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Abstract. Mobile communication research is increasingly addressing the use of 
5G in verticals, which has led to the emergence of local and often private 5G 
networks. At the same time, research on 6G has started, with a bold goal of build-
ing a strong linkage between 6G and the United Nations Sustainable Develop-
ment Goals (UN SDGs). Both of these developments call for a highly multi-dis-
ciplinary approach covering the inter-related perspectives of business, regulation 
and technology. This paper summarizes recent advances in using 5G to serve 
vertical sectors’ needs and describes a path towards sustainable 6G considering 
business, regulation and technology viewpoints. By focusing on key trends, the 
research summarizes four alternative scenarios for the futures business of 6G and 
considers related regulatory and technology aspects. Our findings highlight the 
importance of understanding the complex relations of business, regulation and 
technology perspectives and the role of ecosystems in both 5G in verticals and 
ultimately in the development of sustainable 6G to bring together stakeholders to 
solve long-term sustainability problems. 

Keywords: Business Strategy, Regulation, Scenario Planning, Sustainability, 
5G, 6G. 

1 Introduction 

5G deployments are underway in the global scale with the first applications focusing 
on offering high capacity mobile broadband services. The promise of 5G to boost the 
digitalization of various vertical industries is gradually gaining increasing attention and 
the emergence of local 5G networks [Matinmikko et al. 2017; Matinmikko et al. 2018] 
is starting to take place in some countries. Local 5G networks allow different stake-
holders to use their own local connectivity platforms without having to rely on mobile 
network operators. These developments are occurring in complex multi-stakeholder 
ecosystems where regulatory, business, and technical perspectives are highly inter-
twined. The emergence of using 5G in the various verticals brings together the ICT 
sector and the vertical sector in question with their own structures and rules for opera-
tions, calling for an ecosystem-level focus. Especially, the availability of spectrum for 
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local networks fully depends on the country of operations, emphasizing the importance 
of regulatory decisions. 

At the same time, research on the sixth generation (6G) of mobile communication 
networks has started globally aiming at first deployments in the 2030s. The first 6G 
White Paper published in 2019 presented a joint 6G research vision as a group work of 
70 experts globally [Latva-aho & Leppänen, 2019]. The paper depicted the future 6G 
networks as an intelligent system of systems that combines the communication services 
with a set of other services including imaging, sensing, and locationing services, open-
ing a myriad of new application areas. A set of continuation 6G White Papers published 
in 2020 [6G Flagship White Papers 2020] prepared in collaboration with 250 interna-
tional experts went more into details and presented e.g. alternative future scenarios for 
the business of 6G [Yrjölä et al., 2020], and developed a tight linking between 6G and 
the United Nations Sustainable Development Goals (UN SDGs) [Matinmikko-Blue et 
al., 2020a]. Some of the developed future 6G business scenarios have taken sustaina-
bility as the starting point, stressing that the whole development of the future mobile 
communication networks should aim at helping society at large in its attempts to meet 
the sustainable development goals [Latva-aho & Leppänen 2019; Yrjölä et al. 2020a; 
Yrjölä et al. 2020b; Matinmikko-Blue et al. 2020a]. 

To make sense of moving from 5G in verticals towards 6G, we must envision future 
6G systems targeting 2030 holistically from the perspective of the interaction between 
business, regulation and technology perspectives in envisioning future research pro-
spects. The alternative futures of 6G will be shaped by growing societal requirements 
like inclusivity, sustainability, resilience, and transparency – a highly complex area that 
will call for major changes in industrialized societies in the long run, see [Latva-aho et 
al. 2019; Matinmikko-Blue et al. 2020a]. The business perspective specifically needs 
to consider sustainability [Kuhlman & Farrington, 2010; Evans et al. 2017] in a way 
that combines the economic (e.g., profit, business stability, financial resilience, viabil-
ity), societal (e.g., individuals’, communities’, regulative values) and environmental 
(e.g., renewables, low emissions, low waste, biodiversity, pollution prevention) per-
spectives. As an emerging field, 6G business scenarios and strategies have not been 
widely discussed in the literature to date. However, vision papers on future communi-
cation needs, enabling technologies, the role of artificial intelligence (AI), and emerg-
ing applications have recently been published [Viswanathan & Mogensen, 2020; Saad, 
Bennis & Chen, 2019; Letaief et al. 2019]. Furthermore, discussion has latterly ex-
panded to 6G indicators of value and performance [Ziegler & Yrjölä, 2020], the role of 
regulation and spectrum sharing [Matinmikko-Blue et al., 2020a], the antecedents of 
multi-sided transactional platforms [Yrjölä, 2020], antecedents of the 6G ecosystem 
[Ahokangas et al. 2020a] and the exploratory scenarios of 6G business [Yrjölä et al., 
2020]. 

Building on the above discussion, this paper provides an overview of 5G in verticals 
towards sustainable 6G from business, regulation and technology perspectives and pre-
sents related research prospects. The paper summarizes future scenarios for sustainable 
6G business strategies in the timeframe 2030-2035, originally documented in [Yrjölä 
et al., 2020], and related strategic options. The rest of this paper is organized as follows. 
Chapter 2 summarizes the state of the art of 5G in verticals from business, regulation 
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and technology perspectives. Chapter 3 presents an overview of sustainable 6G. Future 
business scenarios for sustainable 6G and related strategic options are presented in 
Chapter 4. Finally, future outlook and conclusions are provided in Chapter 5. 

2 State of the Art of 5G in Verticals 

5G has been set high in national agendas to speed up digitalization of various sectors 
of society in many countries. This chapter presents recent developments in the use of 
5G networks to serve the needs of different vertical sectors, such as industry, energy, 
and health, and their public sector counterparts, from the interrelated business, technol-
ogy and regulation perspectives.  

2.1 Business Perspective 

Business perspective plays an important role in understanding the opportunities that a 
new technology can offer. The identification of the opportunity space for 5G business 
in verticals requires discussing four inter-related key themes: 1) the convergence of 
connectivity and data platforms and related ecosystems, 2) enablers, barriers and limi-
tations to scalability and replicability of 5G solutions and business models, 3) legitima-
tion of the new roles and business models within the verticals, and the 4) economic, 
societal and environmental sustainability of 5G solutions and business models. As ver-
tical 5G networks are often considered as local networks, the platform-based business 
models utilized by different stakeholders face several challenges related to the afore-
mentioned themes.  

Mobile communication networks have for long been seen as platforms [Pujol et al, 
2016] or ecosystems [Basole and Karla, 2011]. However, with the deployment of 5G 
networks, the mobile connectivity platforms operated by mobile network operators 
(MNOs) are increasingly becoming converged with the data platforms of various cloud 
service providers, giving rise to novel kinds of platform ecosystems. In industry verti-
cals also the Industry 4.0 platforms as a specific type of data platforms play an im-
portant role. Extant literature identifies centralized, hybrid and fragmented types of 
converged connectivity and data platforms for industry verticals [Ahokangas et al., 
2020b]. In this kind of vertical context, a key feature of the converged platforms is the 
degree of openness achieved for different stakeholders of the ecosystem. Related to 
openness, the complexity, complementarity and interdependence of the converged con-
nectivity and data platforms can be clarified by looking at the various components, in-
terfaces, data and algorithms utilized in these platforms [Yrjölä et al., 2019] in connec-
tion to the connectivity (5G or other), content (e.g., information or data), context (loca-
tion- or use-case specific data) or commerce (offering made available via a platform) 
business models utilized [Iivari, et al., 2020]. The vertical business model for local 5G 
operators presented by [Ahokangas et al., 2019] builds specifically on the idea to pro-
vide tailored end-to-end services in restricted geographical areas, such as industry sites, 
to the users locally. Vertical business models form a vertically structured ecosystem 
around the activity. The presented oblique business model and corresponding oblique 
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ecosystem in turn builds on mass-tailored end-to-end services with stricter requirement 
for segmentation [Ahokangas et al., 2019]. 

The different types of converged connectivity and data platforms and the business 
models identified for them have varying potential for scalability and replicability. A 
scalable business model is agile and provides exponentially increasing returns to scale 
in terms of growth from additional resources applied [Nielsen and Lund, 2018], 
whereas a replicable business model can be copied to several markets simultaneously 
with minimum variations [Aspara et al., 2010]. For a firm running a vertical business 
model, scalability is based on the firm’s capability to understand customer-specific 
needs and fulfill them, but limited on the size of the cases, their volume and timeline. 
For a firm running an oblique business model, scalability is based on the volume of 
unmet local needs and limited by access and availability of local infrastructures needed 
for providing the service [Ahokangas et al., 2019]. 

Within converged connectivity and data platform ecosystems, different stakeholders 
have varying roles and can act as service providers. This raises the issue of legitimacy, 
meaning that the activities of the stakeholder providing the service is legal and fits with 
the institutionalized practices within the industry in question [Marano et al., 2020]. 
Achieving legitimacy for local vertical-specific 5G services and service providers 
through the deployment of local 5G networks is, however, an open question in many 
countries. Indeed, disruptive innovations such as 5G have been found to cause regula-
tory, incumbent and social “pushbacks” and they can be expected also for vertical 5G 
services, as legitimacy is a precondition for successful value creation and capture on a 
technology [Biloslavo et al., 2020].  

The above discussion points out several challenges for reaching sustainable business 
models in 5G verticals. “A business model for sustainability helps describing, analyz-
ing, managing and communicating (i) a company’s sustainable value proposition to its 
customers, and all other stakeholders, (ii) how it creates and delivers this value, (iii) 
and how it captures economic value while maintaining or regenerating natural, social, 
and economic capital beyond its organizational boundaries” [Schaltegger et al., 2016, 
p. 6]. Building vertical 5G business opportunities calls thus for filling in the require-
ments of scalability, replicability, and sustainability in a legitimate way in a platform 
ecosystem comprising connectivity and data services.   

2.2 Regulation Perspective 

The serving of the different verticals with 5G networks is not only addressed by the 
current MNOs but increasing attention is being paid to local and often private 5G net-
works [Matinmikko et al. 2017; Matinmikko et al., 2018] that can be operated inde-
pendent of the MNOs. Their emergence is highly dependent on the regulations that 
govern both the electronic communications market as well as the specific verticals, 
leading to a complex environment to operate. Regulations at national, regional and in-
ternational levels define the operational conditions and there is wide variation between 
the national approaches but also some level of harmonization such as on the spectrum 
for 5G.  
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Prior work on regulatory developments on local 5G networks [Matinmikko et al., 
2018; Vuojala et al., 2019; Lemstra, 2018; Ahokangas et al., 2020b] have considered 
access regulation, pricing regulation, competition regulation, privacy and data protec-
tion, and authorization of networks and services. Especially, the authorization of net-
works and services defining the ways how rights to use radio frequencies are granted is 
critical for the establishment of local private 5G networks. Without the timely availa-
bility of sufficient amount of spectrum suitable for operations in the given environment, 
it is not possible to deploy the local networks. Specific spectrum options for local 5G 
networks are analyzed in detail in [Vuojala et al., 2019] including unlicensed access, 
secondary licensing, spectrum trading/leasing, virtual network or local licensing. Local 
licensing has emerged as a new spectrum access model in 5G to allow different stake-
holders to deploy local networks in addition to the MNOs. A study on the recent 5G 
spectrum awards decisions in the 3.5 GHz band presented in [Matinmikko-Blue et al., 
2019] shows that there is a big divergence in the spectrum awards by different countries 
taken by the regulators globally. 

5G regulatory situation in Europe is discussed in [Lemstra, 2018] where two con-
trasting scenarios for the future telecommunication market are presented including evo-
lutionary and revolutionary scenarios. Evolutionary scenario continues the MNO mar-
ket dominance which is likely to occur under the current European regulatory frame-
work. The revolutionary scenario introduces new virtual MNOs that serve specific in-
dustry sectors which calls for additional policy and regulatory measures. The mobile 
communication market is in a turning point with the emergence of locally operated 5G 
networks by different stakeholders, especially aiming at serving the verticals’ special-
ized local needs.  

2.3 Technology Perspective 

Previous generation mobile technologies have been largely deployed by national (or 
multi-national) incumbent MNOs for public use, given the high levels of investments 
required for the infrastructure, and to acquire exclusive radio spectrum. Furthermore, 
management and operational costs of the networks have been significant, and mobile 
technologies have required large and complex system integration from global infra-
structure vendors with specialized capabilities. In addition to improved performance 
characteristics in capacity, speed and latency, novel 5G architecture is bringing addi-
tional flexibility for traditional MNOs as well as local operators in system deployments. 
Key technologies expected to transform 5G for verticals include localization and de-
composition of network functions, software defined networking and network virtual-
ization among others [Morgado et al., 2018].  

A critical aspect of the local private industrial 5G networks is the ability to create 
customized network slices, where instances of virtual network resources and applica-
tions can be delivered to a new breed of services tailored to specific customer or tenant 
needs with service level agreed performance on demand. Furthermore, the software-
based network architecture enables efficient sharing of common network infrastructure 
and resource by different tenants. Abstracting the slice functionality through open in-
terfaces exposure to third party service provisioning enables service-dominant model 
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for the connectivity and underlying network resources, e.g., computing, data and intel-
ligence. The evolution towards the cloud-native infrastructure abstraction both on core 
and radio access empowers technology vendors and service providers to deploy and 
operate flexible and portable processes and applications in dynamic multi-vendor cloud 
environments. The cloud embedded in the edge of the network provides tools for opti-
mized performance and economics for both the virtualized network functions and any 
other performance critical enterprise or vertical service and can become a control point 
of the local connectivity and intelligence. Edge cloud use cases considered in 5G are 
e.g., cloud radio access network (Open RAN, Virtual RAN), edge security, network 
and service automation enhancing the network itself, and industrial automation, mas-
sive scale Internet of Things (IoT), and augmented intelligence with augmented reality 
(AR)/virtual reality (VR). Another critical aspect is the spectrum. Operations in higher 
carrier frequencies represent a challenge in terms of deployment. The availability of 
suitable spectrum for serving the verticals cannot be based on dedicated spectrum par-
adigm but requires sharing in different domains.  

Figure 1 summarizes the presented business, regulation and technology perspectives 
for 5G in verticals.  

 

 

Fig. 1. Business, regulation and technology perspectives for 5G in verticals. 

3 Towards Sustainable 6G 

In parallel with the on-going development and deployment of 5G in verticals, research 
on the next generation, namely 6G, systems has already started in different parts of the 
world, see [Latva-aho & Leppänen, 2019] and [6G Flagship White Papers, 2020]. The 
research on 6G [Latva-aho & Leppänen, 2019; Matinmikko-Blue et al., 2020a] has 
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identified sustainability stemming from the UN SDGs as the starting point, and it needs 
to address the technical, business and regulation perspectives, which are discussed next. 
 
3.1 Role of UN SDGs in 6G 

Future 6G networks are aiming at first deployments around the year 2030 which is 
also the target year for the achievement of the UN SDGs. While 6G communications is 
expected to boost global growth and productivity, create new business models and 
transform many aspects of society, its linking with the UN SDGs needs to be clearly 
formulated. The starting point of 6G research vision presented in [Latva-aho & 
Leppänen 2019] is that the development of 6G should be fully aligned with the UN 
SDGs [United Nations, 2018]. In a follow-up white paper, Matinmikko-Blue et al. 
[2020a] have developed a novel linking between 6G and the UN SDGs through the 
indicators of the UN SDG framework.  

In [Matinmikko-Blue et al., 2020a] a three-fold role is foreseen for 6G as 1) provider 
of services to help reaching the UN SDGs, 2) enabler of measuring tools for data col-
lection to help with the reporting of indicators, and 3) reinforcer of a new ecosystem to 
be developed in line with the UN SDGs. The white paper further details the linking 
between 6G and UN SDGs trough the existing indicators of the UN SDG framework 
where only 7 out of the 231 individual indicators are identified as being related to ICT. 
In reality, the ICT sector can influence many of the indicators, if not all. The white 
paper [Matinmikko-Blue et al., 2020a] analyses what 6G can do to contribute to the 
different UN targets within the SDG framework via the existing UN SDG indicators. 
The white paper proceeds to stating the need for a new set of indicators for 6G, charac-
terizing the three-fold role of 6G. Additionally, a preliminary action plan is presented, 
calling for research and educational organizations, governments, standards developers, 
users, MNOs, network equipment manufacturers, application and service providers and 
verticals to think out-of-the box and create new technology solutions and collaborative 
business models to develop new operational models that support the achievement of the 
SDGs which may need changes to the existing regulations.  

 
3.2 Business, Regulation and Technology Perspectives 

The discussion on 5G business perspective for deployment in verticals presented in 
Section 2.1 proposed to focus on business models as a way of thinking future 6G eco-
system stakeholders’ choices regarding opportunities, value-add and capabilities, and 
their expected consequences as scalability, replicability, and sustainability. With the 
right business choices, opportunities will be identified related to novel and unmet needs, 
new types of customer and service provider, as well as the interfacing of humans with 
machines in 6G. New value-add is seen to come from real-time and trustworthy com-
munications, the use of local data and intelligence, and the commoditization of 6G re-
sources as its competitive advantages, including extreme capacity and security, trans-
action and innovation platformization, and ubiquitous access. The expected business 
consequences of scalability may be related to the long tail of services, dataflow archi-
tecture, automation, and open collaboration between stakeholders; in terms of replica-
bility, to deliberately design modularity and complementarity within platforms; and in 
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terms of sustainability, to empower users and communities, and the utilization of shar-
ing economic mechanisms in the markets.  

Overall, governments and industries are under high pressure from the sustainability 
targets arising from the UN SDGs to renew their operations and the achievement of the 
goals provides new business opportunities especially for ICT solutions. These data and 
connectivity solutions can significantly contribute to industries to improve their re-
source efficiency and reduce waste but the solutions themselves need to be developed 
in alignment with the sustainability goals as well.   

Digital convergence across industries and multi-level 6G platforms and ecosystems 
are creating a complex strategic environment that can lead to incomparable and distinct 
opportunities, as well as emergent problems. The regulations governing the use of fu-
ture telecommunication systems and the relevant industry specific regulations together 
create a complex environment, especially around the use of data and connectivity plat-
forms for different purposes. In particular, unanswered questions remain about ecosys-
temic business models in the context of sustainability. According to our recent findings 
[Yrjölä et al., 2020a; Yrjölä et al., 2020b], business ecosystems that aim to bring to-
gether stakeholders to solve systemic sustainability problems will require open ecosys-
tem-focused value configuration and decentralized power configuration, where tradi-
tional stakeholder roles change, and new roles emerge. The focus needs to be on the 
long tail of specialized user requirements that crosses a variety of industries where re-
lated needs can be met with different resource configurations. 

Spectrum continues to be the key resource for 6G systems as for any wireless net-
works throughout the times, and the availability of suitable spectrum continues to be 
significantly restricted due to the existing incumbent spectrum usage, see [Matinmikko-
Blue et al. 2020b]. Spectrum availability is a good example of the complex relations of 
business, regulation and technology perspectives. The availability of spectrum is a reg-
ulation decision, which defines the business opportunities and yet is restricted with 
technical aspects. Potential operations of future 6G systems in the new higher frequency 
bands at upper millimeterwaves (mmW) and terahertz (THz) regions pose significant 
technical, regulatory and deployment related challenges. Therefore, future 6G is not 
restricted only to higher frequency bands but can also be used in the existing bands for 
mobile communications. What are the economically feasible operational models, how 
to protect existing incumbent users of the feasible bands and how to implement THz 
radio links continue to be open topics for 6G.  

The technology vision work in the global scale for systems towards 2030 and beyond 
has started at the International Telecommunication Union Radiocommunication sector 
(ITU-R) with the development of a report on future technology trends. The need for 
new indicators to characterize the performance of future 6G networks is evident [Latva-
aho & Leppänen, 2019; Matinmikko-Blue et al., 2020a; Pouttu et al., 2020], especially 
for defining and measuring resource efficiency and particularly energy efficiency. Also, 
the network architecture of 6G needs to be re-thought from prior generations of net-
works, see [Taleb et al., 2020]. Figure 2 provides a summary emphasizing the need to 
develop sustainable 6G in line with the UN SDGs from business, regulation and tech-
nology perspectives. 
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Fig. 2. Business, regulation and technology perspectives for sustainable development of 6G. 

4 Business Scenarios and Strategic Options for 6G 

Next, we proceed to new business scenarios developed for 6G and related strategic op-
tions developed through a set of virtual future-oriented white paper expert group work-
shops organized by 6G Flagship at the University of Oulu in 2020 and documented and 
analyzed in [Yrjölä et al., 2020a; Yrjölä et al., 2020b].  

4.1 Methodology 

The alternative scenarios for the future business of 6G summarized in this paper were 
created using anticipatory action learning (AAL) research method [Stevenson, 2012] 
within 6G Flagship’s white paper preparation [6G Flagship 2020]. The process in-
volved a series of online workshops in January-April 2020 where a group of experts 
from research, standardization and development, telecommunication industry, govern-
ment, and verticals joined to collaboratively create future business scenarios for 6G.  
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First, the key change drivers for future 6G business were identified resulting in 153 
forces [Yrjölä et al, 2020a]. Using these drivers, a set of dimensions and endpoints were 
selected to form the basis for the scenario development as shown in Figure 3. Value 
creation and value configuration were selected as the main business dimensions with 
different end points emphasizing closed and open alternatives. 

 

Fig. 3. Selected business scenario logic and dimensions. 

 
We also used a simple rules strategy framework presented in [Eisenhardt & Sull, 

2001], which is a strategic management tool to develop strategies around identified 
business opportunities and describing the main processes. It provides a highly practical 
approach with guidelines in the following six rule categories introduced in [Eisenhardt 
& Sull, 2001] and applied in the mobile communication market in [Ahokangas et al., 
2013]: 1) Nature of opportunity rules, 2) How to conduct business and processes in a 
unique way, 3) Boundary rules to decide, which opportunities to pursue, 4) Priority 
rules to identify and rank the opportunities, 5) Timing rules to synchronize emerging 
opportunities and other parts of the company, and 6) Exit rules to selecting things to be 
ended. 

Next, we introduce the four developed business scenarios using the dimensions of 
Figure 3 including Sustainable edge, Telco brokers, MNO6.0 and Over-the-top, as sum-
marized in Figure 4, and presented in [Yrjölä et al., 2020a]. We also briefly summarize 
strategies as simple rules that were created for the most plausible MNO6.0 scenario and 
the most preferred Sustainable edge scenario. 

4.2 6G Business Scenarios 

A set of business scenarios were developed in 6G Flagship’s white paper process in 
2020, documented in [Yrjölä et al. 2020a] and summarized in the follows. Figure 4 
summarizes the developed four business scenarios following the scenario logic of Fig-
ure 3.  

In the first scenario, the Sustainable Edge Value Creation, scenario in the upper-right 
corner of Figure 4, the value creation is customer attraction-driven, and the value con-
figuration is open ecosystem-focused. This scenario is built on decentralized open value 
configuration and ecosystem-driven business models where novel stakeholders take 
over customer ownership and networks. Changing stakeholder roles include webscales, 
over the top (OTT) companies and device vendors being responsible for business to 
consumer (B2C) customers and local private cloud native networks serve business to 
business (B2B) customers. The role of traditional MNOs has changed into a wholesale 
connectivity service provider. Open source principles have become widely spread 

End 1 End 2Dimension

Value creationIncumbent customer lock-in Novel service providers

Value configurationSupply-driven, Proprietary Open Ecosystem driven

Business scenario theme
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leading to technology and innovation ownership beyond traditional technology provid-
ers through open application programming interfaces (API) and novel resource broker-
age. This scenario includes new stakeholder roles also in the form of local communities 
and special interest groups operating various edge resources in specific locations, such 
as campuses and remote areas to promote local innovation. New applications come with 
6G technology that act as digital value platforms expanding our experiences towards 
digital computer-generated virtual worlds. The current focus on global-scale solutions 
changes towards local solutions that balance local demand with local supply and sup-
port circular economies. Especially the manufacturing vertical will move towards local 
decentralized manufacturing supporting a new crowdsourcing-based production eco-
system. 

 

Fig. 4. Summary of developed 6G business scenarios. 

In the second scenario, the Telco Broker Value Creation by Incumbents and Open 
Ecosystem Value Configurations scenario shown in lower-right corner of Figure 4, the 
main drivers for value creation remain the existing MNOs while value configuration is 
based on open ecosystem-focus. The MNOs are in charge of customer relationships and 
use service platform ecosystem to capture value. Technology providers’ role is to de-
velop the required technologies and provide network infrastructure via platform-based 
ecosystemic business models. Innovation ecosystem is broadened by the decoupling of 
technology platforms. Industry 5.0 (I5.0) has emerged as a key vertical for collaborative 
human machine interaction with robotization across services and industries. Real-time 
data and high level of digital automation allow the industries to focus on servitization 
of products. The speed of operations gets more and more rapid within the increasingly 
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reprogrammable and reconfigurable world where design focus gets more and more 
short-term. 

In the third scenario, the MNO6.0 Value Creation scenario shown in the lower-left 
corner of Figure 4, value creation is driven by the incumbent MNOs, and value config-
uration is closed supply-focused. The role of MNOs is strong, and they drive techno-
logical innovation and own the customer relationships. The existing dominant MNO 
market position with strong customer base acts as the opportunity for businesses is and 
the focus is on how to cost-efficiently increase the capacity to meet the growing de-
mand. Technology developments on dynamic networks slicing allowing increasing 
flexibility, shorter time-to-market, and cost optimization. With the MNO market dom-
inance, the use of 6G in verticals is heavily dependent on MNOs’ business decisions. 
Key technology developments in the form of automated network slicing and operations 
in higher frequency bands and new machine learning inspired tools will be used to op-
timize network operations in a predictive manner allowing new applications. These net-
works will have been assembled with a public-private-partnership funding model, with 
a view to resiliency and sustainability. 

In the fourth scenario, the Over-the-Top Value Creation scenario shown in upper-
left corner of Figure 4, value creation is customer attraction- and lock-in-driven, and 
value configuration is closed supply-focused. The MNO dominance is replaced by 
OTTs that have taken over the customer relationships with the help of their access to 
customer data. The role of operators is to control the standardized and commoditized 
connectivity technologies and manage the value chains. The role of edge computing is 
to act as a new control point for serving of the verticals. Networks are programmable 
and make use of digital twins that represent replicas of complex physical systems to 
help in optimizing these systems. The ecosystem gets increasingly complicated with 
different resources and assets needed to meet the versatile needs are brought together 
by a set of stakeholders including physical infrastructure providers, equipment provid-
ers, and data providers under a complex regulatory framework defined by policymak-
ers. Countries with more permitting rules act as resource pools and offer cheap labor, 
natural resources, and data. 

The four developed scenarios were then assessed in terms of their probability, plau-
sibility and preferability. Both the most probable scenario was the Over-the-top sce-
nario while the most plausible scenario was the MNO6.0 scenario. The most preferable 
scenarios was the Sustainable edge scenario that can be seen to take a bold step towards 
achievement of the UN SDGS, representing revolutionary and demand-driven transfor-
mations.  

The developed business scenarios for 6G indicate that from economic perspective, 
user experiences will be increasingly local and customized, delivered by local  supply 
models supporting spatial circular economies. New societal service delivery models 
will appear through community-driven networks and public private partnerships and 
the role of 6G will be substantial in vertical industries. The developed scenarios re-
vealed interesting societal observations including increasing tensions between compet-
itive, protective, networked and empowered worldviews. The role of power configura-
tions keeps increasing and may shift from a multi-polarized world to a poly-nodal 
world.  
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The pressure on companies and governments to meet the UN SDGs is evident in the 
business scenarios for 6G and the role of 6G as a provider of services towards environ-
mental impact will be important. 6G with a set of new technologies will help in the 
monitoring and steering of circular economy to promote a truly sustainable data econ-
omy. The developed scenarios also show that 6G development faces privacy and secu-
rity issues related to business and regulation including different aims of governance 
either stemming from governmental, company or end user perspectives. There the eco-
system-level configurations related to users, decentralized and community-driven busi-
ness models and platforms and related user empowerment become increasingly im-
portant to support the role of local 6G services. 

4.3 Strategic Options for 6G as Simple Rules 

Next, we summarize the developed strategic options for selected two scenarios using 
the simple rules framework from [Eisenhardt & Sull, 2001] that was applied to charac-
terize MNOs’ strategic choices in [Ahokangas et al., 2013]. For the most plausible 
MNO 6.0 scenario, the baseline for building the simple rules is in the use of MNOs’ 
wide existing customer base that has growing capacity needs through investments to 
strengthen customer lock-in and dominant market position in connectivity, enhanced 
with customer data and holding on to spectrum. The goal is to maintain dominant mar-
ket position through gaining access to a new wideband spectrum. Automation of net-
work operations and the ability to dynamically create large numbers of networks slices 
on-demand will help to increase flexibility, shorten time-to-market, and optimize costs. 
Resources and services will be traded in automated marketplaces. The MNOs could 
become a wholesale platform provider for other operators which would further 
strengthen their market position. Regulations plays a key role in maintaining the MNO 
market dominance which calls for close contact with the regulator. In the MNO6.0 sce-
nario, the MNOs would never give up on their spectrum and customer data. 

For the most preferred Sustainable Edge Scenario, the simple rules are built on the 
use of new, local, and specialized demand, challenging incumbent MNOs in narrow 
business segments specializing in governmental, municipal, vertical, or enterprise cus-
tomers and vertical differentiation with increasing requirements for sustainability in 
specific industry segments like education, healthcare, and manufacturing. These chal-
lenger operators think and act locally, close to the customer and promote resource shar-
ing in different format such as spectrum and virtualized cloud infrastructures. Sustain-
ability requirements in verticals are a major business opportunity through providing 
vertical differentiation in specific segments like education, healthcare, manufacturing, 
energy, and media and entertainment. The sustainable edge service provider supports 
circular economy and promotes sharing economy principles in network deployment. 
These locally operated networks have opportunities to scale up from local operations 
to a multi-locality business. Local and private networks provide several benefits in 
terms of security and data control, separation from public networks, access to high-
quality services in specific locations, increased flexibility, scalability and customiza-
tion, and trustworthy reliabilities and latencies. Furthermore, networks can be deployed 
as standalone sub-networks or integrated with MNO networks. This requires the 
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establishment of multi-sided platforms -based regulations to govern privacy and secu-
rity of users.  

5 Future Outlook and Conclusions 

Mobile communication research is increasingly addressing the use of 5G in verticals, 
which has led to the emergence of local 5G network deployment models. Research on 
6G has also started, with a bold goal of building a strong linkage with the United Na-
tions Sustainable Development Goals (UN SDGs). These developments call for a 
highly multi-disciplinary approach covering business, regulation and technology per-
spectives and our research is addressing these interrelated themes. This paper has pro-
vided an overview of the recent developments in 5G in verticals towards the develop-
ment of sustainable 6G. We have highlighted the importance of the triangle of business 
– regulation – technology perspectives in the development of new wireless technologies 
and their deployments and summarized the advancements with a focus on local 5G 
networks for serving the verticals’ needs towards meeting the sustainable development 
goals.  

From the business perspective, a business model for sustainability can help in de-
scribing, analyzing, managing and communicating 1) a company’s sustainable value 
proposition to its customers, and other stakeholders, 2) how it creates and delivers this 
value, 3) and how it captures economic value while maintaining or regenerating natural, 
social, and economic capital beyond its organizational boundaries. The development of 
new vertical-specific 5G business opportunities calls for filling in the requirements of 
scalability, replicability, and sustainability in a legitimate way in a platform ecosystem 
of connectivity and data services. Digital convergence across industries and multi-level 
6G platforms and ecosystems will create a complex environment where ecosystemic 
business models for sustainability and the evolution of related regulations become im-
portant. Business ecosystems that aim to bring together stakeholders to solve systemic 
sustainability problems will require open ecosystem-focused value configuration and 
decentralized power configuration, focusing on the long tail of specialized user require-
ments that crosses a variety of industries. Future research prospects are particularly 
related to the new business ecosystems, ecosystemic business models and changing 
stakeholder roles that support sustainability.  

From the regulation perspective, the serving of different verticals with 5G and future 
6G networks introduces local and often private wireless networks to complement the 
current mobile network operators (MNOs). The regulatory environment for 5G in ver-
ticals is very complex encompassing rules from both the electronic communications 
market as well as specific verticals. Especially, the ways how rights to use radio fre-
quencies are granted is critical for the establishment of local 5G and 6G networks. The 
divergence in spectrum awards between countries is increasing with 5G, directly influ-
encing the business opportunities in those countries. There are research prospects in 
finding the best practices from the decisions by analyzing their impact.   

For the technology perspective, 5G and future 6G architecture is expected to bring 
additional modularity and flexibility for traditional MNOs as well as for new local 
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operators in system deployments. Key technologies to enable open general-purpose 6G 
architecture include distributed heterogenous cloud-native architecture, localization 
and decomposition of network functions, software defined networking and network vir-
tualization, among others. A critical aspect for the local private industrial networks is 
their ability to create customized network slices that allow the delivery of services tai-
lored to specific customer needs with service level agreed performance on demand. The 
availability of spectrum for serving the verticals and operations in higher carrier fre-
quencies present a major technical deployment challenge. The availability of spectrum 
for serving the verticals on shared basis is important. New research prospects are espe-
cially in the 6G domain in order to find new indicators for 6G that take sustainability 
in to account as well as the new network architecture for 6G needs. 

This study has identified a further need for foresight research that explores the inter-
related business – regulation – technology perspectives in the context of 5G in verticals 
and on the road to sustainable 6G, with a special focus on how can 6G become a truly 
general-purpose technology instead of simply an enabling technology, to support coun-
tries and organizations in the journey towards the achievement of the UN SDGs. Espe-
cially, the verticals burdened by increasing requirements for sustainability will be in 
the key position in to realize the benefits of using the new technologies. 
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