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

I. INTRODUCTION21

The Fifth-generation (5G) of mobile networks have been22

defined by the International Telecommunication Union (ITU)23

via its Radio-communication sector (ITU-R) under the24

umbrella name ‘‘International Mobile Telecommunication-25

2020’’ (IMT-2020) to support multi-service wireless appli-26

cations by offering: higher data rates (20 gigabits/second27

peak data rate), a huge number of wireless connections28

(1 million connections per square kilometer), higher spec-29

tral efficiency (3 times higher than 4G networks), improved30

energy efficiency (100 times higher than 4G networks) and31

The associate editor coordinating the review of this manuscript and

approving it for publication was Nurul I. Sarkar .

reduced communication latency (1 millisecond air interface 32

transmission delay) [1]. Additionally, the 3rd Generation 33

Partnership Project (3GPP) has played a pivotal role in 34

the technical standardization of 5G technologies [2], [3]. 35

Fig. 1 shows the enhancement of eight key performance capa- 36

bilities from 4G (IMT-Advanced) to 5G (IMT-2020). Accord- 37

ing to [1], some of the capability parameters in Fig. 1 are 38

targets aimed for research and investigation in the realm of 39

IMT-2020 and expected to be further developed in future 40

releases of ITU-R Recommendations. 41

Wireless cellular networks have been evolving since the 42

1980s and continue to introduce new network technolo- 43

gies addressing new use cases every subsequent decade 44

including: First-generation (1G) analogue-based systems 45
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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 Total46

Access Communication System (TACS)); Second-generation47

(2G) digital systems (e.g., Global System for Mobile Com-48

munication (GSM)); Third-generation (3G) digital sys-49

tems (e.g., Universal Mobile Telecommunication System50

(UMTS)); Fourth-generation (4G) digital systems (e.g., Long51

Term Evolution (LTE) - IMT-Advanced); and emerging 5G52

digital systems (e.g., New Radio) [4]. Fig. 2 depicts the53

evolution of wireless cellular networks.54

A. MOTIVATION55

With the standardization process of 5G technologies com-56

plete [2], [3], and commercial global deployment already57

underway, it is estimated that close to 65% of the global58

population will gain access to 5G superfast Internet access by59

the end of 2025 [5]. The current decade has already seen an60

exponential rise inmobile data traffic due to applications such61

as multimedia services, online gaming, high-definition video62

streaming, and mobile virtual reality. Moreover, the outbreak63

of the COVID-19 pandemic has spurred enormous demand64

for virtual interactions via video application platforms such65

as Zoom and Microsoft Teams, resulting in a gigantic rise in66

mobile data traffic. Furthermore, [6] predicts that by 2025,67

there will be 8.2 billion people on the planet and 100 bil-68

lion connected devices, generating 180 zettabytes of data69

annually.70

The vision for 5G networks is not only technology-oriented71

but is also focused on the creation, delivery and capture72

of business value for all key stakeholders such as cus-73

tomers, mobile network operators (MNOs), equipment ven-74

dors, device manufacturers, industry players and other third75

parties. From the business perspective, in order for 5G76

networks to be successfully deployed, there is a need for77

commercially viable and sustainable business models that78

can support the targeted vertical markets which include;79

healthcare, automotive, media and entertainment, agriculture, 80

transportation, and public safety [7]. Moreover, successful 81

and executable business models are likely to be the ones that 82

can best address the economic disruptions and peculiarities 83

underlying 5G wireless networks [8]. 84

The business model concept can be approached from var- 85

ious angles including: strategic management which connects 86

the business model concept with the company’s business 87

strategy [9]; organizational theory which focuses on the com- 88

pany’s design, structure and architecture [10]; and technolog- 89

ical innovation which views a business model as a technique 90

that links a company’s innovative technology to customers’ 91

needs [11]. This survey paper approaches the business model 92

concept from two research perspectives: (1) strategic man- 93

agement by focusing on value proposition, value creation, 94

value delivery and value capture activities within the 5G value 95

chain; and (2) technological innovation by considering 5G 96

networks as technology enablers for innovative 5G business 97

models. 98

B. COMPARISONS AND MAIN CONTRIBUTIONS 99

Driven by the recent advances of wireless networks and busi- 100

ness models, some research efforts have been made to review 101

related works. Specifically, value creation and capture from 102

technology innovation has been substantially outlined in [12]. 103

The paper focuses mainly on 6G business models, although 104

it does provide a comprehensive high-level summary of lit- 105

erature related to 5G and 6G business models as well as 3G 106

and 4G business models. An in-depth review on 5G networks 107

has been discussed in [13]. The article provides a detailed 108

summary of 5G business models, use cases and cybersecurity. 109

The study further, presents computer simulation methods and 110

testbeds for the research and development of potential 5G 111

network proposals. However, the work in [13] only addresses 112

businessmodels based on network slicing technology. A com- 113

prehensive survey in [14] discusses emerging trends in 5G 114

techno-economic literature. The survey identifies six key 115

topics for 5G techno-economic assessment (5G TEA) which 116

include: use cases; technologies; modeling techniques; finan- 117

cial metrics; business models; and special focus. Nonethe- 118

less, authors in [14] only focused on theoretically formulated 119

business models without incorporating the practical imple- 120

mentation aspect arising from the industry (e.g., MNOs, ver- 121

tical markets, private 5G networks and regulatory policies). 122

In [15], 5G slicing operational business models have been 123

detailed. The discussed business models specifically target 124

Internet of Vehicles (IoV) applications as well as Internet of 125

Things (IoT) for maritime vertical applications. 126

Our survey is unique and complementary to current sur- 127

vey and review articles in that: (i) it goes in-depth and 128

focuses exclusively on the 5G business models for MNOs in 129

particular; (ii) it systematically highlights some of the key 130

research issues related to specific aspects of 5G business 131

models for MNOs; and (iii) it considers some of the key 132

issues and implications outside the mainstream 5G markets, 133

i.e., in emerging markets and developing countries context. 134
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FIGURE 2. Wireless cellular networks evolution (1G to 5G).

Moreover, the fact that our survey paper incorporates both135

peer-reviewed and industry-based literature makes a unique136

contribution in comparison to other reviews.137

This survey article explores and outlines the contemporary138

research progress which has been made on business models139

for emerging 5G networks and 5G MNOs. The main contri-140

butions of this paper are as follows:141

i) Firstly, to put the paper in its technical context,142

we present an up-to-date overview of 5G technology,143

including the 5G network architecture, deployment144

modes, main service classes, key enabling technolo-145

gies, and public and private 5G networks.146

ii) We describe 5G global economic impacts, opportuni-147

ties and benefits by highlighting the following critical148

aspects: the mobile industry’s business goals for 5G149

networks; 5G market readiness; 5G economic ben-150

efits and investment opportunities; 5G global com-151

mercial deployment; 5G adoption strategies which152

MNOs can employ; and the impact of regulation on153

5G deployment.154

iii) We outline the theoretical aspects of the business155

model concept and their application to 5G networks.156

In addition, MNOs’ current business models and their157

shortcomings are explained.158

iv) Disruptive business models emanating from emerg-159

ing 5G networks are explored. Additionally, several160

proposed business models for 5G MNOs as well as161

business models for the emerging private 5G networks162

are outlined.163

v) The concepts of network slicing, digital platforms and164

industry verticals are discussed in the context of 5G165

business models.166

vi) Lastly, we present open research challenges which will 167

pave way for future research. 168

C. STRUCTURE OF THE SURVEY 169

The remainder of the article is organized as follows: 170

Section II presents an up-to-date overview of 5G wireless 171

networks with respect to the 5G network architecture, use 172

cases, key technologies, and public and private 5G networks. 173

Section III describes the global economic impacts, opportu- 174

nities and benefits in the 5G era by focusing on 5G market 175

readiness, deployment status, adoption strategies, and impact 176

of regulation on 5G deployment. Section IV discusses the 177

theoretical concepts of business models, while Section V 178

explains the existing business models of MNOs alongside the 179

shortcomings of such business models. Section VI explores 180

disruptive business models for emerging 5G networks and 181

Section VII outlines several proposed 5G business models 182

which MNOs can consider as well as business models for 183

emerging private 5G networks. Section VIII narrates some of 184

the key open research challenges which will form the basis 185

for future research work. Section IX concludes the survey 186

article. 187

II. OVERVIEW OF 5G WIRELESS TECHNOLOGIES 188

Emerging 5G networks are more than just an enhancement 189

to current 4G networks. The 5G network is designed to 190

meet the unique service requirements of specific vertical 191

markets. Additionally, 5G networks should be accessible via 192

various approaches, such as simultaneous use of licensed 193

and unlicensed bands, intelligent spectrum management, and 194

5G New Radio (NR) to enable a range of different smart 195

applications [16], [17], [18]. 196
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A. 5G NETWORK ARCHITECTURE197

With the 5G requirements of sub-millisecond latency and198

the bandwidth limitations in conventional wireless spectrum,199

cellular networks in the 5G era are poised to shift towards200

cloud and edge computing technologies [17]. This can be201

achieved by the addition of applications implemented at the202

fundamental network level to fulfil user requirements. Thus,203

to meet the demands of the end-users and overcome the chal-204

lenges that have been put forward in the 5G system, a drastic205

change in the strategy of designing 5G wireless networks206

is necessary [18]. The emerging 5G and beyond networks207

will be made up of heterogeneous radio cells consisting of208

high-powered large cells (e.g., macro cells and micro cells)209

for outdoor coverage extension as well as low-powered small210

cells (e.g., pico cells and femto cells) for capacity enhance-211

ment for both outdoor and indoor hotspots [19]. Fig. 3 illus-212

trates the 5G cellular radio network architecture.213

FIGURE 3. 5G radio network architecture.

B. 5G NETWORK DEPLOYMENT MODES214

There are two main networking solutions, i.e., deployment215

modes, for 5G as defined by the 3GPP [2], [3]: the Non-216

Standalone (NSA) solution, which combines LTE and 5G217

New Radio (5G NR) access networks with the 4G evolved218

packet core (EPC); and the Standalone (SA) solution, which219

is based on the 5G NR access and the new 5G core net-220

work (5GC) running in parallel with the existing LTE net-221

work [20], [21].222

1) NON-STANDALONE (NSA)223

The existing LTE radio access network (eNodeB) is used as224

an anchor to the 4G core network (EPC) for the mobility man-225

agement support of the 5G NR access network. This solution226

mainly focuses on eMBB services and enables operators to227

provide 5G services within short deployment timeframes and228

at a lower deployment cost.229

2) 5G STANDALONE (SA)230

The SA solution is a complete end-to-end (E2E) 5G network231

architecture consisting of the 5G NR access and the 5GC.232

Network slicing, virtualization, ultra-high data rates, ultra- 233

low latency, and large data computation capability is natively 234

built into the 5GC architecture. The SA solution supports 235

eMBB, mMTC and uRLLC service applications. 236

Fig. 4 shows the NSA and SA 5G network deployment 237

modes. 238

C. 5G SERVICE CLASSES 239

Mobile communications networks were initially designed 240

for human-to-human communication to provide voice and 241

data transmission [22]. However, in the 5G era, an exten- 242

sive range of new and unique vertical industry markets have 243

emerged [23]. To address the diverse vertical industries’ 244

technical demands for 5G wireless networks, the IMT-2020 245

vision has defined three main 5G use cases: enhanced mobile 246

broadband (eMBB) (for ultra-high throughput applications); 247

massive machine type communication (mMTC) (for ultra- 248

large connection applications); and ultra-reliable and low 249

latency communication (uRLLC) (for ultra-low latency appli- 250

cations) [1]. Fig. 5 illustrates the 5G main use cases and 251

sample applications. 252

1) eMBB 253

The need to support the explosion in mobile data traffic 254

is arguably one of the key drivers behind 5G [24]. eMBB 255

traffic can be considered to be a direct extension of the 256

4G broadband service and the key objective of the eMBB 257

service class is to fulfil the need for ultra-high data rate 258

transmissions [25]. This is essential for many human-oriented 259

applications, such as virtual reality (VR), augmented reality 260

(AR), ultra-high definition (UHD) video streaming, intelli- 261

gent CCTV, virtual presence and online gaming. The growing 262

demand for increased data rates was the main motivation for 263

the development of previous 3G and 4G mobile broadband 264

cellular systems. Due to a further increase in mobile data 265

demand to support new applications like extended reality 266

(XR), 5G networks aim to offer peak data rates of 20 Gbps, 267

cell edge user experience data rates of 50–100 Mbps and 268

traffic density of 10 Mbps/m2 [1]. 269

2) mMTC 270

This service class is meant to support the connection of a 271

large number of low-rate and low-power devices, referred 272

to as machine-type devices (MTDs), within 5G cellu- 273

lar networks [2], [3], [26]. According to the IMT-2020 274

vision, mMTC is aimed at supporting 1 million wireless 275

devices per km2 and 10 years battery lifespan [1]. This 276

service class will foster the realization of the mobile Inter- 277

net of Things (IoT) by providing efficient Internet con- 278

nectivity. mMTC applications include smart grids (energy 279

sector), smart cities (public sector) and smart irrigation 280

(agriculture sector). 281
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FIGURE 4. NSA and SA 5G network deployment modes.

FIGURE 5. 5G main use cases and sample applications.

3) uRLLC282

This service class is also referred to as mission-critical283

communications and requires extremely low latency284

(0.25–0.3 millisecond/packet) with very high reliability285

(99.999%) [2], [3], [27]. The uRLLC use case is essential 286

for supporting many emerging mission-critical applications, 287

such as industrial automation, remote surgery, robotics, drone 288

applications and vehicular safety communications [27]. 289
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TABLE 1. IMT-2020 service class performance requirements.

FIGURE 6. 5G key enabling technologies.

The IMT-2020 service class performance requirements are290

summarized in Table 1.291

D. 5G KEY ENABLING TECHNOLOGIES292

As a multi-service network technology, 5G needs to be accu-293

rately designed in order to provide enough flexibility to meet294

all the diverse requirements of the expected applications in an295

efficient and cost-effective manner [28]. A variety of emerg-296

ing technologies are projected to be the key enablers for 5G297

networks. New air interface access techniques, higher-order298

modulation/demodulation schemes, complex channel coding299

algorithms and new radio frequency (RF) spectrums underpin300

the development and standardization of 5G key enabling301

technologies [29]. The technical capabilities and performance302

of 5G mobile networks transcend those of the existing 4G303

networks [1], [2], [3]. These next-generationmobile networks304

provide significantly higher capacity and support different 305

types of emerging industrial applications that have stringent 306

network quality of service (QoS) and end-users quality of 307

experience (QoE) requirements [29], [30]. Fig. 6 summarizes 308

the 5G key enabling technologies. 309

1) SOFTWARE DEFINED NETWORKING (SDN) AND 310

NETWORK FUNCTION VIRTUALIZATION (NFV) 311

The previous commercial wireless broadband networks 312

(i.e., 3G and 4G) were inherently hardware-based and relied 313

on closed inflexible network architectures [31]. Software 314

Defined Networking (SDN) is the separation of the control 315

plane (signaling messages) from the user plane (data/traffic 316

messages), thereby offering efficient and flexible resource 317

management [32]. It guarantees MNOs with the flexibility 318

to manage and control their networks with programmable 319
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software interfaces – called Application Programming Inter-320

faces (APIs) – and allows for cloud network control and321

optimization.322

Network Function Virtualization (NFV) is a crucial323

enabling technology for emerging 5G networks which offers324

an efficient platform for network providers and users to325

optimize resource utilization [33]. According to [32], NFV326

is the process of shifting functionalities such as load bal-327

ancing or intrusion detection from integrated generic hard-328

ware to software components known as virtual network329

functions (VNFs). The key benefits of NFV include: simpli-330

fied network functions, efficient installation and automatic331

upgrades. Moreover, NFV greatly reduces capital expendi-332

ture (CAPEX) required to buy hardware devices and saves333

operational expenditure (OPEX) by aggregating resources for334

VNFs that run on a centralized server pool [34].335

SDN and NFV are complementary concepts that enable336

virtualization of the entire network functions that were ini-337

tially tied to hardware to efficiently run on cloud infrastruc-338

ture. However, the pitfall of such a network scenario is the339

exposure of the network functions to security threats. 5G340

network security is thus a crucial component in many critical341

network applications [32], [35].342

2) NETWORK SLICING343

Network slicing is a key technology which enables 5G and344

beyond networks to support composite services by transition-345

ing from a ‘‘network-as-an-infrastructure’’ to a ‘‘network-as-346

a-service’’ platform [16]. According to [36], network slicing347

can be defined as the process of partitioning a physical net-348

work into multiple isolated logical networks (slices), each349

with its own service characteristics and performance require-350

ments. Due to varying service class requirements, each net-351

work slice will require its own business model to meet its352

business targets in terms of economic value and profitabil-353

ity [37]. The 5G network slicing concept has been identified354

as a key driver to accelerate the creation of innovative dig-355

ital businesses, and the associated service level agreements356

(SLAs) are aimed at enabling these digital businesses, as well357

as facilitating digital inclusion [38].358

3) ULTRA-DENSIFICATION359

Ultra-densification of the radio access network (RAN) is360

indispensable to efficiently support the exponentially grow-361

ing mobile data traffic in the 5G era. Ultra-densification362

is a combination of different types of low transmit power363

radio sites with varying coverage radii including: femtocells364

(10–50 m radius); picocells (100–300 m) and microcell365

(250 –1000 m) [39]. Small cells are recommended for366

deployment in partial areas such as outdoor hotspots and367

indoor scenarios, thereby extending the network coverage and368

capacity [40].369

4) MILLIMETRE WAVE (mmWave)370

The rapid growth of mobile broadband traffic in the 5G epoch371

can be sustained via increased RF spectrum resources on the372

radio access network (RAN). The 3GPP [2], [3] has defined 373

two main RF spectrum resources for 5G networks: Fre- 374

quency Range 1 (FR1) consisting of sub-6 GHz frequencies 375

(i.e., sub-3 GHz (e.g., 900 MHz, 1800 MHz and 2100 MHz) 376

and C-band (e.g., 3.5 GHz and 3.7 GHz)); and Frequency 377

Range 2 (FR2) consisting of millimeter wave (mmWave) 378

spectrum (e.g., 26 GHz, 28 GHz, 39 GHz and 60 GHz) [28]. 379

Due to the abundant availability of RF resources, the 380

mmWave spectrum can support thousands of times more data 381

and thus enhances capacity, as compared to the sub-6 GHz 382

spectrum [41]. Typical applications for the mmWave spec- 383

trum include: UHD video applications, VR headsets, body 384

scanning, 5G small cell concept, radar applications, automo- 385

tive applications, medical applications (e.g., mmWave ther- 386

apy) and satellite communication [42]. The disadvantage of 387

mmWave spectrum is range limitations and possible radi- 388

ation induced hazards, they are however suitable for high 389

bandwidth and short distance communication requirement 390

use cases. 391

5) DIGITAL NETWORK PLATFORMS 392

5G networks are expected to transform the wireless 393

communication ecosystem from the current ‘‘network-for- 394

connectivity’’ applications towards ‘‘network-of-services’’ 395

applications which will be built on digital network platforms 396

with massive data stocks/flows and complex algorithms [43]. 397

Therefore, digital network platforms will require the appli- 398

cation of big data techniques and machine/deep learning 399

techniques [44]. In addition, since 5G and beyond networks 400

are expected to disrupt the mobile ecosystem by full-scale 401

introduction of ‘‘as-a-service’’ platforms and a shared econ- 402

omy approach, new entrants to the mobile market such as 403

micro-operators, content providers, and app developers will 404

be required to share the available resources [45]. Digital net- 405

work platforms will certainly play a pivotal role in fostering 406

the concept of a digital economywithin a smart, inclusive and 407

hyper-connected world. 408

6) GREEN COMMUNICATION 409

The rise in 5G network service applications (i.e., eMBB, 410

mMTC and uRLLC) is accompanied by a corresponding rise 411

in network energy consumption. Higher energy consumption 412

may result in increased carbon dioxide (CO2) emissions 413

within the environment which can in turn lead to harmful radi- 414

ation effects to humans and other living organisms. To address 415

the ecological and health concerns associated with the rise in 416

CO2 levels, green communication is a key 5G technology to 417

consider [46]. Energy harvesting technologies, which allow 418

base stations and mobile devices to harvest energy from 419

renewable energy sources (e.g., solar and wind) can provide 420

green energy supply solutions to power 5G networks [47]. 421

Furthermore, mMTC is particularly the 5G pillar use case 422

that will benefit most from green network technology invest- 423

ments. Applications such as industrial IoT-based applications 424

requiring network nodes to operate for years using green 425

energy and energy-efficiency technologies being tested for 426

VOLUME 10, 2022 94857



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

TABLE 2. 5G key technologies, service classes, performance targets and sample application scenarios.

5G networks [48], [49]. Other energy efficient mechanisms427

to attain green communication have been proposed in [34].428

These include; power control and optimization in green com-429

munications, energy efficient hardware, energy efficient net-430

work architecture, and battery technology enhancements.431

7) INTERNET OF THINGS (IoT) AND DEVICE-TO-DEVICE432

(d2d) COMMUNICATION433

IoT technology envisions millions of simultaneous connec-434

tions involving a variety of devices, automated machines,435

connected homes, smart grids and smart transportation sys-436

tems [17]. IoT enables Internet connections and data inter-437

operability for numerous smart objects and applications [50].438

In traditional cellular networks, much of the wireless com-439

munication occurs between the base station and the device.440

The use of IoT in 5G networks has been triggered by441

emerging technologies such as device to device (D2D)442

communication [51] and machine to machine (M2M) com-443

munication [52]. D2D communications for 5G-enabled IoT444

applications can been employed in smart city development for445

the purpose of waste management, traffic management, water446

supply management, criminal tracking and environmental447

pollution monitoring [51], [53].448

8) MASSIVE MIMO AND BEAMFORMING449

Massive multiple-input multiple-output (MIMO), also450

referred to as full-dimension MIMO, is one of the key451

enabling technologies which has been standardized by the452

3GPP aimed at increasing data throughput (particularly 453

for cell edge users) and maximizing spectral efficiency 454

[2], [3], [54]. Massive MIMO refers to a technology fea- 455

ture where base stations are equipped with antenna arrays 456

consisting of a large number of antenna elements [55]. Mas- 457

sive MIMO increases costs and energy consumption of 5G 458

network and end-user devices, hence it is always a com- 459

promise of technologies which is under consideration [56]. 460

Conversely, the application of massive MIMO alongside 461

beamforming (i.e., directionality of the propagation beams) 462

ensures that cell edge coverage and capacity are enhanced. 463

Additionally, beamforming increases the energy efficiency of 464

the signals due to the formation of narrow beamwidths [57]. 465

Based on the 5G key enabling technologies and the 5G 466

service classes which have been presented in this article, 467

Table 2 gives a summary of the 5G key enabling technologies 468

in relation to the service classes, performance targets and 469

sample application scenarios. 470

E. 5G DEPLOYMENT PHASES 471

5G networks are not just the next incremental update to 472

the existing 4G communication standards. The services and 473

network quality of service (QoS) expected from 5G networks 474

rely on the seamless integration of many different elements 475

such as 5G ecosystem partners, use cases, key technolo- 476

gies and performance measurement metrics [58]. Therefore, 477

innovative and rigorous testing is crucial at every phase of 478

5G deployment, if MNOs are to ensure delivery of consistent 479
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FIGURE 7. Possible 5G deployment phases.

performance that both applications and users demand [59].480

However, the inherent complexity of 5G networks presents a481

number of challenges in the deployment process.482

The 5G Alliance for Connected Industries and Automa-483

tion (5G-ACIA) organization ensures that the interests and484

particular aspects of the industrial domain are adequately485

considered in 5G standardization and regulation. 5G-ACIA486

has been actively involved in promoting multiple industrial487

business applications for 5G and publishing white papers488

around them [60]. Fig. 7 illustrates the possible 5G deploy-489

ment phases based on the examples of 5G connected and490

automated industries outlined by [60].491

1) CONSUMER PHASE492

The initial phase of 5G deployment which took place493

in 2020 and was more focused on individual end-users’494

smartphone-based eMBB throughput-sensitive applications.495

2) ENTERPRISE PHASE496

The second phase of 5G deployment and is likely to occur497

by 2023. It will focus on 5G small and medium enterprises.498

Sample use cases include: private 5G networks such asmicro-499

operators; Industrial IoT, smart sensing such as smart grids,500

AI based applications and so forth.501

3) FULL CAPACITY PHASE502

The final deployment phase to be realized by 2025 and will503

incorporate eMBB, mMTC and uRLLC use cases. Moreover,504

end-to-end network security guarantees will be critical to 5G505

networks in this final phase of deployment. In this phase,506

all the vertical industry markets will be fully supported.507

These will range fromfinancial institutions, educational insti-508

tutions, government institutions, corporates institutions and509

many others510

F. PUBLIC AND PRIVATE 5G NETWORKS511

1) PUBLIC 5G NETWORK512

A public 5G network is one where the MNO owns and oper-513

ates the spectrum and the network infrastructure. In addition,514

generally all of the MNO’s customers (apart from emergency 515

or public safety organizations) have the same access rights 516

to the network [61]. In a public 5G network, the management 517

of services, infrastructure, technologies, value added services 518

(VAS), and subscription charges are the responsibilities of the 519

MNO. A MNO can be described as a licensed telecommuni- 520

cation company that owns and operates the network spectrum 521

and infrastructure, delivers voice and data services to sub- 522

scribers, provides devices, and controls the billing systems 523

for the customers’ usage [62]. 524

2) PRIVATE 5G NETWORK 525

A private 5G network is a dedicated local area network with 526

enhanced communication characteristics, unified connectiv- 527

ity, optimized services, and customized security within a 528

specific area [63]. With private 5G networks, private orga- 529

nizations own, operate, or have some level of priority access 530

to the network’s infrastructure or spectrum. The amount of 531

network infrastructure and spectrum owned and operated can 532

vary greatly [64]. 533

Private 5G networks are envisaged to offer agile solu- 534

tions to effectively deploy and operate services with rigorous 535

and diversified constraints in terms of availability, reliabil- 536

ity, latency, re-configurability and re-deployment of network 537

resources as well as issues related to governance and own- 538

ership of 5G network components and elements [65]. Non- 539

public 5G networks are private 5G networks that are deployed 540

for the sole use of a given business-to-business (B2B) cus- 541

tomer such as a vertical [66]. Non-public 5G networks can be 542

deployed in a wide variety of forms, depending on the vertical 543

use cases to be supported as well as the established regulatory 544

framework [67]. 545

a: PRIVATE 5G NETWORK DEPLOYMENT MODES 546

Depending on spectrum and infrastructure availability as well 547

as the level of network management and access control, 548

private 5G networks can be deployed as either stand-alone 549

(independent) mode or public network integrated (dependent) 550

mode. 551
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TABLE 3. Comparisons between public 5G and private 5G networks.

Stand-alone: A private 5G network is deployed as an552

isolated and independent system without relying on a pub-553

lic 5G network [63]. According to [68], in the stand-alone554

deployment mode, the 5G private network has the following555

characteristics: its own unique identifier, independent of the556

public network; the private 5G network is assigned its own557

spectrum resources; and a complete deployment of end-to-558

end 5G system (radio access, transport and core network559

domains) logically exists.560

Public network integrated: A private 5G network is561

deployed anchored on the public network and thus, has562

lower customization, self-control, and security when com-563

pared with the stand-alone mode [63]. The public network564

integration mode can further be divided into following three565

categories [69]: (i) Shared RAN - where the private 5G net-566

work and the public network share part of the radio access567

network (RAN) while other network domains such as the568

core network remain separated, and all data flows of the569

private 5G network are restricted to the local area; (ii) Shared570

RAN and Control Plane - the private 5G network and the571

public network share part of the RAN and the network control572

tasks (signaling management) is implemented in the public573

network; and (iii) Hosted by the Public Network - the pri-574

vate network is entirely hosted and managed by the public575

network, despite regarding the two portions as parts of com-576

pletely different networks in order to guarantee the isolation577

and independence of both portions.578

b: PRIVATE 5G NETWORK SPECTRUM OPTIONS579

Spectrum availability is one of the critical factors to consider580

when deploying private 5G networks. There are three spec-581

trum options for private 5G networks [70].582

Licensed spectrum: The MNO allocates a portion of its583

owned spectrum for private use by a non-public 5G network.584

Dedicate private spectrum: A private 5G network obtains 585

its own spectrum directly from the regulator, thereby enabling 586

the private 5G network to operate independently from the 587

public MNO. 588

Unlicensed spectrum: The spectrum is free of charge, 589

thus the unlicensed spectrum option has the potential to 590

enable the private 5G networks to expand rapidly. However, 591

malicious jamming and external interference if not properly 592

managed could cause service disruptions to some vertical 593

industries [63]. 594

Table 3 gives a high-level summary of the comparisons 595

between public 5G networks and private 5G networks. 596

III. 5G GLOBAL ECONOMIC IMPACTS, 597

OPPORTUNITIES AND BENEFITS 598

The information and communication technology (ICT) sec- 599

tor is a huge market that can stimulate the digitaliza- 600

tion and growth of new smart industries through relevant 601

use of emerging 5G and beyond technologies [71]. The 602

continuous deployment of 5G networks is opening win- 603

dows of opportunities for MNOs to move beyond con- 604

nectivity and collaborate across vertical sectors to deliver 605

rich new services to consumers and businesses [72]. 5G 606

technologies will also offer an opportunity for industries, 607

society and individuals to advance their digital skills and 608

ambitions [73]. 609

Despite the COVID-19 pandemic, 5G networks are being 610

rolled out faster than expected, therefore service providers 611

need to identify which areas to prioritise for future growth. 612

Additionally, 5G investments, deployments and market- 613

ing efforts in most markets have been focused more 614

on consumers, and this naturally has had an impact on 615

5G enterprise market potential which is yet to be fully 616

exploited [71]. 617
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FIGURE 8. Mobile industry goals for the 5G era (source [83]).

A. MOBILE INDUSTRY GOALS FOR 5G NETWORKS618

5G technologies are expected to shift the telecoms indus-619

try from a ‘‘horizontal’’ service delivery model, where ser-620

vices are defined independent of their consumers toward a621

‘‘vertical’’ delivery model, where the provided services are622

tailored to specific industry sectors and verticals [74]. Addi-623

tionally, 5G networks will disrupt the mobile telecommuni-624

cation industry by opening the market to new entrants such625

as micro-operators, content providers and infrastructure own-626

ers through the expansion of the traditional mobile business627

ecosystem to meet vertical sector-specific requirements in a628

digital, smart and hyper-connected world [75].629

The emergence of 5G technologies has offered a new630

way of enhancing economic growth in developing countries.631

Developing countries can tap the potential of 5G technologies632

by concentrating on the application layer in areas of their633

current economic activities [76], [77]. Additionally, tertiary634

education institutions are collaborating with communication635

companies in equipping graduates with technical expertise636

and entrepreneurial skills in 5G technology standards and use637

cases [78]. Thus, 5G could play a vital role in transforming638

education, including: 5G technology for AR andVR in educa-639

tion [79]; development of mobile applications that use VR for640

education [80]; sharing of online curriculum resources based641

on 5G and IoT [81]; and so forth. Indeed, some institutions642

like Obuda University in Hungary have already introduced643

5G technology in their curriculum at both undergraduate and644

postgraduate levels [82].645

According to research conducted by the GSMA [72],646

and as shown in Fig. 8 [83], the mobile industry has647

five main goals for the 5G era. These goals, which were648

arrived at following consultations with 750 operator CEOs649

in 2016/2017 and in line with the mobile industry’s purpose650

to ‘‘intelligently connect everyone and everything to a better 651

future’’ [72], are as follows. 652

1) BOUNDLESS CONNECTIVITY FOR ALL 653

Emerging 5G networks will co-exist with current 4G net- 654

works and other alternative wireless technologies to deliver 655

fast, reliable and secure wireless services supporting a host 656

of use cases to consumers. 657

2) VERTICAL/INDUSTRIAL TRANSFORMATION 658

5Gwill accelerate the digital transformation of industry verti- 659

cals by providing network platforms for the digitalization and 660

automation of industrial processes. 661

3) MASSIVE IoT & CRITICAL COMMUNICATION 662

The mobile industry envisions that during the 5G era, net- 663

works will support the large-scale rollout of intelligent IoT 664

connections for various scenarios leading to widespread 665

adoption of critical communication services. 666

4) ENHANCED BROADBAND 667

5G networks are aimed at transforming the end-users mobile 668

broadband experience with data rates of up to 1 Gigabit per 669

second and latency of less than 1 millisecond, and provide 670

platforms for cloud and artificial intelligence-based services. 671

5) NETWORK ECONOMICS AND INNOVATION 672

In the 5G era, the mobile industry aims to cost-effectively 673

deliver better quality networks either singly or via collabo- 674

rative partnerships. This will require innovative technologies 675

and the use of both licensed and unlicensed spectrum bands. 676
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B. 5G MARKET READINESS677

The pressure on MNOs to rapidly transition to 5G plat-678

forms and services is tremendous. However, the timing of 5G679

deployment is highly dependent on market readiness, and this680

varies by geographical markets [72]. The key factors affecting681

5G market readiness for MNOs are: return on investment682

(RoI) on 4G networks, Fixed Wireless Access (FWA) and683

private industrial 5G networks [73], [83], [84]. The compet-684

itive environment going into the 5G era remains challenging685

in many markets globally. The competition among MNOs686

will remain a big 5G market force for the foreseeable future.687

Moreover, many operators are also increasingly competing688

with non-operator companies, such as TV and content ser-689

vices where operators have made acquisitions (e.g., AT&T’s690

acquisition of Time Warner) as well as IoT where some691

operators aim to expand beyond connectivity and provide692

vertical solutions [85].693

In addition, since telecoms is a capital-intensive industry,694

markets with sufficient scale can better influence the global695

trajectory of 5G development and are also able to achieve low696

unit cost of network rollout (i.e., economies of scale). These697

will create significant incentives for 5G deployment [72]. For698

example, according to the GSMA intelligence report [86],699

mobile operators in China and the US have higher scale than700

in the European Union. Thus, with sufficient scale, operators701

in China and the US have substantial financial capabilities to702

support 5G deployment and a large subscriber base, conse-703

quently reducing the cost per connection for 5G [72].704

C. 5G ECONOMIC BENEFITS AND INVESTMENT705

OPPORTUNITIES706

5G is projected to generate massive value for the global707

economy. This is underpinned by earlier studies conducted708

by the World Bank showing a strong relationship between709

broadband penetration and economic growth [87]. Further,710

the report in [88] estimates that 5Gwill provide key economic711

benefits of $22.2 trillion in global GDP and $588 billion in712

worldwide tax revenue cumulatively over the period from713

2020 to 2034. A study by Ericsson [89] reveals that telecom714

operators have a potentially addressable 5G-enabled revenue715

opportunity of $619 billion by 2026 from ten industries:716

manufacturing, energy and utilities, public safety, health-717

care, public transport, media and entertainment, automotive,718

financial services, retail, and agriculture. Another study by719

Huawei [90] explored the opportunities from their top-ten720

5G use cases, showing for example, that there is an opera-721

tor addressable market opportunity of $93 billion for Cloud722

AR/VR. Further studies conducted by IHS Markit [77] indi-723

cate that 5G will enable $12 trillion of global economic724

activities in 2035.725

1) 5G KEY INVESTMENT BENEFICIARIES726

The investment in 5G networks will benefit various key727

stakeholders in the 5G market value chain, including: ser-728

vice providers comprising traditionalMNOs (primary carriers729

and secondary carriers like mobile virtual network operators 730

(MVNOs)) and private service providers (such as micro- 731

operators (µOs), content providers, platform providers, app 732

developers and infrastructure providers); industry partners 733

such as public/government institutions, private enterprises 734

and vertical markets; and network vendors such as equip- 735

ment manufacturers, device manufacturers and technology 736

providers. Fig. 9 illustrates the anticipated key investment 737

beneficiaries within the 5G market. 738

2) SHARE AND GROWTH RATE FOR GLOBAL 5G 739

OPPORTUNITIES FOR SERVICE PROVIDERS 740

The 5G era is expected to spur digital transformation across 741

diverse industries and sectors. By 2030, the expected industry 742

digitalization revenues for ICT players globally across all 743

industries are expected to amount to around $3.8 trillion, 744

while the value in terms of investment opportunities driven 745

by 5G across key vertical industries is expected to be around 746

$1.5 trillion [91]. Furthermore, [71] projects that the total 747

value of the global addressable 5G-enabledmarket for service 748

providers across ten industries: manufacturing, energy and 749

utilities, public safety, healthcare, public transport, media 750

and entertainment, automotive, financial services, retail, and 751

agriculture – will reach $700 billion in 2030, beyond mobile 752

broadband. Fig. 10 illustrates the 5G-enabled revenue poten- 753

tial across the ten industries from the study conducted 754

in [71]. 755

The report in [71] has also provided the distribution of the 756

expected 5G-enabled market opportunities for the ten indus- 757

tries across nine geographical regions as shown in Fig. 11. 758

As illustrated in Fig. 11, most opportunities for service 759

providers will occur in North America, North-East Asia and 760

Western Europe due to huge economies of scale in those 761

regions. Developing and emerging markets like Africa and 762

India will have the least opportunities for service providers 763

due to deployment challenges such as inadequate 5G network 764

infrastructure, unavailability and unaffordability of 5G capa- 765

ble devices, unreliable power supply, and so forth. 766

D. GLOBAL 5G COMMERCIAL DEPLOYMENT 767

1) PROGRESS AND CURRENT STATUS 768

Despite the current COVID-19 pandemic and its associ- 769

ated economic constraints, the global commercial deploy- 770

ment of 5G networks has continued unabated [92]. As of 771

April 2021, 68 countries (with 162 networks) out of the 193 772

UN-recognized countries in the world, had 5G networks com- 773

mercially released [93]. These figures represent a Global 5G 774

network index (i.e., the ratio of countries with commercial 775

5G networks to the entire countries in the world [94]) of 35%. 776

In terms of connectivity, GSMA [95] predicts that the number 777

of 5G connections will grow from 200 million in 2020 to 778

1.8 billion in 2025, thereby covering about one-third of the 779

global population. 780

The GSMA predicts that Asia Pacific and Sub-Saharan 781

Africa, the regions with the largest unconnected populations, 782

94862 VOLUME 10, 2022



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

FIGURE 9. 5G key investment beneficiaries.

FIGURE 10. 5G-enabled revenue potential across 10 industries (Source: [71]).

will register the biggest growth in new mobile subscribers783

from 2020 to 2025 [86]. Nearly two-thirds of all new global784

mobile subscribers by 2025will come from these two regions,785

with about 188 million from Asia Pacific and about 120 mil-786

lion from Sub-Saharan Africa [86]. With respect to global 5G787

connections by 2025, China alonewill account for almost half788

(828million) of all global 5G connections, while 5G adoption789

will be highest in North America and Developed Asia Pacific790

(Australia, Japan, Singapore and South Korea), at 51% and791

53% respectively [86]. Globally, 5G adoption will average792

21% of all connections in 2025, with the lowest 5G adoption793

being in Sub-Saharan Africa and Rest of Asia Pacific, at 3% 794

and 5% respectively [86]. 795

In readiness for the 5G network rollout, many MNOs have 796

begun upgrading their existing legacy networks to multi- 797

standard 5G-ready baseband and radio antennae which can 798

handle multiple frequency bands. In addition, there is a 799

need to build adequate transport (i.e., transmission, backbone 800

or backhaul) network infrastructure mainly based on fiber. 801

Mobile operators will also need to leverage the virtualization 802

of networkmanagement systems through SDN andNFV, both 803

of which are key enablers of network slicing [16], [45], [83]. 804
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FIGURE 11. Regional distribution of the total service provider 5G-enabled opportunities across 10 industries (Source: [71]).

2) MOBILE OPERATORS’ 5G DEPLOYMENT CHALLENGES805

The challenges affecting the deployment of 5G networks806

by mobile operators are multifaceted. These challenges807

range from the business landscape, investment opportunities,808

political/governance atmosphere, and levels of technologi-809

cal advancement. The following are some of the challenges810

which have been discussed in the literature.811

a: CURRENT 4G NETWORKS CAPABLE OF MEETING MOBILE812

BROADBAND SERVICE DEMANDS813

The deployment of 5G is inevitable but not imminent in814

some developing regions because existing 4G technologies815

are capable of supporting current use cases and the demands816

for mobile Internet connectivity [73], [83]. Therefore, most817

mobile operators in such regions would rather exploit the818

untapped markets for 4G and maximize their ROI before819

upgrading to emerging 5G technologies.820

b: EXORBITANT SPECTRUM PRICING821

In developing and emerging markets such as Africa, Asia and822

Latin America, spectrum pricing has been dominated by reg-823

ulations and policies that aim to maximize revenues for com-824

munication regulators. In countries like Nigeria, for instance,825

the spectrum prices are three times higher than in developed826

countries [96]. The inflated spectrum prices are influenced by827

various factors which are usually linked to expensive yet low828

quality mobile broadband services [45]. As a consequence,829

ROI for mobile operators is negatively affected. This can lead830

to reduced investment by mobile operators and higher service831

prices for consumers. 5G spectrum acquisition policies tend832

to be considered from either short-term or long-term perspec-833

tives by the regulatory authorities. Short-term considerations834

aim at maximizing the amount of money per spectrum band835

without adequate regulation, thereby promoting poor QoS,836

and with little or no regard for rural coverage and national 837

technology benefits. On the other hand, long-term consid- 838

erations accept lower yet reasonable amounts of money per 839

spectrum band, while emphasizing that operators guarantee 840

service quality and address rural coverage demands, and 841

altogether incentivizing new services and smart industries to 842

grow and benefit host countries. 843

c: UNAVAILABILITY AND UNAFFORDABILITY 844

OF 5G CAPABLE DEVICES 845

Like other previous network generations, the deployment of 846

5G should be accompanied by 5G capable devices. However, 847

the cost of 5G devices will remain prohibitively high for 848

most consumers, especially in developing countries for the 849

foreseeable future [92]. Due to the slow pace of 5G network 850

rollout in most developing regions like Sub-Saharan Africa, 851

the availability of 5G devices is limited as device manufactur- 852

ers are skeptical with respect to making sales profits in these 853

seemingly small markets. 854

d: INADEQUATE 5G NETWORK INFRASTRUCTURE 855

Most regions in the world, with the exception of North Amer- 856

ica, Western Europe, North-East Asia and Australia/New 857

Zealand, have a relatively weak financial base, low human 858

capital development and poor infrastructure including low 859

broadband connectivity [83], [94]. These can cause potential 860

investors’ loss of confidence in deploying 5G networks in 861

most countries. 862

e: LOW FIBER PENETRATION 863

The 5G backhaul network is predominantly supported by 864

fiber transmission due to the low latency and higher band- 865

width of optical fiber technology [97]. However, the low 866

fiber penetration in most developing countries will be a key 867
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challenge to the deployment of 5G networks. For example,868

according to the report in [98], fiber penetration rate in Africa869

was at 10% (compared to 30%, globally) in 2017 and will870

only reach 15% (compared to 40%, globally) by 2025.871

f: UNRELIABLE POWER SUPPLY872

The energy requirements for 5G hardware equipment such873

as baseband units and RF components are higher than those874

of the predecessor technologies [1], [2], [3]. Many countries875

in developing and emerging regions such as Africa, Asia876

and Latin America are plagued by inadequate or intermit-877

tent power supply, or both. These power challenges mainly878

emanate from increased demand for power due to industrial-879

ization, urbanization and population growth. This has resulted880

in increased operators’ OPEX as fuel-based generators and881

expensive batteries are used as backup power sources.882

g: INACCURATE MOBILE SUBSCRIPTION DATA883

The capturing of population data such as demographic pro-884

files remains a challenge in most regions. Due to lack of885

consistent population census exercises in most countries, it is886

difficult for mobile operators to accurately anticipate the887

targeted subscriber base, resulting in inaccuracies in pre-888

dicting their ROI. A prominent example is Africa, where889

mobile operators have tried to supplement this lack of890

accurate data using industry-based sources such as GSMA891

reports [72], [92], [98] and Ericsson reports [5], [45], [71].892

h: REVENUE UNCERTAINTY893

Most of the data compiled by mobile operators and industry894

bodies such as GSMA [92] is based on the current subscriber895

base (the majority of whom are urban dwellers) [76]. Thus,896

only limited data about the potential rural revenue opportu-897

nities is available. Moreover, based on the limited data avail-898

able, it is hard for mobile operators to analyze key revenue899

parameters such as average revenue per user (ARPU) and900

subscriber adoption rate (SAR) which are critical in revenue901

modelling [99].902

E. ADOPTION STRATEGIES FOR 5G TECHNOLOGIES903

Commercial 5G networks are now operational in every region904

of the world, making 5G a truly global technology. However,905

adoption is proceeding at different speeds in different regions.906

As an emerging cutting-edge technology, the adoption of 5G907

should meet present and future needs, globally. This is critical908

in order to ensure that some regions are not left behind in909

terms of technological advancement and competences. Tech-910

nologically advanced economies such as Western Europe,911

North America, and North-East Asia (i.e., China, Japan and912

South Korea) will be regarded as early-movers (pace setters)913

for 5G technology and have started adopting 5G through pri-914

mary innovation [86]. Conversely, for developing and emerg-915

ing markets which have low rates of 5G deployment and are916

facing the rollout challenges previously outlined, it would917

be appropriate to consider less advanced levels of adoption918

via secondary innovation [100]. Standards organizations such919

as the ITU and IEEE are suggesting new innovations and a 920

scaled down version of the 5G standard meant to accelerate 921

5G adoption. For instance, the IEEE have developed a draft 922

standard for a scaled down version of 5G standard known as 923

P2061, also referred to as Frugal 5G [101]. P2061 describes 924

a Draft 5G Standard Architecture for Low Mobility and 925

Energy Efficient Network for Affordable Broadband Access. 926

Frugal 5Gwill allow developing countries to start implement- 927

ing 5G with lower capabilities and describes some of the 928

use cases such as: basic connectivity to ICT infrastructure; 929

economic opportunities (e.g., agriculture, small businesses 930

and financial inclusion); human resource development and 931

access to life-enhancing services (e.g., healthcare, education, 932

entertainment, and support for safe water, sanitation and clean 933

energy); and e-Governance and electronic delivery of citizen 934

services [101]. 935

Authors in [102] have demonstrated how latecomer firms, 936

though disadvantaged in technological capabilities and mar- 937

ket resources, can successfully introduce new and disrup- 938

tive technologies from advanced economies into emerging 939

economies through secondary business model innovation. 940

With the comparatively slow pace of 5G deployment in 941

Africa and other developing regions, mobile operators in 942

such markets can be regarded as latecomers while operators 943

in developed markets can be considered as first-movers for 944

5G adoption. As latecomers, mobile operators in developing 945

countries will have two key advantages: 946

1) ADAPTING 5G IMPLEMENTATION STRATEGIES 947

The phenomenon of technological paradigm shifts opens a 948

window of opportunities for latecomer operators to real- 949

ize technological capabilities by importing and adapting 5G 950

implementation strategies from developed countries. 951

2) COMPETITIVE POSITIONING 952

Operators can leverage initial competitive advantages, such 953

as low adoption costs, to improve their competitive position 954

within the 5G ecosystem. 955

F. IMPACT OF REGULATION ON 5G DEPLOYMENT 956

Regulation and policy makers are expected to continue play- 957

ing a key role as the global 5G deployment intensifies. It is 958

worth noting that regulatory policies may foster or inhibit the 959

rollout of 5G networks. On a positive outlook, it is anticipated 960

that the significant investments required for 5G deployment 961

will be motivated by a stable, consistent and proportionate 962

regulatory framework for all stakeholders [103]. 963

5G has been regarded as a disruptive innovation, in that 964

it has created new market values where new services and 965

applications are emerging in an unexpected manner. Thus, 966

policy makers will have to be prepared for significant chal- 967

lenges concerning 5G deployment in their respective coun- 968

tries [104]. Moreover, since the future development of 5G 969

technologies and the related markets is open-ended, network 970

implementation policies are being developed with incomplete 971

knowledge and under conditions of uncertainty [105]. 972

VOLUME 10, 2022 94865



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

Regulators and policy makers should ensure that suitable973

spectrum is available in appropriate frequency bands, in suffi-974

cient amounts and with appropriate license conditions [103].975

Maintaining a stable and predictable regulatory and spec-976

trum management environment is critical for the long-term977

investments of operators into network infrastructure, inno-978

vative services and business models. The exclusive mobile979

licensed spectrum assignment methods will remain important980

for ensuring stability for long-term investments into networks981

and the underlying spectrum [106]. Support for a flexible982

and dynamic spectrum sharing and complementary hetero-983

geneous networks, can also extend the reach and innovative984

potential of 5G networks [191].985

5G technology has stimulated the adoption of local 5G986

networkswithin various vertical sectors [107]. Ensuring spec-987

trum availability to these local 5G networks should be a key988

priority for regulators in 5G decision making as it requires989

adjustments to existing spectrum valuation approaches that990

are used as basis for spectrum assignment decisions [108].991

Authors in [109] have identified spectrum management and992

spectrum fragmentation as key regulation issues in 5G imple-993

mentation. According to [109], regulators are facing chal-994

lenges in spectrum management especially for the local and995

specialized 5G providers such as private 5G networks and996

micro operators. Micro licensees might have to pay high997

charges to incumbent competitors in their area for backhaul or998

middle mile connectivity. Fragmentation of the spectrum is a999

challenge that it may cause interoperability problems among1000

vendors and mobile operators and reduces the impact of 5G1001

efforts. This should be considered in the market approach1002

(e.g. spectrum trading) and controlled by regulators of spec-1003

trum licenses for new 5G spectrum releases to achieve a1004

harmonized 5G spectrum [110].1005

Table 4 summarizes the 5G regulatory components, their1006

roles in 5G and the associated challenges in implementing1007

them.1008

IV. BUSINESS MODEL THEORETICAL CONCEPTS1009

Business models have been a hot topic of research in1010

management-related disciplines for the past two decades1011

or so. The business model concept gained popularity with1012

the advent of the Internet in the mid-1990s, and it has1013

become a key focus area within the research community since1014

then [111], [112].1015

A. WHAT IS A BUSINESS MODEL?1016

Despite its extensive use in both management practice and1017

the academic literature, the term ‘‘business model’’ lacks1018

a formal standardized definition [112], [113], [114]. This1019

is mainly due to the fact that diverse business models are1020

applicable to different industry categories. Table 5 shows1021

some selected definitions of a business model across different1022

domains from the literature [115], [116], [117], [118], [119],1023

[120], [121], [122], [123], [124], [125], [126], [127], [128].1024

In general, most of these definitions suggest that a business1025

model articulates how a firm creates and delivers value to1026

its customers, and how that value is appropriated. Due to 1027

the lack of a formal standardized definition of a business 1028

model, and based on the various definitions of the term in 1029

the literature, a business model in the context of this survey 1030

study is described as: ‘‘The rationale of how a mobile net- 1031

work operator can create, deliver and capture value within 1032

the 5G networks’ ecosystem by using interconnected ele- 1033

ments such as customer relationships, value propositions (ser- 1034

vices), technology design, financial aspects and infrastructure 1035

management.’’ 1036

B. BUSINESS MODEL RESEARCH AREAS 1037

In their review paper, authors in [112] indicate that the 1038

business model concept has been employed to address three 1039

phenomena: e-business and use of information technology; 1040

strategic issues, such as value creation, competitive advan- 1041

tage, and firm performance; and innovation and technology 1042

management. The e-business phenomenon focuses on under- 1043

standing the composition and structure of new Internet-based 1044

firms. Strategic issues consider: the networked nature of value 1045

creation; relationship between business model and firm per- 1046

formance; and distinction between business model and other 1047

strategy concepts such as product market strategy. In the inno- 1048

vation and technologymanagement domain, a businessmodel 1049

is viewed as a mechanism that connects a firm’s innovative 1050

technology to customer needs [112]. 1051

On the other hand, [114] states that the three basic research 1052

streams on the business model concept are: information tech- 1053

nology, organizational theory, and organizational strategy. 1054

The information technology context emerged from the area 1055

of management information systems [113], and the main 1056

focus of this stream is business modelling from which the 1057

business model ensues [114]. Organizational theory views a 1058

business model as an abstract representation of the company’s 1059

structure and architecture [115]. The strategic management 1060

stream considers the relationship between the business model 1061

concept and business strategy and thus, views a business 1062

model as a source of information for implementing a com- 1063

pany’s strategy [114]. 1064

C. BUSINESS MODEL ONTOLOGY 1065

A business model ontology (BMO) can be used to conceptu- 1066

alize, design and evaluate a business model [129]. BMOs can 1067

be regarded as standardized approaches to business models 1068

forming the theoretical basis on which business models in 1069

various fields can be developed, component by component. 1070

Currently, the most widely known and most commonly used 1071

BMO is the business model canvas which was created by 1072

Osterwalder and Pigneur [120]. 1073

Research in [130] describes a BMO as a conceptual tool 1074

that contains a set of elements and their relationships, and 1075

allows the expression of the business logic of a particular 1076

firm. Further, [130] translates four simple business pillars into 1077

four main business model blocks to make a BMO. These four 1078

pillars are: the ‘what’, the ‘who’, the ‘how’ and the ‘how 1079
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TABLE 4. 5G regulatory components, roles in 5G and challenges.

much’ of a company. Specifically, these pillars allow us to1080

express ‘what’ a company offers, ‘who’ it targets with this,1081

‘how’ this can be realized and ‘how much’ can be earned by1082

doing it. The four business model pillars outlined in [130] are1083

as follows:1084

1) Product (what?): What business the company is1085

involved in, the products and the value propositions offered1086

to the market.1087

2) Customer Interface (who?): Who the company’s target1088

customers are, how it delivers products and services to them,1089

and how it builds strong relationships with them.1090

3) Infrastructure Management (How?): How the company1091

efficiently performs infrastructural or logistical issues, with1092

whom, and as what kind of network enterprise.1093

4) Financial Aspect (How much?): What is the revenue1094

model, the cost structure and the business model’s financial1095

sustainability.1096

Nine building blocks of a business model have been identi- 1097

fied in [131]. The building blocks are classified based on the 1098

four business model pillars discussed above [130]. Table 6 1099

outlines the proposed business model building blocks in rela- 1100

tion to the business model pillars. The nine business model 1101

building blocks are further elaborated by [120] and [130]: 1102

1. Value Proposition: gives an overall view of a company’s 1103

bundle of products and services. 1104

2. Target Customer: describes the segments of customers 1105

a firm wants to offer value to, i.e., clients who are 1106

addressed by the value proposition. 1107

3. Distribution Channel: describes various means the firm 1108

can utilize to get in touch with its customers as well as 1109

offer them the value proposition. 1110

4. Relationship: explains the kind of links a company 1111

establishes between itself and its various customer 1112

segments. 1113
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TABLE 5. Selected definitions of a business model across different domains.

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

5. Value Configuration: outlines the firm’s arrangement of1114

various activities and resources.1115

6. Core Competency: describes the competencies neces- 1116

sary to implement the firm’s business model. 1117
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7. Partner Network: illustrates the cooperative agreements1118

with other firms necessary to efficiently offer and com-1119

mercialize value.1120

8. Cost Structure: sums up the monetary consequences of1121

the means employed in the business model.1122

9. Revenue Models: describes ways a firm makes money1123

through a variety of revenue flows.1124

V. CURRENT BUSINESS MODELS FOR MOBILE1125

NETWORK OPERATORS1126

MNOs were purely voice and short message service (SMS)1127

service providers until the introduction of 3G and 4G tech-1128

nologies when multimedia (voice, data and video) services1129

were able to be delivered to end-users. With the emergence1130

of disruptive 5G technologies, mobile operators will have1131

to innovate their current business model in order to survive1132

within the new business ecosystem [119].1133

A. CONVENTIONAL MOBILE NETWORK OPERATORS’1134

BUSINESS MODELS1135

In the past two decades, conventional business models for1136

MNOs have been more market-driven than technology-1137

driven. This could be attributed to the fact that transi-1138

tion from 2G/3G to 4G has been more of an evolutionary1139

enhancement with less technological disruption within the1140

mobile communications industry. The following business1141

models have been employed by MNOs prior to the emerging1142

5G networks.1143

1) OUTSOURCED AND MANAGED SERVICES1144

BUSINESS MODEL1145

The rapid advancement in technology leads to frequent1146

changes on the networks such as hardware upgrades and1147

software updates. These network changes pose a challenge1148

to MNOs on managing the technology and maintaining the1149

network with minimal faults and outages. As a result, many1150

operators have resorted to outsourcing the technology portion1151

or the network maintenance part to equipment vendors who1152

manage the outsourced portion through strict outcome-based1153

service level agreements (SLAs) [119]. In such a model, the1154

operators’ focus is on market acquisition, customer experi-1155

ence management (CEM) and creation of multiple revenue1156

streams through additional value-added services (VASs). This1157

is a form of partnership in the network element outlined1158

in [119], where through voluntary agreement, the equipment1159

suppliers take portions of the value chain (e.g., access and1160

backhaul networks) under an SLA.1161

2) MOBILE VIRTUAL NETWORK OPERATOR (MVNO)1162

BUSINESS MODEL1163

MNOs can lease out, rent or sell their network capacity1164

resources or infrastructure to secondary operators (referred1165

to as mobile virtual network operators (MVNOs)) who do not1166

have their own spectrum resources or network infrastructure.1167

The MVNOs create their own service delivery platforms1168

and manage customer service, billing and value-added ser- 1169

vices (VASs) to their own subscribers. MVNOs buy capacity 1170

from the primary operators and resell it with added value 1171

to MVNOs’ dedicated sets of customers [132]. Thus, the 1172

MVNO can create and capture value through connectivity, 1173

content, context and commerce while relying on the pri- 1174

mary mobile operator’s network infrastructure and spectrum 1175

resources [72]. 1176

3) NEW MARKET ACQUISITION BUSINESS MODEL 1177

Large and well-established MNOs tend to expand into new 1178

markets to address new customer segments as well as explore 1179

new market opportunities [132]. This could be due to mar- 1180

ket saturation or intense competition in the home markets. 1181

New markets are created via partnership ventures or acqui- 1182

sitions to enter new markets. A typical example is when 1183

India’s Bharti Airtel entered the African market through the 1184

acquisition of Zain’s African operations [133]. The mar- 1185

ket acquisition model aims at expanding into new markets 1186

by studying demands for the products and services to be 1187

offered. Key factors to be considered include: potential mar- 1188

ket offering for sales and growth opportunities, favorable 1189

regulatory and political/governance policies such as taxa- 1190

tion, and an investment friendly atmosphere. The market 1191

acquisition business model can be described as a partner- 1192

ship network business model which is used to create joint 1193

ventures or strategic alliances to penetrate new geographical 1194

markets [119], [132]. 1195

4) MOBILE BROADBAND SERVICE BUSINESS MODEL 1196

The current 3G and 4G technologies which are still undergo- 1197

ing deployment inmost developing regions are amajor source 1198

of mobile broadband/mobile Internet connectivity for most 1199

telco subscribers. Applications such as WhatsApp, Face- 1200

book, Twitter or Instagram which are offered on top of the 1201

mobile broadband networks have become popular. Initially, 1202

the mobile broadband model was a ‘‘flat-rate model’’ with 1203

fixed periodic rates [132]. However, due to the increased ser- 1204

vice consumption by end-users in recent years, various data 1205

utilization plans are being implemented by mobile operators. 1206

As a result, there has been a shift from the flat-rate model 1207

to demand-based models [119]. Ultimately, the end-users 1208

benefit from simple pricing strategies while mobile operators 1209

benefit from constant revenue streams. 1210

5) INTEGRATED WLAN-CELLULAR BUSINESS MODEL 1211

This business model emerged as the potential evolution 1212

for the wireless local area network (WLAN) hotspot con- 1213

cept aimed at providing wireless Internet connectivity to 1214

MNOs’ subscribers [134]. In this model, the WLAN which 1215

is based on the IEEE 802.11 standard, is positioned as a 1216

complement to 3G/4G networks, and potentially as a sub- 1217

stitute to the costly cellular network base stations. This 1218

model eliminates the process of upgrading from 3G to 4G, 1219

thereby minimizing deployment costs as well as operational 1220

costs. 1221
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B. CHALLENGES TO CONVENTIONAL BUSINESS MODELS1222

OF MOBILE NETWORK OPERATORS1223

5G technologies require huge investments to cover deploy-1224

ment and operational costs, while the existing classical busi-1225

ness models with subscription as the core element are not1226

likely to produce enough revenues and profits to cover1227

these costs [135]. Conventional business models are often1228

faced with challenges from both the technological and socio-1229

economic sides. The following key challenges have been1230

identified.1231

1) EFFECTS OF OVER-THE-TOP (OTT) SERVICES ON MOBILE1232

NETWORK OPERATORS’ BUSINESS MODELS1233

As the behavior of end-users keeps changing due to higher1234

data demands caused by digitalization, there has been an1235

exponential rise of data consumption mainly driven by video1236

content applications. This has seen the emergence of var-1237

ious over-the-top (OTT) services which are affecting the1238

MNOs’ business ecosystem, as OTT players can offer these1239

services without owning, leasing or operating the network1240

infrastructure [132]. OTT services are applications like social1241

networks (e.g., Facebook, Twitter and Instagram), video con-1242

tent applications (e.g., YouTube), and messaging applications1243

(e.g., WhatsApp) which are accessible on the Internet by1244

riding on top of the mobile operators’ network infrastruc-1245

ture [136]. MNOs’ business models are impacted as their1246

revenues are primarily dependent on data usage and not from1247

OTT applications. Traditional mobile voice calls and SMS1248

businesses are on the decline leading to lower revenue gen-1249

eration [119]. Consequently, conventional business models1250

which are meant to support such services are proving to be1251

inadequate to meet the end users’ demands.1252

2) LIMITATIONS OF BUSINESS-TO-BUSINESS (B2B) AND1253

BUSINESS-TO-CONSUMER (B2C) MODELS1254

Conventional MNOs’ business models are simple to imple-1255

ment as they are usually two-dimensional business-to-1256

business (B2B) models (e.g., mobile operators providing1257

access services to enterprise firms) or business-to-consumer1258

(B2C) models (e.g., mobile operators providing data or voice1259

services to consumers) [137]. However, the increase in the1260

number of key players (e.g., MNOs, private networks, and1261

private/public enterprises) in the mobile communications1262

industry has resulted in complex value chains. Thus, for1263

MNOs to create and capture value through the provision1264

of digital services in such complex business environments,1265

traditional and simple B2B or B2C models are unlikely1266

to succeed. Instead, innovative business-to-business-to-any1267

(B2B2X) models are more likely to flourish.1268

3) EFFECTS OF DISRUPTIVE NON-CELLULAR TECHNOLOGIES1269

ON MOBILE NETWORK OPERATORS’ BUSINESS MODELS1270

MNOs operate under the assumption that the current 4G1271

services and beyond will provide much of their revenue1272

growth [138]. However, disruptive non-cellular technologies1273

such asWiFi which operate in the unlicensed frequency bands 1274

presents a threat to existing business models for cellular tech- 1275

nologies. Disruptive networks using the IEEE 802.11 stan- 1276

dards in hotspots offer Internet access in public places and 1277

have the potential to cover the globe [138]. In addition,WiFi’s 1278

deployment costs are much lower compared to cellular 3G or 1279

4G and it offers higher data rates, albeit over a comparatively 1280

limited coverage range. 1281

VI. EMERGING DISRUPTIVE 5G BUSINESS MODELS 1282

The vision for 5G wireless communication networks is not 1283

only technology-oriented but is also focused on the creation, 1284

delivery and capture of business value for all key stake- 1285

holders such as MNOs, equipment vendors and other third 1286

parties. From the business perspective, in order for 5G and 1287

beyond networks to be successfully deployed, there is a 1288

need for commercially viable and sustainable business mod- 1289

els that can support the targeted multi-dimensional vertical 1290

markets. 1291

A. DISRUPTIVE BUSINESS MODELS 1292

As part of a successful strategy, the business model plays an 1293

essential role in increasing the company’s value through the 1294

creation of sustainable competitive advantage. Nonetheless, 1295

the sustainability and profitability of a business model in 1296

dynamic business environments is always limited in time, 1297

since progress and innovation not only promote competition, 1298

but also have the ability to make a business model obso- 1299

lete [139]. Disruptive technologies like 5G mobile networks 1300

often alter the existing value chains and impact on the cur- 1301

rent ecosystem for MNOs, thereby rendering conventional 1302

business models inadequate [140]. Therefore, successful and 1303

executable business models are likely to be the ones that 1304

can best address the economic disruptions and peculiarities 1305

underlying 5G wireless networks [8]. 1306

The disruption of business models occurs when emerging 1307

technologies and innovation become critical in relation to 1308

an existing business model [141]. Disruptive business mod- 1309

els arise to replace the existing business models, either by 1310

their reconfiguration or by designing new business models 1311

aimed at a specific value proposition from emerging tech- 1312

nologies [141]. The delivery of differentiated value to cus- 1313

tomers, gaining of competitive advantage, opening of new 1314

markets, and the replacement of existing business models are 1315

characteristics of disruptive business models in the business 1316

environment [141]. Fig. 12 shows the relationship of business 1317

models, emerging technologies and innovation process with 1318

disruptive business models. 1319

B. 5G DISRUPTIVE BUSINESS MODELS 1320

5G networks can unequivocally be considered emerging 1321

and innovative technologies within the mobile communi- 1322

cations sector. Therefore, MNOs are required to develop 1323

business models which are capable of addressing the eco- 1324

nomic and technological disruptions caused by 5G network 1325

technologies. Technological disruption due to 5G networks 1326
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FIGURE 12. Disruptive business models [141].

if welcomed will result in positive and sustainable digital1327

business models and increased revenue for MNOs. However,1328

if these operators act too slowly and too rigidly towards1329

5G technological disruption, their existing business models1330

will become obsolete with the emergence of new competi-1331

tors such as private 5G networks, 5G content providers,1332

5G app developers, and so forth. The following five cate-1333

gories of 5G disruptive business models are found in the1334

literature.1335

1) PARTNERSHIP BUSINESS MODELS1336

One of the leading innovations for 5G wireless technologies1337

is the introduction of a new network architecture based on1338

the latest technologies such as cloud computing, SDN, NFV,1339

edge computing, artificial intelligence and machine learn-1340

ing. The emerging 5G and beyond networks will not only1341

continue connecting people and objects, providing acces-1342

sibility to demanded services, but will also be capable of1343

providing specialized and competitive services to govern-1344

ment departments, private enterprises and the vertical indus-1345

try sectors [142]. New business models and the associated1346

regulatory and policy strategies for 5G networks aimed at1347

serving vertical industries such as healthcare, smart factory,1348

media and entertainment, energy, and automotive have been1349

proposed in [142]. However, [142] only outlines high-level1350

businessmodel proposals for various vertical markets without1351

detailing the components such as relationships between the1352

industry verticals and MNOs.1353

The following partnership business models have been dis-1354

cussed in the literature.1355

a: CONNECTIVITY PROVIDER BUSINESS MODEL 1356

The connectivity provider business model for telecom oper- 1357

ators and service providers has been presented in [119]. The 1358

basic connectivity business model which addresses the best 1359

effort Internet Protocol (IP) connectivity for wholesale and 1360

retail clients, as well as an enhanced connectivity business 1361

model where connection quality of service (QoS) is guaran- 1362

teed, have both been described. The article further outlines 1363

the business models employed in cases where primaryMNOs 1364

go into partnership with MVNOs or third-party providers. 1365

However, the proposed partnership business models do not 1366

consider the policy and regulatory framework which is key, 1367

especially during revenue sharing. 1368

b: DIGITAL SERVICE PROVIDER BUSINESS MODEL 1369

A business model for telecom operators as digital services 1370

providers has been proposed in [119]. The authors suggest 1371

that telecom operators should extend beyond providing the 1372

core connectivity services and venture into digital services 1373

like offering mobile TV/video content, financial services 1374

and smart homes. This transition is beneficial owing to the 1375

increasing CAPEX and revenue stagnation, as revenue does 1376

not increase in line with data growth [143]. The authors 1377

of [119] further outline the two available options for MNOs 1378

to offer digital services: (1) operator builds their own appli- 1379

cations and decides whether to serve only their subscribed 1380

customers or to give open access to subscribers from other 1381

carriers; and (2) operator partners with an OTT provider and 1382

the operator get their OTT partner to build the applications. 1383

In their business model framework, [119] conclude that it 1384
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would be beneficial for an operator to build its own digital1385

services applications and provide open access to both paying1386

and non-paying service subscribers, thereby expanding the1387

target market. This could result in two revenue streams: direct1388

revenue from own and other operators’ subscribers (e.g., sub-1389

scription revenue and advertisement revenue); and indirect1390

revenue from own subscribers only (e.g., increased data users,1391

improved customer retention and customer analytics).1392

c: ULTRA-LOW LATENCY SERVICE PROVIDER1393

BUSINESS MODEL1394

Reference [144] claims to analyse the relevant 5G use cases1395

that require ultra-low latency, from both technical and busi-1396

ness perspectives. The paper is motivated by the follow-1397

ing research question: ‘‘Will it be cost-effective for telecom1398

players to build ultra-low latency in 5G networks?’’ The1399

authors conducted a detailed study on the industry verticals1400

that could benefit from low-latency technologies: healthcare,1401

transportation, entertainment, and manufacturing. Data col-1402

lection involved a combination of both primary sources (inter-1403

views, workshops, and collaborative research projects) and1404

secondary sources (extensive literature review). In answer-1405

ing their research question, the authors in [144] concluded1406

that telecom players can benefit from 5G ultra-low latency1407

applications as long as new business models are created and1408

strong partnerships with the industry verticals are established.1409

Thus, the choice of new business models can determine the1410

economic impact of 5G and the revenue of ultra-low latency1411

applications. The contribution emphasizes revenue genera-1412

tion for 5G ultra-low latency services but does not outline the1413

processes and parameters to employ in realizing the revenue.1414

Additionally, the design of an appropriate revenue sharing1415

mechanism between mobile operators and the industry ver-1416

ticals could benefit all stakeholders.1417

d: SMART CITY BUSINESS MODEL1418

The concept of a smart city business model and a practical1419

framework for analysing it has been proposed in [145]. The1420

authors outline the city model canvas (CMC) which is based1421

on the firms’ standard business model canvas [130]. The1422

CMC addresses the research problem of how city govern-1423

ments can take ownership of smart city projects to ensure1424

that they create value for their residents. The proposed CMC1425

replaces several elements of the business model canvas with1426

elements that are relevant to a public service context. The1427

article in [145] indicates that the city of Bristol in England1428

was selected as an appropriate context to apply the CMC1429

because of its current smart city strategy. However, during1430

the case study implementation, only Bristol City Council1431

managers were consulted. The narrow consultation affected1432

the validity and reliability of the analysis results, thereby1433

hindering the attainment of a viable business case. Other key1434

stakeholders in high-level decision-making positions such as1435

politicians and politically appointed executives should have1436

been approached. In addition, key partners such as citizen1437

groups, non-governmental organizations and private entities1438

that are involved in smart city development should have been 1439

consulted in order to enhance the results of the case study. 1440

e: 5G DATA COMMUNICATION BUSINESS MODEL 1441

The article in [146] focuses on the pricing policies and new 1442

business models for data communication in 5G networks. 1443

The paper discusses the importance of data pricing policies 1444

over the 5G network by taking into account the anticipated 1445

global exponential growth of mobile data traffic (i.e., 49 1446

Exabytes per month and 6.2 billion smartphones and tablets 1447

by 2021 [147]). In an attempt to answer the research question 1448

‘‘What business models and what pricing policies will be 1449

appropriate for 5G networks?’’, the article observes that the 1450

adoption of business models is related to the roles of key 1451

players: asset provider business models (i.e., X as a service 1452

(XaaS) and network sharing); connectivity provider business 1453

models (i.e., basic connectivity based on best effort IP and 1454

enhanced connectivity based on QoS); and partners service 1455

provider business models (i.e., operator offer enriched by 1456

partner and partner offer enriched by operator). Two pricing 1457

models are discussed: the cost-based pricemodel (i.e., pricing 1458

based on operator’s CAPEX and OPEX); and the SBIFT 1459

model (i.e., price differentiation based on the five dimensions 1460

of Scope, Base, Influence, F ormula and Temporal rights). 1461

The author in [146] concludes that there is no classic model 1462

of pricing which should be deemed as appropriate. However, 1463

since the study focuses on data services only, the discussed 1464

pricing policies have limited applications to the emerging 1465

multi-service (eMBB, mMTC, and uRLLC) 5G networks. 1466

2) DIGITAL PLATFORM BUSINESS MODELS 1467

5G wireless technologies are expected to transform the 1468

wireless communication business ecosystem from the cur- 1469

rent ‘‘network-for-connectivity’’ business models towards 1470

‘‘network-of-services’’ business models which will be built 1471

on platforms with complex algorithms and massive amounts 1472

of data [43], [148]. This will require the application of 1473

big data techniques and machine/deep learning technologies. 1474

Platform-based ecosystemic business models will incorpo- 1475

rate both technical (e.g., technological innovation) and eco- 1476

nomical (e.g., economies of scale and scope) aspects [149]. 1477

Furthermore, since 5G and beyond networks are expected to 1478

disrupt the mobile ecosystem by full scale introduction of 1479

‘‘as-a-service’’ platforms and a sharing economy approach, 1480

new entrants to the mobile market such as micro-operators, 1481

content providers, and app developers will be able to share 1482

the available 5G network resources [45], [149]. 1483

The paper in [72] discusses the use of scenario-based busi- 1484

ness modelling in the quest to explore the market for 5G net- 1485

works. Four scenarios that were developed in a collaborative 1486

effort among different actors in the market (Huawei, Erics- 1487

son, Nokia and academia) are presented. A novel approach 1488

to building business models that complements traditional 1489

techniques through the provision of a platform that integrates 1490

changes in technology, regulation, value-chain dynamics and 1491

value proposition evolution is proposed. The authors of [72] 1492
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conclude that their approach is valuable in environments that1493

are characterized by high levels of uncertainty and complex-1494

ity. Nonetheless, the paper does not discuss the actual cost1495

analysis and the revenue maximization strategies which are1496

critical to capturing value by service providers.1497

3) NETWORK SLICING BUSINESS MODELS1498

Emerging 5G wireless technologies are developed in form1499

of programmable platforms that offer services on an ‘‘as-1500

a-service’’ basis [45]. Network slicing is a key technol-1501

ogy which enables 5G and beyond networks to support1502

composite services by transitioning from a ‘‘network-as-an-1503

infrastructure’’ to a ‘‘network-as-a-service’’ platform [16].1504

Network slicing is the process of partitioning a physical1505

network into multiple isolated logical networks (slices), each1506

with its own service characteristics and performance require-1507

ments [36]. Due to varying service class requirements, each1508

network slice requires its own business model to meet its1509

business targets in terms of economic value and profitability.1510

The article in [150] focuses on the network slicing strat-1511

egy and is based on a novel auction mechanism aimed1512

at maximizing network revenue. The study addresses joint1513

network resource and revenue optimization through a pro-1514

posed auction-based model. The authors demonstrate that1515

the proposed auction model can efficiently allocate network1516

resources to network slices by providing higher satisfaction1517

rate per slice as well as increased network revenue. Although1518

the contribution in [150] comprehensively addresses the strat-1519

egy of revenue maximization, it ignores the pricing policies1520

which are critical to the successful practical implementation1521

of the proposal.1522

Business models that are enabled by network slicing have1523

been discussed and analyzed in [7]. In the single domain1524

business model of network slicing, it is assumed that there1525

are single hardware and virtual infrastructure providers and1526

their resources enable the creation of end-to-end slices.1527

The single domain model identifies the following business1528

roles: physical infrastructure provider, virtual infrastructure1529

provider, slice provider, slice template provider, slice function1530

provider, slice tenant, slice customer, and service provider.1531

These business roles are interconnected via a set of defined1532

interfaces. The authors observe that the single domain model1533

is unrealistic and does not fully exploit the potential of1534

network slicing technology. To overcome these drawbacks,1535

the article in [7] further proposes a multi-domain business1536

model of network slicing which enables an ecosystem of1537

multiple physical and virtual infrastructure providers as well1538

as slice providers, and brokering of slice provisioning. The1539

brokering mechanism in the multi-domain model adds sev-1540

eral brokering business roles to the single domain model:1541

infrastructure broker, slice broker, and service broker. In their1542

analysis, the authors claim that the multi-domain concept1543

supports multiple slice providers, who can be added dynam-1544

ically, if the solution allows for the dynamic creation of slice1545

orchestrators. However, the authors acknowledge that from1546

an implementation standpoint, the proposed multi-domain1547

model is incompatible with the standard NFV management 1548

and orchestration (MANO) framework, which is described 1549

in [151]. This lack of conformity with the standard MANO 1550

framework could therefore makeMNOs reluctant to commer- 1551

cially adopt the proposed multi-domain model. 1552

4) MICRO-OPERATOR BUSINESS MODELS 1553

Micro-operators will be able to offer various services in 1554

their localized areas for specialized use cases in different 5G 1555

vertical markets. One way to realize this is for regulators and 1556

policy makers to ensure that spectrum acquisition by local 5G 1557

micro-operators is made possible at affordable costs [108]. 1558

The research in [152] focuses on businessmodels involving 1559

micro-operators in small cell/indoor 5G environments. The 1560

paper defines a micro-operator as an entity that combines 1561

mobile connectivity with specific local services in spa- 1562

tially confined domains and dependent on appropriate spec- 1563

trum resources. The authors conclude that micro-operators 1564

have a natural role in small cell/indoor scenarios and can 1565

complement incumbent MNOs’ current offerings through 1566

co-opetitive business relationships (i.e., relationships com- 1567

bining cooperation and competition). Even so, currently, 1568

indoor wireless coverage and capacity solutions are mostly 1569

supported by WiFi which is based on the IEEE 802.11 stan- 1570

dards. The authors in [152] did not discuss how their proposal 1571

would compete economically with existing indoor solutions 1572

such as WiFi which are easily accessible and affordable for 1573

most end users. 1574

5) ECOSYSTEMIC BUSINESS MODELS 1575

Ecosystemic business models – of which the 4C model (con- 1576

nection, content, context and commerce) is the classic exam- 1577

ple – focus on business models in business ecosystems in 1578

which multiple firms interact to create value in highly com- 1579

plex interdependent ways [153]. The 4Cmodel has been used 1580

to define the framework of a future 5G business ecosystem 1581

as follows [153]. In this ecosystem, the connection-oriented 1582

business model focuses on monetizing connectivity services 1583

(e.g., infrastructure provisioning). The content-oriented busi- 1584

ness model is concerned with monetizing content services 1585

(e.g., video or audio). The context-oriented business model 1586

deals with monetizing the information that already exists on 1587

the Internet (e.g., user profiles, time and place) and contextu- 1588

alizing the content. The commerce-oriented business model 1589

monetizes any services related to connection, content and 1590

context. The proposed 5G ecosystem business model frame- 1591

work highlights potential implementations at each level, such 1592

as spectrum sharing (connection), vertical-specific data (con- 1593

tent), contextual and location based services (context) and 1594

network slicing (commerce). However, the proposal does not 1595

take into account the implementation cost, nor does it discuss 1596

the actual means of how the monetization aspects would 1597

be achieved. Additionally, provision of the actual pricing 1598

mechanisms to employ would enhance the practicality of the 1599

proposed framework. 1600
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Business models for the smart-grid vertical market within1601

the 5G ecosystem have been presented in [154]. The study1602

introduces business models based on the logic of the net-1603

worked and hyper-connected technological and business1604

environment. A 4C ecosystemic model is developed in the1605

context of smart-grid commercialization in the 5G era. The1606

central research question of the study is: ‘‘How can business1607

models be applied in a co-opetition based value creation1608

and capture in the context of a hyper-connected business1609

ecosystem?’’ The study employed an action-based research1610

methodology for data collection within two techno-social1611

collective innovation projects: 1) European Union level peer-1612

to-peer (P2P) technical and market design of smart-grids;1613

and 2) Finnish-American research co-operation on 5G net-1614

works key sector enablers. According to the paper in [154],1615

the key contribution of the study lies in the discovery of1616

the four dimensions of hyper-connectivity (namely, hyper-1617

connectability, hyper-memorability, hyper-diffusibility, and1618

hyper-scalability). Additionally, the empirical study which1619

was conducted can serve as a building block when developing1620

a stronger theoretical business model for hyper-connectivity.1621

Nevertheless, the P2P concept had limitations as it could1622

only evaluate 5G’s potential in existing and known smart-1623

grid applications. Thus, future applications that are yet to1624

emerge cannot be examined. Apart from that, the study only1625

concentrated on the technology design aspect and did not1626

consider other business model elements such as infrastructure1627

management and customer relationships. However, the find-1628

ings in [154] can form the basis for future exploration within1629

the emerging 5G smart-grid vertical market.1630

VII. BUSINESS MODELS FOR 5G MOBILE NETWORK1631

OPERATORS AND PRIVATE 5G NEWORKS1632

Despite 5G networks being rapidly deployed around the1633

world, MNOs seem to be undecided when selecting the opti-1634

mal business models to support these networks. Therefore,1635

as MNOs intensify their 5G network rollouts, viable and sus-1636

tainable business models will play a pivotal role in ensuring1637

that the targeted economic value is achieved.1638

A. 5G VALUE CHAIN COMPONENTS1639

In order for MNOs to develop viable and sustainable business1640

models for 5G networks, the relationships among the 5G1641

value chain components within the global market should be1642

accurately established based on the business model ontology1643

proposed in [130]. The following value chain components1644

have been identified.1645

1) WHO?1646

Who are the target customer segments to which the MNOs1647

will provide the proposed value? The ‘‘Who?’’ component1648

of the value chain focuses on identifying the target cus-1649

tomers, their specific needs and how differentiated services1650

can be offered to guarantee customer satisfaction, thereby1651

ensuring that customer value proposition is addressed. The1652

customer segments can be categorized as government/public1653

entities (e.g., public safety and smart cities), private enterprise 1654

(e.g., media and entertainment), verticals (e.g., energy and 1655

healthcare) and consumers. 1656

2) WHAT? 1657

What value does the MNO intend to provide to the target cus- 1658

tomer segment? The ‘‘What?’’ component of the value chain 1659

describes the MNO’s service offering (value proposition) to 1660

a specific customer segment with the intention of delivering 1661

value (customer side) as well as capturing value (opera- 1662

tor’s side). For example, 5G services include eMBB (e.g., 1663

UHD video and VR/AR), mMTC (e.g., smart meters, smart 1664

energy grids, smart factories and smart cities) and uRLLC 1665

(e.g., driverless cars and remote surgery). 1666

3) HOW? 1667

How will the MNO create and deliver value to the target cus- 1668

tomer segment? This component of the value chain outlines 1669

the technology design, network infrastructure and network 1670

resources available to the operator in order to deliver the 1671

appropriate services to the intended customers. The ‘‘How?’’ 1672

component may include the following: i) 5G NSA and SA 1673

deployment modes; ii) 5G key enabling technologies such 1674

as ultra-densification, massive MIMO and beamforming, 1675

SDN/NFV, millimeter wave, green communication, IoT and 1676

D2D communications, digital platforms and network slicing; 1677

iii) site infrastructure sharing (e.g., tower space, baseband 1678

resources, radio resources, and antennas); iv) spectrum acqui- 1679

sition (e.g., sub-3GHz band, C-band, and mmWave band); 1680

and v) partner networks (e.g., equipment vendors, device 1681

manufacturers, and platform providers) as well 4C model 1682

participants (connection, content, context and commerce). 1683

4) HOW MUCH? 1684

How much value will the MNO capture from the target 1685

customer segment? This component of the value chain rep- 1686

resents a blueprint of how an operator intends to maximize 1687

its profits while minimizing its costs within the 5G net- 1688

works ecosystem. The ‘‘Howmuch?’’ component consists of: 1689

1) revenue structures (e.g., revenue streams, profit margins, 1690

and ROI); 2) pricing methods (e.g., pricing per slice and on- 1691

demand pricing); and 3) cost analysis (e.g., deployment costs, 1692

CAPEX, OPEX, and miscellaneous costs). 1693

Fig. 13 depicts the relationships among the components of 1694

the 5G networks value chain. 1695

B. BUSINESS MODELS FOR 5G MOBILE NETWORK 1696

OPERATORS 1697

At present, mobile communications infrastructure is typically 1698

deployed, operated and maintained by MNOs. Because this 1699

is an extremely capital-intensive process, operators gener- 1700

ally only deploy mobile networks where the ROI is high. 1701

As a result, rural areas are often neglected when rolling 1702

out new mobile technologies, thereby making these places 1703

digitally disadvantaged or disconnected from the rest of the 1704

world [155]. This poses a challenge for MNOs to realize their 1705
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FIGURE 13. Relationships among the 5G value chain components.

ROI in regions such as Sub-Saharan Africa where the rural1706

population is around 60% [83]. In addition to the disruptive1707

business models for the emerging 5G networks presented1708

in Section VI of this article, the following business models1709

have been proposed for the initial 5G network deployment1710

by MNOs.1711

1) VERTICAL MARKETS PARTNERSHIP BUSINESS MODELS1712

5G networks promise innovative business models that1713

revolve around creating and capturing value through1714

multi-partnership with vertical industries within a collabora-1715

tive value system [156]. 5G will provide multiple and unique1716

operators’ value propositions to all customers consisting of1717

consumers, enterprises, verticals and other partners at the1718

same time [119]. The following vertical market partnership1719

business models can be applicable for different use cases.1720

a: SMART LEARNING BUSINESS MODEL1721

MNOs can partner with the Ministries/Departments of Edu-1722

cation, school districts, regulators, researchers and equipment1723

vendors to provide smart learning via tele-education use1724

cases [119]. This can be achieved through eMBB immer-1725

sive real-time interaction using VR, AR and virtual presence1726

applications with minimal visual or audio delays [157]. This1727

could be substantively beneficial to both the learners and the1728

educators, especially when classes with physical contact are1729

not feasible, such as during COVID-19 outbreaks.1730

b: e-HEALTH BUSINESS MODEL1731

For the e-health business model, MNOs can partner with1732

key stakeholders in the health sector, such as Min-1733

istries/Departments of Health, public or private medical1734

insurers, medical device manufacturers, equipment vendors1735

and researchers. Examples of 5G-enabled e-health business1736

model uses cases and applications include: connected care,1737

precision medicine, remote surgery and remote diagnos- 1738

tics [158]. Both during and after the COVID-19 pandemic, 1739

e-health will becoming increasingly critical for national and 1740

local governments, for instance to keep track of citizens who 1741

have been vaccinated [159]. 1742

c: SMART AGRICULTURE BUSINESS MODEL 1743

5G technologies will also provide solutions for smart agri- 1744

culture systems in countries whose economies depend on 1745

agriculture. IoT based on 5G will be the key driver to 1746

achieve smart agriculture via the mMTC service class [160]. 1747

For instance, multiple wireless sensors with 5G connectivity 1748

deployed in specific crop fields can help optimize the soil 1749

moisture content and ensure the efficient use of water and 1750

fertilizers through customized applications [161]. MNOs will 1751

be able to partner with the Ministries/Departments of Agri- 1752

culture, commercial farmers, researchers, and agricultural 1753

scientists. 1754

d: SMART GRID BUSINESS MODEL 1755

The smart grid business model is targeted for smart end-to- 1756

end efficient power (energy) distribution networks with pre- 1757

dictive big data analytics [162]. Key MNOs’ partners could 1758

include: Ministries/Department of Energy, policy makers 1759

and regulators, public and private power utility companies, 1760

local municipalities, and researchers. With most emerging 1761

economies facing the challenges of unreliable power sup- 1762

ply, MNOs have an opportunity to provide wireless sensor 1763

connectivity to enable power utility companies to effectively 1764

monitor and forecast energy demand and consumption via 5G 1765

networks [154]. 1766

e: SMART CITY BUSINESS MODEL 1767

As managing cities in developed countries becomes more 1768

challenging and the rate of urbanization in developing 1769
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economies grows, smart city concepts can be implemented1770

to better support and serve urban communities [163]. MNOs1771

can develop smart city business models by partnering with1772

local governments, citizens groups, non-government orga-1773

nizations, city legislatures and policy makers, politically1774

appointed executives, and researchers [119]. Potential 5G1775

smart city services include: remote monitoring of roads1776

and city infrastructure (e.g., parks, museums, etc.), smart1777

meters/parking lots, water sanitation and waste management1778

systems, among others [163], [164].1779

f: SMART TRANSPORTATION BUSINESS MODEL1780

Smart transportation systems will ensure flexible and adap-1781

tive public and private fleet management, such as optimized1782

route planning to minimize traffic congestion and traffic1783

accidents [165]. MNOs’ potential for smart transportation1784

system 5G business models include: Ministries/Departments1785

of Transportation, municipal and local governments, tran-1786

sit system providers, and researchers. According to the1787

World Health Organization and the World Bank [166],1788

90% of the world’s fatalities on the roads occur in low-1789

income and middle-income countries, even though these1790

countries have approximately half of the world’s vehicles.1791

As such, 5G-enabled smart transportation business mod-1792

els have tremendous socio-economic potential. Besides, key1793

industry players have formed the 5G automotive association1794

(5GAA) whose objective is to connect the telecom industry1795

and vehiclemanufacturers to develop end-to-end solutions for1796

future mobility and transportation services [167].1797

2) MOBILE NETWORK OPERATORS AS OTT/CONTENT1798

PROVIDERS BUSINESS MODELS1799

One of the main challenges faced by MNOs is that OTT1800

players and content providers offer video, voice and messag-1801

ing services via the operators’ network infrastructure without1802

paying. Consequently, OTT players and content providers are1803

directly competing with MNOs, but with no investment in1804

infrastructure building [119].1805

a: VIDEO STREAMING SERVICES BUSINESS MODEL1806

Among the key drivers of the exponentially increasing1807

demand for higher data rates are demand for various video1808

applications (e.g., video on demand (VOD) services) and1809

the proliferation of low-cost smartphones and other hand-1810

held devices. Video-based services offers an opportunity for1811

MNOs to venture into adjacent digital businesses such as1812

video streaming, especially in emerging markets like South1813

Africa, Nigeria, Kenya and Brazil [45], [83]. As proposed1814

by authors in [119], MNOs can develop 5G video streaming1815

services business models via the following three options:1816

i) MNO develops video streaming services targeting its1817

own customers – where direct and indirect revenues come1818

from registered customers (i.e., consumers or enterprises) of1819

the MNO.1820

ii) MNO develops video streaming services for open1821

access – where direct revenue is captured from both1822

registered and non-registered customers as well as indirect 1823

revenue coming from non-registered customers only. 1824

iii) MNO partners with the OTT/Content provider for video 1825

streaming services – where the MNO provides video stream- 1826

ing services which are developed by specific OTT players or 1827

content providers. The revenue obtained is shared between 1828

the two parties. 1829

3) REAL-TIME ONLINE GAMING BUSINESS MODELS 1830

The online gaming industry is ready for disruption as we 1831

approach the wide-scale deployment of 5G. With augmented 1832

performance attributes such as higher data rates, lower 1833

latency, and increased capacity and reliability for enhanced 1834

player experiences, 5G bringmany benefits to the online gam- 1835

ing industry [168].MNOs can take advantage of the imminent 1836

opportunities within the 5G real-time online gaming mar- 1837

ket which will be supported by throughput-intensive eMBB 1838

applications like VR/AR [22]. The following two options 1839

for the real-time online gaming business models could be 1840

available to MNOs. 1841

a: MNO BUILDS ITS OWN REAL-TIME ONLINE 1842

GAMING APPS 1843

In this model, the MNO builds and manages real-time online 1844

gaming apps in-house and offers gaming services directly to 1845

consumers on its own. 1846

b: MNO PARTNERS WITH REAL-TIME ONLINE GAMING 1847

APP DEVELOPERS 1848

In this model, theMNOoffers gaming services developed and 1849

managed by a third-party app developer under a revenue share 1850

agreement. 1851

4) 5G-ENABLED INTERNET OF THINGS (5G/IoT) 1852

BUSINESS MODELS 1853

Massive machine communication (MMC) in 5G networks 1854

will form the basis of Internet of Things (IoT) with a plethora 1855

of application fields including, automotive industry, public 1856

safety, emergency services, and medical field, each with spe- 1857

cific business model requirements [18]. Recently, a rough 1858

distinction has been unfolding between consumer IoT (cIoT) 1859

and industrial IoT (iIoT), with implications on underlying 1860

technologies and business models [169]. Consumer IoT aims 1861

at improving the quality of people’s life by saving time 1862

and money via the interconnection of consumer electronic 1863

devices, as well as virtual interactions with user environments 1864

such as homes, offices, and cities [170]. On the other hand, 1865

industrial IoT focuses on the integration between Operational 1866

Technology (OT) and Information Technology (IT) [171], 1867

and on how smart machines, networked sensors, and data 1868

analytics can improve business-to-business (B2B) services 1869

across a wide variety of market sectors and activities, from 1870

manufacturing to public services [169]. 1871

Research on the relationship between Internet of Things 1872

(IoT)-based real-time production logistics and real-time sen- 1873

sor networks respect to 5G business models for MNOs is 1874

94876 VOLUME 10, 2022



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

steadily gaining ground. In the 5G era, sustainable business1875

models may provide system transition value, resulting in the1876

expansion of IoT-based real-time production logistics, refash-1877

ioning of the energy markets, and asking customers to sup-1878

port a sustainable smart energy system [172]. Additionally,1879

5G networks will facilitate sustainable business models for1880

smart product innovation with big data-driven technologies1881

that can orient companies toward improving supply chain1882

sustainability outcomes by use of circular economy crite-1883

ria [173]. An empirical study to examine IoT-based real-1884

time production logistics, cyber-physical process monitoring1885

systems, and industrial artificial intelligence in sustainable1886

smart manufacturing has been conducted in [174]. Cyber-1887

physical production systems (CPPS) enable wireless sensor1888

technologies to monitor manufacturing assets and networked1889

production or logistics business operations in real time [175].1890

CPPSs inspect, supervise, and automate business operations,1891

optimizingmanufacturing and logistic processes across smart1892

shop floor environments [176].1893

Furthermore, it has been observed that innovative appli-1894

cations of IoT technologies are not limited to developed1895

countries. IoT technologies are gradually diffusing in devel-1896

oping regions such as Sub-Saharan Africa (SSA) and is being1897

used as a tool for social and economic development in the1898

region [177]. However, SSA region will only account for1899

1.19% of the global number of IoT connections by the year1900

2025 [178]. The low penetration rate of IoT enabled tech-1901

nologies could be attributed to inadequate infrastructure, low1902

investment and uncertainties surrounding return on invest-1903

ment (RoI) [76], [83].1904

C. BUSINESS MODELS FOR PRIVATE 5G NETWORKS1905

A variety of business models can be employed when adopting1906

5G cellular network technologies for private 5G network1907

purposes. The choice of business model varies depending1908

on: the industry sector, specific use case, capital expendi-1909

ture (CAPEX), operational expenditure (OPEX) and network1910

scalability [179]. Private 5G networks are secure, fast, and1911

easy-to-manage networks that can provide reliable voice or1912

data services inside buildings or in remote areas. The follow-1913

ing use cases and business models across different sectors can1914

be supported by these networks [63].1915

1) SMART MANUFACTURING BUSINESS MODEL1916

Manufacturing vertical market has a variety of use cases1917

which are mostly driven by 5G IoT [180]. According to [63],1918

manufacturing business models can formulated for the fol-1919

lowing use cases: production line flexibility; machine to1920

machine communications; automated guided vehicles; con-1921

nected workers; end-to-end logistics; andmulti-client serving1922

facilities. Success stories of private 5G smart manufacturing1923

use cases include: Ericsson’s deployed 5G smart factory in1924

Lewisville, Texas, USA [181]; US Department of Defense1925

(DoD) smart warehouse developed with the technical assis-1926

tance of Cisco and other technology companies [182]; and1927

factory automation by Mitsubishi Electric Corporation [183].1928

2) SMART MINING BUSINESS MODEL 1929

Mines are usually located in remote areas and miners often 1930

work underground where public cellular network coverage 1931

in not always available [63]. Private 5G technologies are 1932

required to conduct mining operations with greater safety and 1933

automation.Moreover, wireless sensor networks built on non- 1934

public 5G can be deployed in mines for monitoring the work- 1935

ing environment, sensing mine disaster signals, and making 1936

early warning [63]. For instance, China Mobile, Yangquan 1937

Coal Group, and Huawei successfully built China’s lowest 1938

underground 5G network at Xinyuan Coal Mine in Shanxi 1939

province [184]. 1940

3) SMART SEA PORTS BUSINESS MODEL 1941

Private 5G network enabled smart sea ports are expected to be 1942

promising solutions [185]. This is critical as future ports are 1943

likely to face challenges regarding equipment downtime, con- 1944

gested port yards, worker safety, and environmental impacts. 1945

Four use cases for private 5G network-driven smart ports have 1946

been identified by [63]. These include: remote-controlled 1947

and automated cranes; automated guided vehicles (AGVs); 1948

condition monitoring; and unmanned aerial vehicles (UAVs). 1949

Nokia collaborated with the Hamburg Port Authority (HPA) 1950

and Deutsche Telekom on a successful 5G field trial at the 1951

Port of Hamburg in Hamburg, Germany [186]. 1952

4) SMART AIRPORTS BUSINESS MODEL 1953

Private 5G networks can be employed in airports to opti- 1954

mize ground operations via automated boarding procedures, 1955

thereby improving passengers’ experience [63]. Further, 1956

in the wake of the COVID-19 pandemic, non-public 5G 1957

networks can be used for automatic fever detection, facial 1958

recognition, access to passengers’ travel records as well 1959

as passengers’ vaccination status. For instance, 5G and 1960

AI-based boarding technologies accelerate check-in, con- 1961

stant security monitoring, luggage drop-off, and identity 1962

checks to minimize passengers waiting time. An outstand- 1963

ing example of smart airport design is Beijing’s newest and 1964

largest airport in Daxing, China where Huawei has intro- 1965

duced a 5G-based automation system operated by China 1966

Unicom [187]. 1967

5) SMART RAILWAYS BUSINESS MODEL 1968

Regular and high-speed trains require critical communica- 1969

tion services for their scheduling and smooth operations. For 1970

instance, there is a need for secure and low-latency commu- 1971

nication between train drivers and signaling controllers [63]. 1972

Moreover, train passengers also expect reliable and sta- 1973

ble multi-media services when using onboard infotainment 1974

applications such as AR/MR applications, Video-on-demand 1975

(VoD) and UHD-video streaming. Thus, 5G private networks 1976

can provide high availability, high reliability, low latency, and 1977

customized QoS network coverage and capacity which are 1978

attractive solutions to railway networks [188]. 1979
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TABLE 7. Summary of future research areas, challenges, drivers and mechanisms.

VIII. OPEN RESEARCH CHALLENGES1980

There is a vast and ever-increasing literature on numer-1981

ous aspects of 5G networks, particularly in context of the1982

developed markets where they are currently being deployed.1983

By contract, however, research on business models in1984

emerging 5G networks, especially for MNOs, has received1985

relatively little attention from the scholarly community.1986

Consequently, there are still many open research challenges1987

that need to be addressed. Below, we outline some of these1988

key research challenges for 5G business models from the1989

MNOs’ perspective and summarize them in Table 7.1990

A. ADAPTIVE SERVICE-BASED BUSINESS MODELS1991

Some of the promising 5G technologies such as network slic-1992

ing [16] and digital platforms [149] will require a wide variety1993

of key players and partners to interact and provide consumers1994

with various smart services. The present stand-alone rigid1995

business models cannot support such dynamic service-driven1996

technologies. MNOs and their partners must appropriately1997

adapt to changes within the value chains while providing1998

services to the target customers. Therefore, it is necessary1999

to transition from product-based to adaptive service-based2000

business models. This is crucial since consumer demands2001

may change with time. The design of adaptive service-based2002

business models can increase both the operators’ and part- 2003

ners’ profits as well as user satisfaction. These adaptive 2004

service-based business models will require dynamic service 2005

level agreements (DSLAs) [16] as well as dynamic pricing 2006

strategies [146]. 2007

B. SECURITY-ORIENTED BUSINESS MODLES 2008

Research on 5G business models has focused more on the 2009

economic value aspects of key network performance met- 2010

rics like data throughput, latency, reliability and device con- 2011

nectivity density with little regard for security objectives 2012

such as confidentiality, privacy and data integrity. However, 2013

since 5G networks will be enabled to fulfil IMT-2020’s 2014

mMTC service class [1] by technologies like IoT and D2D 2015

communications, the effects of large-scale wireless connec- 2016

tions and related security concerns should be incorporated 2017

in the design of business models. The involvement of a 2018

large number of role players in the 5G ecosystem, each 2019

with different security levels, increases the vulnerability to 2020

cyberattacks. Thus, existingMNO business models should be 2021

modified to security-oriented business models by integrating 2022

IoT forensics [189] and various other means of combatting 2023

5G cyber threats [190]. Security-oriented business models 2024

should be capable of supporting the complex authentication, 2025
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authorization and encryption mechanisms of the connected2026

devices as well as users on the 5G networks in order to2027

guarantee confidentiality, privacy and data integrity.2028

C. 5G BUSINESS MODEL FRAMEWORK DESIGN2029

Business models have been studied within various research2030

streams, including: (1) organizational strategy focusing on2031

companies’ economic value, competitive advantage, and2032

performance [112], [114]; (2) e-business and Information2033

Technology (IT) focusing on understanding the composi-2034

tion and structure of new Internet-based firms [112], [114];2035

and (3) technological innovation where a business model is2036

viewed as a mechanism that connects a firm’s innovative2037

technology to customer needs [112], [113].2038

The development of a 5G businessmodel frameworkwhich2039

is anchored on the theoretical concepts in organizational strat-2040

egy, e-business and IT, and technological innovation could2041

benefit MNOs when designing their unique business models2042

for practical implementation. The 5G conceptual business2043

model framework design can be formulated based on the2044

ontologies outlined in [120], [126], [128], and [130]. In this2045

survey article, we propose five interrelated components for a2046

5G business model framework: 1) customer model (for com-2047

petitive advantage through increasedmarket share); 2) service2048

model (for value proposition); 3) technology model (for value2049

creation); 4) infrastructure model (for value delivery); and2050

5) finance model (for value capture). Table 8 shows the 5G2051

business model components, business targets within the value2052

chain and examples of relevant research domains.2053

D. DYNAMIC AND SHARED SPECTRUM2054

BUSINESS MODELS2055

The ultra-densification of the 5G network by the introduction2056

of small cells (microcells, picocells and femtocells) [39], [40]2057

will facilitate the possible entry of local and specialized2058

service providers such as micro-operators who will require2059

their own specific business models [107]. However, it is still2060

undetermined if the rollout of 5G will create viable business2061

opportunities for micro-operators, especially in rural commu-2062

nities. Micro-operators might have to pay hefty charges to2063

incumbent licensed operators for spectrum resources. More-2064

over, if the spectrum is auctioned, the incumbent operators’2065

dominance is likely to be perpetuated.2066

To meet the growing and varying demands of users,2067

dynamic and shared spectrum allocation mechanisms2068

between traditional mobile operators andmicro-operators can2069

be implemented. Regulators and policy makers should vigi-2070

lantly oversee such a strategy to ensure that fairness, in terms2071

of spectrum utilization and the associated costs among net-2072

work operators is maintained [103], [109]. To motivate and2073

accelerate new network operator entrants and improve inclu-2074

sive digital businesses, independent communications sec-2075

tor authorities should identify underutilized spectrum bands2076

and allocate them for use by micro-network operators, in a2077

shared spectrum framework such as that developed by the2078

CSIR [191]. Therefore, when developing business models,2079

both traditional MNOs and new micro-operators should care- 2080

fully consider the details of dynamic and shared spectrum 2081

mechanisms before going into partnership for their mutual 2082

economic benefits. 2083

E. BUSINESS MODELS FOR THREE-DIMENSIONAL 2084

(3D) NETWORKS 2085

Three-dimensional (3D) networks are designed by integrating 2086

unmanned aerial vehicles (UAVs) (also known as drones) into 2087

5G and beyond cellular networks. The introduction of 3D 2088

networks is a promising solution to achieve safe UAV oper- 2089

ation as well enabling diversified applications with mission- 2090

specific payload delivery [192]. Such networks are referred to 2091

as ‘‘moving networks’’ as they consist of a drone-based user 2092

equipment (UE) and a drone-based base station (BS) [193]. 2093

The study of business models for 3D networks could offer 2094

fruitful opportunities for future research. This is because 2095

the business targets and the network performance metrics 2096

requirements for 3D moving networks will be significantly 2097

different from the current networks. 2098

F. 5G GREEN COMMUNICATION BUSINESS MODELS 2099

To enable sustainable 5G networks, a number of green com- 2100

munication and low power network technologies have been 2101

proposed, with the aim to improve 5G systems’ energy 2102

efficiency, and alternative energy powering of networks 2103

have been introduced to reduce dependence on traditional 2104

fossil fuels [47]. 5G techniques targeting reduction net- 2105

work energy consumption as well as minimizing carbon 2106

dioxide (CO2) emissions without sacrificing network qual- 2107

ity of service (QoS) have been presented in [194], [195], 2108

and [196]. Additionally, energy harvesting technologies, 2109

which enable communication devices to harvest energy from 2110

various renewable sources have also been studied in the 2111

literature [197], [198], [199]. However, research on business 2112

models aimed at facilitating green communication within the 2113

5G ecosystem has so far received very little interest from both 2114

academia and industry. The concept of improved business 2115

model efficiency for 5G networks using green communica- 2116

tion technologies is most relevant for emerging economies 2117

where power supply is limited and low cost alternative energy 2118

resources are available abundantly, for powering 5G network 2119

equipment [45]. 2120

G. BUSINESS MODELS FOR NETWORK SLICING 2121

IN DIGITAL PLATFORMS 2122

Despite the burgeoning literature on 5G developments, 2123

hardly any contributions have explored 5G network slic- 2124

ing in combination with digital platforms from the busi- 2125

ness model perspective. Various technical aspects of network 2126

slicing and digital platforms have been extensively studied 2127

in [16], [36], [37], [38], [43], [44], [200], [201], and [202], 2128

respectively. The study in [203] presents a sliced-based cost 2129

analysis for 5G eMBB video services by comparing two sce- 2130

narios from the small medium and micro enterprise service 2131
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TABLE 8. 5G business model components, business targets & research domains.

FIGURE 14. Network slicing and digital platform business model.

provider perspective, i.e., own slice implementation versus2132

leased slice provisioning. The authors conclude that from2133

the small business/entrepreneur’s point of view, it is cost-2134

effective to lease infrastructure to provide sustainable 5G2135

eMBB services for rural populations.2136

The key salient feature of network slicing is the abil-2137

ity to customize the capabilities and functionality that a2138

5G network offers to business customers [200]. The cus-2139

tomized service can consist of a combination of eMBB,2140

mMTC and uRLLC use cases that are logically separated2141

into distinct components: network connection service or net- 2142

work resources service. Platform-based ecosystemic business 2143

models will incorporate both the technical (e.g., technological 2144

innovation) and economical (e.g., economies of scale and 2145

scope) aspects [44]. An ecosystemic platform-based busi- 2146

ness model, consisting of components, interfaces, data and 2147

algorithms, has been studied in [43] and [202]. Therefore, 2148

business models based on network slicing in digital platforms 2149

should guarantee performance targets and connectivity as 2150

well as resource assignment. Fig. 14 shows the relationship 2151
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between the network slicing and the digital platform domains2152

of the business model.2153

In a network slicing and platform-based business model,2154

the MNO can play key roles in the value proposition such2155

as: ecosystem orchestrator (for partners offering services to2156

their customers); value network orchestrator (for ICT, device2157

OEM manufacturers and OTT providers); and innovation2158

coordinator (for innovative value-sharing mechanisms with2159

other partners) [203].2160

IX. CONCLUSION2161

In this article, we have presented a state-of-the-art survey on2162

business models for emerging 5G networks and mobile net-2163

work operators (MNOs). Based on the survey and discussion2164

of various models, the paper recommends that novel disrup-2165

tive and sustainable business models are absolutely necessary2166

for consideration by MNOs who plan to or are in the process2167

of deploying 5G network technologies to provide innovative2168

services. The paper discussed the possible options thatMNOs2169

can employ disruptive and adaptive business models when2170

rolling out 5G networks in relation to unique challenges of2171

different markets within the global telecommunication sector.2172

Disruptive 5G business models, which have been developed2173

and used in advanced user markets, are discussed. The paper2174

then presents viable and context based 5G business model2175

concepts for MNOs in low- and middle-income countries,2176

emulating successes in more developed and advanced regions2177

of the world. Furthermore, the paper describes key value2178

chain components within current 5G markets and presented2179

a feasibility study on relevant use cases for 5G business2180

models whichMNOs could implement. In addition, emerging2181

network deployment concepts of private 5G networks and2182

their associated business models is discussed. Finally, the2183

paper presents a few key open research challenges related to2184

the problem of developing 5G business models in the context2185

of MNOs in emerging economies.2186

A more concerted effort is required from industry2187

(e.g., MNOs and vertical markets key partners), relevant2188

government agencies (e.g., regulators and policy makers),2189

academia and the research community to address the critical2190

issue of appropriate business models to facilitate and stim-2191

ulate 5G network deployments and harness applications for2192

vertical industries. The paper makes a positive contribution2193

towards this goal. In this respect, we recommend national2194

5G end-to-end testbeds for developing and testing context-2195

aware innovative 5G services as well as generating supporting2196

research-evidence for regulators and policy decisions regard-2197

ing 5G spectrum allocation & technical regulations.2198

Future research and possible extension of the work pre-2199

sented in this article is on business models for beyond 5G2200

networks, such as 6G. Two specific suggestions recently pre-2201

sented are to: (1) investigate the links between 6G enabling2202

technologies and 6G business models [204]; and (2) perform2203

a comprehensive techno-economic analysis of 6G, involving2204

6G business models and five other key ingredients (use cases,2205

technologies, modeling techniques, financial metrics and spa- 2206

tial focus) [14]. 2207
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