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Abstract— Today, the amount of data on mobile networks and
the customers' demands have been significantly increased. With
the advent of the new 5G mobile technology, data is expected to
increase even more exponentially. In order to fulfill users'
requirements, Operators are moving towards cloud-native
technologies and open network architectures. Specifically,
operators worldwide are implementing Cloud-based Radio
Access Network (C-RAN) with support for 5G technology. 5G
deployment requires more computing power than 4G.
Therefore, there is a need to move to C-RAN to secure highcapacity solutions.
First, we will perform a detailed survey of the latest literature
related to cloud-based Next Generation 5G networks regarding
bandwidth utilization, power consumption, Quality of Service
(QoS), resource allocation, spectrum efficiency, transmission
delay, capital, and operational expenditures. In addition, we will
identify the main challenges and the benefits of implementing CRAN. To analyze power consumption for Base Stations, we will
use it as a case study of TK (Telecom of Kosovo). The final aim
is to give essential recommendations regarding the benefits of CRAN and Virtualized C-RAN in power consumption compared
to traditional RAN implemented in TK.

Index Terms— Cloud, RAN, energy consumption, 5G, nextgeneration mobile, spectrum efficiency, resource allocation
I. INTRODUCTION

M

mobile data traffic is growing exceptionally within
smartphone devices, tablets, and PCs improvement
numbers. Cisco estimated that the global mobile data traffic
would grow to 77 Exabytes per month by 2022, seven times
more than in 2017 [1]. Furthermore, the average traffic
generated by smartphones will be 11 GB per month, which is
more than a four-and-a-half-fold increase over the 2017
average traffic. The capacity of the conventional cellular
network architectures and the available computing and
networking resources is insufficient to handle this massive
amount of data traffic and meet the users' QoS requirements
[2].
In recent years, the high-tech advancement in mobile
devices, together with the increasing popularity of
comprehensive functions containing virtual, augmented
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reality technologies, mobile subscriptions, and an analogous
outbreak in data traffic has shown a massive surge [3]. The
betterment of mobile business has intensified energy
consumption, yields tremendous stress on the conventional
utility grid resource, and affirms an adverse effect on the
economical features and brunt on the environment [4], [5].
Furthermore, more than fifty percent of the total power is
depleted by BS (Base Station), while the rest is consumed by
another cooling device, baseband signal processing unit, RF
unit, and so on. [6], [7].
C-RAN technology can adapt to uneven traffic and utilize
the available resources effectively using the virtualization of
the BBU pool. The load balancing in C-RAN is possible on
both the BBU and RRH sides. In addition, effective
deployment and utilization of this architecture are
challenging and gaining research interest through different
techniques [8].
A Cloud RAN utilizes centralized signal processing in the
baseband unit (BBU) pool instead of processing at distributed
base stations (BSs), resulting in significant CAPEX and
OPEX savings. Processing at the centralized BBU pool and
interconnection between remote radio heads (RRH) would
improve link reliability and spectrum efficiency.
Furthermore, the use of cloud computing technologies as the
infrastructure of the BBU pool significantly improves
hardware utilization [9-11].
The connection between RRH and BBU pool will be via a
high-bandwidth, low-latency fiber link. Power consumption
in the fronthaul links has been ignored in the CCN (ContentCentric Networking), and it is relatively much lower than the
power consumption in the BSs of the CCN [12]. Also, in CRAN, the power consumption in fronthaul links is
comparable to that at the RRHs since the RRHs are
architecturally much more straightforward than conventional
BSs. The energy savings can be achieved by turning off some
redundant fiber links and RRH connected to these fiber links.
In C-RAN, this functionality is a signal transmission and
reception point. The important research issue here is the
design of the trauma-forming at the RRHs to reach optimal
energy efficiency and channel throughput [13].
Traditional 4G/LTE technology in RAN and Core and
other wireless technologies face many network performance
and optimization problems. Overall Quality of Service (QoS)
is critical for voice and video services [14-28]. Another huge

MIPRO 2022/CTI

problem is regarding energy consumption. For this reason,
there is a need to find a complete solution to address these
challenges.
This paper will analyze the problem of optimization and
allocation of VM capacities in the BBU pool, the set of
selected RRHs, and the strategies at the active RRHs to
minimize the overall system power consumption for C-RAN
architectures.
The organized of the paper is as follows: after the
introductory section, in Section 2, we provide a theoretical
background regarding mobile technology and architecture
evolution. Section 3 describes the
advantages
of
implementing C-RAN. Section 4 gives an overview of the
existing literature. The case study-energy consumption
analysis is provided in Section 5, while Section 6 concludes
the paper.
II. BACKGROUND; EVOLUTION OF MOBILE
TECHNOLOGY AND ARCHITECTURE
a) Evolution of mobile technology
The technology evaluates based on the demand of users.
Mobile technology was e revolution in the world, which
satisfies the needs of humanity. Lately, the user demands
have been oriented toward data traffic – the Internet. Figure 1
can be seen the traffic growth in mobile networks. Operators
have implemented 4G/LTE technology to fulfill such
requirements, and they started to implement 5G technology.
Since 2013, the number of LTE subscribers had exceeded 60
million, while the total number of mobile devices amounted
to 7 billion [29], exceeding the world’s population. In 2021,
a new generation of mobile networks was standardized - 5G,
to satisfy ever-growing traffic demand, offering increased
speed and shorter delays, the latter enabling a tactile Internet
[30].
Increasing traffic demand, limited spectrum availability,
and mass mobile broadband adoption are challenging the
traditional ways to build cellular networks. Mobile operators
seek new ways to increase network capacity, coverage, and
user experience in this new environment while reducing time
to market for new services and costs [31]. The LTE RAN
architecture will need to support improved resource pooling,
capacity scalability, layer interworking, and spectral
efficiency over various transport network configurations to
meet future demands efficiently. Cloud RAN architectures
will support these needs by exploiting Network Functions
Virtualization techniques and data center processing
capabilities and improved radio coordination for distribution
and centralized RAN deployments [32].

Figure 1. Traffic growth in mobile networks.

The telecom industry deploys 5G networks technologies
such as automation and virtualization, with Cloud RAN
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explicitly, will be the future evolution network. These
technologies will be open in networks, with cloud technology
offering new innovative alternatives for RAN deployment
that complement existing and trusted solutions.
b) Cloud RAN Architecture as a new concept
As a new concept, Cloud Radio Access Network (C-RAN)
has been proposed for 4G and 5G wireless communication
services. The idea is that instead of providing services
through a BS, the antenna should be equipped with only one
remote radio unit (RRU), which contains only Radio
Frequency (RF) processing equipment used to convert the
radio signal into a complex base generation. This signal is
transmitted through the fronthaul network to a central
baseband (BBU) unit, where complex signal processing is
performed [33]. This advanced concept has reduced energy
demands and provided higher quality services.
In the C-RAN-based architecture, the Cloud is responsible
for processing the baseband required for transmission. Due to
elasticity and latency, moving the baseband processing to the
cloud-based system is challenging [34]. On the other hand,
the migration of virtual machines requires a few seconds,
which is not even close to the millisecond delays required in
modern wireless systems, such as 5G. This problem is solved
through software instead of the virtual machine [35].
C-RAN is a centralized architecture for processing,
including collaborative radio, real-time cloud computing, and
a clean RAN system [36-39].

Figure 2. C - RAN Architecture [36]

Operators
today
are
implementing
centralized
architectures to provide fast RAN deployments. Therefore,
using C-RAN makes RAN more flexible and efficient. In CRAN architecture, the Base station is split into RRH and BBU
(Base Band Unit) (Figure 2). RRH is the radio part of the base
station, composed of an antenna and a radio unit, whereas the
BBU is a software-based unit used to aggregate the baseband
functions of a base station, manage and control. Operators use
C-RAN architecture to address capacity and coverage issues
and network self-optimization using software control and
management through SDN (Software Defined Networking).
The benefits of implementing such architecture include
decreasing operational cost and energy consumption,
improving network security and controllability, and
flexibility [40]. Since data traffic is growing exponentially,
operators seek new approaches to handle such traffic. From
2022, mobile data traffic is expected to be 77.5 Exabytes per
month worldwide [41]. Therefore, the implementation of CRAN is seen as a creative solution through which the solution
enables the treatment of large amounts of traffic with a lower
operational cost and lower costs in general.
C-RAN solution handles compute functionality in mobile
RAN and offers increased flexibility, faster service delivery,
and greater network scalability. This technology enables
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customers to connect to various sensors and IoT (Internet of
Things) devices while offering high reliability and quality.
The architecture of C-RAN is a network where baseband
resources are pooled to be shared between base stations.
Figure 3 gives an overview of the overall C-RAN
architecture. This section introduces base station evolution
and the basis of the C-RAN concept.

a)

RAN with RRH

b) C-RAN

Figure 3. Cloud RAN for mobile networks a) RAN with RRH, b) C-RAN

Traditionally, users communicate in cellular networks with
a BS that serves the cell.

deployment cost to utilize BBUs and operate efficiently in the
macro base station deployments. It is essential because it
reduces power consumption and provides increased
flexibility in network upgrades and adaptability to
nonuniform traffic. Furthermore, advanced features of LTEA, such as coordinated multipoint, can be efficiently
supported by C-RAN interference mitigation for small cell
deployments. Last but not the least, having high
computational processing power shared by many users placed
closer to them, mobile operators can offer users more
attractive Service Level Agreements (SLAs), as the response
time of application servers is noticeably shorter if data is
cached in BBU Pool [44]. Network operators can collaborate
with third-party service developers to host servers for
applications, locating them in the Cloud - in the BBU Pool
[45]. In this section, advantages of C-RAN are described and
motivated: adaptability to nonuniform traffic and scalability,
energy and cost savings, increase of throughput, a decrease of
delays as well as ease in network upgrades and maintenance.
IV. RELATED WORK

Figure 4. Evaluation of Base Station Architecture

The functions of a base station can be divided into
baseband processing and radio functionalities [42]. In the
traditional architecture, radio and baseband processing
functionality is integrated inside a base station. The antenna
module is generally located in proximity (a few meters) of the
radio module [43]. In a base station with RRH architecture,
the base station is separated into radio and signal processing
units, as shown in Figure 4. The radio unit is called RRH or
Remote Radio Unit (RRU). The baseband signal processing
part is called BBU or Data Unit (DU). To optimize BBU in
C-RAN, utilization between heavily and lightly loaded Base
Stations, the BBUs are centralized into one entity called a
BBU/DU Pool.
Table 1: Comparison between a traditional base station, a base station with
RRH and C-RAN
Architecture

Traditional
base station
Base station
with RRH

C-RAN

Radio and
baseband
functionalities
Co-located in one
unit
RRH is placed
together with an
antenna
at
the
remote site.
RRH is placed
together with an
antenna
at
the
remote site..

Problem it
addresses

Lower
power
consumptio
n.
Even lower
power
consumptio
n.

Problems it
causes
High power
consumption
Resources are
underutilized

Huge transport
resources
between RRH
and BBU

III. ADVANTAGES OF IMPLEMENTING C-RAN
Both macro and small cells can benefit from C-RAN
architecture. A centralized BBU Pool enables the base station
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A wide range of research focuses on traditional radio
access network (RAN) networking technology, while fewer
researchers have focused on the implementation challenges
of Cloud-based RAN. This section discusses research efforts
related to the challenges and opportunities of Cloud RAN
technology. Recently, various studies have tried to find the
best methodologies for implementing C-RAN for nextgeneration mobile networks and have suggested different
implementations, whether in C-RAN or Cloud, by
implementing different solutions. We found many studies for
those approaches, and we selected some of them to explore
and use for our paper.
The authors in [46] studied a Comprehensive Survey of
RAN Architectures Toward 5G Mobile Communication
System regarding energy consumption, operations
expenditure, resource allocation, spectrum efficiency, system
architecture, and network performance.
The authors in [47] have studied the analytical energyefficient planning of the 5G cloud. They proposed an
analytical model to analyze and compare traditional RAN
with Cloud RAN architectures for 5G networks, focusing on
energy consummation.
The authors in [48] have studied beyond the 5G Network
with the advent of 6G. They presented the benefits of 5G NR
regarding multiple features like scalable numerology, flexible
spectrum, forward compatibility, and ultra-lean design
compared to the LTE systems.
Cloud RAN architecture model based upon Flexible RAN
Functionalities Split for 5G Networks is addressed in [49].
They compared the proposed solution to a fully centralized
Cloud RAN and a partially distributed one.
The authors in [50] the dynamic Operations of Cloud Radio
Access Networks (C-RAN) for Mobile Cloud Computing
Systems proposed an optimal policy for the stochastic
optimization problem, and they developed online and offline
algorithms and used several math approaches, such as
Bayesian, Markov Chain, and Jain's fairness index.
Ethernet-Based Fronthauling for Cloud-Radio Access
Networks is considered in [51]. The authors in [51] propose
a functional split experimentation method to achieve the
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desired results. They used frame pre-emption (IEEE
802.1Qbu) and TAS (IEEE802.1Qbv) techniques for
simulation purposes.
In [52] have studied Multi-Objective Optimization for
RRH Clustering in Cloud Radio Access Networks to propose
a methodology and discuss the proposed solution to reduce
network power consumption and have an acceptable quality
of Service (QoS).
The authors in [53] have studied Optimal Cloud
Computing Resource Allocation for Centralized Radio
Access Networks.
The authors in [54] have studied the Impact of Cognitive
Radio networks in Cloud Computing to propose a

methodology for cost-effectiveness with high network
bandwidth, and the focus in this paper is to find out how
effective CRN is in cloud computing.
The paper [53] analyzed the construction, deployment,
execution, configuration, and termination processes of Cloud
RAN and energy consummation.
The authors in [55] have studied Cache Management for
5G Cloud Radio Access Networks to propose two efficient
cache management algorithms for the Baseband Units pool in
CRAN to increase cache hits while reducing network traffic
incurred due to cache misses.
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V. CASE STUDY – ENERGY CONSUMPTION
ANALYSIS
As a case study, we will use Telecom of Kosovo, the biggest
Mobile Operator in Kosovo. Based on the analysis made in
TK, it is noticed that we have high-energy costs for all base
stations that are distributed throughout the territory of
Kosovo. As a sample for comparing energy costs, we have
taken 52 stations in 2G technology only, 52 stations in 2G/3G
technology, and 52 stations in 2G/3G and 4G technologies.
The energy expenses are presented in KWH. The graph in
Figure 5 shows that the highest costs are for BTSs with 2G,
3G, and 4G technology.
In order to reduce energy costs that directly affect OPEX, it
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is intended that TK will switch to new technologies that
support Cloud in the RAN part. Based on many scientific
papers that have been analyzed, it turns out that saving energy
is a challenge for all mobile operators. Therefore, Operators
are constantly looking for solutions. According to the paper
[56], we can see if the traditional RAN is switched to C-RAN,
the energy costs will be reduced by 38%. These energy costs
are quite high, so Operators are strongly encouraged to use
technologies that consume as little energy as possible. The
graph in Figure 6 shows the energy costs in C-RAN
technology, 38% lower.
Using C-RAN technology, Operators can reduce OPEX by
saving energy, but they also have the opportunity to load
sharing. If BBU virtualization is used in the BBU pool [57],
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this will have two significant benefits; load sharing and
energy cost reduction up to 75%. Telecom of Kosovo has nine
BBUs implemented. If the virtualization of these BBUs were
implemented, we would not have loads in BBU since the
BBUs that are loaded at the minimum level will go in sleep
mode, whereas only the loaded BBUs will be active. In this
case, the TK would have additional energy savings, which
does not happen with a traditional RAN network.
The graphs depicted in Figures 5 and 6 show traditional
RAN equipment's energy costs and compare these costs with
C-RAN and C-RAN Virtualization. As can be seen from the
graph, C-RAN virtualization solves many load distribution
and energy-saving problems.
The energy consumption will be reduced significantly by
deploying C-RAN and V-CRAN, shown in figures 5 and 6.
In TK, around 75% of the CAPEX is spent on RAN;
therefore, it is imperative to reduce OPEX and CAPEX costs.
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VI. CONCLUSION AND RECOMMENDATIONS
This paper has analyzed the C-RAN technology for Next
Generation Mobile Networks, including the opportunities and
practical implementation benefits.
First, we have studied C-RAN and V CRAN's possible
architectures and implementation benefits. In addition, we
studied the newest literature in the field. According to the
related work analysis, none of the studied papers includes the
analysis for the entire range of parameters regarding the
CRAN.
As a case study, we used TK to analyze energy
consumption. C-RAN and V-CRAN implementation offer a
reduction of power consumption since the number of BBUs
in a C-RAN is reduced significantly compared to a traditional
RAN. In addition, when there are lower traffic periods, some
BBUs will be switched off without affecting overall network
coverage and performance. On the other hand, civil works on
sites can be reduced by putting all the equipment in a single
central room. The single central room has a significant impact
on additional OPEX savings.
Therefore, the implementation of CRAN technology for
mobile operators should be carefully considered since it can
reduce operational costs and energy consumption.
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