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ABSTRACT Globalization, digitalization, and urbanization are progressing at a fast pace in cities and regions
across the world. New technologies and innovations typically reach urban regions first, where Return on
Investment (ROI) tends to be higher than in remote or rural areas, which are characterized by low population
densities, low potential revenues, and large distances to urban clusters and societal service. This process
has consistently increased the digital urban-rural gap. As an example, the Fifth Generation of Mobile
Network (5G) has recently started to be rolled out, starting in the cities. Many challenges remain to bring
broadband connectivity to the rural and remote regions. Particularly in Brazil, there is still a big digital
gap between urban and rural areas. Urban areas have an internet penetration of around 65% while the rural
figure is at just 34%. There are also important differences concerning the geographical location in the country.
The North and Northeast regions of Brazil have lower internet penetration than the South, Southeast, and
Center. In this paper, we present opportunities for connecting the unconnected in Brazil by defining a new
alternative and scalable business model to deploy networks in ultra-low density areas. We present an analysis
of show stoppers, rural opportunity sizing, business case, including deployment model for a 5G network,
costs incurred, and generated revenues. A central element to bring scalability and sustainability into the
business model for rural connectivity is the association between a Mobile Network Operator (MNO) and
Rural Mobile Infrastructure Operator (RMIO), in which RMIOs run their network on a slice of a network
that is connected to incumbent operators. Profit and Loss (P&L) analysis shows that a fair split of the value
generated between the MNO and RMIO can be achieved.

INDEX TERMS 5G, remote areas mobile network, business model.

I. INTRODUCTION
The Fifth Generation of Mobile Network (5G) has been
heavily researched during the last years to support all
applications and requirements foreseen for the future mobile
technologies [1]. According to the International Telecommu-
nication Union (ITU) nomenclature for IMT-2020 [2], 5G
targets three main use case families with distinct connectivity
requirements: enhancedMobile Broadband (eMBB), massive
Machine Type Communications (mMTC), andUltra-Reliable
Low-Latency Communications (URLLC).

The eMBB addresses human-centric use cases such as
mobile telephony and media delivery, enabling large volumes
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of data transfer and extreme data rates [3]. The mMTC
and URLLC target machine-centric use cases. The focus of
mMTC is on providing connectivity to a massive number
of low complexity power-limited devices that infrequently
send or receive small volumes of data [4]. Internet of Things
(IoT) applications are the main targets of this use case. The
URLLC presents stringent requirements on reliability and
latency and will allow several new applications to run over
mobile networks (e.g., mission-critical applications, factory
automation, real-time control of real and virtual objects,
etc.) [5]. In reality, the division among the three use case
families has been made to particularly ease the understanding
of the requirements. However, 5G is targeted to support a
plethora of services and applications that can have hybrid
requirements from one, two, or three use case families.
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Due to its high flexibility in providing new services
and applications, the adoption of the 5G technology shows
promise as a means of offering Internet services for uncon-
nected remote/rural residents, which is a significant market
opportunity considering that almost 50% of the world’s pop-
ulation (around 3.9 billion people) is not connected to the
Internet [6]. 5G can be exploited to support rural services for
entertainment, education, social media, and many IoT appli-
cations (e.g. in agribusiness, logistics, road service, mining,
and environment, cattle, and disaster monitoring). However,
offering Internet services for this market segment presents
several challenges, mainly from the Mobile Network Oper-
ator (MNO) perspective. There are various reasons which
hinder internet adoption in rural areas. In this sense, theWorld
Economic Forum (WEF) [7] outlines four main areas to focus
on:

1) Infrastructure, including both mobile towers and
access points as well as adjacent required infrastructure
such as access to electricity;

2) Affordability, both from a demand perspective about
the number of people that can afford a mobile phone
and a recurrent top up and the supply cost of that mobile
phone and mobile data internet plans;

3) Skills, Awareness and Cultural Acceptance, refer-
ring to the level of literacy and digital education
required to benefit from internet access and

4) Content, which is both in the right language and rele-
vant for those accessing the internet.

Each country or region has its particular mix of challenges
around these main focus areas. For example, one of the key
factors for internet access and adoption across Latin America
is extending the reach of the mobile network infrastructure
as a first step towards closing the digital divide (i.e. access
to the Internet). As expressed by GSMA [8], most of Latin
America’s total population is covered by the Second Gener-
ation of Mobile Network (2G). However, the digital divide
is still there: more than 50% of the rural population remains
uncovered by a Mobile Broadband (MBB) capable network,
so pretty much all of the unserved in Latin America live in
rural and/or remote areas. The economic rural challenge is
that deploying telecommunications infrastructure in far-flung
territories can be about 2 to 3 times more expensive than
doing so in urban areas, while revenue opportunities will be
much smaller and uncertain due to the purchasing power of
the rural population and the relative dispersion in population
concentration.

This situation calls for the development of cost-efficient
solutions and new network operating models to better address
challenges related to remote areas’ connectivity [9]. In this
context, this work presents opportunities for connecting the
unconnected in Brazil by defining alternative and scalable
business models to deploy 5G networks in remote areas.
We present an analysis of show stoppers, opportunity sizing,
business case, including deployment model for a 5G network,
costs incurred, and generated revenues.

The paper is organized as follows: Section II covers the
main showstoppers formobile internet access in remote areas.
Section III presents an estimate of the market opportunity
in Brazil. Section IV shows the business modeling, its main
elements, deployment scenarios, and value chain. Section V
details the cost structure, profit and loss, considering the
assumptions and adopted deployment scenarios. At last,
the main conclusions of the work are presented in Section VI.

II. SHOWSTOPPERS FOR MOBILE INTERNET SERVICE
ACCESS IN REMOTE AREAS IN BRAZIL
Brazil is a great example of the urban-rural divide faced
in most developing regions. The country still lacks internet
coverage in large areas. The main showstoppers for telecom-
munications companies to deploy mobile networks in rural
areas of Brazil are described:

A. HIGH INVESTMENT PER COVERED INHABITANT
A common trait of the rural populations across the world,
which is no different in Brazil, is that they live in more
dispersed, less densified towns as compared to urban ones.
They are spread over a larger area, which effectively
makes reaching every single dweller a harder enterprise.
The more advanced the connectivity sought, the higher
the infrastructure costs. These infrastructure costs can vary
depending on multiple factors such as the technology
being deployed, which translates into Capital Expenditure
(CAPEX), labor/installation costs, population density, and
terrain topography (each topography has specific connectiv-
ity challenges and different adequate solutions, e.g. moun-
tains have difficult Line-of-Sight (LOS) while jungles have
good LOS above the canopy). As an example, the Organisa-
tion for Economic Co-operation and Development (OECD)
found that high urban density in South Korea leads to an
installation cost for Fiber to the Home (FTTH) of $110 to
$170 per home, whereas the worldwide average exceeds
$1,000 per home [10].

Although costs have been declining thanks to the emer-
gence of cost-efficient solutions (edge computing, network
virtualization, open-source interfaces, etc.), most of these are
still experimental or in a process of implementation, so they
have not been yet widely adopted. The fact that rural coverage
is more costly per inhabitant makes it a second priority,
at best, for network operators. This is also true for more
developed markets such as the European Union (EU), even
considering that the capacity to create a positive business
case (with a relatively short payback) in those markets is
higher due to higher Average Revenue per User (ARPU) per
subscriber.

B. OPERATIONAL COMPLEXITY AND COST
An often-overlooked challenge for rural connectivity goes
beyond the actual cost of the equipment deployment, which
is the cost to operate and maintain the equipment once it is
integrated and turned on. Operations & Maintenance (O&M)
is one of the main Operational Expenditure (OPEX) costs for
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network operators. These can be minimized by reducing the
area of operation (fewer trips and less distance to reach sites).
However, rural connectivity is spread across a much wider
and harder to reach area. Any malfunction which requires
a site visit will be costly and will take long to be resolved
because of the sheer distance. This is exacerbated once taking
into account the precarious road infrastructure that populates
most rural regions (trucks get stuck in the mud or roads are
not kept clean and drivable). The cost to operate and maintain
rural sites grows exponentially with the remoteness of the
location and the lack of proper infrastructure to reach the site,
no matter where in the world is that site.

On top of that, there is another critical challenge for the
operation of rural connectivity, which is the lack of a stable
energy supply. Network sites require constant power to work,
however, in most rural towns the power supply is intermittent
and down for considerable lengths of time. In some cases,
more than 80% of the faults in rural sites is not caused by
a tower malfunction, but by a power outage [11]. The only
way around this is to both improve and strengthen the whole
electric grid to the rural area or to add an alternative energy
source such as solar panels. Both options increase the overall
deployment costs of rural sites even further.

C. LACK OF ACCURATE DATA
Population data and population profiles are something that
most countries monitor on an ongoing basis. Most countries
have public censuses in which they recount and locate their
respective population. However, these endeavors require a
massive effort on the government’s side, which needs to
deploy a considerable operation across every household in
the country. Due to that, country censuses do not occur very
often, which is a shame since the dynamics in rural popula-
tions are ever-changing. This holds particularly true for devel-
oping nations, which on one hand experience a rural to urban
population migration and, on the other hand, have sudden
shifts in the rural populations that cause them to concentrate
in particular towns. Therefore, any population census older
than a couple of years makes it outdated and practically unus-
able from a rural standpoint. Towns that seemed to have only a
few hundred people can contain tens of thousands of people
in a span of 2 to 4 years, making the census unreliable and
inaccurate for rural population analysis. Operators have tried
to overcome this lack of accurate data with new information
sources.

D. REVENUE UNCERTAINTY
Since most of the data compiled by network operators and
industry bodies such as the GSMA [8] is based on their
current customer base (the vast majority of which are urban
dwellers), limited information about the rural revenue oppor-
tunity is available to them. On top of that, it is hard to
extrapolate the little they know across different topogra-
phies, countries, and rural population segments. This makes
the analysis of the potential revenue a difficult and inac-
curate estimation for them. For a business that is based on

high CAPEX (sunk costs), all these uncertainties make the
approval of rural deployments a very difficult challenge.
When it comes to building a business case for connectivity
for a given region or country, the revenue parameter in the
model is highly dependent on the revenue per user (ARPU)
and the achieved adoption rate once coverage is provided.
These are two drivers, which are particularly shaky for the
rural population:

1) Rural ARPUs: Purchasing power in rural areas is gen-
erally lower than in urban areas, which means that the
expected ARPU in rural areas is automatically lower.
Nevertheless, connectivity plays a more crucial part
of the share of wallet of rural dwellers when com-
pared to urban dwellers, since mobile connectivity is
the gateway to reach other key daily activities such as
getting the latest news, watching a video, or discussing
issues around work. This goes in reverse to general
thinking, which expects a high drop in rural versus
urban ARPUs. Additionally, the available cash at hand
for the rural population in a given moment is less:
most rural dwellers manage day-to-day or week-to-
week economies. This means that rural subscribers will
not be able to pay for a whole month of connectiv-
ity even though the average cost per MegaByte (MB)
is lower in the monthly plan. They require a special
day or weekly plans to cater to their available cash at
hand. This causes the rural dweller to pay more for a
given amount of data or minutes when compared to
the urban dweller. As one can see, there are opposing
dynamics that boost and hinder rural ARPUs. However,
the overall effect on these is hard to determine if there
have not been previous deployments in similar areas.
This is the approach taken by this work when analyzing
potential rural ARPUs: looking at similar greenfield
sites that previously had no mobile data connectivity
and the ones that got upgraded to a 3G+ network. The
importance is on tracking both the average revenue per
deployed site and the average ARPU of the recurring
rural subscribers to that site (to take away non-recurrent
subscribers or ‘‘travelers’’). This can give an estima-
tion of the local potential ARPU in similar greenfield
sites. However, there is very limited historic data of the
ARPU evolution beyond a few months, which makes
rural ARPUprojections an additional challenge to build
the business case.

2) Rural Subscriber Adoption Rates: The other key
driver for rural revenues is the rate at which the operator
is able to onboard new subscribers once a deployment
is switched on. Beyond the lack of coverage, there are
other reasons why a rural dweller might not be able to
get mobile connectivity. These include lack of:

• Access to a recharge/top-up point of sale;
• A mobile internet compatible phone (3G+);
• Access to electricity or intermittent supply (to
recharge a phone or for cell site to work);
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• Daily/weekly income to create the top up and;
• Customer support for any Subscriber Identity
Module (SIM)/phone malfunctions.

These issues are overlooked in urban areas, which
usually have local shops and distributors that can help
solve most of these situations. In any case, some of
these hindrances have proven less of a showstopper
for rural subscribers than initially thought. For exam-
ple, from some observed network data [11], mobile
phones compatible with 3G+ systems are much more
prevalent in rural areas than previously thought, even in
greenfield areas with no data coverage. This is because
most rural dwellers are in a constant move across towns
for work, shopping or trading, so even though they
do not have data coverage in their homes, they do
access a mobile data coverage area throughout their
daily or weekly activities. Again there are opposing
dynamics that foster and hinder overall rural mobile
internet adoption. Developed economies such as the EU
have a much higher revenue certainty per inhabitant,
so this is less of a showstopper in the EU than in Brazil.

E. TELCO INVESTMENT PRIORITIZATION
The combination of a high-CAPEX intensive business in
which most investment is done upfront, a fierce competitive
dynamic between network operators in the urban fight (where
customers are more profitable), a higher investment per cov-
ered inhabitant in rural areas and higher operational costs and
the uncertainty of the potential rural revenues to be achieved,
create a situation in which a private, profit-minded network
operator will not be able to prioritize rural deployments above
other more profitable and risk-adjusted business cases. For
rural, the required infrastructure is simply too expensive for
the covered opportunity, and this will always be the case,
particularly when compared to the urban population. This
causes the rural business case to have a much longer and
uncertain payback. The next years expect a massive roll-out
of 5G starting with urban markets resulting in an even higher
concentration of the investment towards dense urbanmarkets.
To date, unless operators are forced to, by regulatory obli-
gations or penalties, or unless there is a concerted approach
to incentivize rural coverage across other stakeholders such
as regulators and governments, there is little point to expect
a private network operator to push for the rural opportunity
and solve the digital gap single-handedly. This holds for every
country, including the EU. In the case of Brazil, a report [12]
points out that the private sector had invested about $80Bn in
telecommunications over a 12-year span before 2011, but that
the telecommunications infrastructure had limited success in
penetrating rural areas. This trend of intensive investment
is not forecasted to stop. The GSMA [8] expects CAPEX
investment to remain strong across the region as Fourth Gen-
eration of Mobile Network (4G) networks continue to build
up to keep up with the growth in data usage. According
to [8] annual CAPEX was expected to exceed $17Bn from

2018 onwards, and cumulative CAPEX over the remainder
of the decade was forecast at nearly $70Bn. However, Earn-
ings Before Interest, Taxes, Depreciation and Amortization
(EBITDA) margins were expected to continue eroding.

F. SPECTRUM REGULATORY FRAMEWORK
Spectrum continues to be a vital asset for mobile operators.
In order for them to meet the increasing demand for data
and the unstoppable progress towards universal broadband
access, operators require access to sufficient and affordable
spectrum [13]. Spectrum allocation has been improving in
Latin America, but there is still a need for a better way to
redistribute and pay for spectrum. One of the key spectrum
bands is 700MHz, which has been adopted in a few countries
but not all [14]. Spectrum prices have been increasing in
the region, making excessive-high prices more and more
common, mostly caused by national political factors such as
the need for higher tax collection or budget constraints [15].
The higher the spectrum prices go, the more negative impact
they have on consumers through a more expensive, lower
quality mobile internet experience. In some cases, high spec-
trum prices can also cause bands to continue unsold, which
fails to benefit the digital economy overall. Beyond spectrum
licensing and allocation, there are other ways in which current
regulation hinders investment in rural coverage. These usu-
ally have to do with the level of regulatory obligations either
attached to the winning bids of spectrum bands or the general
quality levels of service expected for mobile connectivity.

In the first case, the regulator obliges winning spectrum
bidders to also bring connectivity in certain rural areas or
towns as part of the terms and conditions to license the
spectrum. Network operators usually bake these types of
obligations in the price paid for the spectrum. This is because
most network operations and network equipment are not
prepared to profitably sustain business cases in low-density,
low and uncertain ARPU areas, which might lead to delays
in complying with these obligations. Being obliged to cover
certain non-attractive regions with urban-minded operations
only perpetuate the belief from network operators that the
digital divide is a non-attractive segment (or at the very
least, not a priority). This further hinders the case for rural
connectivity.

In the second case, there are various regulatory service
levels dictated on a country level that have been established
with the urban client in mind, securing a certain quality
and provision of service to the end customers. The problem
comes when regulation does not differentiate between urban
(high-density, easy to upgrade and monitor) and rural (low-
density, hard to reach and difficult to monitor) sites. This
makes it very hard for the network operator to test innovative
yet experimental technologies to try to bring rural coverage
(for example, using low-earth orbiting satellites, balloons,
or drones). By continuing to require the same level of service
without differentiating the different types of scenarios that
network operators face, it fails to incentivize testing and
innovation in that area.
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Brazil is one of the very few countries of Latin America
to have implemented a universal service regime, with net-
work expansion and quality obligations imposed on conces-
sion holders in accordance with binding universal service
plans (the so-called Plano Geral de Metas de Universaliza-
ção (PGMU) [16]). PGMU has been revisited every five
years, being rigorous and strict. The current universal ser-
vice obligations of concession holders include the provision
of individual fixed telephony access in localities with over
300 inhabitants within 120 days. From 2012, the individual
access obligation has been extended to rural communities
within a radius of up to 30 km from the nearest municipality.
Additional obligations are collective access to rural schools,
health establishments, and indigenous communities, amongst
others.

III. SIZING MARKET OPPORTUNITIES
The total unconnected opportunity in a country (or world-
wide, for that matter) is directly related to the total population
not currently covered by Mobile Broadband (MBB – Third
Generation of Mobile Network (3G) and/or 4G) services.
Although this is one of the key questions to answer, several
other questions need attention to come up with a refined
estimation of the opportunity, as follows:

1) How is the population distributed in a country?
In order to answer this question is needed to have an
accurate vision of where unconnected people live. This
is no easy task due to two reasons:
• Reason 1: The unconnected people cannot be
mapped with user or network data from the opera-
tor’s perspective, since they do not have access to
their services. For the connected people, it is easy
to estimate population density at a given location
based on network data and market share. This is
one of the methodologies used by operators to
prioritize network densification (especially when
ARPU is put into the equation);

• Reason 2: Census data are usually insufficient
because of:
− Outdated data sets: census are done every

decade or more;
− Lack of accuracy: sometimes processes are not

rigorous enough to obtain data that has the accu-
racy in numbers or geographical location that is
needed to solve this problem;

− Lack of granularity: most census data sets
are gathered at an aggregated level that does
not give enough granularity to map the exact
location of a given population. For instance,
in Brazil, the census includes only 6,000 pop-
ulation points for a total area of 8.5 mil-
lion square kilometers. This gives a granularity
of 1,417 km2 per population point. In the last
census, the average population associated with
each data entry is of 37,000 people, which gives
an idea of the aggregation level this data set has.

These two reasons leave operators ill-equipped to use
their internal data to estimate where the unconnected
people live and the public data is not enough to solve
this issue. Therefore, different approaches are needed.

2) Where is there MBB service?
If the population distribution of a country were known,
the next step would be to determine which parts of that
population have access to MBB services and which
parts do not. This requires an estimation of which areas
of a country are currently covered by MBB service.
Crossing the questions 1) and 2) would result in know-
ing how many people in the country lack access to
MBB services and where they are, which is the main
step towards estimating the overall opportunity.

3) What is the best connectivity solution for each
unconnected settlement that optimizes sustainabil-
ity and guarantees good quality of service at the
same time?
Knowing where unconnected people are located is a
key step towards estimating the opportunity in a coun-
try. However, there is a huge variety when it comes to
the complexity level for connecting the unconnected
settlements. For instance, a given unconnected settle-
ment may have a population of 20,000 people while
another settlement may have a population of 2,000
[17]. At first glance, the first one seems to have a
more appealing opportunity. However, it may be in the
middle of the jungle and may need the deployment
of two microwave intermediate sites plus the access
point with their respective towers, including all the
complexity and costs associated with the deployment
in a jungle environment. On the other hand, the second
settlement may be in a flat area, 35 km away from a
fiber Point-of-Presence (PoP). For this settlement, one
would only need to deploy one site with one microwave
hop and the Radio Access Network (RAN) on the same
tower. If the first settlement needs a total investment of
$1M and the second one needs $50K, the investment
per person would be $50 in the first settlement and
$25 in the second. Depending on factors as ARPU and
penetration curves, one may be economically sustain-
able while the other may not. Sustainability is key to
tackle the lack of connectivity in a scalable way. This
is a fundamental principle, if connectivity is deployed
regardless of sustainability, it probably will not scale
and will not last.

Answering the aforementioned questions will allow deter-
mining how many people are not connected in a given coun-
try, where they live, what is the optimal way to connect them
to ensure sustainability and scalability, and therefore, what is
the overall impact of connecting them.

A. TOTAL ADDRESSABLE MARKET (TAM)
In order to estimate the Total Addressable Market (TAM),
we have adopted a data-based methodology as described
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in [11] to estimate the amount and distribution of unconnected
population in a given country. This methodology leverages
data with information around demography (where do people
live?), coverage (where is there 2G, 3G, and/or 4G service?),
and infrastructure (how far away is a given settlement from
the nearest point of presence?) to estimate the best way to
tackle the deployment of new connectivity where required.

Once this data has been integrated, the methodology gen-
erates the needed insights around the opportunity. It is impor-
tant to highlight that, although this is a robust bottom-up
methodology, the results have been validated with different
classical top-down methodologies for TAM estimation [17].
Results showed that the TAM in Brazil is between 10 and
20 million unconnected people for a given MNO, most of
which are Greenfield (meaning there is no Internet access in
that given area) and a small amount is 2G (meaning there is
very limited Internet access), as illustrated in Fig. 1.

FIGURE 1. Total Addressable Market (TAM) in Brazil.

According to the methodology, there is a total of around
34,000 settlements where the unconnected people live (hun-
dreds of people per settlement), which shows some of the
scattering problems mentioned in [11]. Also, more than
20,000 4G sites should be deployed to cover the whole oppor-
tunity and there is an uneven distribution of the opportunity:
less than 37% of the sites concentrate more than 75% of the
opportunity.

IV. BUSINESS MODEL
In general, business models help to answer the question of
what companies are offering to their customers in terms of
products/services and value proposition, how and where they
are planning to do that in practice, and why and how do
they think they can do it profitably. Also, all business models

should meet three key requirements; they should be scalable,
adaptable to new business contexts, and sustainable [18].

As discussed by the World Economic Forum in [19], while
data traffic growth soars, the business case for network oper-
ators to invest in upgrading mobile networks is weak because
operators have only a small share in the value created by this
traffic growth. As explained in section II, the barriers for rural
connectivity today are generating further uncertainty on the
sustainability of the business case.

Revenues for network operators depend on multiple fac-
tors, for example, consumer purchasing power, competition
intensity, the quality of mobile networks, and regulatory
frameworks. Subscriber numbers in emerging markets are
still growing but at low ARPU levels. New projects, such
as upgrading existing infrastructure, might be hard to justify
based on the business case for a network operator. But the
broader economic and social benefit – and short payback
period – should encourage other types of players to get
involved in the business of rural connectivity.

In this way, to generate a scalable and sustainable model
that focuses on rural connectivity, the MNOs cannot organ-
ically address the problem alone. The traditional business
models and ecosystem roles should be changed by intro-
ducing wireless networks that can be operated by different
stakeholders [18]. In this context, different business models
and analyses have been proposed in the literature, considering
different types of network sharing [18], [20]–[22].

Network sharing refers to opening a private network infras-
tructure of an MNO to another MNO who in turns open their
private network infrastructure, so both MNOs can benefit
from a greater network footprint and be able to capture clients
across a much wider area and at the same time achieve sav-
ings across CAPEX and OPEX costs. Infrastructure sharing
enables MNOs to deploy networks more efficiently, optimize
asset utilization, and reduce the running operation costs. Net-
work sharing can be a key component to build a sustainable
5G network operation across rural areas. Because the 5G
network deployments are expected to be more costly and to
have more complex operations when compared to previous
mobile technologies, network sharing can be the answer to
make business cases work across various private mobile oper-
ators. They can concentrate deployments in a particular given
area of the country and share networks across the other areas.
Despite this positive aspect, some barriers limit network shar-
ing deals among MNOs. The main reason for MNOs to avoid
network sharing being the economic reason. Some MNOs
consider that the upfront costs (transformation costs) are too
high. Others consider that, if they are coming into a potential
deal with different network sizes or different network pro-
files, the one with a larger or more advanced network believes
it stands little to gain since most sunk costs have already
been incurred. Also, if the network assets are transferred into
a new entity, this could trigger taxation to apply and have
a negative impact across sharing companies. Some of these
barriers can be lifted, e.g., studies reveal that any initial or
upfront costs will be offset quickly by the savings over the
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life of the deal [17]. Even if the parties come into the deal
with very different network assets and size, a balanced deal
can still be structured as long as both sides recognize the
differences between networks, compensating the MNO with
better/more assets. On the taxation issue, creating a new entity
and transferring assets could be a great opportunity to bring
in external third-party financing from infrastructure investors
who understand the risk profile. They can put up the capital
for the upfront costs and then be a participating party in
the revenues generated by the shared network. This also has
another side effect, which is the mitigation of antitrust con-
cerns from regulators on market domination. Booz&Co [23]
created an estimation of a Normalized 10-year Cash profile
of a typical network sharing deal, adding CAPEX and OPEX
costs. In this estimation, MNOs would reach the break-even
point after two to three years.

Despite the possibilities for lifting the barriers presented
above, in reality, network sharing deals are simply too com-
plex to bring about in a short time frame and then be executed
successfully between two rival companies.

In this paper, we focus on a solution based on the cooper-
ation of an MNO and a Rural Mobile Infrastructure Operator
(RMIO). The business model proposed here to tackle the
unconnected opportunity is based on decoupling the MNO
value chain. Local third parties would deploy and operate
the access and transport network which are CAPEX intensive
and require extended geographic capillarity whilst MNOs
maintain client interfacing, product control, and core network
which are highly benefited by a bigger scale. The RMIO can
be seen as a particular case of the micro-operators concept
discussed in [18], [24], [25], but focused on the rural sce-
narios. A micro-operator can be considered as an entity that
offers 1) mobile connectivity combined/locked with specific,
local services, is 2) spatially confined to either its premises or
to defined (but narrow) area of operation, and is 3) dependent
on appropriate available spectrum resources [18].

It is important to note that, in our model, the RMIO does
not own the final customers. These continue to be customers
of the licensed mobile network operators (MNO). Equally,
the RMIO does not own a licensed mobile spectrum to com-
municate between its direct access site to mobile phones.
This also continues to be owned by the MNO, who in
most cases own a certain spectrum band for usage across
the country without differentiating between urban or rural.
To work, the RMIO needs to interconnect its infrastructure to
an MNO’s network core. This is what will allow the MNO
to provide mobile services to its users through the RMIO
infrastructure. The RMIO leverages on the MNOs to give it
access to its licensed spectrum for the target area of the RMIO
and the MNO leverages on the RMIO to capture new users in
the RMIO’s target areas.

In a nutshell, RMIOs run their network on a slice of a
network that is connected to incumbent operators. The RMIO
would operate the remote network, evangelize on the use of
connectivity services, and could help commercialize services.
End-users are customers of the incumbent operator, who

provides the SIM and the commercial channel. A critical
element for success will be generating the technological oper-
ating enablers to foster the creation of RMIOs and facilitate
the sustainability and scalability of their network.

From an operational business model perspective, this is
an attractive setup for both sides. On the RMIO side, it can
deploy non-competing and value-added infrastructure in a
rural area, with the assurance that it can then force MNOs
to partner and close a commercial agreement to capture its
potential clients in the area. On the MNO side, it allows to
focus CAPEX on high-density, urban areas where compe-
tition is fierce and at the same time expand user adoption
in rural areas in partnership with the RMIO with limited
additional investment andmaking use of its licensed spectrum
which was not being capitalized in the RMIO unserved area
to date. In other words, the RMIO is renting its remote access
network to the incumbent cellular operator and cellular oper-
ators become ‘‘virtual operators’’ on this slice of the network.
The traffic generated by any subscriber using the RMIO’s
network is measured and the incumbent operator pays for
it on a revenue-sharing basis. Additionally, the capillarity
of the RMIOs would also allow them to be distributors of
connectivity.

A. VALUE CHAIN
The value chain’s goal is to clarify the split of responsibilities
as well as the flows of value. The following illustration
in Fig. 2 explains this chain, which we further detail below.
Bear in mind that black circles indicate actions while yellow
circles indicate monetary transactions.

FIGURE 2. Value Chain.

Let us explain the figure step by step. The initial situation is
that a givenMNOwants to cover a rural settlement. However,
because of all the reasons explained previously, it is unable to
do so. Then the process starts:

1) The MNO and the RMIO agree to deploy together in
the designated area. This requires a lot of contractual
work and defining many details, but the idea is pretty
simple. Once this is done, we would be ready to start
tackling this new deployment.

2) The first thing is to make sure the RMIO has the proper
funding to tackle the perimeter that has been agreed
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upon. This can be done in several ways: the RMIO
could fund the whole venture, the MNO could be one
investor with either cash or infrastructure as their part of
the equity. There could also be external investors such
as financial players, governments, development banks,
etc. In this phase, the role of governments can be key,
not only with direct investment but also with incentives
for others to invest in this space.

3) Once the RMIO is properly funded, they are ready to
deploy and operate the network. This requires a lot of
work and effort (building infra, integrating with the
core, monitoring the network, etc.) but is the most
essential part of the whole model. This is where the
RMIO’s scale, local presence, and focus allows for the
whole model to be sustainable.

4) Once the network is up, customers can start consuming.
This includes Business-to-Consumer (B2C) customers
as well as Business-to-Business (B2B) such as farm-
ers. These consumers see the connectivity the same as
they would in the city. The spectrum, the brand, and
everything belongs to the MNO. Therefore, they will
be paying their bills to the MNO. All the value initially
generated by the new users goes to the MNO.

5) Once the MNO has received this value, it will send a
part of that value (defined in the revenue share business
model) to the RMIO. This will be the main source of
operating income for the RMIO.

A summary of MNO and RMIO responsibilities is presented
in Table 1:

TABLE 1. MNO and RMIO responsibilities [17].

B. USE CASES AND DEPLOYMENTS
For our analyses, we have assumed that a 5G system can pro-
vide broadband rural connectivity at 50 km distance from the
Base Station (BS). Some works show that there are already
solutions available to meet such a requirement [26], [27].
In [26], a 5G system based on 3rd Generation Partnership
Project (3GPP) technologies was proposed for providing a
high-capacity and long-range cost-efficient solution. Such a
system operates in mid-band (3.5GHz) and makes use of
high towers and high-power BSs. Another innovative solution
is the one proposed in [27], called as Remote Area Access

Network for the 5th Generation (5G-RANGE). It operates
in Very High Frequency (VHF) and Ultra High Frequency
(UHF) vacant TV bands, also known as TV White Space
(TVWS) [28], and uses a Cognitive Radio (CR) approach,
where up to 24 MHz can be aggregated to provide up to
100 Mbps at 50 km distance from the BS.

Since the use of TVWS dovetailed with 5G infrastructure
for rural coverage has been presented as a promising solution
for yielding cost-effectiveness from a service provider’s per-
spective [29], we have considered the 5G-RANGE network
as our adopted 5G solution, where four core use cases are
targeted:

1) Voice & Data – users purchase devices compatible
with 5G-RANGE and they connect directly to the solu-
tion. In this case, the technology would be used as
RAN;

2) Backhaul – the technology would provide backhaul
to standard 4G sites. Users would use standard LTE
devices to connect to voice & data services;

3) e-Health – the connectivity provided enables e-Health
products and services and

4) Smart Farming – the connectivity provided enables
Smart Farming products and services

There is a big difference between use cases (1) and (2)
with respect to use cases (3) and (4). The first two impact the
very way that connectivity is provided, while the latter are
Over-The-Top (OTT) services, agnostic to how connectivity
is provided. In short, as long as there is connectivity, both
OTT use cases will happen. On the other hand, use case (1)
and use case (2) differ on how to use the technology, and
using one implies not using the other. To account for this,
we have structured our analyses in two different implementa-
tion modes:

• Direct Connectivity: Full deployment of 5G-RANGE
as RAN technology and only as RAN technology;

• Backhaul Connectivity: Full deployment of 5G-
RANGE as Backhaul technology and only as Backhaul
technology for 4G sites.

In the first implementation (Direct Connectivity), we will
be analyzing use cases (1), (3), and (4), while in the second
implementation (Backhaul Connectivity) we will analyze use
cases (2), (3), and (4). Although in terms of measuring the
financial impact, these two types of deployment are kept
separate, the model is very similar for both of them, i.e., the
business case models the scenario where an RMIO tackles
the opportunity defined by an MNO. The RMIO executes
the deployments, the MNO gets the gross revenues and there
is a revenue share between both parties, ensuring that the
value generation is fair for both parties. The time frame
of the Business Case is 10 years and OTT revenues are
modeled as a mark-up on top of Gross B2B revenues. Also,
Business Case has been defined in such a way that we can
consider an optimistic and a realistic scenario by chang-
ing some of the key inputs and hypotheses. Furthermore,
the real implementation may be a hybrid of both, for it can be
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deployed as RAN technology in some places and as Backhaul
in others.

V. REVENUE AND COSTS ANALYSES
The goal of this section is to translate the TAM into financial
impact, which is usually referred to as the business case of
an opportunity. This means modeling how deploying 5G in
rural areas would work, including costs incurred and revenues
generated. The end goal here is to present the Profit & Loss
(P&L) of the business, which gives information about its
financial impact.

The starting point of the business model is the TAM pre-
sented in Section III-A. Once the TAM is known, the next step
is to define the pace and structure at which the deployments
will happen. A deployment plan should be done along with
the business case timeframe (e.g., ten years). Based on the
unitary characteristics for each type of deployment (more
on this later), such as unitary costs, the unitary population
covered, etc., one can model what are the incurred costs each
year. Also, knowing the basic characteristics of the service
provided (again more on this later), such as penetration,
ARPU, etc., one can model the stream of revenues to be
achieved thanks to the deployments done. Once the costs and
the revenues for all the years within the scope are known,
and considering some further information around things like
taxes or Depreciation & Amortization (D&A) policies, one
can directly obtain the P&L. The general flow in the business
model is shown in Fig. 3.

FIGURE 3. The general flow of the business model.

A. DEPLOYMENT ANALYSIS
1) Direct Connectivity: In this implementation mode,

voice & data connectivity could be provided as far as
50 kilometers away from the site [17], [27]. With this
in mind, the goal here is to determine how much of the
TAM could be tackled with this technology and where
the technology should be deployed. To do this, we have
used a variation of the general clustering methodology
described in [11]. In this case, we look to locate all 5G
deployments in such a way that we minimize the num-
ber of sites deployed to cover the maximum amount
of population. There are two further constraints to add
concerning the general methodology:
• The coverage radius is now 50 kilometers instead
of the 1-5 km of standard 4G (Long-Term Evolu-
tion (LTE)) [17], [27];

• To provide connectivity to all the unconnected peo-
ple contained in the coverage area, the site should

FIGURE 4. Clusters of 5G Direct Connectivity.

be deployed in a place where high capacity is
guaranteed (i.e. near a Fiber PoP).

Fig.4 shows a specific area where there are several 5G
deployments.
With these specifications in mind, the opportunity was
segmented based on the amount of unconnected pop-
ulation covered by the specific site. We have defined
four different segments for a specific 5G deployment
based on size:
• Huge: when the unconnected population within
the 50 km radius circle is higher than
50,000 people;

• Big: when the unconnected population within the
50 km radius circle is between 10,000 and people
50,000;

• Medium: when the unconnected population
within the 50 km radius circle is between 5,000 and
10,000 people;

• Small: when the unconnected population within
the 50 km radius circle is lower than 5,000 people.

We have added an extra segmentation variable, which is
the existence of infrastructure in the selected location.
This has a significant impact on costs and whenever
possible one should use existing infrastructure. This
segmentation will allow us to determine which seg-
ments are more interesting to deploy and which ones
should be discarded.
The results of the simulation are shown in Table 2.
As the numbers show, 5G could cover around 75% of
the unconnected population with direct connectivity.
Doing this would require deploying less than one thou-
sand of 5G sites (with several sectors each), which is
lower than 5% of the required 4G sites [17].

2) Backhaul Connectivity: This implementation mode
assumes that each 5G deployment will provide back-
haul connectivity to standard 4G sites. For each 5G site
deployed, there are a number of 4G sites to deploy,
which makes this implementation mode more complex
in terms of execution, financing, and modeling. One
advantage of this mode to be considered is the fact
that users can connect to the network with standard
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TABLE 2. Total opportunity for Direct Connectivity.

FIGURE 5. Clusters of 5G Backhaul Connectivity.

LTE phones. For this use case, the clustering method-
ology is very similar to the one used in the first imple-
mentation, with the following variations: Instead of
creating clusters where the centroid is a 5G site and the
nodes are settlements, the settlements are replaced with
4G sites. Each 5G site has a limitation of the number
of 4G sectors it can connect. Current results assume
a maximum of twenty 4G sectors per 5G site. Fig.5
shows the clusters of 5G Backhaul Connectivity.
With these specifications in mind, the results of the
simulation are shown in Table 3. The label WI means
‘‘With existing Infrastructure’’ andWOImeans ‘‘With-
out existing Infrastructure’’. For the WI case, it is con-
sidered that there is a tower at least 50-m high for 5G,
and there is an access tower for 4G nodes.

As the numbers show, the population around the
selected 5G sites is very similar to the Direct Connec-
tivity case (around 75% of the unconnected popula-
tion). However, in this case, only around 48% can be
connected because of the limitations of 4G sectors per
5G site. It is important to note that lower TAM does
not imply a lower number of connected people since
the penetration of standard vs non-standard service
will play a big role. This opportunity would require
deploying less than one thousand 5G sites and a few
thousand LTE sites [17].

At last, regarding the deployment plan, we have considered
the following strategy for both modes:

• Not to deploy the segment small regardless of the exis-
tence of infrastructure;

• Concentrate the deployments as much as possible in the
first 2-5 years.

B. REVENUES
The assumptions in this section are critical to determining the
dynamics of service adoption and revenue generation. Some
of the main inputs/hypotheses are described, as follows:

• Penetration of Connectivity: It measures the percent-
age of the population that would eventually access MBB
services. Usually, this excludes very young and very old
people. In rural Latin America, this usually evolves from
50-60% the first year of deployment to 70-80% in the
long term.

• 4G Adoption: It measures how many of the users
who can access MBB would be able to use LTE. This
accounts for access to LTE-compatible smartphones,
affordability, etc. In rural Latin America, this usually
starts somewhere around 50%-60% in the first years
and reaches 100% in the long term (actually, when it is
defined as the number of SIM cards per person, it can
reach values well above 100%. This is not considered
here).

• 5G-RANGE Adoption: It is equivalent to the previ-
ous one, but applied to direct connectivity provided by
a 5G-RANGE site. As there is yet no ecosystem of
devices compatible with 5G-RANGE, today the pene-
tration would be somewhere around zero. For this busi-
ness case, we assume that deploying 5G-RANGE would
come together with the creation of compatible devices.
We have estimated an optimistic curve that would start
somewhere around 0.5% the first year and evolve until
almost reaching 10%. This would mean that 10% of the
people would be purchasing 5G-RANGE-compatible
devices. The realistic curve accounts for the same but
starts at 0.5% and ends at 7.5%.

• ARPU: the information from pre-paid and post-paid
ARPU comes from several public sources that measure
ARPU for all countries and all customer segments.
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TABLE 3. Total opportunity for Backhaul Connectivity.

TABLE 4. Revenue assumptions.

• Revenues of OTT services: these values are estimated
fromMNO’s experience on how to model these kinds of
services and the order of magnitude they generate.

Table 4 summarizes the inputs and assumptions for rev-
enue. TheARPU pre-paid andARPU post-paid are not shown
in this table since they areMNO-dependent. However, for our
analysis, we have assumed that both ones have an increase
of around 11% from year 1 (Y1) to year 10 (Y10). Some
further elements need to be highlighted, as shown in Table 5.
These inputs come from internet sources and estimations or
widespread heuristics in the industry.

C. COSTS
In Table 6, we present the main cost inputs for every element
in the deployment modes and the O&M process of the RMIO
and the MNO in two scenarios (Optimistic and Realistic).

TABLE 5. Additional assumptions/inputs for Revenues.

There are also some important sizing hypotheses to highlight
here (they are included in Table 6 but some further explana-
tions are in order):

VOLUME 9, 2021 10839



A. M. Cavalcante et al.: 5G for Remote Areas: Challenges, Opportunities, and Business Modeling for Brazil

TABLE 6. Cost assumptions.

• Sizing of 4G as RAN: based on the distribution of pop-
ulation for each LTE site, and knowing the widespread
heuristics in the telecom industry, we have determined
that, on average, the LTE sites need 1.5 sectors to work
as a RAN in our model [17];

• Sizing of 5G as RAN: for the deployment mode where
the 5G-RANGE sites are used as a RAN solution (i.e.
Direct Connectivity), we have assumed that each 5G
site has an available capacity of ≈ 300 Mbps, and
an optimal amount of sectors of 4 [17]. However,
for the cases of medium and small sites, we have
reduced the number of sectors to 3, to make them

financially viable. Fig.6 illustrates a sizing example of
Direct Connectivity.

• Sizing of 5G as Backhaul: for the deployment mode
where the 5G-RANGE sites are used as a backhaul
solution (i.e. Backhaul Connectivity), we need to deter-
mine how many LTE sites can be connected to each
5G-RANGE site. To do that, we have assumed (based
on industry rural standards) that we will be provid-
ing 15 Mbps per LTE sector. Assuming 300 Mbps
of available capacity for each 5G-RANGE site and
1.5 sectors (on average) for each LTE site, we will be
able to connect 20 LTE sectors per 5G-RANGE site,
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TABLE 7. Profit & Loss for Direct Connectivity.

TABLE 8. Profit & Loss for Backhaul Connectivity.

FIGURE 6. Sizing example for Direct Connectivity.

i.e. ∼ 13-14 LTE sites per 5G-RANGE site. Fig.7 illus-
trates a sizing example of Backhaul Connectivity.

D. PROFIT & LOSS ANALYSIS
Once all the inputs and hypotheses have been introduced
and tuned into the model, a thorough analysis of Profit &
Loss (P&L) has been done. The main results are summarized
in Tables 7 and 8 (more detailed information can be found
at [17]).

As we can see, there is a fair split of the value generated
by this opportunity between the RMIO and the MNO in both
deployment modes and both scenarios (Optimistic and Real-
istic). Also, as could be expected, although Direct Connec-
tivity and Backhaul have similar Paybacks, Backhaul is more
capital intensive than Direct Connectivity. In other words,
as the penetration of 5G-RANGE connectivity is supposed to
be lower than standard LTE, Direct Connectivity will be less
intensive in investment but will also generate fewer revenues
while Backhaul Connectivity will be more costly and also
generate higher revenues.

FIGURE 7. Sizing example for Backhaul Connectivity.

It is worth to mention that in this financial analysis,
the spectrum issue is not explicitly taken into account because
we consider that this is an asset that the MNO already owns
regardless of the new deployments. Along with the brand,
the commercial channel, customer management, etc., it is
one of the key assets brought to the table by the MNO and
is included in the revenue share. On another hand, the use
of TVWS, as proposed in 5G-RANGE [27], has also been
suggested to alleviate the spectrum issue in conventional
cellular networks [29]. However, a clear definition of how
the TVWS usage will benefit/impact the business model for
rural coverage depends on the TVWS regulation, that in
the case of Brazil, it is progressing with no fixed decisions
yet [17].

VI. CONCLUSION
The sizing of the addressable market is of the utmost impor-
tance for evaluating the market opportunities for 5G solutions
deployments in remote and rural areas. In Brazil, we estimate
that there are between 10 and 20 million unconnected people
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for a given MNO, most of which are Greenfield, i.e., not
even covered by 2G networks. According to the adopted
methodology, more than 20,000 LTE sites should be deployed
to cover the whole opportunity.

In the deployment analyses, two main deployment modes
where 5G technology could be used were selected: 1) Direct
Connectivity, that means full deployment of 5G as RAN
technology and only as RAN technology and, 2) Backhaul
Connectivity, that means full deployment of 5G as Backhaul
technology and only as Backhaul technology. Simulation
results show that a tailored 5G system for remote areas (e.g.,
5G-RANGE) could attack 75% of the unconnected popu-
lation with Direct Connectivity. Doing this would require
deploying less than one thousand 5G sites (with several sec-
tors each). For Backhaul deployment, the population around
the selected 5G sites is very similar. However, in this case,
only around 48% of the unconnected population can be
connected because of the limitations of LTE sectors per 5G
site. This opportunity would require deploying roughly the
same amount of 5G sites as for the Direct Connectivity and
several thousands of LTE sites. Although the addressable
market is smaller for Backhaul Connectivity deployment
mode, it does not translate to a lower number of connected
end-users since the penetration of standard (i.e., LTE) ver-
sus non-standard (i.e., 5G-RANGE) service will play a
significant role.

Based on the sizing of the market and after a detailed
analysis of the show-stoppers, a Business model has been
presented. This model is centered on the cooperation of an
MNO and an RMIO, i.e., local third parties that would deploy
and operate the access and transport network. The model was
applied to 4 use cases (voice and data, backhaul, e-Health, and
smart farming) and for each deployment mode, an analysis of
costs incurred and revenues generated has been performed.
Once all the inputs and hypotheses had been introduced, and
the model had been properly tuned, the P&L of that business
was analyzed, which provided information about its financial
impact.

Results showed a fair split of the value generated by this
opportunity between the RMIO and theMNO in both deploy-
ment modes. This holds for the optimistic as well as for the
realistic scenario. Also, as could be expected, although the
two deployment modes have similar Paybacks, the Back-
haul Connectivity is more capital intensive than the Direct
Connectivity.
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