, but this could result in underutilized



4 Comput Mater Contin. 2026;87(1):89

RRHs and BBUs, which would increase energy consumption costs and decrease EE [19]. Consequently, it
is believed that two competing objectives—maximizing throughput and decreasing the active RRHs are
necessary to improve EE [20]. Additionally, very few studies consider the dynamics of the system within the
scope of energy harvesting, while optimization often concentrates on a particular time period. In actuality,
the time-varying data queues will impact the stability of the network because of the stochastic nature of
the remote radio unit’s data arrival. Because most prior work has neglected the static channel state, the
operational scheme should be built with the assumption that the time-varying properties of the channel
and the randomness of traffic arrivals would be taken into account [21-23]. On the other hand, Refs.
[24-27] disregard the need for traffic load coordination, which could lead to an inadequate arrangement
of renewable energy and traffic load. Furthermore, in order to minimize grid power consumption (GPC),
authors in [28] proposed a combinatorial optimization technique to maximize system energy efficiency (EE).
The strategy was shown to cut energy by almost 20% and boost EE by around 10% during collected energy
scarcity among the BSs. However, this result disregards the existence of energy storage devices, and some
of the energy may be squandered if it is not needed by any base station at a particular moment. All of
these works do not address numerous concerns, though, and they need to be solved. In contrast to previous
research, we propose a C-RAN network with hybrid power supply system with the goal of maximizing the
use of solar energy. This approach is intended to enhance energy efficiency while simultaneously reducing
reliance on conventional grid electricity through the implementation of energy cooperation and energy
storage mechanisms. Comprehensive simulations are performed to assess the energy efficiency and spectral
efficiency of the proposed model across diverse network scenarios.

While many existing hybrid C-RAN studies [14-28] focus on utilizing renewable energy sources
or optimizing grid consumption, they largely neglect the role of energy storage. Our proposed C-RAN
incorporates energy storage mechanisms, allowing the network to store surplus green energy during low-
demand periods and utilize it when traffic demand peaks, thereby reducing reliance on the grid and
improving energy self-sufficiency. Unlike previous works [24-27] that either do not coordinate traffic load
or consider static scenarios, our design dynamically allocates energy to RRHs based on real-time traffic load
and stochastic data arrivals. This ensures that green energy is used efficiently, while also maintaining network
stability in time-varying conditions.

3 System Model
The suggested C-RAN is presented in this part along with a number of characteristics.

3.1 Network Model

As shown in Fig. 1, the configuration of a C-RAN powered by renewable energy source comprises a
centralized BBU pool and a number of RRHs indicated by the set R = {1, 2, 3, ..., m}. Moreover, the set
K = {1, 2,3, ..., k} represents the number of active users, randomly distributed, that are served by the
RRHs. Grid power and photovoltaic (PV) solar cells are employed to supply power to each Remote Radio
Head (RRH). To ensure energy availability during periods when renewable energy sources are not accessible,
each RRH is linked to an individual energy storage system, enabling energy storage for later use. Here,
the downlink data transmission is taken into account. The BBU pool initially sends data across the wired
fronthaul lines to the RRHs, and the RRHs subsequently provide data wirelessly to customers. The BBU pool
can efficiently distribute data to multiple RRHs for data transfers by making use of the knowledge of RRHS’
energy availability network topology.
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Figure 1: Layout of hybrid powered C-RAN

3.2 Solar Energy Model

Renewable energy sources are abundant, clean, and competitive energy sources. It offers the best
chance of reducing on-grid electricity consumption. The diversity, quantity, and potential for usage of
renewable energies make them unique in the world. In this case, solar photovoltaic (PV) technology has
been taken into account because it is a crucial power generating technology on the path to green energy.
The evaluation of solar power generation was previously conducted by means of the System Advisor Model
(SAM) software. The below Fig. 2, generated using SAM [29], illustrates the characteristic periodic pattern of
energy generation from a 1-kW solar panel (System Advisor Model (SAM), version 2025.4.16). The generation
reaches its peak at 1:00 PM and is limited to the time frame between approximately 6 AM and 6 PM. The
RRH must be managed by a grid-connected power source in order to avoid disruption when solar power is
scarce due to the variability and unavailability of solar radiation.

3.3 Dynamics of Energy Sharing

The PV solar energy storing for each time slot under the proposed approach may be stated as,

ui(t) = ap(t-1) + g(t) - 9i(t) 1)

where, y; (t) denotes the green energy storage for ith RRH at time slot ¢, g; (¢) is the harvested solar energy
for ith RRH at time slot t and 9; (t) represents the required energy for ith RRH at time slot . The factor «
is limited between 0 and 1, indicates the proportion of stored energy that is still present after a unit of time.
The on-grid energy usage and green utilization under various network situations of the ith RRH in different
scenarios within the suggested network are outlined below.
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Figure 2: Average solar energy production per hour

Case I: If p; (t) > 9;(t), the ith RRH will be self-sufficient in terms of storage and will no longer rely
on grid energy. After fulfilling the required demand, the remaining stored energy is denoted by s(¢), can be
written as,

si () =i (t) = 9; (1) (2)

Case II: The ith RRH will utilize energy sourced from the electrical grid if y;(¢) < 9;(t). In this particular
case, the on grid energy of ith RRH is denoted by €; (t), can be written as,

€ (t) =0: (1) —si () ®)

3.4 Network Traffic Model

The network traffic has an impact on a mobile cellular network’s power consumption. Therefore, it is
crucial to have a clear comprehension of the mobile traffic load to analyze the power consumption of the
network. Fig. 3 displays an approximate daily traffic load profile, which can be modeled as follows.

__ r(no)
MO = e (0]

T

0 &
p(1,0)= ¢ (5)

4)

where, A(7) represents the normalized traffic load at time slot 7, p(7, o) represents the Poisson probability of
having 7 arrivals (or traffic requests) when the average arrival rate is o.

3.5 BSs Power Consumption Model

The power consumption model for the proposed C-RAN comprises three distinct components: (i) BBU
pool power, denoted as Py, (ii) optical link power, denoted as Py, and (iii) RRH power, denoted as P, ,. The
total power (P;,s47) of the network is mathematically formulated as,

Piotar = Ppp + Pop + Py (6)
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Figure 3: Daily traffic pattern of a residential area

3.5.1 BBU Pool Power

The computation of the BBU pool power (P,,) incorporates the cooling power (P,,) alongside the
aggregate power consumption of the active BBUs, determined as follows.

B

Pyy =Py + Y. Ppgu, + Pcrp (7)
b=1

where, Pcrp denotes the common infrastructure power and Pgpy, denotes the power consumption by the

bth BBU can be presented as follows,

Pgpy, = Pyt + AP-Pﬁggb-/—’)BBU;, (8)

Here, Py, is static power consumption, Szpy, denotes resource utilization factor of BBU),. The active
BBU within the BBU pool is accountable for serving the RRHs. The allocation of BBUs to RRHs can be
adjusted dynamically according to the traffic conditions and the common infrastructure power refers to
the power that integrates backhaul transmission power (Ppacknaui)> lighting power (Pjighting), and site
monitoring power (Pyonitoring)- This is defined as [30],

Pcip = Pyackhaul + Plighting + Pmonitaring (9)

3.5.2 Fronthaul Power Consumption

It is expected that the fronthaul is a fiber connection. Each Remote Radio Head (RRH) is connected to
the Base Station (BS) cloud via a single-mode optical fiber operating at a wavelength of 1310 nm. According
to the findings presented in [30], the power required for a single 20 km connection is estimated to be
approximately 5.39 dBW.
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3.5.3 RRH Power Consumption

The power consumption of a RRH can be calculated by using the following equations [31].

Trrx. (Pi+A P (A=1)), O <1
Prp:{TRX(t'*‘ pt( )) <y (10)

Trrx-Psp, Y=

where, P; = P, + A, Py, is the highest power used in an RRH. Trrx represents the number of transceivers per
RRH and P;, is the instantaneous RF transmit power per transceiver. The parameter A represents the traffic
load, with A = 1 corresponding to a fully loaded system and A = 0 representing an idle system. P, denotes the
sleep mode power consumption which is independent of traffic. It simply depends on the amount of power
used by several BS characteristics, such as the baseband engine, RF transceiver, and power amplifier (PA).
The parameters of the power consumption model for RRH utilized in this study are presented in Table 1 [32].
However, P; can now be expressed as follow [33],

B Pbb+Prf+Ppa
(1 - adc) (1 - ams) (1 - ac)

where the three loss components, denoted by d;., d,,s and d. represent the losses resulting from DC
conversion, main source, and active cooling, respectively. We set d. to zero because RRH in C-RAN no longer
requires a cooling system. The power consumption of the base band engine, radio frequency transceiver, and
power amplifier are denoted by the symbols Py, P, and Py, respectively.

P, (11)

Table 1: Parameters for power consumption model [32,33]

SL Parameter Value

1 P, 20 W
3 Ap 2.8
4 P, 84
5 Py, 56 W
6 P, 29.6 W
7 P!, 129W
8 Npa 311
9 9,4, 75
10 Oms 9
1 9, 0
And the Py, and P, s can be define as [33],
B /
Py = Trrx * 1o = Pos (12)
Prf:TTRXXﬁXP;f (13)

where, B is the system bandwidth, 10 MHz is the normalization factor or reference bandwidth. P}, and
P 7 represents baseband processing power consumption and RF circuit power consumption per transceiver,
respectively. Conversely, the P, and the power amplifier efficiency #,, determine the Py, as
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_ Ptx
Mpa (1 - af)

where probable feeder losses are represented by o.

Py, (14)

3.6 Path Loss Model

A specific channel model that has a shadow fading which is log-normally distributed is thought about
in this paper. Path loss ¢(x) in decibels may be calculated using the following formula [16] if x represents
the distance between the transmitter and receiver.

¢ ()= ¢ (x)+10 log, () + X, 15)

where, 3 denotes the exponent of path-loss, ¢(x,) denotes the path-loss at a reference distance x, and X,
denotes shadow fading. Consequently, the received power, denoted as P¥, in dBm, for a kth user equipment
at a distance d*¥ from a ith RRH can be expressed as follows,

Pik = Pk _ g (x) (16)

where, P"* is the transmitted power by the ith RRH in dBm. Subsequently, the received signal-to-
interference-plus noise ratio y; x at the kth UE from the ith RRH can be expressed as [16],

ik
Pr
Iintm + Iinter + PNP

Vik = (17)

where, I;¢r, and I}, represent the intra-cell and inter-cell interference, respectively. Pyp denotes the noise
power which can written as [16],

Pyp = 174 + 10log,, (B) (18)

where, B is the bandwidth in Hz.

3.7 Performance Metrics
3.71 Network Throughput
The total throughput may be determined by applying the following equation [34],

K R
Tiotal = Z z Blogz (1 + Yi,k) (19)
k=1i=1

Here, K represents the total number of users, and R signifies the total number of Remote Radio Heads
(RRHs).

3.7.2 Energy Efficiency

The primary measure of performance for evaluating the proposed network is its energy efficiency.
Energy efficiency is determined by the amount of power required to transmit a certain amount of data, with
more efficiently resulting in less power usage. In this study, we evaluate the energy efficiency by calculating
the ratio of the network’s overall throughput to its net on-grid power consumption.
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The EE, represented as g, can be expressed as,

Ttotul
WEE = ——— (20)
Pgrid
R R
Pgrid = ZPtoml (i’t) - ZPsolar(i’t) (21)
i=1 i=1

Py, iq is the net grid energy in ith RRH, Py, (i, t) is the is the power in ith RRH and P4, (i, t) is the
harvested solar energy at time .

3.7.3 Spectral Efficiency (SE)

In the proposed system, it is observed that each RRH has the potential to cause interference to other
RRHs. Specifically, user k € K obtains information from the RRH i € R and obtains interference from other
RRH r € R\{i}, where R represents the set of RRHs (R = {1, 2, 3, ..., i}) and K represents the set of users
(K={1,2,3,...,k}). Consequently, the spectral efficiency (#sg) can be mathematically expressed as follows,

T
HSE = %ﬂl (22)

where, T},¢,; and B are the total throughput and the bandwidth, respectively.

4 Result Analysis
4.1 Simulation Setup

A simulation layout with coverage area of 10 RRHs comprising of a maximum of 10 BBUs is taken
into consideration. We considered that, up to 50 users per cell and the users are randomly distributed. The
number of users in the cell follows the traffic profile as shown in Fig. 3. A single BBU can handle one or
more RRHs, as long as the data is within its capacity. Using a Monte-Carlo method developed in MATLAB,
the effectiveness of the suggested network is assessed. By doing 10,000 iterations and measuring the average
outcomes, the network’s performance is evaluated. It is assumed that the number of users connected to each
RRH may change throughout the day. Furthermore, all users experience data transmissions from the RRHs at
identical speeds. Equal transmit power is taken into account for all Resource Blocks (RB), and the same power
profile parameters have been taken into account for all BS. The standard proportional fair (PF) allocation
mechanism is considered, which is widely adopted in 5G network analysis. We also assumed that each user
has access to a single resource block. The nearby allocating RRH is used to generate the inter-cell interference
effect. The system’s primary parameters are established in accordance with the LTE standard [19], and the
entities are enumerated in Table 2.

Table 2: Parameters for simulation [34]

SL Parameter Value (Watt)
1 RRH radius 1000 m

2 Density of noise power  -174 dBm/Hz
3 Reference distance, x0 100 m

4  Exponent of path loss, f 3.574

5 Shadow fading, X, 8 dB
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4.2 Analysis

A comparison of the proposed system’s throughput performance under various bandwidth conditions
is shown in Fig. 4. It is evident that upper bandwidth results in improved throughput due to the allocation
of a larger number of resource blocks (RBs). Furthermore, the disparity in throughput performance is more
pronounced during periods of peak traffic demand, particularly in the evening. The depicted throughput
curves align with the traffic distribution pattern depicted in Fig. 3. This correspondence can be attributed to
the proportional variation in the total number of RBs associated with a cluster, which is influenced by the
distribution of traffic load. In essence, the allocation of resource blocks at specific times of the day directly
impacts the system’s throughput performance. As observed, the throughput curves reach their peak during
periods of high traffic volume in the early hours and vice versa.

5
x10

a

—6— 20MHz
—&— 15MHz

10MHz
—b— 5MHz

Throughput (Kbps)

O=—o—00—0

N—-t—-E-5-

11 AM 4PM 9PM 12 AM

Hours of a day

1AM 6 AM

Figure 4: Throughput results with varying bandwidth during a 24-h period

Fig. 5 illustrates the comparison between the grid power consumption of the proposed network and
the traditional network. The network is entirely powered until 6 a.m. by grid power when sunshine is not
present. When incoming solar energy generation is available, on-grid consumption drops fast to zero. The
data reveals that there is no grid energy usage during a substantial portion of the day, specifically from 8 a.m.
to 7 p.m. Any surplus electricity generated during this time is stored in batteries after meeting the demands
of the network. This observation suggests that the optimum utilization of green energy sources leads to a
substantial reduction in grid consumption.

Fig. 6 depicts the principal performance metric of the system, specifically the energy efficiency as a
function of bandwidth. The C-RAN’s energy efficiency (EE) is determined by dividing its average throughput
by the net on-grid power usage, expressed in bits per joule. Conversely, the net on-grid power consumption
is determined by subtracting the power supplied from solar storage from the total power consumption.
The total power consumption of C-RAN is sum of three distinct power: BBU pool power, RRH power and
fronthaul power consumption, respectively. According to the definition, the RRH power consumption is
proportional to the bandwidth. If the bandwidth increases, the RRH power consumption will increase. And
if the RRH power consumption increases, the total power will increase. As a result grid power consumption
will increase. The energy efficiency (EE) is inversely proportional to the power consumption of the grid.
Because of the increasing grid power use at this time, the EE decreases as bandwidth increases. Compared
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to the C-RAN without a hybrid supply, the suggested C-RAN with a hybrid supply system had a 60% higher
energy efficiency.

—#&— C-RAN without hybrid supply
1.5t -oo-g - {—0— C-RAN with hybrid supply .

Grid power consumption (kW)

o
L
i

0
1AM 6AM 11 4 9PM 12AM
Hours of a day

Figure 5: Comparison of grid power consumption over 24 h
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Figure 6: Performance of EE at various bandwidth

Another performance metric spectral efficiency is also inversely proportional to the bandwidth. Hence,
if bandwidth increases, the spectral efficiency will decrease. Fig. 7 provide a thorough comparison of spectral
efficiency at various bandwidths. With the higher system bandwidth a progressive decrease in SE has been
seen. The proposed network achieves 46% more spectral efficiency than the conventional one.
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Figure 7: Comparison on spectral efficiency for different bandwidth

5 Conclusion

This research paper, hybrid energy powered C-RAN architecture is proposed with the aim of enhancing
the EE and SE of networks. The proposed network utilizes solar PV with an energy storage device as the
crucial energy source, while the grid supply serves as a subordinate source during periods of limited green
power availability. The key aim of this paper is to improve EE and SE within the limitations of existing
resources, while also maximizing the benefits of renewable energy harvesting. The execution of the system
is evaluated through comprehensive Monte Carlo simulations, considering factors such as throughput,
on grid power consumption, energy efficiency, and spectral efficiency, with varying system parameters
such as bandwidth. The numerical results show that the bandwidth has the greatest influence on EE and
spectral efficiency. Notably, the proposed system achieved 60% more EE and 46% more SE performance
than the conventional scheme under the specific network settings. The weakness of the proposed scheme
is we primarily examined the energy management of each individual RRH for simplicity. Future studies
may investigate the coordinated sharing of surplus renewable energy among adjacent Remote Radio Heads
(RRHs).

Moreover, as future extensions, the analysis could be broadened to include additional renewable energy
sources such as wind or hybrid PV-wind systems, which would improve sustainability and resilience. The
traffic model, currently based on a Poisson process, may also be refined by incorporating mobility-aware
models and stochastic variations (e.g., bursty or correlated arrivals) to better reflect real user dynamics.
In addition to technical performance, a techno-economic assessment that captures capital expenditure
(CAPEX) and operational expenditure (OPEX) implications of renewable energy integration would provide
a more comprehensive perspective on deployment feasibility. Finally, performance evaluation could be
extended by benchmarking against optimization-based approaches, including heuristic methods and AI-
driven resource allocation strategies, to demonstrate robustness and competitiveness relative to emerging
intelligent solutions. Collectively, these directions would strengthen the practical relevance of the proposed
framework and establish a broader foundation for future research.
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