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Abstract – One of the major problems the telecommunication industry faces in providing connectivity to the unconnected,
particularly in rural and remote areas, is the lack of infrastructure in these areas. Indeed, deploying a network in an isolated
area can be more expensive for an operator than in an urban area, while the return on investment is not possible. This is the
primary cause of the coverage divide. To remedy this, in this work, we propose a techno‑economic analysis of infrastructure
sharing. First, we develop a mathematical model of the overall cost of extending a mobile network in rural areas. Differ‑
ent scenarios involving infrastructure sharing at varying levels of deployment are then presented. Then, using the models
proposed in each scenario, we make a case study to deduce the most economically advantageous scenario for operators to
extend their networks to remote areas. This case involves the sharing of passive infrastructure and also the sharing of active
resources in a cloud‑RAN. Based on the proposed model, our simulation results show that while passive sharing is bene icial,
active sharing using cloud‑RAN as technology increases this bene it. This work also indicates and highlights the technical
constraints to be respected in the sharing for this scenario.
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1. INTRODUCTION

Around the world, the number of Internet users is in‑ 
creasing. New services, innovative applications, unique 
opportunities are offered through the Internet. But the 
digital divide still exists. The digital divide is de ined 
as the separation between those who are connected and 
have access to services and those who are not. Accord‑ 
ing to Global System for Mobile Communications Associ‑ 
ation (GSMA) reports, 46 percent of the world’s popula‑ 
tion is still affected by the digital divide [1]. Typically, 
these populations are those living in poor, isolated and 
rural areas [2]. Indeed, one of the main causes of the dig‑ 
ital divide is the lack of infrastructure in the regions. The 
direct consequence of the lack of infrastructure in the ar‑ 
eas is mobile telephony, a high cost of deployment for the 
operators. For example, to extend a mobile network, a 
cell tower can, on average, costs between $150,000 and
$250,000, base station equipment (baseband processors, 
transceivers, power supplies, ampli iers, etc.) between
$20,000 and $50,000, installation of the equipment an‑ 
other $25,000, and $5,000 for interconnection to the core 
network [3]. So, it is a relatively expensive investment. 
However, if many operators can share the costly elements, 
this could result in substantial savings that can be used to 
extend the network in areas not covered [4]. This is why 
in the GSMA and International Telecommunication Union 
(ITU) recommendations for bridging the digital divide, 
the association suggests infrastructure sharing by opera‑ 
tors [5, 6]. Infrastructure sharing is a topic that is increas‑ 
ingly discussed in the literature, and its many bene its are 
of particular interest in the context of the extension 
and deployment of the latest generation of mobile

networks [7, 8, 9]. In this paper, the purpose is to set 
up a mathematical model of infrastructure sharing by 
operators in the sense of universal access to techno-
logies. Several scenarios are analysed to determine the 
most advantageous model for reducing the digital divide 
in rural areas. To do this, we started from existing sharing 
techniques and built scenarios using combinatorial 
methods. We irst propose mathematical models to 
calculate the Total Cost of Ownership (TCO) to measure 
the bene its of infrastructure sharing, to carry out a 
comparative analysis of the scenarios to suggest the best 
alternative from a inancial point of view. To do this, we 
started from the following research questions:
• What are the existing infrastructure sharing mecha‑
nisms?
• How do operators adopt these mechanisms?
•Which technologies can facilitate infrastructure sharing
as a whole?
• What is the most suitable sharing scenario for poor and
isolated rural areas to accelerate bridging of the digital di‑
vide?
To answer these questions, the rest of this paper is organ‑
ised as follows. First, we present a literature review of
different sharing techniques, technologies facilitating ac‑
tive sharing, cases of infrastructure sharing by operators,
bene its obtained andmathematicalmodels of sharing. In
a second step, we model the TCO cost of investment ac‑
cording to several de ined sharing scenarios. Then in the
last part, wemake a case study to examine these different
sharing techniques to deduce themost appropriate one to
connect poor and isolated rural areas.
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2. LITERATURE REVIEW

Infrastructure sharing in telecommunications refers to
using the infrastructure or resource bymore than one op‑
erator through an arrangement [9, 10]. It is a process
that offers many options. Sharing decisions range from
sites, towers to another network infrastructure such as
RAN and spectrum. According to the literature, there is
no standard for infrastructure sharing, but it is consid‑
ered a practical and promising solution for reducing de‑
ployment costs [4]. The main advantages of infrastruc‑
ture sharing are the cost bene its [11, 12]. But it is also
driven by the migration to new technologies and the de‑
ployment of mobile broadband [13]. Infrastructure shar‑
ing models are divided into two broad categories: active
and passive sharing.

2.1 The different infrastructure sharing tech‑
niques

Infrastructure sharing models are divided into two broad
categories: active and passive sharing.
Passive sharing: This is a simple sharingmodel that does
not present technical dif iculties.
Site sharing: This is the sharing of the geographical loca‑
tion of stations. In this case, all network components at
the site belong to the operators, respectively. This mode
essentially saves the cost of leasing or purchasing and the
cost of operating the territory. But the dif iculty in this
model is to ind a ixed location that suits everyone to de‑
ploy the site when it is a new site.
Tower sharing: In this form of sharing, the site is shared
by several operators, and the towers are also shared. Each
operator deploys its own equipment and has control over
it. The passive sharing agreement can be concluded be‑
tween two or more operators and include third‑party
companies [14] which are neutral hosts. A neutral host
refers to a telecommunication service provider interested
in creating additional revenues and sharing sites ormasts.
In these cases, costs can be signi icantly reduced when
several network operators or service providers share
physical assets and transport networks.
Sharing can be managed by the site owner, who acts as
a landowner for the operators who lease the site. The
owner may be an operator sharing the site or another
structure that provides the infrastructure.
Active sharing: Here, sharing extends to the electronic
components of the network and the radio spectrum. A
distinction is made between:
RAN sharing: The shared equipment includes BTS,
NodeB, BSC, RNC… and may extend to feeder cables and
antennas. But the transmission network and the core net‑
work are independent. Thus, this sharing mode allows
operators to control their cells in their core network and
have a separate operation [14].
Backhaul sharing: In addition to the RAN infrastructure,
operators may decide to share the transmission channel.
This is useful to extend their coveragemore quickly and to

focus on providing quality services to users. For backhaul
sharing, several scenarios can be considered: The back‑
haul can be deployed by a joint venture of the participat‑
ingmobile operators or a private entity would deploy and
operate the infrastructure and offer it to the operators in
a ”platform as a service” model [15].
Corenetwork sharing: Here, even theHomeLocationReg‑
ister (HLR), the billing platform and the value‑added sys‑
tem can be shared.
Active sharing in general and core network sharing is very
complicated to achieve, especially when the infrastruc‑
ture parties are competitors. Despite these bene its, in‑
frastructure sharing can be a source of imbalance and
market distortion and, if imposed from outside, can re‑
duce incentives to build new infrastructure and adopt
new technologies[10].
Several countries worldwide have approved passive in‑
frastructure sharing between operators, but some net‑
work operators show resistance to opt for sharing so far.
In [4], a survey on infrastructure sharing by operators
was conducted. The results showed that infrastructure
sharing among operators is de icient; mainly, site sharing
is the most adopted. However, a techno‑economic analy‑
sis of infrastructure sharing presented by [7] determined
that it is not theoretically green and viable for a mobile
network operator to own a tower alone in the case of de‑
ploying new technologies such as 5G; it could take more
than 10 years to get a return on investment.
In rural areas, the cost of operating and maintaining ru‑
ral sites grows exponentially with the remoteness of the
sites and the lack of adequate infrastructure to access the
sites [7]. But when network providers sell their towers,
the cost‑bene it ratio becomes more attractive [7, 10]. In
Madagascar, a country where two‑thirds of the popula‑
tion live in rural areas, the adoptionof passive sharing and
backhaul by allmobile operators according to open access
principles has enabled rapid, ef icient and cost‑effective
mobile network expansion in rural areas [10]. Despite the
technical and political dif iculties of implementing active
sharing, while passive sharing leads to signi icant savings,
active sharing to some extent can signi icantly increase
these savings especially when appropriate technology is
used for sharing.

2.2 Cloud‑RAN and network slicing as an ac‑
tive sharing option for bridging the digital
divide

The concept of cloud‑RAN refers to a radio access net‑
work in which BaseBand Units (BBUs) are centralized at
a geographical location such as a data center using cloud
computing and virtualization techniques. Remote Radio
Head (RRH) is deployed with antennas at the sites and is
connected to the BBU pool via a fronthaul link. The BBU
pool provides all baseband signal processing (transmis‑
sion, centralized resource allocation, joint user schedul‑
ing, low control data, etc.) in the cloud‑RAN. In con‑
trast, conventional base stations, which are replaced by
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low‑cost RRH, only provide low‑complexity transmission
and reception. Due to its low complexity functionality, its
size is smaller than that of conventional base stations and
can be easily installed [16]. The BBU pool is deployed on
hardware, i.e. multi‑core servers, and the baseband func‑
tions are software‑de ined and run as applications on the
servers [17].
The capacity of the cloud is de ined by the number of
BBUshostedon the servers. TheBBUpools canbe stacked
without a direct link or interconnected in such a way
as to share resources and functionality according to de‑
mand from the RRH. Therefore, if n is the number of BBUs
hosted in the cloud, it is possible to perform baseband
processing of m RRH. In the case of rural areas, it can be
seen that when a network is traditionally deployed, the
traf ic is low; the network is under exploited because of
the low population density. As a result, m can become
very large compared to n. The cloud‑RAN also allows
the coexistence of several technologies. This will be very
important to offer voice telephony services with 2G in‑
frastructure, for example, and broadband with 4G to sev‑
eral cells simultaneously. Thus, pooling the resources de‑
ployed and sharing these resources in the cloud can ben‑
e it the operators and enable the ef icient and optimal
use of the deployed resources. In [18], it was shown that
the more cells or base stations that use a cloud‑RAN, the
lower the overall CAPEX deployment cost and TCO per
site. And the faster the return on investment in the par‑
ticular case of rural areas. Thus, by opting for joint con‑
struction of a cloud‑RAN inwhich several operators share
the infrastructure, it accelerated the reduction of the dig‑
ital bill.
On the other hand, a new paradigm brought about by 5G
nowmakes it possible to consider sharing in the network
according to several services: network slicing. The net‑
work slicing consists of using virtualization, i.e. Software
De inedNetwork (SDN) andNetworkFunctionVirtualiza‑
tion (NFV), to partition and optimize resource manage‑
ment by creating slices. The network slice is a logical net‑
work that can be technically deployed in all ixed andmo‑
bile networks [19].
Network slicing allows for different performances asso‑
ciated with each slice and allocates dedicated resources
per type of usage. Each network slice, therefore, corre‑
sponds to a speci ic use different from the other slices.
The network slice can be considered as a real catalyst for
services. It can be created, modi ied and deleted using
network management functions [20]. In particular, net‑
work slicing as a form of resource sharing in the RAN is
a mechanism that allows the sharing of a single network
infrastructure between several operators, where each op‑
erator provides its functionality and services.
Different sharing techniques can lead to signi icant sav‑
ings. However, the most important thing is to ind an
optimal model for sharing, especially in a context where
the return on investment is not obvious, such as in ru‑
ral, poor and remote areas. In the literature, different ap‑
proaches and models have been proposed to assess the

contribution of sharing techniques. [14], different sce‑
narios of infrastructure sharing models are explored to
build a mathematical model to analyze the bene its and
costs of infrastructure sharing in China. Vanessa Vascon‑
cellos et al. also proposed a mathematical model to cal‑
culate the bene its of infrastructure sharing between op‑
erators and neutral hosts in 5G based on cost evaluation
[8]. This study aims to set up a framework based on the
comparison with other sharing strategies, suggesting the
best alternative from a cost point of view. Using urban
environments with very high population density as a case
study inwhich several actors sharepassive infrastructure,
preliminary results have shown that sharing with a neu‑
tral host can increase savings compared to other passive
sharing strategies. Based on game theory, Adrian Kliks
[21] found that operators can achieve substantial inan‑
cial savings by avoiding new site construction costs at
overlapping sites, consolidating existing sites, and reduc‑
ing lease, maintenance and transmission costs.
In Joseph [3] an extensive analysis of infrastructure shar‑
ing and a model to be developed to analyze the cost and
bene its of tower sharing in Ghana. The results obtained
from data sources support the propositions of the liter‑
ature review that infrastructure sharing provides opera‑
tors with a wide range of bene its and savings. On aver‑
age, about 44.61% of capital can be saved if the eight tele‑
com operators in the country share a tower. In [9], the
authors propose a model for infrastructure sharing and
found that sharing can save between 30 and 40 percent
of CAPEX and OPEX expenses. Also, [22] has developed a
model for backhaul sharing using different technologies.
However, to better appreciate the bene its of sharing, a
complete model that considers all the modules for net‑
work extension is required. Also, in the various stud‑
ies, the modelling is done for passive sharing in the RAN.
The study cases are generally for densely populated ar‑
easwhere the network capacity implemented on the sites
is fully utilized. Although we have a signi icant amount
of modelling, the authors do not consider infrastructure
sharing an application framework for universal ICT ac‑
cess or removing the digital bill. Therefore, in this study,
we model passive and active infrastructure sharing and
network resource sharing to eliminate the rural digital di‑
vide.

3. INFRASTRUCTURE SHARING MODEL
This section presents a modelling approach for infras‑
tructure sharing solutions in mobile network extension
in rural areas. This modelling calculates the total in‑
vestment cost resulting from infrastructure deployment
according to the sharing approach. For this purpose, we
use the OPEX and CAPEX cuts to determine the TCO.
The irst step of our framework consists of a total net‑
work deployment cost model in the standard case as
presented in Fig.1.
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Scenario 1: Standard case

Fig. 1 – Standard case of network extension

In this case, for network extension, the total cost of own‑
ership for each operator is given by:

𝑇 𝐶𝑂 = 𝑇 𝐶𝑂𝑅𝐴𝑁 + 𝑇 𝐶𝑂𝑏𝑎𝑐𝑘ℎ𝑎𝑢𝑙 (1)

TCO : Total Cost of Ownership for network
𝑇 𝐶𝑂𝑅𝐴𝑁 : Total Cost of Ownership for RAN
𝑇 𝐶𝑂𝑏𝑎𝑐𝑘ℎ𝑎𝑢𝑙 : Total Cost of Ownership for backhaul

𝑇 𝐶𝑂𝑅𝐴𝑁 = 𝐶𝐶𝑎𝑝 𝑅𝐴𝑁 + 𝐶𝑜𝑝 𝑅𝐴𝑁 + 𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒 (2)

𝐶𝐶𝑎𝑝 𝑅𝐴𝑁 : CAPEX cost of RAN
𝐶𝑜𝑝 𝑅𝐴𝑁 : OPEX cost of RAN
𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒: cost of the diffusion spectrum in the RAN
Firstly, the cost of the spectrum 𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒 is neglected be‑
cause it is assumed that the operatorwishing to extend its
network has at least a national licence to broadcast in the
RAN.
Secondly, for the CAPEX, we consider the cost of the site,
the cost of the tower, the cost of the base station itself and
the cost of the electrical infrastructure.

𝐶𝐶𝑎𝑝 𝑅𝐴𝑁 = 𝐶𝑠𝑖𝑡𝑒 + 𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵 + 𝐶𝑒𝑛𝑒𝑟𝑔𝑦 (3)

With
𝐶𝑠𝑖𝑡𝑒 : CAPEX of a site
𝐶𝑝𝑦𝑙𝑜𝑛 : CAPEX of a pylon
𝐶𝑒𝑁𝑜𝑑𝑒𝐵 : CAPEX of a base station
𝐶𝑒𝑛𝑒𝑟𝑔𝑦: CAPEX of energy
In fact, in one year, the OPEX cost related to the infras‑
tructure (except energy equipment) can be estimated at
a percentage 𝛼 and, depending on the year, there is a re‑
duction of the OPEX investment by a coef icient r due to
the knowledge andmastery of the deployed system. Also,
the energy OPEX is equal to a percentage 𝛽 of the energy
CAPEX [23]. Thus, integrating these elements, we obtain:
For the irst year:

𝐶𝑜𝑝 1 = 𝛼.(𝐶𝑠𝑖𝑡𝑒 + 𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵) + 𝛽.𝐶𝑒𝑛𝑒𝑟𝑔𝑦 (4)

Let be: 𝐶𝑜1 = 𝛼.(𝐶𝑠𝑖𝑡𝑒 + 𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵)
After this year,

𝐶𝑜2 = (1 − 𝑟).𝐶𝑜 1
𝐶𝑜3 = (1 − 𝑟).𝐶𝑜 2 = (1 − 𝑟)2.𝐶𝑜 1
𝐶𝑜𝑘 = (1 − 𝑟).𝐶𝑜 𝑘−1 = (1 − 𝑟)𝑘−1.𝐶𝑜 1

(5)

The OPEX cost in T year given:

𝐶𝑜𝑝 𝑇 = 𝛼
𝑇

∑
𝑘=1

(1 − 𝑟)𝑘−1(𝐶𝑠𝑖𝑡𝑒 + 𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵) + 𝛽.𝑇 .𝐶𝑒𝑛𝑒𝑟𝑔𝑦

(6)

The TCO of the RAN gives:

𝑇 𝐶𝑂𝑅𝐴𝑁 = (𝐶𝑠𝑖𝑡𝑒 + 𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵)(1 + 𝛼
𝑇

∑
𝑘=1

(1 − 𝑟)𝑘−1)+

(1 + 𝛽.𝑇 )𝐶𝑒𝑛𝑒𝑟𝑔𝑦
(7)

For the backhaul, we have:

𝑇 𝐶𝑂𝑏𝑎𝑐𝑘ℎ𝑎𝑢𝑙 = 𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 + 𝐶𝑜𝑝 𝑙𝑖𝑛𝑘 𝑇 + 𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒 (8)

𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒 : Annual cost of spectrum
𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 : CAPEX cost of transmitter‑receiver equipment
𝐶𝑜𝑝 𝑙𝑖𝑛𝑘 𝑇 : OPEX cost of transmitter‑receiver equipment.
By considering that the OPEX cost of the link is equal to
a percentage ω of the CAPEX cost and that according to
the time one notes a reduction of the cost of a coef icient
r’ one obtains the TCO backhaul cost which is given by:

𝑇 𝐶𝑂𝑏𝑎𝑐𝑘ℎ𝑎𝑢𝑙 = 𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒 + 𝜔
𝑇

∑
𝑘=1

(1 − 𝑟′)𝑘−1)𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘

𝑇 𝐶𝑂𝑏𝑎𝑐𝑘ℎ𝑎𝑢𝑙 = (1 + 𝜔
𝑇

∑
𝑘=1

(1 − 𝑟′)𝑘−1)𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒

(9)

𝑇 𝐶𝑂 = (𝐶𝑠𝑖𝑡𝑒 + 𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵)(1 + 𝛼
𝑇

∑
𝑘=1

(1 − 𝑟)𝑘−1)+

(1 + 𝛽.𝑇 )𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + (1 + 𝜔
𝑇

∑
𝑘=1

(1 − 𝑟′)𝑘−1)𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒

(10)

For n site, we have:

𝑇 𝐶𝑂(𝑛) = 𝑛(𝐶𝑠𝑖𝑡𝑒 + 𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵)(1 + 𝛼
𝑇

∑
𝑘=1

(1 − 𝑟)𝑘−1)+

(1 + 𝜔
𝑇

∑
𝑘=1

(1 − 𝑟′)𝑘−1)𝑛.𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 + (1 + 𝛽.𝑇 )𝑛.𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒

(11)

The next step is to calculate the cost according to different
sharing scenarios of interest in the context of rural areas.
In these scenarios, we consider sharing the infrastructure
by m operators and deploying n shared sites.

Scenario 2: Site sharing

In this case, the TCO formula becomes:

𝑇 𝐶𝑂(𝑛) = 𝑛(( 1
𝑚)𝐶𝑠𝑖𝑡𝑒 + 𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵)(1 + 𝛼

𝑇
∑
𝑘=1

(1 − 𝑟)𝑘−1)+

(1 + 𝜔
𝑇

∑
𝑘=1

(1 − 𝑟′)𝑘−1)𝑛.𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 + (1 + 𝛽.𝑇 )𝑛.𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒

(12)
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Fig. 2 – Site sharing by operators

Scenario 3: Pylon sharing
Let us now consider, in addition to site sharing, tower
sharing at each site.

Fig. 3 – Sites and pylon sharing by operators

𝑇 𝐶𝑂(𝑛) = 𝑛(( 1
𝑚)𝐶𝑠𝑖𝑡𝑒 + ( 1

𝑚)𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵)(1 + 𝛼
𝑇

∑
𝑘=1

(1 − 𝑟)𝑘−1)+

(1 + 𝜔
𝑇

∑
𝑘=1

(1 − 𝑟′)𝑘−1)𝑛.𝐶𝑐𝑎𝑝,𝑙𝑖𝑛𝑘 + (1 + 𝛽.𝑇 )𝑛.𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒

(13)

Scenario 4: Backhaul sharing
Let us now consider a scenario where operators join
forces to build a common backhaul such as ibre or High‑
Altitude Platform Systems (HAPS) to go together to un‑
served areas. The operators share the CAPEX and OPEX
costs. So the bandwidth of the platform is divided be‑
tween the operators for their personal use. The transmis‑
sion infrastructure to be deployed will carry the various
signals to and from the sites using appropriate multiplex‑
ing techniques.

Fig. 4 – Backhaul sharing

𝑇 𝐶𝑂(𝑛) = 𝑛(( 1
𝑚)𝐶𝑠𝑖𝑡𝑒 + ( 1

𝑚)𝐶𝑝𝑦𝑙𝑜𝑛 + 𝐶𝑒𝑁𝑜𝑑𝑒𝐵)(1 + 𝛼
𝑇

∑
𝑘=1

(1 − 𝑟)𝑘−1)+

(1 + 𝜔
𝑇

∑
𝑘=1

(1 − 𝑟′)𝑘−1)𝑛.( 1
𝑚).𝐶𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 + (1 + 𝛽.𝑇 )𝑛.𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒

(14)

Scenario 5: Cloud‑RAN
Finally, let’s consider the scenario where operators join
forces to build a cloud and a dedicated front‑end link in
which sites and masts are shared.
In [18], it is shown that, in a standard case, C‑RAN is not
more bene icial than traditional RAN in the context of ru‑
ral areas. However, with the underutilization of resources
and the possibility that C‑RANoffers to share the resource
in the BBU pool, C‑RAN becomes bene icial when doing a
massive deployment. This is what justi ies the choice to
use a shared C‑RAN.

Fig. 5 – Cloud‑RAN sharing

In this scenario, another entity is added to the network;
it is the fronthaul with a cost model similar to that of the
backhaul. Considering that the cost of an eNodeB is the
sumof the cost of aBBUand that, as shown in [24] , thanks
to the cloud, we have a gain in global energy expenditure,
we have :

𝑇 𝐶𝑂(𝑛) = (( 𝑛
𝑚)𝐶𝑠𝑖𝑡𝑒 + ( 𝑛

𝑚)𝐶𝑝𝑦𝑙𝑜𝑛 + 𝑛′.𝐶𝐵𝐵𝑈 + 𝑛.𝐶𝑅𝑅𝐻)

(1 + 𝛼
𝑇

∑
𝑘=1

(1 − 𝑟)𝑘−1) + (1 + 𝜔′
𝑇

∑
𝑘=1

(1 − 𝑟″)𝑘−1)

𝑛.( 1
𝑚).𝐶𝑐𝑎𝑝 𝑓𝑟𝑜𝑛𝑡ℎ𝑎𝑢𝑙 + (1 + 𝛽.𝑇 )𝑛.Δ.𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒 + 𝐶𝑠𝑢𝑝

(15)

𝐶𝑐𝑎𝑝 𝑓𝑟𝑜𝑛𝑡ℎ𝑎𝑢𝑙: CAPEX cost of transmitter‑receiver equip‑
ment on fronthaul link
𝐶𝑠𝑢𝑝 : the additional cost generated by the cloud.
Δ : the coef icient that is induced by the energy gain
n’: is number of BBUs
In rural areas, the traf ic used in the cells is generally very
low. Centralization of the BBU can allow ef icient use of
the resource in that, one BBU can support the traf ic of
several RRH through virtualization. Also, half of a BTS site
can be used for one RRH site. Let x be the number of RRHs
using the resource equivalent of one physical BBU.
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𝑇 𝐶𝑂(𝑛) = (( 𝑛
𝑚)𝐶𝑠𝑖𝑡𝑒 + ( 𝑛

𝑚)𝐶𝑝𝑦𝑙𝑜𝑛 + (𝑛
𝑥).𝐶𝐵𝐵𝑈 + 𝑛.𝐶𝑅𝑅𝐻)

(1 + 𝛼
𝑇

∑
𝑘=1

(1 − 𝑟)𝑘−1) + (1 + 𝜔′
𝑇

∑
𝑘=1

(1 − 𝑟″)𝑘−1)

𝑛.( 1
𝑚).𝐶𝑐𝑎𝑝 𝑓𝑟𝑜𝑛𝑡ℎ𝑎𝑢𝑙 + (1 + 𝛽.𝑇 )𝑛.Δ.𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + 𝑇 .𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒 + 𝐶𝑠𝑢𝑝

(16)

Although this scenario allows for asset sharing, it should
be noted that the centralisation of BBU presents certain
challenges, one of the main ones being the fronthaul
requirements. Indeed, this link’s time budget or allow‑
able latency is 1 ms and 2 ms for the downlink and
uplink, respectively [17]. Because of this constraint,
many studies propose ibre deployment for the fronthaul
[25, 26]. However, in the context of remote areas, this
is not appropriate for several reasons. These areas are
sometimes challenging to access, and ibre deployment is
costly for these areas.
The limitation that can be observed in the latter scenario
is that active resource sharing induces additional latency
in the network. The latency is the time for a packet to
leave point A to point B. Several elements cause this time:
we distinguish the latency related to the processing at
each link node and the latency associated with the prop‑
agation. This is because sharing processing resources
results in additional latency, a source of inef iciency or
performance degradation [27]. Also, the latency/jitter
introduced by the fronthaul link is also a signi icant
limitation for future C‑RAN‑based wireless systems [28].

Table 1 – Characteristics of mobile network technologies

Technologies Bandwidth Modulation Theoretical
through‑
put

Latency
in ms

2.75 G
:EDGE

200Khz 16 et
32QAM

384kb/s 150

3 G : UMTS 5 Mhz 16QAM 1.9Mb/s 100
3.5 G : HS‑
DPA

5 Mhz 64QAM 14.4 Mb/s 50

3.9 G : LTE 1.4 Mhz‑
20Mhz

256 QAM/
OFDM

326 Mb/s 10

4 G : LTE‑A 1.4 Mhz‑
20Mhz

256 QAM
OFDM
MIMO

1Gb/s 5

5 G 1.25 Mhz‑
20Mhz

256 QAM
No OFDM

10Gb/s 1

When leaving a mobile network evolution for another
one, several changes are made, notably in the control
plane, to reduce processing latency. Also, evolving amod‑
ulation order and increasing the bandwidth allows for in‑
creasing the throughput in the network. In general, de‑
pending on themobile network generation, there is an al‑
lowable latency that should not be exceeded and a theo‑
retical bit throughput associated with it. For example, in
EDGE, the latency is 150 milliseconds (ms) for a theoret‑
ical bit throughput of 384 kilobits per second (kb/s), and

in LTE, the latency is 10 ms for a theoretical bit through‑
put of 326megabits per second (Mb/s). Table 1 presents
the characteristics of different mobile network evolution.

Fig. 6 – Variation of latency as a function of symbol throughput accord‑ 
ing to different mobile network evolution.

When we look at how the latency evolves from one evo‑ 
lution to another depending on the symbol throughput in 
the network, we get the points in Fig.6.
These different points can be used to approximate theo‑ 
retically the latency and the symbol rate by a power func‑ 
tion de ined by the function in Fig.6.
These different points can be used to theoretically ap‑ 
proximate the latency and the symbol throughput by a 
function de ined by: 𝐿 = 3161, 3𝑑𝑠𝑦𝑚−0.588 with a sta‑ 
tistical measure of the closeness of the data to the itted 
regression line evaluated at 𝑅2 = 92.14%.
L is the latency in the network in millisecond (ms), 𝑑𝑠𝑦𝑚 
is the symbol throughput in megasymbol per millisecond 
(Msym/ms).
The symbol throughput being obtained by dividing the bit 
throughput by the modulation order.
This formula can be considered an approximation of 
how latency evolves in a mobile network due to sym‑ 
bol throughput variation. This means that theoretically 
when we vary the data rate in the operator’s network, 
we have a parallel in luence on the latency. However, in 
a cloud‑RAN, the direct consequence of sharing the ac‑ 
tive resource as a BBU is sharing the operator’s dedicated 
throughput. This throughput is limited in the case of re‑ 
source load sharing. This implies an additional latency 
on top of the latency in the network. On the other hand, 
the centralized BBU adds to the front‑end network, which 
can also in luence the latency. Indeed, suppose the signal 
propagation speed 𝑉 = 𝐷/𝑇 𝑝, depending on the operat‑ 
ing distance between the cloud and the BBU or the trans‑ 
mission medium used. In that case, there will also be an 
additional time added in terms of latency in the network. 
V is the propagation speed  of  the  signal,  D  is  the  path 
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distance of the signal on the fronthaul link depending on 
the type of technology used and the network topology.
If in the standard case, the throughput is dsym, and the 
cloud, the processing unit in the cloud takes care of pro‑ 
cessing of x RRH, the additional latency in the network is 
given by:

𝐿𝑎𝑑𝑑 = 3161, 3( 𝑑𝑠𝑦𝑚
𝑥 )−0,588 − 3161, 3𝑑𝑠𝑦𝑚−0,588 + 𝐷

𝑉
𝐿𝑎𝑑𝑑 = 3161, 3𝑑𝑠𝑦𝑚−0,588(𝑥0,588 − 1) + 𝐷

𝑉
(17)

𝐿𝑎𝑑𝑑 : additional latency that this scenario induces in the 
network.
D in metre (m) and V in metre per millisecond (m/ms). 
In sum, in scenario 5, this latency constraint must be 
taken into account by minimizing 𝐿𝑎𝑑𝑑 .

4. CASE STUDY AND RESULT
The third and inal step is to determine the most appropri‑ 
ate sharing case for rural areas. For this, we will proceed 
by applying the different models proposed above to a case 
study of deployment in rural areas.
These costs are chosen by considering the approximate 
cost of the equipment at the time of purchase. These are 
indicative values that may vary from one manufacturer to 
another. Also the parameters used can change from one 
region to another. It is considered in [29, 6] that, in a 
transmission system or a radio access network, the OPEX 
cost represents 5% of the CAPEX cost and on the other 
hand, that the OPEX cost in energy represents 25% of the 
CAPEX in energy. [30] has shown that we can have a bene‑ 
it of more than 2/3 of the energy consumption by switch‑ 
ing from traditional RAN to cloud‑RAN. As a result, for our 
application case, we use the parameters presented in 
Table 2.

Table 2 – Characteristics of mobile network technologies

Parameters Values
n 50
m 3
x 4

𝐶𝑒𝑁𝑜𝑑𝑒𝐵 $3000
𝐶𝐵𝐵𝑈 $2000
𝐶𝑅𝑅𝐻 $1000
𝐶𝑠𝑖𝑡𝑒 $40000

𝐶𝑝𝑦𝑙𝑜𝑛 $150000
𝐶𝑒𝑛𝑒𝑟𝑔𝑦 $30000

𝐶𝑐𝑎𝑝𝑐𝑎𝑝 𝑙𝑖𝑛𝑘 $400000
𝐶𝑐𝑎𝑝 𝑓𝑟𝑜𝑛𝑡ℎ𝑎𝑢𝑙 $400000

𝐶𝑠𝑢𝑝 $100000
𝐶𝑠𝑝𝑒𝑐𝑡𝑟𝑒 $200000

𝛼 = 𝜔 = 𝜔′ 0.05
𝛽 0.25
Δ 0.66

r=r’=r” 0.05

Fig.7 shows the evolution of the TCO over 50 sites as a
function of time for each scenario.

Fig. 7 – TCO over 50 sites

FromFig.7wecan see that,whatever the sharing scenario,
there is a reduction in TCO costs compared to the stan‑
dard case de ined by scenario 1. The sharing of pillars
and sites (scenario3) between the three operators signif‑
icantly impacts the TCO. In line with the results of Ovase
Karim et al. [9]. This case study shows that site and tower
sharing between several operators generate CAPEX cost
bene its ofmore than 40 percent. However, whenwe look
at the scenarios integrating active sharing (scenarios 4
and 5), we see that the impact is even more signi icant
and the bene its higher. The curve analysis allows us to
say that the bene its are very signi icant, especially with
scenario 5, where the site, the pylon, and a cloud‑RAN are
shared. Therefore, this scenario presents itself in our sim‑
ulation as the best advantage from an economic point of
view.
However, as mentioned above, sharing active resources
through this scenario can have consequences on the net‑
work’s performance, especially on latency. To see to what
extent this scenario can be considered technically appli‑
cable, we will test the impact of sharing in this scenario.
Fig.8 shows the evolution of the additional latency in a cell
when it shares the resource or its traf ic through several
cells and as a function of the distance separating it from
the radio site of the BBU in the cloud. In this simulation,
we consider that the radio frequency signal is transmit‑
ted at a frequency that allows it to propagate at a speed of
3.108 m/s. Microwave, satellite or HAPS can therefore be
considered. This is what makes that after simulation; we
discuss the values of latency according to the technologies
and those acceptable for the system. We notice that as
thenumberofRRHs sharing the active resource increases,
the additional latency in each cell increases similarly. We
see that, in reality, it is the sharing of the resource that in‑
creases the latency. For a D=0 km, depending on whether
the number of RRHs varies from 1 to 6, the latency runs
from0 to9ms. Also, as the frontier distance increases, the
additional latency increases to 10ms over 300km if x=6.
In our speci ic application case of scenario 5, x=4, which
means that the resource equivalent of one BBU is shared
between about four RRHs.
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Fig. 8 –Latency evolution as a functionof thenumberofRRHs supported
by BBU resource and fronthaul distance

When the distance evolves the 100km with each BBU
shared between several RRHs, the latency time added in
the network is from 6 ms to 6.4 ms. Indeed, in the spe‑
ci ic case of the rural and isolated areas, the techniques
in fronthaul usable are the microwave, the high‑altitude
platform system, and the satellite because of the dif iculty
of access. For the microwave, knowing that it is a ter‑
restrial link, we can say that the latency introduced will
be about 6.4ms if we stay within 100Km of the fronthaul.
For the high‑altitude platform system, given that they are
generally located between 18 and 20Km from the ground
[15], the latency introduced into the network will then be
of the order of 6,2ms for the round trip time. In summary,
active infrastructure sharing, even if dif icult to achieve,
is possible with the cloud‑RAN. This option is, from an
economic point of view, the best in the different scenar‑
ios presented. Fig. 7 shows that as the level of sharing
increases, the cost of deployment decreases, and Fig. 8
shows that sharing can lead to signi icant additional la‑
tency in the network, which can have consequences on
performance. Indeed, to reduce the deployment cost sig‑
ni icantly, an operator can share more of its active infras‑
tructure. When we are interested in quantifying the re‑
lationship between the network deployment cost and the
additional latency in the speci ic case of the selected sce‑
nario 5, we obtain the curve in Fig. 9. In our fronthaul
simulation, we have considered a transmission by HAPS,
which imposes a round trip of about 40km. We vary the
number of operators sharing the infrastructure to deter‑
mine the deployment cost per site and calculate the cor‑
responding additional latency value in each case. This ig‑
ure shows that the deployment cost can be considerably
reduced thanks to sharing; however, the network perfor‑
mance can decrease signi icantly by prioritizing the cost
reduction. It will then be necessary to ind a good com‑
promise between cost and performance. The additional
latency introduced by the centralisation of BBU is signi i‑
cant, especially for technologies such as 4G and 5G. How‑
ever, it will give a considerable boost to bridging the digi‑
tal divide. Therefore, it must be allowed by primary legis‑
lation, encouraged by regulators voluntarily and adopted

by operators to provide services.

Fig. 9 – Evolution of latency as a function of deployment cost per site

5. CONCLUSION
In this paper, we focus on the evaluation of different in‑
frastructure sharing techniques in mobile networks. For
this purpose, we model the total investment cost for mo‑
bile network extension in different scenarios. The objec‑
tive is to ind themost advantageous scenario for connect‑
ing the unconnected and eliminating the digital divide.
The main contributions of this paper are the formulation
of amathematical costmodel for each infrastructure shar‑
ing technique, the proposal of an optimal sharing model,
and the application of these models in the context and re‑
alities of rural, poor and isolated areas. The presented
scenarios combine several infrastructure sharing tech‑
niques and propose a large‑scale deployment involving
several operators for a fast, ef icient and cost‑effective ex‑
tension of ICT in general andmobile telephony andbroad‑
band, particularly in remote areas. After demonstrating
the bene its of these scenarios, we show the constraints
that must be respected to limit the impact on network
performance using latency as a parameter. The main lim‑
itation of this work is the consideration of network per‑
formance indicators such as KPI and the feasibility and
sizing of the network in a real environment. The other
limitation of this paper is that it does not take into account
spectrumsharing. The latter being a scarce and expensive
resource, our future work will focus on this point more
precisely by considering that white space is important in
these regions. As a follow‑up to this study, we are also
undertaking ield studies to evaluate the implementation
of the chosen scenario to suppress the digital gap in two
developing countries.
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