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ABSTRACT Emerging Fifth-generation (5G) mobile networks and associated technologies are expected
to provide multi-service wireless applications with diverse specifications intended to address not only
consumer-based smartphone applications, but also the needs of various vertical industry markets (e.g.,
healthcare, education, energy, mining, agriculture, manufacturing, and so forth). This paper extends 5G
networks’ technology orientation towards attaining economic value for all key 5G stakeholders, including
customers, mobile network operators (MNOs), equipment vendors, public institutions, private enterprises,
digital business start-ups and other third parties. Although several surveys and tutorials have discussed
business models in connection with 5G networks, there is no comprehensive study on business models
for emerging 5G networks from the MNQO’s perspective. In this survey article, we present and investigate
key advances on business models for 5G networks and 5G MNOs in particular, from industry, use cases
and research community perspectives. The paper focuses the theoretical business model concept from
both strategic management and technological innovation perspectives. Thereafter, we discuss conventional
business models for MNOs before presenting particular disruptive business models which can be considered
for rolling out 5G networks with an aim to improve business efficiency. Additionally, the paper explores the
emerging network deployment concept of private 5G networks and their related business models. Finally,
we present some of the open research challenges and provide possible guidelines for implementing 5G
business models based on various countries’ socio-economic status and relevant 5G use cases applicable
in a specific context of emerging economies.

INDEX TERMS 5G, business model, business model innovation, disruptive business model, mobile network
operators, private 5G networks.

I. INTRODUCTION

The Fifth-generation (5G) of mobile networks have been
defined by the International Telecommunication Union (ITU)
via its Radio-communication sector (ITU-R) under the
umbrella name “International Mobile Telecommunication-
2020” (IMT-2020) to support multi-service wireless appli-
cations by offering: higher data rates (20 gigabits/second
peak data rate), a huge number of wireless connections
(1 million connections per square kilometer), higher spec-
tral efficiency (3 times higher than 4G networks), improved
energy efficiency (100 times higher than 4G networks) and
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reduced communication latency (1 millisecond air interface
transmission delay) [1]. Additionally, the 3rd Generation
Partnership Project (3GPP) has played a pivotal role in
the technical standardization of 5G technologies [2], [3].
Fig. 1 shows the enhancement of eight key performance capa-
bilities from 4G (IMT-Advanced) to 5G (IMT-2020). Accord-
ing to [1], some of the capability parameters in Fig. 1 are
targets aimed for research and investigation in the realm of
IMT-2020 and expected to be further developed in future
releases of ITU-R Recommendations.

Wireless cellular networks have been evolving since the
1980s and continue to introduce new network technolo-
gies addressing new use cases every subsequent decade
including: First-generation (1G) analogue-based systems
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FIGURE 1. Enhancement of key capabilities from IMT-Advanced to
IMT-2020 [1].

(e.g., Advanced Mobile Phone System (AMPS) and Total
Access Communication System (TACS)); Second-generation
(2G) digital systems (e.g., Global System for Mobile Com-
munication (GSM)); Third-generation (3G) digital sys-
tems (e.g., Universal Mobile Telecommunication System
(UMTYS)); Fourth-generation (4G) digital systems (e.g., Long
Term Evolution (LTE) - IMT-Advanced); and emerging 5G
digital systems (e.g., New Radio) [4]. Fig. 2 depicts the
evolution of wireless cellular networks.

A. MOTIVATION

With the standardization process of 5G technologies com-
plete [2], [3], and commercial global deployment already
underway, it is estimated that close to 65% of the global
population will gain access to 5G superfast Internet access by
the end of 2025 [5]. The current decade has already seen an
exponential rise in mobile data traffic due to applications such
as multimedia services, online gaming, high-definition video
streaming, and mobile virtual reality. Moreover, the outbreak
of the COVID-19 pandemic has spurred enormous demand
for virtual interactions via video application platforms such
as Zoom and Microsoft Teams, resulting in a gigantic rise in
mobile data traffic. Furthermore, [6] predicts that by 2025,
there will be 8.2 billion people on the planet and 100 bil-
lion connected devices, generating 180 zettabytes of data
annually.

The vision for 5G networks is not only technology-oriented
but is also focused on the creation, delivery and capture
of business value for all key stakeholders such as cus-
tomers, mobile network operators (MNOs), equipment ven-
dors, device manufacturers, industry players and other third
parties. From the business perspective, in order for 5G
networks to be successfully deployed, there is a need for
commercially viable and sustainable business models that
can support the targeted vertical markets which include;
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healthcare, automotive, media and entertainment, agriculture,
transportation, and public safety [7]. Moreover, successful
and executable business models are likely to be the ones that
can best address the economic disruptions and peculiarities
underlying 5G wireless networks [8].

The business model concept can be approached from var-
ious angles including: strategic management which connects
the business model concept with the company’s business
strategy [9]; organizational theory which focuses on the com-
pany’s design, structure and architecture [10]; and technolog-
ical innovation which views a business model as a technique
that links a company’s innovative technology to customers’
needs [11]. This survey paper approaches the business model
concept from two research perspectives: (1) strategic man-
agement by focusing on value proposition, value creation,
value delivery and value capture activities within the 5G value
chain; and (2) technological innovation by considering 5G
networks as technology enablers for innovative 5G business
models.

B. COMPARISONS AND MAIN CONTRIBUTIONS

Driven by the recent advances of wireless networks and busi-
ness models, some research efforts have been made to review
related works. Specifically, value creation and capture from
technology innovation has been substantially outlined in [12].
The paper focuses mainly on 6G business models, although
it does provide a comprehensive high-level summary of lit-
erature related to 5G and 6G business models as well as 3G
and 4G business models. An in-depth review on 5G networks
has been discussed in [13]. The article provides a detailed
summary of 5G business models, use cases and cybersecurity.
The study further, presents computer simulation methods and
testbeds for the research and development of potential 5G
network proposals. However, the work in [13] only addresses
business models based on network slicing technology. A com-
prehensive survey in [14] discusses emerging trends in 5G
techno-economic literature. The survey identifies six key
topics for 5G techno-economic assessment (5G TEA) which
include: use cases; technologies; modeling techniques; finan-
cial metrics; business models; and special focus. Nonethe-
less, authors in [14] only focused on theoretically formulated
business models without incorporating the practical imple-
mentation aspect arising from the industry (e.g., MNOs, ver-
tical markets, private SG networks and regulatory policies).
In [15], 5G slicing operational business models have been
detailed. The discussed business models specifically target
Internet of Vehicles (IoV) applications as well as Internet of
Things (IoT) for maritime vertical applications.

Our survey is unique and complementary to current sur-
vey and review articles in that: (i) it goes in-depth and
focuses exclusively on the 5G business models for MNOs in
particular; (ii) it systematically highlights some of the key
research issues related to specific aspects of 5G business
models for MNOs; and (iii) it considers some of the key
issues and implications outside the mainstream 5G markets,
i.e., in emerging markets and developing countries context.
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FIGURE 2. Wireless cellular networks evolution (1G to 5G).

Moreover, the fact that our survey paper incorporates both
peer-reviewed and industry-based literature makes a unique
contribution in comparison to other reviews.

This survey article explores and outlines the contemporary
research progress which has been made on business models
for emerging 5G networks and 5G MNOs. The main contri-
butions of this paper are as follows:

i) Firstly, to put the paper in its technical context,
we present an up-to-date overview of 5G technology,
including the 5G network architecture, deployment
modes, main service classes, key enabling technolo-
gies, and public and private 5G networks.

We describe 5G global economic impacts, opportuni-
ties and benefits by highlighting the following critical
aspects: the mobile industry’s business goals for 5G
networks; 5G market readiness; 5G economic ben-
efits and investment opportunities; 5G global com-
mercial deployment; 5G adoption strategies which
MNOs can employ; and the impact of regulation on
5G deployment.

We outline the theoretical aspects of the business
model concept and their application to 5G networks.
In addition, MNOs’ current business models and their
shortcomings are explained.

Disruptive business models emanating from emerg-
ing 5G networks are explored. Additionally, several
proposed business models for 5G MNOs as well as
business models for the emerging private 5G networks
are outlined.

The concepts of network slicing, digital platforms and
industry verticals are discussed in the context of 5G
business models.

ii)

iif)
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vi) Lastly, we present open research challenges which will
pave way for future research.

C. STRUCTURE OF THE SURVEY
The remainder of the article is organized as follows:

Section II presents an up-to-date overview of 5G wireless
networks with respect to the 5G network architecture, use
cases, key technologies, and public and private SG networks.
Section III describes the global economic impacts, opportu-
nities and benefits in the 5G era by focusing on 5G market
readiness, deployment status, adoption strategies, and impact
of regulation on 5G deployment. Section IV discusses the
theoretical concepts of business models, while Section V
explains the existing business models of MNOs alongside the
shortcomings of such business models. Section VI explores
disruptive business models for emerging 5G networks and
Section VII outlines several proposed 5G business models
which MNOs can consider as well as business models for
emerging private 5G networks. Section VIII narrates some of
the key open research challenges which will form the basis
for future research work. Section IX concludes the survey
article.

Il. OVERVIEW OF 5G WIRELESS TECHNOLOGIES
Emerging 5G networks are more than just an enhancement
to current 4G networks. The 5G network is designed to
meet the unique service requirements of specific vertical
markets. Additionally, 5G networks should be accessible via
various approaches, such as simultaneous use of licensed
and unlicensed bands, intelligent spectrum management, and
5G New Radio (NR) to enable a range of different smart
applications [16], [17], [18].
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A. 5G NETWORK ARCHITECTURE

With the 5G requirements of sub-millisecond latency and
the bandwidth limitations in conventional wireless spectrum,
cellular networks in the 5G era are poised to shift towards
cloud and edge computing technologies [17]. This can be
achieved by the addition of applications implemented at the
fundamental network level to fulfil user requirements. Thus,
to meet the demands of the end-users and overcome the chal-
lenges that have been put forward in the 5G system, a drastic
change in the strategy of designing 5G wireless networks
is necessary [18]. The emerging 5G and beyond networks
will be made up of heterogeneous radio cells consisting of
high-powered large cells (e.g., macro cells and micro cells)
for outdoor coverage extension as well as low-powered small
cells (e.g., pico cells and femto cells) for capacity enhance-
ment for both outdoor and indoor hotspots [19]. Fig. 3 illus-
trates the 5G cellular radio network architecture.

FIGURE 3. 5G radio network architecture.

B. 5G NETWORK DEPLOYMENT MODES

There are two main networking solutions, i.e., deployment
modes, for 5G as defined by the 3GPP [2], [3]: the Non-
Standalone (NSA) solution, which combines LTE and 5G
New Radio (5G NR) access networks with the 4G evolved
packet core (EPC); and the Standalone (SA) solution, which
is based on the 5G NR access and the new 5G core net-
work (5GC) running in parallel with the existing LTE net-
work [20], [21].

1) NON-STANDALONE (NSA)

The existing LTE radio access network (eNodeB) is used as
an anchor to the 4G core network (EPC) for the mobility man-
agement support of the 5G NR access network. This solution
mainly focuses on eMBB services and enables operators to
provide 5G services within short deployment timeframes and
at a lower deployment cost.

2) 5G STANDALONE (SA)

The SA solution is a complete end-to-end (E2E) 5G network
architecture consisting of the SG NR access and the 5GC.
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Network slicing, virtualization, ultra-high data rates, ultra-
low latency, and large data computation capability is natively
built into the 5GC architecture. The SA solution supports
eMBB, mMTC and uRLLC service applications.

Fig. 4 shows the NSA and SA 5G network deployment
modes.

C. 5G SERVICE CLASSES

Mobile communications networks were initially designed
for human-to-human communication to provide voice and
data transmission [22]. However, in the 5G era, an exten-
sive range of new and unique vertical industry markets have
emerged [23]. To address the diverse vertical industries’
technical demands for 5G wireless networks, the IMT-2020
vision has defined three main 5G use cases: enhanced mobile
broadband (eMBB) (for ultra-high throughput applications);
massive machine type communication (mMTC) (for ultra-
large connection applications); and ultra-reliable and low
latency communication (uURLLC) (for ultra-low latency appli-
cations) [1]. Fig. 5 illustrates the 5G main use cases and
sample applications.

1) eMBB

The need to support the explosion in mobile data traffic
is arguably one of the key drivers behind 5G [24]. eMBB
traffic can be considered to be a direct extension of the
4G broadband service and the key objective of the eMBB
service class is to fulfil the need for ultra-high data rate
transmissions [25]. This is essential for many human-oriented
applications, such as virtual reality (VR), augmented reality
(AR), ultra-high definition (UHD) video streaming, intelli-
gent CCTYV, virtual presence and online gaming. The growing
demand for increased data rates was the main motivation for
the development of previous 3G and 4G mobile broadband
cellular systems. Due to a further increase in mobile data
demand to support new applications like extended reality
(XR), 5G networks aim to offer peak data rates of 20 Gbps,
cell edge user experience data rates of 50-100 Mbps and
traffic density of 10 Mbps/m? [1].

2) mMTC

This service class is meant to support the connection of a
large number of low-rate and low-power devices, referred
to as machine-type devices (MTDs), within 5G cellu-
lar networks [2], [3], [26]. According to the IMT-2020
vision, mMTC is aimed at supporting 1 million wireless
devices per km®> and 10 years battery lifespan [1]. This
service class will foster the realization of the mobile Inter-
net of Things (IoT) by providing efficient Internet con-
nectivity. mMTC applications include smart grids (energy
sector), smart cities (public sector) and smart irrigation
(agriculture sector).
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FIGURE 5. 5G main use cases and sample applications.

3) uRLLC

This service class is also referred to as mission-critical
communications and requires extremely low latency
(0.25-0.3 millisecond/packet) with very high reliability
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(99.999%) [2], [3], [27]. The uRLLC use case is essential
for supporting many emerging mission-critical applications,
such as industrial automation, remote surgery, robotics, drone
applications and vehicular safety communications [27].
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TABLE 1. IMT-2020 service class performance requirements.
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FIGURE 6. 5G key enabling technologies.

The IMT-2020 service class performance requirements are
summarized in Table 1.

D. 5G KEY ENABLING TECHNOLOGIES

As a multi-service network technology, 5G needs to be accu-
rately designed in order to provide enough flexibility to meet
all the diverse requirements of the expected applications in an
efficient and cost-effective manner [28]. A variety of emerg-
ing technologies are projected to be the key enablers for 5G
networks. New air interface access techniques, higher-order
modulation/demodulation schemes, complex channel coding
algorithms and new radio frequency (RF) spectrums underpin
the development and standardization of 5G key enabling
technologies [29]. The technical capabilities and performance
of 5G mobile networks transcend those of the existing 4G
networks [1], [2], [3]. These next-generation mobile networks
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provide significantly higher capacity and support different
types of emerging industrial applications that have stringent
network quality of service (QoS) and end-users quality of
experience (QoE) requirements [29], [30]. Fig. 6 summarizes
the 5G key enabling technologies.

1) SOFTWARE DEFINED NETWORKING (SDN) AND
NETWORK FUNCTION VIRTUALIZATION (NFV)

The previous commercial wireless broadband networks
(i.e., 3G and 4G) were inherently hardware-based and relied
on closed inflexible network architectures [31]. Software
Defined Networking (SDN) is the separation of the control
plane (signaling messages) from the user plane (data/traffic
messages), thereby offering efficient and flexible resource
management [32]. It guarantees MNOs with the flexibility
to manage and control their networks with programmable
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software interfaces — called Application Programming Inter-
faces (APIs) — and allows for cloud network control and
optimization.

Network Function Virtualization (NFV) is a crucial
enabling technology for emerging 5G networks which offers
an efficient platform for network providers and users to
optimize resource utilization [33]. According to [32], NFV
is the process of shifting functionalities such as load bal-
ancing or intrusion detection from integrated generic hard-
ware to software components known as virtual network
functions (VNFs). The key benefits of NFV include: simpli-
fied network functions, efficient installation and automatic
upgrades. Moreover, NFV greatly reduces capital expendi-
ture (CAPEX) required to buy hardware devices and saves
operational expenditure (OPEX) by aggregating resources for
VNFs that run on a centralized server pool [34].

SDN and NFV are complementary concepts that enable
virtualization of the entire network functions that were ini-
tially tied to hardware to efficiently run on cloud infrastruc-
ture. However, the pitfall of such a network scenario is the
exposure of the network functions to security threats. 5G
network security is thus a crucial component in many critical
network applications [32], [35].

2) NETWORK SLICING

Network slicing is a key technology which enables 5G and
beyond networks to support composite services by transition-
ing from a “‘network-as-an-infrastructure” to a ““network-as-
a-service”’ platform [16]. According to [36], network slicing
can be defined as the process of partitioning a physical net-
work into multiple isolated logical networks (slices), each
with its own service characteristics and performance require-
ments. Due to varying service class requirements, each net-
work slice will require its own business model to meet its
business targets in terms of economic value and profitabil-
ity [37]. The 5G network slicing concept has been identified
as a key driver to accelerate the creation of innovative dig-
ital businesses, and the associated service level agreements
(SLAs) are aimed at enabling these digital businesses, as well
as facilitating digital inclusion [38].

3) ULTRA-DENSIFICATION

Ultra-densification of the radio access network (RAN) is
indispensable to efficiently support the exponentially grow-
ing mobile data traffic in the 5G era. Ultra-densification
is a combination of different types of low transmit power
radio sites with varying coverage radii including: femtocells
(10-50 m radius); picocells (100300 m) and microcell
(250 —1000 m) [39]. Small cells are recommended for
deployment in partial areas such as outdoor hotspots and
indoor scenarios, thereby extending the network coverage and
capacity [40].

4) MILLIMETRE WAVE (mmWave)
The rapid growth of mobile broadband traffic in the 5G epoch
can be sustained via increased RF spectrum resources on the

VOLUME 10, 2022

radio access network (RAN). The 3GPP [2], [3] has defined
two main RF spectrum resources for 5G networks: Fre-
quency Range 1 (FRI) consisting of sub-6 GHz frequencies
(i.e., sub-3 GHz (e.g., 900 MHz, 1800 MHz and 2100 MHz)
and C-band (e.g., 3.5 GHz and 3.7 GHz)); and Frequency
Range 2 (FR2) consisting of millimeter wave (mmWave)
spectrum (e.g., 26 GHz, 28 GHz, 39 GHz and 60 GHz) [28].
Due to the abundant availability of RF resources, the
mmWave spectrum can support thousands of times more data
and thus enhances capacity, as compared to the sub-6 GHz
spectrum [41]. Typical applications for the mmWave spec-
trum include: UHD video applications, VR headsets, body
scanning, 5G small cell concept, radar applications, automo-
tive applications, medical applications (e.g., mmWave ther-
apy) and satellite communication [42]. The disadvantage of
mmWave spectrum is range limitations and possible radi-
ation induced hazards, they are however suitable for high
bandwidth and short distance communication requirement
use cases.

5) DIGITAL NETWORK PLATFORMS

5G networks are expected to transform the wireless
communication ecosystem from the current ‘“‘network-for-
connectivity” applications towards ‘‘network-of-services”
applications which will be built on digital network platforms
with massive data stocks/flows and complex algorithms [43].
Therefore, digital network platforms will require the appli-
cation of big data techniques and machine/deep learning
techniques [44]. In addition, since 5G and beyond networks
are expected to disrupt the mobile ecosystem by full-scale
introduction of “as-a-service” platforms and a shared econ-
omy approach, new entrants to the mobile market such as
micro-operators, content providers, and app developers will
be required to share the available resources [45]. Digital net-
work platforms will certainly play a pivotal role in fostering
the concept of a digital economy within a smart, inclusive and
hyper-connected world.

6) GREEN COMMUNICATION

The rise in 5G network service applications (i.e., eMBB,
mMTC and uRLLC) is accompanied by a corresponding rise
in network energy consumption. Higher energy consumption
may result in increased carbon dioxide (CO2) emissions
within the environment which can in turn lead to harmful radi-
ation effects to humans and other living organisms. To address
the ecological and health concerns associated with the rise in
CO2 levels, green communication is a key 5G technology to
consider [46]. Energy harvesting technologies, which allow
base stations and mobile devices to harvest energy from
renewable energy sources (e.g., solar and wind) can provide
green energy supply solutions to power 5G networks [47].
Furthermore, mMTC is particularly the 5G pillar use case
that will benefit most from green network technology invest-
ments. Applications such as industrial IoT-based applications
requiring network nodes to operate for years using green
energy and energy-efficiency technologies being tested for
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TABLE 2. 5G key technologies, service classes, performance targets and sample application scenarios.

5G Key Technologies

5G Service Classes

Performance Targets

Sample Application Scenarios

SDN & NFV

eMBB, mMTC, uRLLC

Efficient and flexible
resource management.

Reduced CAPEX & OPEX

VR/AR for public service
Autonomous vehicles

Network slicing

eMBB, mMTC, uRLLC

Improved resource
utilization

Ultra-high definition (UHD)
video streaming

Real-time online gaming
Intelligent transportation
system (ITS)

Ultra-densification

¢MBB

Higher data rates
Higher spectral efficiency

Indoor and outdoor hotspots
Sport arenas
Dense urban areas

Millimeter Wave

eMBB

Higher data rates

Indoor and outdoor hotspots
Ultra-high definition (UHD)
video streaming

Digital network platforms

eMBB, mMTC

Massive data computation

Smart meters

Green communication eMBB, mMTC, uRLLC

Big data computation Smart grids

. Traffic monitoring
Low CO2 emission . e-health
Improved network . Remote surgery

efficiency . Smart factories
IoT & D2D mMTC Large number of device e Smart cities
communication connectivity ° Smart grids
Massive MIMO & Higher data rates . High rise buildings
Beamforming cMBB Coverage enhancement e Rural and sub-urban areas

Capacity maximization

5G networks [48], [49]. Other energy efficient mechanisms
to attain green communication have been proposed in [34].
These include; power control and optimization in green com-
munications, energy efficient hardware, energy efficient net-
work architecture, and battery technology enhancements.

7) INTERNET OF THINGS (loT) AND DEVICE-TO-DEVICE
(d2d) COMMUNICATION

10T technology envisions millions of simultaneous connec-
tions involving a variety of devices, automated machines,
connected homes, smart grids and smart transportation sys-
tems [17]. IoT enables Internet connections and data inter-
operability for numerous smart objects and applications [50].
In traditional cellular networks, much of the wireless com-
munication occurs between the base station and the device.
The use of IoT in 5G networks has been triggered by
emerging technologies such as device to device (D2D)
communication [51] and machine to machine (M2M) com-
munication [52]. D2D communications for 5G-enabled IoT
applications can been employed in smart city development for
the purpose of waste management, traffic management, water
supply management, criminal tracking and environmental
pollution monitoring [51], [53].

8) MASSIVE MIMO AND BEAMFORMING

Massive multiple-input multiple-output (MIMO), also
referred to as full-dimension MIMO, is one of the key
enabling technologies which has been standardized by the
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3GPP aimed at increasing data throughput (particularly
for cell edge users) and maximizing spectral efficiency
[2], [3], [54]. Massive MIMO refers to a technology fea-
ture where base stations are equipped with antenna arrays
consisting of a large number of antenna elements [55]. Mas-
sive MIMO increases costs and energy consumption of 5G
network and end-user devices, hence it is always a com-
promise of technologies which is under consideration [56].
Conversely, the application of massive MIMO alongside
beamforming (i.e., directionality of the propagation beams)
ensures that cell edge coverage and capacity are enhanced.
Additionally, beamforming increases the energy efficiency of
the signals due to the formation of narrow beamwidths [57].

Based on the 5G key enabling technologies and the 5G
service classes which have been presented in this article,
Table 2 gives a summary of the 5G key enabling technologies
in relation to the service classes, performance targets and
sample application scenarios.

E. 5G DEPLOYMENT PHASES

5G networks are not just the next incremental update to
the existing 4G communication standards. The services and
network quality of service (QoS) expected from 5G networks
rely on the seamless integration of many different elements
such as 5G ecosystem partners, use cases, key technolo-
gies and performance measurement metrics [58]. Therefore,
innovative and rigorous testing is crucial at every phase of
5G deployment, if MNOs are to ensure delivery of consistent
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FIGURE 7. Possible 5G deployment phases.

performance that both applications and users demand [59].
However, the inherent complexity of 5G networks presents a
number of challenges in the deployment process.

The 5G Alliance for Connected Industries and Automa-
tion (5G-ACIA) organization ensures that the interests and
particular aspects of the industrial domain are adequately
considered in 5G standardization and regulation. 5G-ACIA
has been actively involved in promoting multiple industrial
business applications for 5G and publishing white papers
around them [60]. Fig. 7 illustrates the possible 5G deploy-
ment phases based on the examples of 5G connected and
automated industries outlined by [60].

1) CONSUMER PHASE

The initial phase of 5G deployment which took place
in 2020 and was more focused on individual end-users’
smartphone-based eMBB throughput-sensitive applications.

2) ENTERPRISE PHASE

The second phase of 5G deployment and is likely to occur
by 2023. It will focus on 5G small and medium enterprises.
Sample use cases include: private 5G networks such as micro-
operators; Industrial IoT, smart sensing such as smart grids,
Al based applications and so forth.

3) FULL CAPACITY PHASE

The final deployment phase to be realized by 2025 and will
incorporate eMBB, mMTC and uRLLC use cases. Moreover,
end-to-end network security guarantees will be critical to 5G
networks in this final phase of deployment. In this phase,
all the vertical industry markets will be fully supported.
These will range from financial institutions, educational insti-
tutions, government institutions, corporates institutions and
many others

F. PUBLIC AND PRIVATE 5G NETWORKS

1) PUBLIC 5G NETWORK

A public 5G network is one where the MNO owns and oper-
ates the spectrum and the network infrastructure. In addition,
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generally all of the MNO’s customers (apart from emergency
or public safety organizations) have the same access rights
to the network [61]. In a public 5G network, the management
of services, infrastructure, technologies, value added services
(VAS), and subscription charges are the responsibilities of the
MNO. A MNO can be described as a licensed telecommuni-
cation company that owns and operates the network spectrum
and infrastructure, delivers voice and data services to sub-
scribers, provides devices, and controls the billing systems
for the customers’ usage [62].

2) PRIVATE 5G NETWORK

A private 5G network is a dedicated local area network with
enhanced communication characteristics, unified connectiv-
ity, optimized services, and customized security within a
specific area [63]. With private 5G networks, private orga-
nizations own, operate, or have some level of priority access
to the network’s infrastructure or spectrum. The amount of
network infrastructure and spectrum owned and operated can
vary greatly [64].

Private 5G networks are envisaged to offer agile solu-
tions to effectively deploy and operate services with rigorous
and diversified constraints in terms of availability, reliabil-
ity, latency, re-configurability and re-deployment of network
resources as well as issues related to governance and own-
ership of 5G network components and elements [65]. Non-
public 5G networks are private SG networks that are deployed
for the sole use of a given business-to-business (B2B) cus-
tomer such as a vertical [66]. Non-public 5G networks can be
deployed in a wide variety of forms, depending on the vertical
use cases to be supported as well as the established regulatory
framework [67].

a: PRIVATE 5G NETWORK DEPLOYMENT MODES
Depending on spectrum and infrastructure availability as well
as the level of network management and access control,
private 5G networks can be deployed as either stand-alone
(independent) mode or public network integrated (dependent)
mode.

94859



IEEE Access

L. Banda et al.: 5G Business Models for Mobile Network Operators—A Survey

TABLE 3. Comparisons between public 5G and private 5G networks.

Comparison Item Public 5G Network Private 5G Network
Network accessibility and usage e Everyone (i.e., consumers and businesses) e Customized for specific organizations /
enterprises
Coverage area e Wide area network coverage (e.g., city, state, e Limited to one specific locale (e.g., university

province or country)

Spectrum options e Licensed spectrum
e Unlicensed spectrum

Service offering e Diversified
Network accessibility e Less restricted
Deployment and operational costs e High
Network management and e Carrier MNO

Maintenance

campus, factory or hospital)
e Leased/rented spectrum
e Dedicated private spectrum

e Unlicensed spectrum

e Specific
e Highly restricted and fully controlled

e Independent private 5G: High
Dependent private 5G: Low

e Independent private SG: Organization/enterprise
e Dependent private 5G: Carrier MNO

Stand-alone: A private 5G network is deployed as an
isolated and independent system without relying on a pub-
lic 5G network [63]. According to [68], in the stand-alone
deployment mode, the 5G private network has the following
characteristics: its own unique identifier, independent of the
public network; the private 5G network is assigned its own
spectrum resources; and a complete deployment of end-to-
end 5G system (radio access, transport and core network
domains) logically exists.

Public network integrated: A private 5G network is
deployed anchored on the public network and thus, has
lower customization, self-control, and security when com-
pared with the stand-alone mode [63]. The public network
integration mode can further be divided into following three
categories [69]: (i) Shared RAN - where the private 5G net-
work and the public network share part of the radio access
network (RAN) while other network domains such as the
core network remain separated, and all data flows of the
private 5G network are restricted to the local area; (ii) Shared
RAN and Control Plane - the private 5G network and the
public network share part of the RAN and the network control
tasks (signaling management) is implemented in the public
network; and (iii) Hosted by the Public Network - the pri-
vate network is entirely hosted and managed by the public
network, despite regarding the two portions as parts of com-
pletely different networks in order to guarantee the isolation
and independence of both portions.

b: PRIVATE 5G NETWORK SPECTRUM OPTIONS
Spectrum availability is one of the critical factors to consider
when deploying private 5G networks. There are three spec-
trum options for private 5G networks [70].

Licensed spectrum: The MNO allocates a portion of its
owned spectrum for private use by a non-public 5G network.

94860

Dedicate private spectrum: A private 5G network obtains
its own spectrum directly from the regulator, thereby enabling
the private 5G network to operate independently from the
public MNO.

Unlicensed spectrum: The spectrum is free of charge,
thus the unlicensed spectrum option has the potential to
enable the private 5G networks to expand rapidly. However,
malicious jamming and external interference if not properly
managed could cause service disruptions to some vertical
industries [63].

Table 3 gives a high-level summary of the comparisons
between public 5G networks and private 5G networks.

Ill. 5G GLOBAL ECONOMIC IMPACTS,

OPPORTUNITIES AND BENEFITS

The information and communication technology (ICT) sec-
tor is a huge market that can stimulate the digitaliza-
tion and growth of new smart industries through relevant
use of emerging 5G and beyond technologies [71]. The
continuous deployment of 5G networks is opening win-
dows of opportunities for MNOs to move beyond con-
nectivity and collaborate across vertical sectors to deliver
rich new services to consumers and businesses [72]. 5G
technologies will also offer an opportunity for industries,
society and individuals to advance their digital skills and
ambitions [73].

Despite the COVID-19 pandemic, 5G networks are being
rolled out faster than expected, therefore service providers
need to identify which areas to prioritise for future growth.
Additionally, 5G investments, deployments and market-
ing efforts in most markets have been focused more
on consumers, and this naturally has had an impact on
5G enterprise market potential which is yet to be fully
exploited [71].
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FIGURE 8. Mobile industry goals for the 5G era (source [83]).

A. MOBILE INDUSTRY GOALS FOR 5G NETWORKS

5G technologies are expected to shift the telecoms indus-
try from a “horizontal” service delivery model, where ser-
vices are defined independent of their consumers toward a
“vertical” delivery model, where the provided services are
tailored to specific industry sectors and verticals [74]. Addi-
tionally, 5G networks will disrupt the mobile telecommuni-
cation industry by opening the market to new entrants such
as micro-operators, content providers and infrastructure own-
ers through the expansion of the traditional mobile business
ecosystem to meet vertical sector-specific requirements in a
digital, smart and hyper-connected world [75].

The emergence of 5G technologies has offered a new
way of enhancing economic growth in developing countries.
Developing countries can tap the potential of 5G technologies
by concentrating on the application layer in areas of their
current economic activities [76], [77]. Additionally, tertiary
education institutions are collaborating with communication
companies in equipping graduates with technical expertise
and entrepreneurial skills in 5G technology standards and use
cases [78]. Thus, 5G could play a vital role in transforming
education, including: 5G technology for AR and VR in educa-
tion [79]; development of mobile applications that use VR for
education [80]; sharing of online curriculum resources based
on 5G and IoT [81]; and so forth. Indeed, some institutions
like Obuda University in Hungary have already introduced
5G technology in their curriculum at both undergraduate and
postgraduate levels [82].

According to research conducted by the GSMA [72],
and as shown in Fig. 8 [83], the mobile industry has
five main goals for the 5G era. These goals, which were
arrived at following consultations with 750 operator CEOs
in 2016/2017 and in line with the mobile industry’s purpose
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to ““intelligently connect everyone and everything to a better
future” [72], are as follows.

1) BOUNDLESS CONNECTIVITY FOR ALL

Emerging 5G networks will co-exist with current 4G net-
works and other alternative wireless technologies to deliver
fast, reliable and secure wireless services supporting a host
of use cases to consumers.

2) VERTICAL/INDUSTRIAL TRANSFORMATION

5G will accelerate the digital transformation of industry verti-
cals by providing network platforms for the digitalization and
automation of industrial processes.

3) MASSIVE loT & CRITICAL COMMUNICATION

The mobile industry envisions that during the 5G era, net-
works will support the large-scale rollout of intelligent IoT
connections for various scenarios leading to widespread
adoption of critical communication services.

4) ENHANCED BROADBAND

5G networks are aimed at transforming the end-users mobile
broadband experience with data rates of up to 1 Gigabit per
second and latency of less than 1 millisecond, and provide
platforms for cloud and artificial intelligence-based services.

5) NETWORK ECONOMICS AND INNOVATION

In the 5G era, the mobile industry aims to cost-effectively
deliver better quality networks either singly or via collabo-
rative partnerships. This will require innovative technologies
and the use of both licensed and unlicensed spectrum bands.
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B. 5G MARKET READINESS

The pressure on MNOs to rapidly transition to 5G plat-
forms and services is tremendous. However, the timing of 5G
deployment is highly dependent on market readiness, and this
varies by geographical markets [72]. The key factors affecting
5G market readiness for MNOs are: return on investment
(Rol) on 4G networks, Fixed Wireless Access (FWA) and
private industrial 5G networks [73], [83], [84]. The compet-
itive environment going into the 5G era remains challenging
in many markets globally. The competition among MNOs
will remain a big 5G market force for the foreseeable future.
Moreover, many operators are also increasingly competing
with non-operator companies, such as TV and content ser-
vices where operators have made acquisitions (e.g., AT&T’s
acquisition of Time Warner) as well as IoT where some
operators aim to expand beyond connectivity and provide
vertical solutions [85].

In addition, since telecoms is a capital-intensive industry,
markets with sufficient scale can better influence the global
trajectory of 5G development and are also able to achieve low
unit cost of network rollout (i.e., economies of scale). These
will create significant incentives for 5G deployment [72]. For
example, according to the GSMA intelligence report [86],
mobile operators in China and the US have higher scale than
in the European Union. Thus, with sufficient scale, operators
in China and the US have substantial financial capabilities to
support 5G deployment and a large subscriber base, conse-
quently reducing the cost per connection for 5G [72].

C. 5G ECONOMIC BENEFITS AND INVESTMENT
OPPORTUNITIES

5G is projected to generate massive value for the global
economy. This is underpinned by earlier studies conducted
by the World Bank showing a strong relationship between
broadband penetration and economic growth [87]. Further,
the report in [88] estimates that 5G will provide key economic
benefits of $22.2 trillion in global GDP and $588 billion in
worldwide tax revenue cumulatively over the period from
2020 to 2034. A study by Ericsson [89] reveals that telecom
operators have a potentially addressable 5G-enabled revenue
opportunity of $619 billion by 2026 from ten industries:
manufacturing, energy and utilities, public safety, health-
care, public transport, media and entertainment, automotive,
financial services, retail, and agriculture. Another study by
Huawei [90] explored the opportunities from their top-ten
5G use cases, showing for example, that there is an opera-
tor addressable market opportunity of $93 billion for Cloud
AR/VR. Further studies conducted by IHS Markit [77] indi-
cate that 5G will enable $12 trillion of global economic
activities in 2035.

1) 5G KEY INVESTMENT BENEFICIARIES

The investment in 5G networks will benefit various key
stakeholders in the 5G market value chain, including: ser-
vice providers comprising traditional MNOSs (primary carriers
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and secondary carriers like mobile virtual network operators
(MVNGOs)) and private service providers (such as micro-
operators (1Os), content providers, platform providers, app
developers and infrastructure providers); industry partners
such as public/government institutions, private enterprises
and vertical markets; and network vendors such as equip-
ment manufacturers, device manufacturers and technology
providers. Fig. 9 illustrates the anticipated key investment
beneficiaries within the 5SG market.

2) SHARE AND GROWTH RATE FOR GLOBAL 5G
OPPORTUNITIES FOR SERVICE PROVIDERS

The 5G era is expected to spur digital transformation across
diverse industries and sectors. By 2030, the expected industry
digitalization revenues for ICT players globally across all
industries are expected to amount to around $3.8 trillion,
while the value in terms of investment opportunities driven
by 5G across key vertical industries is expected to be around
$1.5 trillion [91]. Furthermore, [71] projects that the total
value of the global addressable 5G-enabled market for service
providers across ten industries: manufacturing, energy and
utilities, public safety, healthcare, public transport, media
and entertainment, automotive, financial services, retail, and
agriculture — will reach $700 billion in 2030, beyond mobile
broadband. Fig. 10 illustrates the 5G-enabled revenue poten-
tial across the ten industries from the study conducted
in [71].

The report in [71] has also provided the distribution of the
expected 5G-enabled market opportunities for the ten indus-
tries across nine geographical regions as shown in Fig. 11.
As illustrated in Fig. 11, most opportunities for service
providers will occur in North America, North-East Asia and
Western Europe due to huge economies of scale in those
regions. Developing and emerging markets like Africa and
India will have the least opportunities for service providers
due to deployment challenges such as inadequate 5G network
infrastructure, unavailability and unaffordability of 5G capa-
ble devices, unreliable power supply, and so forth.

D. GLOBAL 5G COMMERCIAL DEPLOYMENT
1) PROGRESS AND CURRENT STATUS
Despite the current COVID-19 pandemic and its associ-
ated economic constraints, the global commercial deploy-
ment of 5G networks has continued unabated [92]. As of
April 2021, 68 countries (with 162 networks) out of the 193
UN-recognized countries in the world, had 5G networks com-
mercially released [93]. These figures represent a Global 5G
network index (i.e., the ratio of countries with commercial
5G networks to the entire countries in the world [94]) of 35%.
In terms of connectivity, GSMA [95] predicts that the number
of 5G connections will grow from 200 million in 2020 to
1.8 billion in 2025, thereby covering about one-third of the
global population.

The GSMA predicts that Asia Pacific and Sub-Saharan
Africa, the regions with the largest unconnected populations,
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FIGURE 10. 5G-enabled revenue potential across 10 industries (Source: [71]).

will register the biggest growth in new mobile subscribers
from 2020 to 2025 [86]. Nearly two-thirds of all new global
mobile subscribers by 2025 will come from these two regions,
with about 188 million from Asia Pacific and about 120 mil-
lion from Sub-Saharan Africa [86]. With respect to global 5G
connections by 2025, China alone will account for almost half
(828 million) of all global 5G connections, while 5G adoption
will be highest in North America and Developed Asia Pacific
(Australia, Japan, Singapore and South Korea), at 51% and
53% respectively [86]. Globally, SG adoption will average
21% of all connections in 2025, with the lowest 5G adoption
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21%
Healthcare +75%

19%
Manufacturing +76%

12%
Energy and utilities +67%

being in Sub-Saharan Africa and Rest of Asia Pacific, at 3%
and 5% respectively [86].

In readiness for the 5G network rollout, many MNOs have
begun upgrading their existing legacy networks to multi-
standard 5G-ready baseband and radio antennae which can
handle multiple frequency bands. In addition, there is a
need to build adequate transport (i.e., transmission, backbone
or backhaul) network infrastructure mainly based on fiber.
Mobile operators will also need to leverage the virtualization
of network management systems through SDN and NFV, both
of which are key enablers of network slicing [16], [45], [83].
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2) MOBILE OPERATORS’ 5G DEPLOYMENT CHALLENGES
The challenges affecting the deployment of 5G networks
by mobile operators are multifaceted. These challenges
range from the business landscape, investment opportunities,
political/governance atmosphere, and levels of technologi-
cal advancement. The following are some of the challenges
which have been discussed in the literature.

a: CURRENT 4G NETWORKS CAPABLE OF MEETING MOBILE
BROADBAND SERVICE DEMANDS

The deployment of 5G is inevitable but not imminent in
some developing regions because existing 4G technologies
are capable of supporting current use cases and the demands
for mobile Internet connectivity [73], [83]. Therefore, most
mobile operators in such regions would rather exploit the
untapped markets for 4G and maximize their ROI before
upgrading to emerging 5G technologies.

b: EXORBITANT SPECTRUM PRICING

In developing and emerging markets such as Africa, Asia and
Latin America, spectrum pricing has been dominated by reg-
ulations and policies that aim to maximize revenues for com-
munication regulators. In countries like Nigeria, for instance,
the spectrum prices are three times higher than in developed
countries [96]. The inflated spectrum prices are influenced by
various factors which are usually linked to expensive yet low
quality mobile broadband services [45]. As a consequence,
ROI for mobile operators is negatively affected. This can lead
to reduced investment by mobile operators and higher service
prices for consumers. 5G spectrum acquisition policies tend
to be considered from either short-term or long-term perspec-
tives by the regulatory authorities. Short-term considerations
aim at maximizing the amount of money per spectrum band
without adequate regulation, thereby promoting poor QoS,
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and with little or no regard for rural coverage and national
technology benefits. On the other hand, long-term consid-
erations accept lower yet reasonable amounts of money per
spectrum band, while emphasizing that operators guarantee
service quality and address rural coverage demands, and
altogether incentivizing new services and smart industries to
grow and benefit host countries.

c: UNAVAILABILITY AND UNAFFORDABILITY

OF 5G CAPABLE DEVICES

Like other previous network generations, the deployment of
5G should be accompanied by 5G capable devices. However,
the cost of 5G devices will remain prohibitively high for
most consumers, especially in developing countries for the
foreseeable future [92]. Due to the slow pace of 5G network
rollout in most developing regions like Sub-Saharan Africa,
the availability of 5G devices is limited as device manufactur-
ers are skeptical with respect to making sales profits in these
seemingly small markets.

d: INADEQUATE 5G NETWORK INFRASTRUCTURE

Most regions in the world, with the exception of North Amer-
ica, Western Europe, North-East Asia and Australia/New
Zealand, have a relatively weak financial base, low human
capital development and poor infrastructure including low
broadband connectivity [83], [94]. These can cause potential
investors’ loss of confidence in deploying 5G networks in
most countries.

e: LOW FIBER PENETRATION

The 5G backhaul network is predominantly supported by
fiber transmission due to the low latency and higher band-
width of optical fiber technology [97]. However, the low
fiber penetration in most developing countries will be a key
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challenge to the deployment of 5G networks. For example,
according to the report in [98], fiber penetration rate in Africa
was at 10% (compared to 30%, globally) in 2017 and will
only reach 15% (compared to 40%, globally) by 2025.

f: UNRELIABLE POWER SUPPLY

The energy requirements for 5G hardware equipment such
as baseband units and RF components are higher than those
of the predecessor technologies [1], [2], [3]. Many countries
in developing and emerging regions such as Africa, Asia
and Latin America are plagued by inadequate or intermit-
tent power supply, or both. These power challenges mainly
emanate from increased demand for power due to industrial-
ization, urbanization and population growth. This has resulted
in increased operators’ OPEX as fuel-based generators and
expensive batteries are used as backup power sources.

g: INACCURATE MOBILE SUBSCRIPTION DATA

The capturing of population data such as demographic pro-
files remains a challenge in most regions. Due to lack of
consistent population census exercises in most countries, it is
difficult for mobile operators to accurately anticipate the
targeted subscriber base, resulting in inaccuracies in pre-
dicting their ROI. A prominent example is Africa, where
mobile operators have tried to supplement this lack of
accurate data using industry-based sources such as GSMA
reports [72], [92], [98] and Ericsson reports [5], [45], [71].

h: REVENUE UNCERTAINTY

Most of the data compiled by mobile operators and industry
bodies such as GSMA [92] is based on the current subscriber
base (the majority of whom are urban dwellers) [76]. Thus,
only limited data about the potential rural revenue opportu-
nities is available. Moreover, based on the limited data avail-
able, it is hard for mobile operators to analyze key revenue
parameters such as average revenue per user (ARPU) and
subscriber adoption rate (SAR) which are critical in revenue
modelling [99].

E. ADOPTION STRATEGIES FOR 5G TECHNOLOGIES

Commercial 5G networks are now operational in every region
of the world, making 5G a truly global technology. However,
adoption is proceeding at different speeds in different regions.
As an emerging cutting-edge technology, the adoption of 5G
should meet present and future needs, globally. This is critical
in order to ensure that some regions are not left behind in
terms of technological advancement and competences. Tech-
nologically advanced economies such as Western Europe,
North America, and North-East Asia (i.e., China, Japan and
South Korea) will be regarded as early-movers (pace setters)
for 5G technology and have started adopting 5G through pri-
mary innovation [86]. Conversely, for developing and emerg-
ing markets which have low rates of 5G deployment and are
facing the rollout challenges previously outlined, it would
be appropriate to consider less advanced levels of adoption
via secondary innovation [100]. Standards organizations such
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as the ITU and IEEE are suggesting new innovations and a
scaled down version of the 5G standard meant to accelerate
5G adoption. For instance, the IEEE have developed a draft
standard for a scaled down version of 5G standard known as
P2061, also referred to as Frugal 5G [101]. P2061 describes
a Draft 5G Standard Architecture for Low Mobility and
Energy Efficient Network for Affordable Broadband Access.
Frugal 5G will allow developing countries to start implement-
ing 5G with lower capabilities and describes some of the
use cases such as: basic connectivity to ICT infrastructure;
economic opportunities (e.g., agriculture, small businesses
and financial inclusion); human resource development and
access to life-enhancing services (e.g., healthcare, education,
entertainment, and support for safe water, sanitation and clean
energy); and e-Governance and electronic delivery of citizen
services [101].

Authors in [102] have demonstrated how latecomer firms,
though disadvantaged in technological capabilities and mar-
ket resources, can successfully introduce new and disrup-
tive technologies from advanced economies into emerging
economies through secondary business model innovation.
With the comparatively slow pace of 5G deployment in
Africa and other developing regions, mobile operators in
such markets can be regarded as latecomers while operators
in developed markets can be considered as first-movers for
5G adoption. As latecomers, mobile operators in developing
countries will have two key advantages:

1) ADAPTING 5G IMPLEMENTATION STRATEGIES

The phenomenon of technological paradigm shifts opens a
window of opportunities for latecomer operators to real-
ize technological capabilities by importing and adapting 5G
implementation strategies from developed countries.

2) COMPETITIVE POSITIONING

Operators can leverage initial competitive advantages, such
as low adoption costs, to improve their competitive position
within the 5G ecosystem.

F. IMPACT OF REGULATION ON 5G DEPLOYMENT
Regulation and policy makers are expected to continue play-
ing a key role as the global 5G deployment intensifies. It is
worth noting that regulatory policies may foster or inhibit the
rollout of 5G networks. On a positive outlook, it is anticipated
that the significant investments required for 5G deployment
will be motivated by a stable, consistent and proportionate
regulatory framework for all stakeholders [103].

5G has been regarded as a disruptive innovation, in that
it has created new market values where new services and
applications are emerging in an unexpected manner. Thus,
policy makers will have to be prepared for significant chal-
lenges concerning 5G deployment in their respective coun-
tries [104]. Moreover, since the future development of 5G
technologies and the related markets is open-ended, network
implementation policies are being developed with incomplete
knowledge and under conditions of uncertainty [105].
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Regulators and policy makers should ensure that suitable
spectrum is available in appropriate frequency bands, in suffi-
cient amounts and with appropriate license conditions [103].
Maintaining a stable and predictable regulatory and spec-
trum management environment is critical for the long-term
investments of operators into network infrastructure, inno-
vative services and business models. The exclusive mobile
licensed spectrum assignment methods will remain important
for ensuring stability for long-term investments into networks
and the underlying spectrum [106]. Support for a flexible
and dynamic spectrum sharing and complementary hetero-
geneous networks, can also extend the reach and innovative
potential of 5G networks [191].

5G technology has stimulated the adoption of local 5G
networks within various vertical sectors [107]. Ensuring spec-
trum availability to these local 5G networks should be a key
priority for regulators in 5G decision making as it requires
adjustments to existing spectrum valuation approaches that
are used as basis for spectrum assignment decisions [108].
Authors in [109] have identified spectrum management and
spectrum fragmentation as key regulation issues in 5G imple-
mentation. According to [109], regulators are facing chal-
lenges in spectrum management especially for the local and
specialized 5G providers such as private 5G networks and
micro operators. Micro licensees might have to pay high
charges to incumbent competitors in their area for backhaul or
middle mile connectivity. Fragmentation of the spectrum is a
challenge that it may cause interoperability problems among
vendors and mobile operators and reduces the impact of 5G
efforts. This should be considered in the market approach
(e.g. spectrum trading) and controlled by regulators of spec-
trum licenses for new 5G spectrum releases to achieve a
harmonized 5G spectrum [110].

Table 4 summarizes the 5G regulatory components, their
roles in 5G and the associated challenges in implementing
them.

IV. BUSINESS MODEL THEORETICAL CONCEPTS

Business models have been a hot topic of research in
management-related disciplines for the past two decades
or so. The business model concept gained popularity with
the advent of the Internet in the mid-1990s, and it has
become a key focus area within the research community since
then [111], [112].

A. WHAT IS A BUSINESS MODEL?

Despite its extensive use in both management practice and
the academic literature, the term ‘‘business model’ lacks
a formal standardized definition [112], [113], [114]. This
is mainly due to the fact that diverse business models are
applicable to different industry categories. Table 5 shows
some selected definitions of a business model across different
domains from the literature [115], [116], [117], [118], [119],
[120], [121], [122], [123], [124], [125], [126], [127], [128].
In general, most of these definitions suggest that a business
model articulates how a firm creates and delivers value to
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its customers, and how that value is appropriated. Due to
the lack of a formal standardized definition of a business
model, and based on the various definitions of the term in
the literature, a business model in the context of this survey
study is described as: “The rationale of how a mobile net-
work operator can create, deliver and capture value within
the 5G networks’ ecosystem by using interconnected ele-
ments such as customer relationships, value propositions (ser-
vices), technology design, financial aspects and infrastructure
management.”

B. BUSINESS MODEL RESEARCH AREAS

In their review paper, authors in [112] indicate that the
business model concept has been employed to address three
phenomena: e-business and use of information technology;
strategic issues, such as value creation, competitive advan-
tage, and firm performance; and innovation and technology
management. The e-business phenomenon focuses on under-
standing the composition and structure of new Internet-based
firms. Strategic issues consider: the networked nature of value
creation; relationship between business model and firm per-
formance; and distinction between business model and other
strategy concepts such as product market strategy. In the inno-
vation and technology management domain, a business model
is viewed as a mechanism that connects a firm’s innovative
technology to customer needs [112].

On the other hand, [114] states that the three basic research
streams on the business model concept are: information tech-
nology, organizational theory, and organizational strategy.
The information technology context emerged from the area
of management information systems [113], and the main
focus of this stream is business modelling from which the
business model ensues [114]. Organizational theory views a
business model as an abstract representation of the company’s
structure and architecture [115]. The strategic management
stream considers the relationship between the business model
concept and business strategy and thus, views a business
model as a source of information for implementing a com-
pany’s strategy [114].

C. BUSINESS MODEL ONTOLOGY

A business model ontology (BMO) can be used to conceptu-
alize, design and evaluate a business model [129]. BMOs can
be regarded as standardized approaches to business models
forming the theoretical basis on which business models in
various fields can be developed, component by component.
Currently, the most widely known and most commonly used
BMO is the business model canvas which was created by
Osterwalder and Pigneur [120].

Research in [130] describes a BMO as a conceptual tool
that contains a set of elements and their relationships, and
allows the expression of the business logic of a particular
firm. Further, [130] translates four simple business pillars into
four main business model blocks to make a BMO. These four
pillars are: the ‘what’, the ‘who’, the ‘how’ and the ‘how
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TABLE 4. 5G regulatory components, roles in 5G and challenges.

Regulatory Component Descriptions Role in 5G Challenges
e Spectrum authorization New local licensing models will be Spectrum  fragmentation  causes
granting of access rights to use needed to complement existing models interoperability  issues  especially
frequency bands including to allow different stakeholders to between public and private 5G
Spectrum management rights and obligations establish local 5G small cell radio networks.
(licensing models) access networks with guaranteed
quality.
o Interconnection and Network  slicing and providing Infrastructure owners may charge

Network access
regulation

interoperability requirement to
allow access to infrastructure
for operators (e.g., MVNO and
private 5G operators) who do
not own it.

“network as a service” spans across
multiple stakeholders and local 5G
small cell radio access network
deployments need to connect to other
operator networks to ensure end-to-
end connectivity

higher access fees.

Non-infrastructure ~ owners  have
limited governance and management
of the network.

Coverage and Quality

Regulatory authorities should
ensure that MNOs, enterprise
operators, micro-operators and
other service providers meet
end-users coverage
requirements with guaranteed
quality of service (QoS).

Network operators are encouraged to
deliver more value to their existing
customers and potentially new ones by
contributing to cross-industry activity
that benefit governments, enterprises,
and consumers.

Investment in coverage and capacity
dimensioning to meet the target
subscriber base can be capital-
intensive for most operators.

For most MNOs, QoS guarantee is
mostly focused on urban population
where return on investment (Rol) is
substantially higher than in rural areas.

Pricing regulation

High quality services should be
made available for end users
with affordable prices. Retail
and wholesale prices between
operators need to be non-
discriminatory and reasonable.

Local and private 5G networks need to
be allowed to connect to other
networks with reasonable prices to
ensure affordable prices for end users.

Dependent local and private 5G
operator tend to pay hefty connection
fees to access MNOs’ infrastructure.
Higher connection fees give rise to
higher service prices for consumers

Competition
management

Holders of significant market
power should not be allowed to
abuse their dominant positions.
Incumbent and new market

Regulations should promote
competition among MNOs, micro-
operators and private operators to
serve vertical sectors' specific needs in
specific areas as well as the consumers.

Heterogeneity among key
stakeholders such as customers and
partners pose a challenge for
regulators to level the playing field as
far as market dominance control is
concerned.

Network security and

entrants should be treated
fairly.
Service providers need to

safeguard the security of their
services and protect the privacy

Role of data collection, analysis and
usage will increase in 5G service
provisioning which calls for regulatory

The massive device connectivity being
championed mainly by industrial IoT
is a challenge for both operators and

user privacy and data of users as well as actions to define rules for data regulators in ensuring network cyber-
confidentiality. ownership and exploitation. security and user privacy protection.

e Network operators obliged to Regulatory authorities should ensure In some countries, government

Taxation comply with national tax policy MNOs, micro-operators,  private regulators view taxation of network

frameworks to avoid
revocation  of  operational
licenses.

networks and other service providers
are taxed fairly and at affordable rates
to promote investment in 5G
deployment

operators as their main source of
revenue. This can lead to reduced
investment by operators and higher
service prices for consumers.

much’ of a company. Specifically, these pillars allow us to
express ‘what’ a company offers, ‘who’ it targets with this,
‘how’ this can be realized and ‘how much’ can be earned by
doing it. The four business model pillars outlined in [130] are
as follows:

1) Product (what?): What business the company is
involved in, the products and the value propositions offered
to the market.

2) Customer Interface (who?): Who the company’s target
customers are, how it delivers products and services to them,
and how it builds strong relationships with them.

3) Infrastructure Management (How?): How the company
efficiently performs infrastructural or logistical issues, with
whom, and as what kind of network enterprise.

4) Financial Aspect (How much?): What is the revenue
model, the cost structure and the business model’s financial
sustainability.
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Nine building blocks of a business model have been identi-
fied in [131]. The building blocks are classified based on the
four business model pillars discussed above [130]. Table 6
outlines the proposed business model building blocks in rela-
tion to the business model pillars. The nine business model
building blocks are further elaborated by [120] and [130]:

1. Value Proposition: gives an overall view of a company’s

bundle of products and services.

2. Target Customer: describes the segments of customers
a firm wants to offer value to, i.e., clients who are
addressed by the value proposition.

3. Distribution Channel: describes various means the firm
can utilize to get in touch with its customers as well as
offer them the value proposition.

4. Relationship: explains the kind of links a company
establishes between itself and its various customer
segments.

94867



IEEE Access

L. Banda et al.: 5G Business Models for Mobile Network Operators—A Survey

TABLE 5. Selected definitions of a business model across different domains.

Author(s)

Business Model Definition

Al-Debei, El-Haddadeh & Avison

[115]

An abstract representation of an organization — of all core interrelated architectural, co-
operational, and financial arrangements designed and developed by an organization now and in
the future, including all core products and services that the organization offers or will offer, based
on the arrangements that are needed to achieve its strategic goals and objectives.

Baden-Fuller & Haefliger [116]

A system that solves the problem of identifying who is (or are) the customer(s), engaging with
their needs, delivering satisfaction, and monetizing the value.

Teece [117]

An architecture for how a firm creates and delivers value to customers and the associated
mechanisms that are employed to capture a share of the created value.

Casadesus-Masanell & Ricart [118]

The logic of the firm, the way it operates and how it creates value for its stakeholders.

Rao & Prasad [119]

A company’s plan on how it will generate revenues and make profit.

Osterwalder & Pigneur [120]

The rationale of how an organization can create, deliver and capture value as part of the entire
business strategy.

Fielt [121]

The value logic of an organization in terms of how it creates and captures customer value and can
be concisely represented by an interrelated set of elements that address the customer, value
proposition, organizational architecture and economics dimensions.

Yunus, Moingeon & Lehmann-
Ortega [122]

A social business model has four interrelated components: value proposition (stakeholders &
products/services); social profit equation (social profit & environmental profit); value
constellation (internal value chain & external value chain); and economic profit equation (sales
revenues, cost structure & capital employed = no economic loss, i.e., full recovery of capital).

Wirtz, Pistoia, Ullrich & Goéttel
[123]

A simplified aggregated representation of the company’s relevant activities indicating how
customer value is created in order to achieve competitive advantage, coupled with business
model evolution/innovation to adapt to changing internal and external circumstances.

A system of interconnected and interdependent activities that defines how the company interacts
with its customers, partners and vendors. This activity system specifies the activities required to

Amit & Zott [124 . . . . . .
[124] satisfy perceived customer needs, which parties (the company or its partners or its vendors)
conduct which activities, and how these activities are interlinked.
. . A specific combination of resources which through transactions generate value for both
DaSilva & Trkman [125] P & &

customers and the organization.

Johnson, Christensen, &
Kagermann [126]

A combination of the interlocking elements of customer value proposition, profit formula, key
resources and key processes that when taken together create and deliver value.

Chesbrough [127]

A business model articulates the value proposition, identifies a market segment, defines the value
chain structure from raw materials to final customer, specifies revenue generation mechanisms
and associated cost structure and profit potential, describes the position of the firm within the
value network (ecosystem) and formulates the competitive strategy which gains and sustains an
advantage over rivals.

Afuah [128]

The set of activities that an organization performs to build and use resources to generate, deliver,
and monetize benefits (embodied in products and services) to customers.

TABLE 6. Nine business model building blocks (based on [130]).

Business Model Pillar

Business Model Building Block

Product

Value Proposition

Customer Interface

Target Customer
Distribution Channel

Relationship

Infrastructure Management

Value Configuration
Core Competency

Partner Network

Cost Structure
Revenue Model

Financial Aspects

5. Value Configuration: outlines the firm’s arrangement of
various activities and resources.
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6. Core Competency: describes the competencies neces-
sary to implement the firm’s business model.
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7. Partner Network: illustrates the cooperative agreements
with other firms necessary to efficiently offer and com-
mercialize value.

8. Cost Structure: sums up the monetary consequences of
the means employed in the business model.

9. Revenue Models: describes ways a firm makes money
through a variety of revenue flows.

V. CURRENT BUSINESS MODELS FOR MOBILE

NETWORK OPERATORS

MNOs were purely voice and short message service (SMS)
service providers until the introduction of 3G and 4G tech-
nologies when multimedia (voice, data and video) services
were able to be delivered to end-users. With the emergence
of disruptive 5G technologies, mobile operators will have
to innovate their current business model in order to survive
within the new business ecosystem [119].

A. CONVENTIONAL MOBILE NETWORK OPERATORS’
BUSINESS MODELS

In the past two decades, conventional business models for
MNOs have been more market-driven than technology-
driven. This could be attributed to the fact that transi-
tion from 2G/3G to 4G has been more of an evolutionary
enhancement with less technological disruption within the
mobile communications industry. The following business
models have been employed by MNOs prior to the emerging
5G networks.

1) OUTSOURCED AND MANAGED SERVICES

BUSINESS MODEL

The rapid advancement in technology leads to frequent
changes on the networks such as hardware upgrades and
software updates. These network changes pose a challenge
to MNOs on managing the technology and maintaining the
network with minimal faults and outages. As a result, many
operators have resorted to outsourcing the technology portion
or the network maintenance part to equipment vendors who
manage the outsourced portion through strict outcome-based
service level agreements (SLAs) [119]. In such a model, the
operators’ focus is on market acquisition, customer experi-
ence management (CEM) and creation of multiple revenue
streams through additional value-added services (VASs). This
is a form of partnership in the network element outlined
in [119], where through voluntary agreement, the equipment
suppliers take portions of the value chain (e.g., access and
backhaul networks) under an SLA.

2) MOBILE VIRTUAL NETWORK OPERATOR (MVNO)
BUSINESS MODEL

MNOs can lease out, rent or sell their network capacity
resources or infrastructure to secondary operators (referred
to as mobile virtual network operators (MVNOs)) who do not
have their own spectrum resources or network infrastructure.
The MVNOs create their own service delivery platforms
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and manage customer service, billing and value-added ser-
vices (VASs) to their own subscribers. MVNOs buy capacity
from the primary operators and resell it with added value
to MVNOs’ dedicated sets of customers [132]. Thus, the
MVNO can create and capture value through connectivity,
content, context and commerce while relying on the pri-
mary mobile operator’s network infrastructure and spectrum
resources [72].

3) NEW MARKET ACQUISITION BUSINESS MODEL

Large and well-established MNOs tend to expand into new
markets to address new customer segments as well as explore
new market opportunities [132]. This could be due to mar-
ket saturation or intense competition in the home markets.
New markets are created via partnership ventures or acqui-
sitions to enter new markets. A typical example is when
India’s Bharti Airtel entered the African market through the
acquisition of Zain’s African operations [133]. The mar-
ket acquisition model aims at expanding into new markets
by studying demands for the products and services to be
offered. Key factors to be considered include: potential mar-
ket offering for sales and growth opportunities, favorable
regulatory and political/governance policies such as taxa-
tion, and an investment friendly atmosphere. The market
acquisition business model can be described as a partner-
ship network business model which is used to create joint
ventures or strategic alliances to penetrate new geographical
markets [119], [132].

4) MOBILE BROADBAND SERVICE BUSINESS MODEL

The current 3G and 4G technologies which are still undergo-
ing deployment in most developing regions are a major source
of mobile broadband/mobile Internet connectivity for most
telco subscribers. Applications such as WhatsApp, Face-
book, Twitter or Instagram which are offered on top of the
mobile broadband networks have become popular. Initially,
the mobile broadband model was a “flat-rate model” with
fixed periodic rates [132]. However, due to the increased ser-
vice consumption by end-users in recent years, various data
utilization plans are being implemented by mobile operators.
As a result, there has been a shift from the flat-rate model
to demand-based models [119]. Ultimately, the end-users
benefit from simple pricing strategies while mobile operators
benefit from constant revenue streams.

5) INTEGRATED WLAN-CELLULAR BUSINESS MODEL

This business model emerged as the potential evolution
for the wireless local area network (WLAN) hotspot con-
cept aimed at providing wireless Internet connectivity to
MNOs’ subscribers [134]. In this model, the WLAN which
is based on the IEEE 802.11 standard, is positioned as a
complement to 3G/4G networks, and potentially as a sub-
stitute to the costly cellular network base stations. This
model eliminates the process of upgrading from 3G to 4G,
thereby minimizing deployment costs as well as operational
costs.
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B. CHALLENGES TO CONVENTIONAL BUSINESS MODELS
OF MOBILE NETWORK OPERATORS

5G technologies require huge investments to cover deploy-
ment and operational costs, while the existing classical busi-
ness models with subscription as the core element are not
likely to produce enough revenues and profits to cover
these costs [135]. Conventional business models are often
faced with challenges from both the technological and socio-
economic sides. The following key challenges have been
identified.

1) EFFECTS OF OVER-THE-TOP (OTT) SERVICES ON MOBILE
NETWORK OPERATORS' BUSINESS MODELS

As the behavior of end-users keeps changing due to higher
data demands caused by digitalization, there has been an
exponential rise of data consumption mainly driven by video
content applications. This has seen the emergence of var-
ious over-the-top (OTT) services which are affecting the
MNOs’ business ecosystem, as OTT players can offer these
services without owning, leasing or operating the network
infrastructure [132]. OTT services are applications like social
networks (e.g., Facebook, Twitter and Instagram), video con-
tent applications (e.g., YouTube), and messaging applications
(e.g., WhatsApp) which are accessible on the Internet by
riding on top of the mobile operators’ network infrastruc-
ture [136]. MNOs’ business models are impacted as their
revenues are primarily dependent on data usage and not from
OTT applications. Traditional mobile voice calls and SMS
businesses are on the decline leading to lower revenue gen-
eration [119]. Consequently, conventional business models
which are meant to support such services are proving to be
inadequate to meet the end users’ demands.

2) LIMITATIONS OF BUSINESS-TO-BUSINESS (B2B) AND
BUSINESS-TO-CONSUMER (B2C) MODELS

Conventional MNOs’ business models are simple to imple-
ment as they are usually two-dimensional business-to-
business (B2B) models (e.g., mobile operators providing
access services to enterprise firms) or business-to-consumer
(B2C) models (e.g., mobile operators providing data or voice
services to consumers) [137]. However, the increase in the
number of key players (e.g., MNOs, private networks, and
private/public enterprises) in the mobile communications
industry has resulted in complex value chains. Thus, for
MNOs to create and capture value through the provision
of digital services in such complex business environments,
traditional and simple B2B or B2C models are unlikely
to succeed. Instead, innovative business-to-business-to-any
(B2B2X) models are more likely to flourish.

3) EFFECTS OF DISRUPTIVE NON-CELLULAR TECHNOLOGIES
ON MOBILE NETWORK OPERATORS' BUSINESS MODELS

MNOs operate under the assumption that the current 4G
services and beyond will provide much of their revenue
growth [138]. However, disruptive non-cellular technologies
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such as WiFi which operate in the unlicensed frequency bands
presents a threat to existing business models for cellular tech-
nologies. Disruptive networks using the IEEE 802.11 stan-
dards in hotspots offer Internet access in public places and
have the potential to cover the globe [138]. In addition, WiFi’s
deployment costs are much lower compared to cellular 3G or
4G and it offers higher data rates, albeit over a comparatively
limited coverage range.

VI. EMERGING DISRUPTIVE 5G BUSINESS MODELS

The vision for 5G wireless communication networks is not
only technology-oriented but is also focused on the creation,
delivery and capture of business value for all key stake-
holders such as MNOs, equipment vendors and other third
parties. From the business perspective, in order for 5G and
beyond networks to be successfully deployed, there is a
need for commercially viable and sustainable business mod-
els that can support the targeted multi-dimensional vertical
markets.

A. DISRUPTIVE BUSINESS MODELS

As part of a successful strategy, the business model plays an
essential role in increasing the company’s value through the
creation of sustainable competitive advantage. Nonetheless,
the sustainability and profitability of a business model in
dynamic business environments is always limited in time,
since progress and innovation not only promote competition,
but also have the ability to make a business model obso-
lete [139]. Disruptive technologies like 5G mobile networks
often alter the existing value chains and impact on the cur-
rent ecosystem for MNOs, thereby rendering conventional
business models inadequate [140]. Therefore, successful and
executable business models are likely to be the ones that
can best address the economic disruptions and peculiarities
underlying 5G wireless networks [8].

The disruption of business models occurs when emerging
technologies and innovation become critical in relation to
an existing business model [141]. Disruptive business mod-
els arise to replace the existing business models, either by
their reconfiguration or by designing new business models
aimed at a specific value proposition from emerging tech-
nologies [141]. The delivery of differentiated value to cus-
tomers, gaining of competitive advantage, opening of new
markets, and the replacement of existing business models are
characteristics of disruptive business models in the business
environment [141]. Fig. 12 shows the relationship of business
models, emerging technologies and innovation process with
disruptive business models.

B. 5G DISRUPTIVE BUSINESS MODELS

5G networks can unequivocally be considered emerging
and innovative technologies within the mobile communi-
cations sector. Therefore, MNOs are required to develop
business models which are capable of addressing the eco-
nomic and technological disruptions caused by 5G network
technologies. Technological disruption due to 5G networks
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DISRUPTIVE BUSINESS MODELS
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Innovation Processes
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» Simplicity, convenience &

accessibility
* Lower cost & lower profit
margin
* Change business

structures

* Focuses on replacing the existing business models, either
by reconfiguring existing models or by creating new models.
* Unique value proposition to the market
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FIGURE 12. Disruptive business models [141].

if welcomed will result in positive and sustainable digital
business models and increased revenue for MNOs. However,
if these operators act too slowly and too rigidly towards
5G technological disruption, their existing business models
will become obsolete with the emergence of new competi-
tors such as private 5G networks, 5G content providers,
5G app developers, and so forth. The following five cate-
gories of 5G disruptive business models are found in the
literature.

1) PARTNERSHIP BUSINESS MODELS
One of the leading innovations for 5G wireless technologies
is the introduction of a new network architecture based on
the latest technologies such as cloud computing, SDN, NFV,
edge computing, artificial intelligence and machine learn-
ing. The emerging 5G and beyond networks will not only
continue connecting people and objects, providing acces-
sibility to demanded services, but will also be capable of
providing specialized and competitive services to govern-
ment departments, private enterprises and the vertical indus-
try sectors [142]. New business models and the associated
regulatory and policy strategies for 5G networks aimed at
serving vertical industries such as healthcare, smart factory,
media and entertainment, energy, and automotive have been
proposed in [142]. However, [142] only outlines high-level
business model proposals for various vertical markets without
detailing the components such as relationships between the
industry verticals and MNOs.

The following partnership business models have been dis-
cussed in the literature.
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a: CONNECTIVITY PROVIDER BUSINESS MODEL

The connectivity provider business model for telecom oper-
ators and service providers has been presented in [119]. The
basic connectivity business model which addresses the best
effort Internet Protocol (IP) connectivity for wholesale and
retail clients, as well as an enhanced connectivity business
model where connection quality of service (QoS) is guaran-
teed, have both been described. The article further outlines
the business models employed in cases where primary MNOs
go into partnership with MVNOs or third-party providers.
However, the proposed partnership business models do not
consider the policy and regulatory framework which is key,
especially during revenue sharing.

b: DIGITAL SERVICE PROVIDER BUSINESS MODEL

A business model for telecom operators as digital services
providers has been proposed in [119]. The authors suggest
that telecom operators should extend beyond providing the
core connectivity services and venture into digital services
like offering mobile TV/video content, financial services
and smart homes. This transition is beneficial owing to the
increasing CAPEX and revenue stagnation, as revenue does
not increase in line with data growth [143]. The authors
of [119] further outline the two available options for MNOs
to offer digital services: (1) operator builds their own appli-
cations and decides whether to serve only their subscribed
customers or to give open access to subscribers from other
carriers; and (2) operator partners with an OTT provider and
the operator get their OTT partner to build the applications.
In their business model framework, [119] conclude that it
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would be beneficial for an operator to build its own digital
services applications and provide open access to both paying
and non-paying service subscribers, thereby expanding the
target market. This could result in two revenue streams: direct
revenue from own and other operators’ subscribers (e.g., sub-
scription revenue and advertisement revenue); and indirect
revenue from own subscribers only (e.g., increased data users,
improved customer retention and customer analytics).

c: ULTRA-LOW LATENCY SERVICE PROVIDER

BUSINESS MODEL

Reference [144] claims to analyse the relevant 5G use cases
that require ultra-low latency, from both technical and busi-
ness perspectives. The paper is motivated by the follow-
ing research question: “Will it be cost-effective for telecom
players to build ultra-low latency in 5G networks?” The
authors conducted a detailed study on the industry verticals
that could benefit from low-latency technologies: healthcare,
transportation, entertainment, and manufacturing. Data col-
lection involved a combination of both primary sources (inter-
views, workshops, and collaborative research projects) and
secondary sources (extensive literature review). In answer-
ing their research question, the authors in [144] concluded
that telecom players can benefit from 5G ultra-low latency
applications as long as new business models are created and
strong partnerships with the industry verticals are established.
Thus, the choice of new business models can determine the
economic impact of 5G and the revenue of ultra-low latency
applications. The contribution emphasizes revenue genera-
tion for 5G ultra-low latency services but does not outline the
processes and parameters to employ in realizing the revenue.
Additionally, the design of an appropriate revenue sharing
mechanism between mobile operators and the industry ver-
ticals could benefit all stakeholders.

d: SMART CITY BUSINESS MODEL

The concept of a smart city business model and a practical
framework for analysing it has been proposed in [145]. The
authors outline the city model canvas (CMC) which is based
on the firms’ standard business model canvas [130]. The
CMC addresses the research problem of how city govern-
ments can take ownership of smart city projects to ensure
that they create value for their residents. The proposed CMC
replaces several elements of the business model canvas with
elements that are relevant to a public service context. The
article in [145] indicates that the city of Bristol in England
was selected as an appropriate context to apply the CMC
because of its current smart city strategy. However, during
the case study implementation, only Bristol City Council
managers were consulted. The narrow consultation affected
the validity and reliability of the analysis results, thereby
hindering the attainment of a viable business case. Other key
stakeholders in high-level decision-making positions such as
politicians and politically appointed executives should have
been approached. In addition, key partners such as citizen
groups, non-governmental organizations and private entities
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that are involved in smart city development should have been
consulted in order to enhance the results of the case study.

e: 5G DATA COMMUNICATION BUSINESS MODEL

The article in [146] focuses on the pricing policies and new
business models for data communication in 5G networks.
The paper discusses the importance of data pricing policies
over the 5G network by taking into account the anticipated
global exponential growth of mobile data traffic (i.e., 49
Exabytes per month and 6.2 billion smartphones and tablets
by 2021 [147]). In an attempt to answer the research question
“What business models and what pricing policies will be
appropriate for 5G networks?”, the article observes that the
adoption of business models is related to the roles of key
players: asset provider business models (i.e., X as a service
(XaaS) and network sharing); connectivity provider business
models (i.e., basic connectivity based on best effort IP and
enhanced connectivity based on QoS); and partners service
provider business models (i.e., operator offer enriched by
partner and partner offer enriched by operator). Two pricing
models are discussed: the cost-based price model (i.e., pricing
based on operator’s CAPEX and OPEX); and the SBIFT
model (i.e., price differentiation based on the five dimensions
of Scope, Base, Influence, F ormula and Temporal rights).
The author in [146] concludes that there is no classic model
of pricing which should be deemed as appropriate. However,
since the study focuses on data services only, the discussed
pricing policies have limited applications to the emerging
multi-service (eMBB, mMTC, and uRLLC) 5G networks.

2) DIGITAL PLATFORM BUSINESS MODELS

5G wireless technologies are expected to transform the
wireless communication business ecosystem from the cur-
rent ‘‘network-for-connectivity” business models towards
“network-of-services”’ business models which will be built
on platforms with complex algorithms and massive amounts
of data [43], [148]. This will require the application of
big data techniques and machine/deep learning technologies.
Platform-based ecosystemic business models will incorpo-
rate both technical (e.g., technological innovation) and eco-
nomical (e.g., economies of scale and scope) aspects [149].
Furthermore, since 5G and beyond networks are expected to
disrupt the mobile ecosystem by full scale introduction of
“as-a-service”’ platforms and a sharing economy approach,
new entrants to the mobile market such as micro-operators,
content providers, and app developers will be able to share
the available 5G network resources [45], [149].

The paper in [72] discusses the use of scenario-based busi-
ness modelling in the quest to explore the market for 5G net-
works. Four scenarios that were developed in a collaborative
effort among different actors in the market (Huawei, Erics-
son, Nokia and academia) are presented. A novel approach
to building business models that complements traditional
techniques through the provision of a platform that integrates
changes in technology, regulation, value-chain dynamics and
value proposition evolution is proposed. The authors of [72]
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conclude that their approach is valuable in environments that
are characterized by high levels of uncertainty and complex-
ity. Nonetheless, the paper does not discuss the actual cost
analysis and the revenue maximization strategies which are
critical to capturing value by service providers.

3) NETWORK SLICING BUSINESS MODELS

Emerging 5G wireless technologies are developed in form
of programmable platforms that offer services on an “as-
a-service” basis [45]. Network slicing is a key technol-
ogy which enables 5G and beyond networks to support
composite services by transitioning from a “‘network-as-an-
infrastructure” to a ‘‘network-as-a-service” platform [16].
Network slicing is the process of partitioning a physical
network into multiple isolated logical networks (slices), each
with its own service characteristics and performance require-
ments [36]. Due to varying service class requirements, each
network slice requires its own business model to meet its
business targets in terms of economic value and profitability.

The article in [150] focuses on the network slicing strat-
egy and is based on a novel auction mechanism aimed
at maximizing network revenue. The study addresses joint
network resource and revenue optimization through a pro-
posed auction-based model. The authors demonstrate that
the proposed auction model can efficiently allocate network
resources to network slices by providing higher satisfaction
rate per slice as well as increased network revenue. Although
the contribution in [150] comprehensively addresses the strat-
egy of revenue maximization, it ignores the pricing policies
which are critical to the successful practical implementation
of the proposal.

Business models that are enabled by network slicing have
been discussed and analyzed in [7]. In the single domain
business model of network slicing, it is assumed that there
are single hardware and virtual infrastructure providers and
their resources enable the creation of end-to-end slices.
The single domain model identifies the following business
roles: physical infrastructure provider, virtual infrastructure
provider, slice provider, slice template provider, slice function
provider, slice tenant, slice customer, and service provider.
These business roles are interconnected via a set of defined
interfaces. The authors observe that the single domain model
is unrealistic and does not fully exploit the potential of
network slicing technology. To overcome these drawbacks,
the article in [7] further proposes a multi-domain business
model of network slicing which enables an ecosystem of
multiple physical and virtual infrastructure providers as well
as slice providers, and brokering of slice provisioning. The
brokering mechanism in the multi-domain model adds sev-
eral brokering business roles to the single domain model:
infrastructure broker, slice broker, and service broker. In their
analysis, the authors claim that the multi-domain concept
supports multiple slice providers, who can be added dynam-
ically, if the solution allows for the dynamic creation of slice
orchestrators. However, the authors acknowledge that from
an implementation standpoint, the proposed multi-domain
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model is incompatible with the standard NFV management
and orchestration (MANQO) framework, which is described
in [151]. This lack of conformity with the standard MANO
framework could therefore make MNOs reluctant to commer-
cially adopt the proposed multi-domain model.

4) MICRO-OPERATOR BUSINESS MODELS
Micro-operators will be able to offer various services in
their localized areas for specialized use cases in different 5G
vertical markets. One way to realize this is for regulators and
policy makers to ensure that spectrum acquisition by local 5G
micro-operators is made possible at affordable costs [108].
The research in [152] focuses on business models involving
micro-operators in small cell/indoor 5G environments. The
paper defines a micro-operator as an entity that combines
mobile connectivity with specific local services in spa-
tially confined domains and dependent on appropriate spec-
trum resources. The authors conclude that micro-operators
have a natural role in small cell/indoor scenarios and can
complement incumbent MNOs’ current offerings through
co-opetitive business relationships (i.e., relationships com-
bining cooperation and competition). Even so, currently,
indoor wireless coverage and capacity solutions are mostly
supported by WiFi which is based on the IEEE 802.11 stan-
dards. The authors in [152] did not discuss how their proposal
would compete economically with existing indoor solutions
such as WiFi which are easily accessible and affordable for
most end users.

5) ECOSYSTEMIC BUSINESS MODELS

Ecosystemic business models — of which the 4C model (con-
nection, content, context and commerce) is the classic exam-
ple — focus on business models in business ecosystems in
which multiple firms interact to create value in highly com-
plex interdependent ways [153]. The 4C model has been used
to define the framework of a future 5G business ecosystem
as follows [153]. In this ecosystem, the connection-oriented
business model focuses on monetizing connectivity services
(e.g., infrastructure provisioning). The content-oriented busi-
ness model is concerned with monetizing content services
(e.g., video or audio). The context-oriented business model
deals with monetizing the information that already exists on
the Internet (e.g., user profiles, time and place) and contextu-
alizing the content. The commerce-oriented business model
monetizes any services related to connection, content and
context. The proposed 5G ecosystem business model frame-
work highlights potential implementations at each level, such
as spectrum sharing (connection), vertical-specific data (con-
tent), contextual and location based services (context) and
network slicing (commerce). However, the proposal does not
take into account the implementation cost, nor does it discuss
the actual means of how the monetization aspects would
be achieved. Additionally, provision of the actual pricing
mechanisms to employ would enhance the practicality of the
proposed framework.
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Business models for the smart-grid vertical market within
the 5G ecosystem have been presented in [154]. The study
introduces business models based on the logic of the net-
worked and hyper-connected technological and business
environment. A 4C ecosystemic model is developed in the
context of smart-grid commercialization in the 5G era. The
central research question of the study is: “How can business
models be applied in a co-opetition based value creation
and capture in the context of a hyper-connected business
ecosystem?”” The study employed an action-based research
methodology for data collection within two techno-social
collective innovation projects: 1) European Union level peer-
to-peer (P2P) technical and market design of smart-grids;
and 2) Finnish-American research co-operation on 5G net-
works key sector enablers. According to the paper in [154],
the key contribution of the study lies in the discovery of
the four dimensions of hyper-connectivity (namely, hyper-
connectability, hyper-memorability, hyper-diffusibility, and
hyper-scalability). Additionally, the empirical study which
was conducted can serve as a building block when developing
a stronger theoretical business model for hyper-connectivity.
Nevertheless, the P2P concept had limitations as it could
only evaluate 5G’s potential in existing and known smart-
grid applications. Thus, future applications that are yet to
emerge cannot be examined. Apart from that, the study only
concentrated on the technology design aspect and did not
consider other business model elements such as infrastructure
management and customer relationships. However, the find-
ings in [154] can form the basis for future exploration within
the emerging 5SG smart-grid vertical market.

VII. BUSINESS MODELS FOR 5G MOBILE NETWORK
OPERATORS AND PRIVATE 5G NEWORKS

Despite 5G networks being rapidly deployed around the
world, MNOs seem to be undecided when selecting the opti-
mal business models to support these networks. Therefore,
as MNOs intensify their 5G network rollouts, viable and sus-
tainable business models will play a pivotal role in ensuring
that the targeted economic value is achieved.

A. 5G VALUE CHAIN COMPONENTS

In order for MNOs to develop viable and sustainable business
models for 5G networks, the relationships among the 5G
value chain components within the global market should be
accurately established based on the business model ontology
proposed in [130]. The following value chain components
have been identified.

1) WHO?

Who are the target customer segments to which the MNOs
will provide the proposed value? The “Who?”’ component
of the value chain focuses on identifying the target cus-
tomers, their specific needs and how differentiated services
can be offered to guarantee customer satisfaction, thereby
ensuring that customer value proposition is addressed. The
customer segments can be categorized as government/public
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entities (e.g., public safety and smart cities), private enterprise
(e.g., media and entertainment), verticals (e.g., energy and
healthcare) and consumers.

2) WHAT?

What value does the MNO intend to provide to the target cus-
tomer segment? The “What?”’ component of the value chain
describes the MNO’s service offering (value proposition) to
a specific customer segment with the intention of delivering
value (customer side) as well as capturing value (opera-
tor’s side). For example, 5G services include eMBB (e.g.,
UHD video and VR/AR), mMTC (e.g., smart meters, smart
energy grids, smart factories and smart cities) and uRLLC
(e.g., driverless cars and remote surgery).

3) HOW?

How will the MNO create and deliver value to the target cus-
tomer segment? This component of the value chain outlines
the technology design, network infrastructure and network
resources available to the operator in order to deliver the
appropriate services to the intended customers. The “How?”’
component may include the following: i) 5G NSA and SA
deployment modes; ii) 5G key enabling technologies such
as ultra-densification, massive MIMO and beamforming,
SDN/NFV, millimeter wave, green communication, IoT and
D2D communications, digital platforms and network slicing;
iii) site infrastructure sharing (e.g., tower space, baseband
resources, radio resources, and antennas); iv) spectrum acqui-
sition (e.g., sub-3GHz band, C-band, and mmWave band);
and v) partner networks (e.g., equipment vendors, device
manufacturers, and platform providers) as well 4C model
participants (connection, content, context and commerce).

4) HOW MUCH?
How much value will the MNO capture from the target
customer segment? This component of the value chain rep-
resents a blueprint of how an operator intends to maximize
its profits while minimizing its costs within the 5G net-
works ecosystem. The “How much?”’ component consists of:
1) revenue structures (e.g., revenue streams, profit margins,
and ROI); 2) pricing methods (e.g., pricing per slice and on-
demand pricing); and 3) cost analysis (e.g., deployment costs,
CAPEX, OPEX, and miscellaneous costs).

Fig. 13 depicts the relationships among the components of
the 5G networks value chain.

B. BUSINESS MODELS FOR 5G MOBILE NETWORK
OPERATORS

At present, mobile communications infrastructure is typically
deployed, operated and maintained by MNOs. Because this
is an extremely capital-intensive process, operators gener-
ally only deploy mobile networks where the ROI is high.
As a result, rural areas are often neglected when rolling
out new mobile technologies, thereby making these places
digitally disadvantaged or disconnected from the rest of the
world [155]. This poses a challenge for MNOs to realize their
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FIGURE 13. Relationships among the 5G value chain components.

ROI in regions such as Sub-Saharan Africa where the rural
population is around 60% [83]. In addition to the disruptive
business models for the emerging 5G networks presented
in Section VI of this article, the following business models
have been proposed for the initial 5G network deployment
by MNOs.

1) VERTICAL MARKETS PARTNERSHIP BUSINESS MODELS

5G networks promise innovative business models that
revolve around creating and capturing value through
multi-partnership with vertical industries within a collabora-
tive value system [156]. 5G will provide multiple and unique
operators’ value propositions to all customers consisting of
consumers, enterprises, verticals and other partners at the
same time [119]. The following vertical market partnership
business models can be applicable for different use cases.

a: SMART LEARNING BUSINESS MODEL

MNOs can partner with the Ministries/Departments of Edu-
cation, school districts, regulators, researchers and equipment
vendors to provide smart learning via tele-education use
cases [119]. This can be achieved through eMBB immer-
sive real-time interaction using VR, AR and virtual presence
applications with minimal visual or audio delays [157]. This
could be substantively beneficial to both the learners and the
educators, especially when classes with physical contact are
not feasible, such as during COVID-19 outbreaks.

b: e-HEALTH BUSINESS MODEL

For the e-health business model, MNOs can partner with
key stakeholders in the health sector, such as Min-
istries/Departments of Health, public or private medical
insurers, medical device manufacturers, equipment vendors
and researchers. Examples of 5G-enabled e-health business
model uses cases and applications include: connected care,
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precision medicine, remote surgery and remote diagnos-
tics [158]. Both during and after the COVID-19 pandemic,
e-health will becoming increasingly critical for national and
local governments, for instance to keep track of citizens who
have been vaccinated [159].

¢: SMART AGRICULTURE BUSINESS MODEL

5G technologies will also provide solutions for smart agri-
culture systems in countries whose economies depend on
agriculture. IoT based on 5G will be the key driver to
achieve smart agriculture via the mMTC service class [160].
For instance, multiple wireless sensors with 5G connectivity
deployed in specific crop fields can help optimize the soil
moisture content and ensure the efficient use of water and
fertilizers through customized applications [161]. MNOs will
be able to partner with the Ministries/Departments of Agri-
culture, commercial farmers, researchers, and agricultural
scientists.

d: SMART GRID BUSINESS MODEL

The smart grid business model is targeted for smart end-to-
end efficient power (energy) distribution networks with pre-
dictive big data analytics [162]. Key MNOs’ partners could
include: Ministries/Department of Energy, policy makers
and regulators, public and private power utility companies,
local municipalities, and researchers. With most emerging
economies facing the challenges of unreliable power sup-
ply, MNOs have an opportunity to provide wireless sensor
connectivity to enable power utility companies to effectively
monitor and forecast energy demand and consumption via 5G
networks [154].

e: SMART CITY BUSINESS MODEL
As managing cities in developed countries becomes more
challenging and the rate of urbanization in developing
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economies grows, smart city concepts can be implemented
to better support and serve urban communities [163]. MNOs
can develop smart city business models by partnering with
local governments, citizens groups, non-government orga-
nizations, city legislatures and policy makers, politically
appointed executives, and researchers [119]. Potential 5G
smart city services include: remote monitoring of roads
and city infrastructure (e.g., parks, museums, etc.), smart
meters/parking lots, water sanitation and waste management
systems, among others [163], [164].

f: SMART TRANSPORTATION BUSINESS MODEL

Smart transportation systems will ensure flexible and adap-
tive public and private fleet management, such as optimized
route planning to minimize traffic congestion and traffic
accidents [165]. MNOs’ potential for smart transportation
system 5G business models include: Ministries/Departments
of Transportation, municipal and local governments, tran-
sit system providers, and researchers. According to the
World Health Organization and the World Bank [166],
90% of the world’s fatalities on the roads occur in low-
income and middle-income countries, even though these
countries have approximately half of the world’s vehicles.
As such, 5G-enabled smart transportation business mod-
els have tremendous socio-economic potential. Besides, key
industry players have formed the 5G automotive association
(5GAA) whose objective is to connect the telecom industry
and vehicle manufacturers to develop end-to-end solutions for
future mobility and transportation services [167].

2) MOBILE NETWORK OPERATORS AS OTT/CONTENT
PROVIDERS BUSINESS MODELS

One of the main challenges faced by MNOs is that OTT
players and content providers offer video, voice and messag-
ing services via the operators’ network infrastructure without
paying. Consequently, OTT players and content providers are
directly competing with MNOs, but with no investment in
infrastructure building [119].

a: VIDEO STREAMING SERVICES BUSINESS MODEL

Among the key drivers of the exponentially increasing
demand for higher data rates are demand for various video
applications (e.g., video on demand (VOD) services) and
the proliferation of low-cost smartphones and other hand-
held devices. Video-based services offers an opportunity for
MNOs to venture into adjacent digital businesses such as
video streaming, especially in emerging markets like South
Africa, Nigeria, Kenya and Brazil [45], [83]. As proposed
by authors in [119], MNOs can develop 5G video streaming
services business models via the following three options:

i) MNO develops video streaming services targeting its
own customers — where direct and indirect revenues come
from registered customers (i.e., consumers or enterprises) of
the MNO.

ii) MNO develops video streaming services for open
access — where direct revenue is captured from both
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registered and non-registered customers as well as indirect
revenue coming from non-registered customers only.

iii) MNO partners with the OTT/Content provider for video
streaming services — where the MNO provides video stream-
ing services which are developed by specific OTT players or
content providers. The revenue obtained is shared between
the two parties.

3) REAL-TIME ONLINE GAMING BUSINESS MODELS

The online gaming industry is ready for disruption as we
approach the wide-scale deployment of 5G. With augmented
performance attributes such as higher data rates, lower
latency, and increased capacity and reliability for enhanced
player experiences, 5G bring many benefits to the online gam-
ing industry [168]. MNOs can take advantage of the imminent
opportunities within the 5G real-time online gaming mar-
ket which will be supported by throughput-intensive eMBB
applications like VR/AR [22]. The following two options
for the real-time online gaming business models could be
available to MNOs.

a: MNO BUILDS ITS OWN REAL-TIME ONLINE

GAMING APPS

In this model, the MNO builds and manages real-time online
gaming apps in-house and offers gaming services directly to
consumers on its own.

b: MINO PARTNERS WITH REAL-TIME ONLINE GAMING

APP DEVELOPERS

In this model, the MNO offers gaming services developed and
managed by a third-party app developer under a revenue share
agreement.

4) 5G-ENABLED INTERNET OF THINGS (5G/loT)
BUSINESS MODELS
Massive machine communication (MMC) in 5G networks
will form the basis of Internet of Things (IoT) with a plethora
of application fields including, automotive industry, public
safety, emergency services, and medical field, each with spe-
cific business model requirements [18]. Recently, a rough
distinction has been unfolding between consumer IoT (cloT)
and industrial IoT (iloT), with implications on underlying
technologies and business models [169]. Consumer IoT aims
at improving the quality of people’s life by saving time
and money via the interconnection of consumer electronic
devices, as well as virtual interactions with user environments
such as homes, offices, and cities [170]. On the other hand,
industrial IoT focuses on the integration between Operational
Technology (OT) and Information Technology (IT) [171],
and on how smart machines, networked sensors, and data
analytics can improve business-to-business (B2B) services
across a wide variety of market sectors and activities, from
manufacturing to public services [169].

Research on the relationship between Internet of Things
(IoT)-based real-time production logistics and real-time sen-
sor networks respect to 5G business models for MNOs is

VOLUME 10, 2022



L. Banda et al.: 5G Business Models for Mobile Network Operators—A Survey

IEEE Access

steadily gaining ground. In the 5G era, sustainable business
models may provide system transition value, resulting in the
expansion of loT-based real-time production logistics, refash-
ioning of the energy markets, and asking customers to sup-
port a sustainable smart energy system [172]. Additionally,
5G networks will facilitate sustainable business models for
smart product innovation with big data-driven technologies
that can orient companies toward improving supply chain
sustainability outcomes by use of circular economy crite-
ria [173]. An empirical study to examine IoT-based real-
time production logistics, cyber-physical process monitoring
systems, and industrial artificial intelligence in sustainable
smart manufacturing has been conducted in [174]. Cyber-
physical production systems (CPPS) enable wireless sensor
technologies to monitor manufacturing assets and networked
production or logistics business operations in real time [175].
CPPSs inspect, supervise, and automate business operations,
optimizing manufacturing and logistic processes across smart
shop floor environments [176].

Furthermore, it has been observed that innovative appli-
cations of IoT technologies are not limited to developed
countries. IoT technologies are gradually diffusing in devel-
oping regions such as Sub-Saharan Africa (SSA) and is being
used as a tool for social and economic development in the
region [177]. However, SSA region will only account for
1.19% of the global number of IoT connections by the year
2025 [178]. The low penetration rate of IoT enabled tech-
nologies could be attributed to inadequate infrastructure, low
investment and uncertainties surrounding return on invest-
ment (Rol) [76], [83].

C. BUSINESS MODELS FOR PRIVATE 5G NETWORKS

A variety of business models can be employed when adopting
5G cellular network technologies for private 5G network
purposes. The choice of business model varies depending
on: the industry sector, specific use case, capital expendi-
ture (CAPEX), operational expenditure (OPEX) and network
scalability [179]. Private 5G networks are secure, fast, and
easy-to-manage networks that can provide reliable voice or
data services inside buildings or in remote areas. The follow-
ing use cases and business models across different sectors can
be supported by these networks [63].

1) SMART MANUFACTURING BUSINESS MODEL

Manufacturing vertical market has a variety of use cases
which are mostly driven by 5G IoT [180]. According to [63],
manufacturing business models can formulated for the fol-
lowing use cases: production line flexibility; machine to
machine communications; automated guided vehicles; con-
nected workers; end-to-end logistics; and multi-client serving
facilities. Success stories of private 5G smart manufacturing
use cases include: Ericsson’s deployed 5G smart factory in
Lewisville, Texas, USA [181]; US Department of Defense
(DoD) smart warehouse developed with the technical assis-
tance of Cisco and other technology companies [182]; and
factory automation by Mitsubishi Electric Corporation [183].
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2) SMART MINING BUSINESS MODEL

Mines are usually located in remote areas and miners often
work underground where public cellular network coverage
in not always available [63]. Private 5G technologies are
required to conduct mining operations with greater safety and
automation. Moreover, wireless sensor networks built on non-
public 5G can be deployed in mines for monitoring the work-
ing environment, sensing mine disaster signals, and making
early warning [63]. For instance, China Mobile, Yangquan
Coal Group, and Huawei successfully built China’s lowest
underground 5G network at Xinyuan Coal Mine in Shanxi
province [184].

3) SMART SEA PORTS BUSINESS MODEL

Private 5G network enabled smart sea ports are expected to be
promising solutions [185]. This is critical as future ports are
likely to face challenges regarding equipment downtime, con-
gested port yards, worker safety, and environmental impacts.
Four use cases for private 5G network-driven smart ports have
been identified by [63]. These include: remote-controlled
and automated cranes; automated guided vehicles (AGVs);
condition monitoring; and unmanned aerial vehicles (UAVs).
Nokia collaborated with the Hamburg Port Authority (HPA)
and Deutsche Telekom on a successful 5G field trial at the
Port of Hamburg in Hamburg, Germany [186].

4) SMART AIRPORTS BUSINESS MODEL

Private 5G networks can be employed in airports to opti-
mize ground operations via automated boarding procedures,
thereby improving passengers’ experience [63]. Further,
in the wake of the COVID-19 pandemic, non-public 5G
networks can be used for automatic fever detection, facial
recognition, access to passengers’ travel records as well
as passengers’ vaccination status. For instance, 5G and
Al-based boarding technologies accelerate check-in, con-
stant security monitoring, luggage drop-off, and identity
checks to minimize passengers waiting time. An outstand-
ing example of smart airport design is Beijing’s newest and
largest airport in Daxing, China where Huawei has intro-
duced a 5G-based automation system operated by China
Unicom [187].

5) SMART RAILWAYS BUSINESS MODEL

Regular and high-speed trains require critical communica-
tion services for their scheduling and smooth operations. For
instance, there is a need for secure and low-latency commu-
nication between train drivers and signaling controllers [63].
Moreover, train passengers also expect reliable and sta-
ble multi-media services when using onboard infotainment
applications such as AR/MR applications, Video-on-demand
(VoD) and UHD-video streaming. Thus, 5G private networks
can provide high availability, high reliability, low latency, and
customized QoS network coverage and capacity which are
attractive solutions to railway networks [188].
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TABLE 7. Summary of future research areas, challenges, drivers and mechanisms.

Future Research Areas Challenges Drivers Mechanisms

. Dynamic service-oriented . Variable and dynamic service . Dynamic service level agreements
Adaptive service-based technologies (e.g., network demands from customers and (DSLAs)
business models slicing and digital platforms) consumers e Dynamic pricing methods

. Fulfilment of the IMT-2020 o Massive number of . Modification and enhancement of

vision of 1 million devices

per square kilometer .
Increased number of 5G

value chain key players

Security-oriented
business models .

communication devices
Varying security requirement
levels of 5G ecosystem players
and consumers

current network security schemes
(e.g., authentication, authorization
and encryption) to fulfil security
objectives

. Complex value chain for 5G

Various business model research .

Five interrelated components for

networks domains (e.g., organizational the 5G business model framework:
5G business model . Disruptive nature of 5G theory, strategic management, e- customer model, service model,
framework design networks business & IT, technological technology model, infrastructure

innovation) model, and finance model
. Spectrum resource e Ultra-densification of 5G access e  Regulator-driven dynamic and

acquisition and utilization networks shared spectrum techniques
Dynamic and shared . Spectrum associated costs . Entry of local micro-operators and between licensed operators and
spectrum business and fees other specialized service micro-operators
models . Growing and varying providers into the 5G market

service demands from
customers and consumers

. Integration of the UAVs .

Business models for 3D (drones) within the 5G and

Drone-based moving networks .
(i.e., moving base station and

Modification of the current static
networks’ business targets and

networks beyond cellular networks moving user equipment) performance metrics
e  Incorporating green . Current dependence on traditional e  Alternative clean sources of energy

Business models for 5G communication and fossil fuel as a source of energy (e.g., solar and wind)

Green Communication env1r0nm§ntq11y frlend!y . Increase in CO2 emission levels e Energy harvesting technologies for
technologies in 5G business prolonged power conservation
model design

Business Models for e Network connectivity . . Var%able service requirements . Appropriate platform_ components,

Network slicing and e  Network resource allocation e 'Var'lable key performance interfaces, datg glgorlthms .

indicators e Accurate definition of network slice

Digital Platforms

VIIl. OPEN RESEARCH CHALLENGES

There is a vast and ever-increasing literature on numer-
ous aspects of 5G networks, particularly in context of the
developed markets where they are currently being deployed.
By contract, however, research on business models in
emerging 5G networks, especially for MNOs, has received
relatively little attention from the scholarly community.
Consequently, there are still many open research challenges
that need to be addressed. Below, we outline some of these
key research challenges for 5G business models from the
MNOs’ perspective and summarize them in Table 7.

A. ADAPTIVE SERVICE-BASED BUSINESS MODELS

Some of the promising 5G technologies such as network slic-
ing [16] and digital platforms [149] will require a wide variety
of key players and partners to interact and provide consumers
with various smart services. The present stand-alone rigid
business models cannot support such dynamic service-driven
technologies. MNOs and their partners must appropriately
adapt to changes within the value chains while providing
services to the target customers. Therefore, it is necessary
to transition from product-based to adaptive service-based
business models. This is crucial since consumer demands
may change with time. The design of adaptive service-based

94878

business models can increase both the operators’ and part-
ners’ profits as well as user satisfaction. These adaptive
service-based business models will require dynamic service
level agreements (DSLAs) [16] as well as dynamic pricing
strategies [146].

B. SECURITY-ORIENTED BUSINESS MODLES

Research on 5G business models has focused more on the
economic value aspects of key network performance met-
rics like data throughput, latency, reliability and device con-
nectivity density with little regard for security objectives
such as confidentiality, privacy and data integrity. However,
since 5G networks will be enabled to fulfil IMT-2020’s
mMTC service class [1] by technologies like IoT and D2D
communications, the effects of large-scale wireless connec-
tions and related security concerns should be incorporated
in the design of business models. The involvement of a
large number of role players in the 5G ecosystem, each
with different security levels, increases the vulnerability to
cyberattacks. Thus, existing MNO business models should be
modified to security-oriented business models by integrating
IoT forensics [189] and various other means of combatting
5G cyber threats [190]. Security-oriented business models
should be capable of supporting the complex authentication,
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authorization and encryption mechanisms of the connected
devices as well as users on the 5G networks in order to
guarantee confidentiality, privacy and data integrity.

C. 5G BUSINESS MODEL FRAMEWORK DESIGN

Business models have been studied within various research
streams, including: (1) organizational strategy focusing on
companies’ economic value, competitive advantage, and
performance [112], [114]; (2) e-business and Information
Technology (IT) focusing on understanding the composi-
tion and structure of new Internet-based firms [112], [114];
and (3) technological innovation where a business model is
viewed as a mechanism that connects a firm’s innovative
technology to customer needs [112], [113].

The development of a 5G business model framework which
is anchored on the theoretical concepts in organizational strat-
egy, e-business and IT, and technological innovation could
benefit MNOs when designing their unique business models
for practical implementation. The 5G conceptual business
model framework design can be formulated based on the
ontologies outlined in [120], [126], [128], and [130]. In this
survey article, we propose five interrelated components for a
5G business model framework: 1) customer model (for com-
petitive advantage through increased market share); 2) service
model (for value proposition); 3) technology model (for value
creation); 4) infrastructure model (for value delivery); and
5) finance model (for value capture). Table 8 shows the 5G
business model components, business targets within the value
chain and examples of relevant research domains.

D. DYNAMIC AND SHARED SPECTRUM

BUSINESS MODELS

The ultra-densification of the SG network by the introduction
of small cells (microcells, picocells and femtocells) [39], [40]
will facilitate the possible entry of local and specialized
service providers such as micro-operators who will require
their own specific business models [107]. However, it is still
undetermined if the rollout of 5G will create viable business
opportunities for micro-operators, especially in rural commu-
nities. Micro-operators might have to pay hefty charges to
incumbent licensed operators for spectrum resources. More-
over, if the spectrum is auctioned, the incumbent operators’
dominance is likely to be perpetuated.

To meet the growing and varying demands of users,
dynamic and shared spectrum allocation mechanisms
between traditional mobile operators and micro-operators can
be implemented. Regulators and policy makers should vigi-
lantly oversee such a strategy to ensure that fairness, in terms
of spectrum utilization and the associated costs among net-
work operators is maintained [103], [109]. To motivate and
accelerate new network operator entrants and improve inclu-
sive digital businesses, independent communications sec-
tor authorities should identify underutilized spectrum bands
and allocate them for use by micro-network operators, in a
shared spectrum framework such as that developed by the
CSIR [191]. Therefore, when developing business models,
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both traditional MNOs and new micro-operators should care-
fully consider the details of dynamic and shared spectrum
mechanisms before going into partnership for their mutual
economic benefits.

E. BUSINESS MODELS FOR THREE-DIMENSIONAL

(3D) NETWORKS

Three-dimensional (3D) networks are designed by integrating
unmanned aerial vehicles (UAVs) (also known as drones) into
5G and beyond cellular networks. The introduction of 3D
networks is a promising solution to achieve safe UAV oper-
ation as well enabling diversified applications with mission-
specific payload delivery [192]. Such networks are referred to
as “moving networks” as they consist of a drone-based user
equipment (UE) and a drone-based base station (BS) [193].
The study of business models for 3D networks could offer
fruitful opportunities for future research. This is because
the business targets and the network performance metrics
requirements for 3D moving networks will be significantly
different from the current networks.

F. 5G GREEN COMMUNICATION BUSINESS MODELS

To enable sustainable 5G networks, a number of green com-
munication and low power network technologies have been
proposed, with the aim to improve 5G systems’ energy
efficiency, and alternative energy powering of networks
have been introduced to reduce dependence on traditional
fossil fuels [47]. 5G techniques targeting reduction net-
work energy consumption as well as minimizing carbon
dioxide (CO2) emissions without sacrificing network qual-
ity of service (QoS) have been presented in [194], [195],
and [196]. Additionally, energy harvesting technologies,
which enable communication devices to harvest energy from
various renewable sources have also been studied in the
literature [197], [198], [199]. However, research on business
models aimed at facilitating green communication within the
5G ecosystem has so far received very little interest from both
academia and industry. The concept of improved business
model efficiency for 5G networks using green communica-
tion technologies is most relevant for emerging economies
where power supply is limited and low cost alternative energy
resources are available abundantly, for powering 5G network
equipment [45].

G. BUSINESS MODELS FOR NETWORK SLICING

IN DIGITAL PLATFORMS

Despite the burgeoning literature on 5G developments,
hardly any contributions have explored 5G network slic-
ing in combination with digital platforms from the busi-
ness model perspective. Various technical aspects of network
slicing and digital platforms have been extensively studied
in [16], [36], [37], [38], [43], [44], [200], [201], and [202],
respectively. The study in [203] presents a sliced-based cost
analysis for 5G eMBB video services by comparing two sce-
narios from the small medium and micro enterprise service
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TABLE 8. 5G business model components, business targets & research domains.

5G Business Model
Component

Business Target

Research Domain

Customer model

Service model

Competitive advantage

Value proposition

Organizational strategy
5G market segments

Service design/innovation
e 5G services classes

Technology model Value creation e Technological innovation
e 5G resource management
Infrastructure Value delivery e Operations/supply chain
model e 5@ value chain/ecosystem
Finance model Value capture e Revenue/cost structures
e 5@ pricing schemes
Components Interfaces Big Data Algorithms
* NFV ; e Customer Data o
* Man-Machine . * Artificial
* SDN . e Equipment/ .
S oo interfaces Device Data Intelligence
g ) bl * Open/Standard ) * Machine/Deep
¢ Service-based ¢ Environmental/ .
Interfaces Learning

Architecture

Location Data

Digital Platform
Domain

Network Slicing
Domain

/

e UHD video slice * Smart-home slice e V2V comm. Slice
* VR/AR slice e Smart-grid slice ¢ UAV comm. Slice
* Mobile TV slice * Automated factory slice * Remote surgery slice
eMBB Service mMTC Service URLLC Service

FIGURE 14. Network slicing and digital platform business model.

provider perspective, i.e., own slice implementation versus
leased slice provisioning. The authors conclude that from
the small business/entrepreneur’s point of view, it is cost-
effective to lease infrastructure to provide sustainable 5G
eMBB services for rural populations.

The key salient feature of network slicing is the abil-
ity to customize the capabilities and functionality that a
5G network offers to business customers [200]. The cus-
tomized service can consist of a combination of eMBB,
mMTC and uRLLC use cases that are logically separated
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into distinct components: network connection service or net-
work resources service. Platform-based ecosystemic business
models will incorporate both the technical (e.g., technological
innovation) and economical (e.g., economies of scale and
scope) aspects [44]. An ecosystemic platform-based busi-
ness model, consisting of components, interfaces, data and
algorithms, has been studied in [43] and [202]. Therefore,
business models based on network slicing in digital platforms
should guarantee performance targets and connectivity as
well as resource assignment. Fig. 14 shows the relationship
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between the network slicing and the digital platform domains
of the business model.

In a network slicing and platform-based business model,
the MNO can play key roles in the value proposition such
as: ecosystem orchestrator (for partners offering services to
their customers); value network orchestrator (for ICT, device
OEM manufacturers and OTT providers); and innovation
coordinator (for innovative value-sharing mechanisms with
other partners) [203].

IX. CONCLUSION

In this article, we have presented a state-of-the-art survey on
business models for emerging 5G networks and mobile net-
work operators (MNOs). Based on the survey and discussion
of various models, the paper recommends that novel disrup-
tive and sustainable business models are absolutely necessary
for consideration by MNOs who plan to or are in the process
of deploying 5G network technologies to provide innovative
services. The paper discussed the possible options that MNOs
can employ disruptive and adaptive business models when
rolling out 5G networks in relation to unique challenges of
different markets within the global telecommunication sector.
Disruptive 5G business models, which have been developed
and used in advanced user markets, are discussed. The paper
then presents viable and context based 5G business model
concepts for MNOs in low- and middle-income countries,
emulating successes in more developed and advanced regions
of the world. Furthermore, the paper describes key value
chain components within current SG markets and presented
a feasibility study on relevant use cases for 5G business
models which MNOs could implement. In addition, emerging
network deployment concepts of private 5G networks and
their associated business models is discussed. Finally, the
paper presents a few key open research challenges related to
the problem of developing 5G business models in the context
of MNOs in emerging economies.

A more concerted effort is required from industry
(e.g., MNOs and vertical markets key partners), relevant
government agencies (e.g., regulators and policy makers),
academia and the research community to address the critical
issue of appropriate business models to facilitate and stim-
ulate 5G network deployments and harness applications for
vertical industries. The paper makes a positive contribution
towards this goal. In this respect, we recommend national
5G end-to-end testbeds for developing and testing context-
aware innovative 5G services as well as generating supporting
research-evidence for regulators and policy decisions regard-
ing 5G spectrum allocation & technical regulations.

Future research and possible extension of the work pre-
sented in this article is on business models for beyond 5G
networks, such as 6G. Two specific suggestions recently pre-
sented are to: (1) investigate the links between 6G enabling
technologies and 6G business models [204]; and (2) perform
a comprehensive techno-economic analysis of 6G, involving
6G business models and five other key ingredients (use cases,
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technologies, modeling techniques, financial metrics and spa-
tial focus) [14].
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