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Abstract— The fifth generation, 5G, mobile communications 
technologies are expected to transform the future wireless 
communications services and networks’ business models and 
respective ecosystems. The paper discusses the extended 
ecosystemic platform architecture for 5G evolution consisting of 
components, interfaces, data and algorithms and investigates 
how this business framework can enable the transformation of 
the 5G. With roots in economics and engineering, this study 
looks 5G architecture through the lenses of platform-based 
ecosystemic business model framework utilizing themes of 
innovation, openness, complementarity, competition and 
cooperation, organization and governance, economies of scale 
and scope, and supply-side, demand-side, two-sided or multi-
sided business models. Based on the timely review of the state-
of-the-art studies on the topic in the recent literature and the 
results of the future-oriented workshop held in 6G Summit 
2019, study showed that the transformation from current 
network-for-connectivity business models towards network-of-
services model builds on platform with data and algorithms. 
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I. INTRODUCTION 

Ongoing fifth generation mobile network (5G) 
deployment is bringing higher speeds, higher capacity, lower 
latency and greater reliability to applications dependent on 
connectivity. Compared to date widely implemented 4G 
technology originally designed for high-speed mobile 
broadband, 5G is a complete redesign of network architecture 
with the capabilities and agility to support an array of future 
service opportunities not available in previous generations of 
network technologies. It will enable networks to go beyond 
human-to-human interaction, connect further billions of 
things and reliably control machines in real-time. Moreover, 
5G provides the capability to deliver dynamically end-to-end 
network slices that dedicate a specific level of performance 
across the entire network for a given application. Consumer 
entertainment will be enhanced with super-fast download of 
high definition video in seconds and new virtual reality 
experiences. Connectivity for billions of Internet of Things 
(IoT) will enable e.g., smart factories, where robots, sensors 
and remotely-located human operators working in synch, and 
vehicle platooning for huge efficiency gains. [1]  

Recent discussions on platform-based ecosystemic 
business models have started to build a more unified research 
agenda [2]-[4] for understanding and capturing such business 
models. With roots in economics and engineering, platform 
research has an intrinsically dualistic perspective to business 
[2]. In the economics tradition platforms have been seen as 
two-sided or multi-sided markets connecting supply and 
demand, whereas in the engineering tradition they have been 
seen as modular technological designs for facilitating 
innovation. There is also a tendency in these literatures to see 
platforms and ecosystems as intertwined [5], as both traditions 

acknowledge platforms to be consisting of a complex 
networked/layered system of modular components and 
interfaces, the scope and scale of which go beyond the 
immediate platform actors.  

The business model has emerged as a solution to deal with 
this duality of perspectives, and the increased platformization 
of businesses is well exhibited in business model discussions. 
For example, the demand-side business models have come to 
complement supply-side business model discussions [6], open 
and mixed business models have come to challenge traditional 
closed business models [7], and the discussions on 
ecosystemic business models have fundamentally influenced 
the way how the environment of the organization is seen [8]. 
A transformation of business models as well as entire 
industries from vertical or horizontal towards two-sided and 
networked was found in [9]. Furthermore, with the emergence 
of platforms, Iivari et al. [10] defined an “oblique” business 
model having a focus on value sharing through value co-
creation and co-capture, while the traditional vertical control-
oriented business models have aimed at controlling value 
creation, and the horizontal business models controlling value 
capture. In the emerging values sharing oriented ecosystems 
focusing on co-creation of new services, the key issue 
according to [7] is the openness of the business model. 
Particularly, they see the openness of a business model 
starting from closed and extending toward open edge, open 
core and open source. 

The 5G technologies are expected to transform the future 
wireless communications services and networks businesses, 
business models and respective ecosystems [11][12]. As an 
emerging field, these 5G related business models have only 
been discussed to a limited extent in the literature and platform 
business models in general have seldom been examined 
[11][13] in the context of 5G. However, [14] introduced 
collaborative business models, [15][16] applied the brokerage 
business model to 5G businesses and [17] discussed a cloud-
assisted business model. Beyond technicalities, the models 
can be seen to represent two basic mobile operator business 
models, connectivity service provider and its differentiation 
[18][19]. 

The application of big data, new algorithms, cloud 
computing, and next generation wireless connectivity will 
change the nature of work and the structure of the economy. 
As the basic connectivity service continues to be 
commoditized and is under significant pricing pressure, 
Mobile Network Operators (MNOs) are exploring ways to 
diversify their businesses. These might involve bundling 
subscriptions with utility services, providing platforms for e-
commerce, increasing focus on the business-to-business 
market, or emphasizing new areas such as enterprise cloud and 
the IoT verticals [13]. MNOs all over the world are 
reinventing their businesses to better position themselves into 



digital transformations trends going beyond the traditional 
role of communication service provider. That shift requires 
more focus on innovation, disruption and experimentation to 
build and execute platforms and ecosystems that drive new 
business growth and an agile corporate culture [18]. Building 
on the above discussion, a practical challenge in 5G business 
transformation is to discover how future platform business 
models unfold. Thus, the research question of the paper is as 
follows: how and why platform-based ecosystemic business 
models can emerge in the 5G evolution, and what are their 
technology antecedents? 

This research follows the future-oriented action research 
method [20] and collected and utilized data from the future-
oriented workshop held at 6G Wireless Summit in Levi, 
Finland in 2019. The rest of the paper is organized as follows. 
Section II presents the research methods and theoretical 
foundation for the purpose of this paper. Next in Section III 
5G architecture, it’s key technology enablers and business 
models are introduced. Key findings of the study, including 
the identification of the extended ecosystemic platform 
architecture for the 5G business is discussed in Section IV. 
Conclusions are drawn in Section V. 

II. METHODS 

This section reviews the research methods and theoretical 
foundation for the purpose of this paper. 

A. Future-oriented Action Research  

In this paper, the business model that centers on value 
creation processes [21] act as a boundary spanning unit of 
analysis, and qualitative research strategies and methods were 
applied. The 5G related business model elements analyzed in 
this study were created using the anticipatory action learning 
approach that is a particular action research (AR) method 
conducted in a future-oriented mode [22]. AR is an iterative 
and participatory method developed to address the 
management of change and to develop foresight utilizing 
cross-disciplinary knowledge, involving practitioners and 
researchers, and which impacts participants and organizations 
beyond the research project [23]. The 6G Wireless Summit 
[24] event was organized by Finnish 6G Flagship Program 
[25] in Levi, Finland, March 2019. In conjunction with the 
summit, a 6G white paper workshop was organized with 60 
participants including major infrastructure manufacturers, 
operators, regulators and academia to launch the process for 
drafting the first 6G white paper. The target of the workshop 
was to identify the key drivers, research requirements, 
challenges and critical research questions related to 5G 
evolution and 6G. Workshop was run in 6 groups: use cases, 
societal and business drivers, radio hardware and spectrum 
bands, new air-interface, new network technologies and 
enablers for new services. 

B. Platform-based Ecosystemic Business Models 

In contemporary research, business models are seen as a 
boundary-spanning unit of analysis [26], which connects to 
three strategic choices by companies [27]; business 
opportunities explored and exploited [28], value created and 
captured [29][30], and competitive advantages explored and 
exploited [31][32]. Furthermore, successful business models 
are considered to have three strategic consequences: 
scalability [33][34], replicability [35] and sustainability [36]. 
Growth of business is frequently connected to scalability and 
replicability [37][33][38]. The technology, network 
architecture and service offering can be considered the major 

constituent parts of a business model [39]. Gatautis [40] found 
that information and communication technologies-based 
infrastructure platforms have become the basis for ecosystems 
allowing to orchestrate and organize activities of many 
companies. Weil & Woerner [41] propose four types of 
business models for the digitalized context: the 1) supplier 
model that works in a value chain of another company, 2) the 
multichannel model that makes firms to restructure across 
several digital and physical touchpoints to serve their 
customers, the 3) modular model that builds on plug-and-play 
interfaces to complement their offerings, and 4) the ecosystem 
model that builds a customer-centric platform to facilitate 
ecosystemic interaction among the customers. Gawer [2] in 
turn categorizes platforms as 1) a company and its internal 
units, i.e., platforms, 2) a network of company and its 
suppliers, i.e., the supply chain platforms, and 3) an ecosystem 
keystone actor and its supplement actors in a technology or 
business ecosystem, i.e., the ecosystem platform.  

Ecosystem platform architecture can be defined as a 
conceptual blueprint that describes how the ecosystem is 
partitioned into a relatively stable platform, a complementary 
set of varying modules, and the design rules binding on both 
[42]-[46]. Decomposition of a platform ecosystem into 
constituent subsystems minimizes interdependence among the 
evolution processes within components of the ecosystem, 
supports change and variation and helps to cope with 
complexity [47]. Schilling [48] sees platform ecosystem as a 
complex system composed of interacting subsystems that are 
always to some degree interdependent and interoperate 
exclusively using predefined, stable interfaces [49]. Modules 
can be defined as an add-on software subsystem that connects 
to the platform to add functionality to the platform [50][45]. 
Reference [44] defines interfaces as specifications and design 
rules that describe how the platform and modules interact and 
exchange information using well-documented, and predefined 
standards like application programming interfaces (APIs). 
Baldwin [51] found that modularity decreases coordination 
and transaction costs across the module boundary while 
interface standardization decreases asset specificity [48].  

Attempts made to look at ecosystemic business models 
can be found in software, web scale and e-commerce business, 
cloud, IoT, platform business, and wireless communications 
contexts. In the digital services domain, everything-as-a-
service (XaaS) [52] enables a large number of digital service 
providers to offer a variety of cloud-based services across the 
cloud stack layers. The most widely deployed digital as-a-
service business models are infrastructure-as-a-service (IaaS), 
platform-as-a-service (PaaS) and software-as-a-service (SaaS) 
[53]. A transformation of business models as well as entire 
industries from vertical or horizontal towards two-sided and 
networked was found in [9]. Furthermore, with the emergence 
of platforms, Iivari et al. [10] defined an “oblique” business 
model having a focus on value sharing through value co-
creation and co-capture, while the traditional vertical control-
oriented business models have aimed at controlling value 
creation, and the horizontal business models controlling value 
capture. In these emerging value sharing oriented ecosystems 
focusing on co-creation of new services, the key issue 
according to [7] is the openness of the business model. 
Particularly, they see the openness of a business model 
starting from closed and extending toward open edge, open 
core and open source. 



III. 5G ARCHITECTURE, TECHNOLOGY ANTECEDENTS AND 

BUSINESS MODELS 

This section discusses 5G architecture and its key 
technology antecedents through the lenses of platform, 
ecosystem and business models. 

A. 5G Architecture and Key Enabling Technologies 

5G is transforming future wireless networks on five 
streams: 1) Densification by adding millimeter wave 
(mmWave) small cells in the access network to boost capacity; 
2) distribution of radio and core functions, content and 
services on the edge clouds for pooling gains, low latency, 
high reliability, security and privacy, and local application; 3) 
decomposition of network functions to lift scalability, 
programmable transport mesh that interconnects the 
distributed datacenter infrastructure; 4) softwarization of the 
network with advances in analytics and machine learning 
enables high level of automatization in management and 
orchestration (MANO); and 5) slicing, utilizing the above 
capabilities for new as-a-Service business models [56]. 

A critical aspect of the 5G network, shifting from the 
current best effort network connectivity to deterministic 
connectivity network for service-dominant model, is the 
ability to create customized network slices, where instances of 
virtual network resources and applications can be delivered to 
a new breed of cross-sector services tailored to specific 
customer needs with service level agreed (SLA) performance 
on demand as illustrated in Fig. 1. This enables operators to 
generate new revenues through customized industrial 
automation and enterprise services while exploiting the 
benefits of a common network infrastructure. Furthermore, 
slicing allows operators to provide services by abstracting the 
slice functionality through open APIs exposure to third party 
service provide. Application and service providers will be able 
to use sub-set of the network capabilities in a flexible, 
configurable and programmable manner, and to use network 
resources depending on their service preference. Moving from 
hierarchies to market place for the connectivity and 
underlying network resources (e.g., spectrum, slices) can 
more efficiently balance supply and demand, raise the 
utilization of infrastructure and ultimately maximize 
economic value within the industry.  

The embedding of the cloud in the network edge provides 
the optimized performance and economics for both the 
virtualized network functions and any other performance 
critical enterprise, vertical or web service and can become 
natural central points, representing the source and destination 
of much of the demand combined with context analytic-
enabled optimization capabilities. MNOs are well positioned 
to transform their networks to fit the requirements since they 
control the local network connectivity and have significant 
real estate assets that already are distributed at the edge. Edge 
cloud use cases considered in 5G are e.g., cloud radio access 
network, edge security, network and service automation 
enhancing the network itself, and industrial automation, 
massive scale IoT, augmented intelligence with augmented 
reality/virtual reality [54]. 

Introduced network elasticity and scalability enable 
network and resource usage adaptation to needed capacity and 
service level on demand that improves business agility while 
reducing capex and opex. Furthermore, software-based 
network enables efficient infrastructure sharing by different 
tenants, can open the ecosystem to new players and accelerate 

time to market by reducing service creation and activation 
times. The service orchestrator acts as the logical interface 
between network and business applications through providing 
abstraction of the network towards applications and interfaces 
for easy service creation and optimization and expose 
actionable network insights to application and content 
providers, enterprises, and industry verticals [12]. 

Open interfaces to network data enable operators to 
combine radio data with a variety of other data such as 
population data, 3D building maps, and activity data from 
different sources to automatically manage and orchestrate 
their networks, resources and services across domains and 
improve their customers’ experience. This approach utilizes 
digital twin concept [55] and leverage artificial 
intelligence/machine learning (AI/ML) algorithms to simulate 
network behavior ‘in digital’ world - based on the 5G use 
cases, each with its own capacity, coverage and performance 
needs. This digital twin approach provides the performance 
characteristics the network must fulfil. These parameters are 
used for the end-to-end 5G network design across different 
domains and simulate its performance. The simulation is then 
fed back into the use case model in an iterative process that 
progressively fine-tunes and optimizes the network into a final 
detailed design with automated recommendation for actions. 

Automated security orchestration and management will 
become crucial in large, cloud-based 5G mobile network 
deployments where network functions are no longer bound to 
specific hardware but may be instantiated on different 
hardware platforms. End-to-end security needs will have to be 
managed through a central point of control. This allows the set 
up and maintenance of effective security mechanisms as the 
virtualized network is continuously adapting and dynamically 
reconfiguring for the best performance and user experience. 
As most network functions are expected to run in network 
function virtualization (NFV) cloud environments, security 
mechanisms must ensure a strict isolation between different 
network slices running on shared infrastructures [56]. 

Fig. 1. The 5G network architecture enables agile service innovations. 

B. 5G Business Models 

The switch from one generation of mobile technologies to 
the next, can compromise the competitive advantage and the 
relative performance of leading firms [57].  As due to 
transition from mobile voice services to mobile data services 
[58], industry convergence and digital disruption in 
telecommunications industries [59], the value is rapidly 
migrating across industries and between firms, proactively 
substituting key elements of the primary business model 
provides a better fit with the new value landscape [60]. The 
existing 5G studies focus on traditional MNO business models 



and discuss 5G in rather technical and general terms, mostly 
at the industry level. From technical perspective, focus has 
been on analyzing the cost, coverage and rollout implications 
of 5G networks, e.g., highlighting the impact of spectrum and 
infrastructure deployment [61], network densification [62], 
strategies for infrastructure sharing [63], fixed-mobile 
substitution [64], neutral host deployments of small cells [65], 
and integration of mmWave and WLAN bands [66].  

Transformation of MNOs towards value creation in 
content and applications and increasing competition with 
verticals in supplying these utilizing network sharing, 
multitenancy and wholesale models were found in [67]. Some 
literature can be found, to discuss the antecedents of business 
models, i.e., the success factors [68], perspectives to be 
considered regarding 5G networks [69], and transformation 
needed to utilize IoT opportunities [70]. Recently, the 
localized nature of the 5G services has emerged as a 
characteristic in these studies. Ahokangas et al. [19] and 
Matinmikko et al. [71] introduced the micro operator concept, 
related roles and actors, and business models in 5G, 
complemented by Matinmikko et al. [72] discussing related 
regulatory requirements. Four key business opportunities for 
locally confined micro operators have been presented in [71]: 
hosting local connectivity to MNOs, offering secure local 
networks for verticals, providing differentiating local services, 
and acting as a data operator governing application and user 
data for various customers. The various core components and 
roles in mobile communications platform types were 
characterized by Ballon [73] as enabler, system integrator, 
neutral or broker models. Furthermore, in addition to telco 
centric and  device-centric model aggregator and service 
centric model were envisioned [73]-[75]. Context level mobile 
services’ business model designs were studied from service, 
technology, organizational and financial domain perspectives 
in [76]. Gonçalves and Ballon [77] analyzed MNOs 
capabilities to expose network functionalities through 
adopting web-based SaaS and PaaS models. The impact of the 
Internet on the telecommunications industry was analyzed in 
[78] predicting integration between Internet companies and 
the telecommunication networks, and the Internet companies 
building networks themselves using unlicensed spectrum 
technologies or acquiring telecommunication companies. 
Partnerships and collaboration were found to be an important 
part of the business models of mobile industry stakeholders 
[79]. Furthermore, Weber and Scuka [80] and Ghezzi et al. 
[59] recommended MNOs to move from market protection to 
specify and manage the implementation of an innovative 
ecosystem. Yrjölä et al. [13] analyzed novel resource 
orchestration and configuration-based business models and 
proposed the novel decentralized marketplace concept for the 
supply chain of data and virtualized network resources 
utilizing distributed ledger [81]. 

IV. PLATFORM-BASED ECOSYSTEMIC BUSINESS MODELS 

The above discussion leads to a number of insights 
regarding antecedents of the platform-based ecosystemic 
business models that are next discussed utilizing themes of 
innovation, openness, complementarity, competition, 
organization and governance, economies of scale and scope, 
and finally the type of platform business models enabled. 

A. Themes and Antecedents 

1) Innovation 

The engineering approach to platforms highlight 
innovation as modularity makes managing innovation easier 
and incremental. Teece [5] discusses profiting from 
innovation through enabling and general-purpose 
technologies in the wireless world, raising several concerns 
for value appropriation and positive spillover effects that are 
related to enabling and general-purpose technologies. Service 
oriented architecture, common API framework, slicing and 
edge cloud if any, can be regarded both as enabling and 
general-purpose technology, and in due course raise business 
model related concerns: what kind of business models could 
enable value creation, capture and sharing from these 
technologies in practice? Ahokangas et al. [12] found three 
generic business models for future wireless networks: vertical, 
horizontal and oblique, each of them having a different logic 
of innovation. 

2) Openness 
Casadesus-Masanell & Llanes [7] discuss closed, open 

and mixed business models. They see the openness of a 
business model starting from closed and extending toward 
open edge, open core and open source. Openness of business 
models boils down to discussions on open innovation, and in 
platform contexts this brings the ecosystem and its 
stakeholders close. For example, a software-based, service-
oriented cloud native network enables efficient infrastructure 
and resource sharing by different tenants, can open the 
ecosystem to new players and accelerate time to market by 
reducing service creation and activation times. Also, the 
network and cloud service orchestrator acts as the logical 
interface between network and business applications through 
providing abstraction of the network towards applications and 
interfaces for easy service creation and optimization and 
expose actionable network insights to application and content 
providers, enterprises, and industry verticals. 

3) Complementarity 
An equally important aspect to innovation and openness is 

complementarity, that can be related to production, customers, 
asset prices, inputs, technologies or innovation [5]. This again 
raises business model related concerns, but more importantly, 
puts forth the question of the type of platform – whether 
internal, supply-chain or industry [2] – as different types of 
platforms may exhibit different types and levels (lightly or 
loosely coupled) of complementarity. Helfat & Raubitscheck 
[4] focus on dynamic and integrative capabilities in platforms 
and argue that when designing platform business models, on 
top of the normal business model elements attention should be 
paid to the core product innovation, functionalities and 
features, number of sides of the platform, degree of 
outsourcing as related to complementarity, and governance. 
The orchestration layer can incorporate an exposure function 
opening the assets of a network to other service providers like 
mobile virtual network operators (MVNOs), micro-operators, 
industry verticals, enterprises and 3rd party applications.   

4) Competition and Cooperation 
Competition in platforms may appear at three levels, 

between platforms, between platform and its partners, and 
between complementors [5]. Inter-platform competition has 
been found to result in winner-takes-it-all outcomes in case of 
large demand, supply-side economies, multi-homing costs, or 
no niche specialization. But, competition between platforms 
lead also to increased openness. However, all platform 
contexts require careful balancing of cooperation and 
competition at the three identified level. Exposing valuable 



infrastructure and data assets to the developer community 
through a set of APIs and setting up effective partnerships will 
allow service providers to grow their businesses by sharing 
their services with these external partners. Future wireless 
system architecture enables different levels of exposure to 
resources and network functions between business actors. 
Depending on the relationships between business actors and 
customer there exist different levels of transparency in 
network slice provisioning and related forms of cooperation 
models. 

5) Organization and Governance 
Gawer [2], de Reuver et al. [3] and Teece [5] all raise the 

question how to organize and govern platforms. This 
discussion comes close to the discussion of what types of 
platforms exist, how to deal with the openness of the interfaces 
in the platform, what capabilities (i.e., services) are accessible 
and from where by or through the platform, and whether the 
governance of the platform is based on ownership (managerial 
authority), contractual relationships, or ecosystem 
governance. The standardization of wireless technology has 
been essential for the global success of the wireless network 
and the related ecosystem. Standardization ensures global 
(multi-vendor) interoperability between networks, devices 
and operators and economies of scale. Furthermore, it 
minimizes the complexity and thereby reduces the cost of 
interfaces. Developing a new telecom standard within a 
standardization organization is based on a consensus of 
different parties across the ecosystem; vendors, operators, 
users, interest groups, academia and governments. The key 
domains of the future wireless system are wider than previous 
generations, including support for virtualized network 
function, slicing, converged wireless and wired access, 
transport, cloud, applications, and orchestration. Diversity in 
use cases, along with standardization open source platforms 
are foreseen to become an essential new cross domain 
collaboration and interoperability tool for the industry and for 
business agility to provide tailored solution.   

6) Economies of Scale and Scope 
The traditional engineering discussion on platforms has 

been directed to economies of scale in service provisioning, 
i.e., on the supply-side [5], while in business model 
discussions attention has been paid to business model 
scalability [82]. Network effects of the platforms have been 
seen to increase the value of platforms, but Gawer [2] relates 
also economies of scope regarding not only to service 
provisioning, but also innovation, to platforms. Indeed, 
platformization works together with virtualization that will 
enable separation of the software from the hardware and offer 
the possibility to instantiate many functions on a common 
infrastructure leveraging commodity-of-the-shelf. Introduced 
network elasticity and scalability enable network and resource 
usage adaptation to needed capacity and service levels on 
demand that, in turn, improves business agility.  

7) Supply-side, Demand-side, or Multi-sided  model 
The demand-side business models have come to 

complement supply-side business model discussions [6], open 
and mixed business models have come to challenge traditional 
closed business models [7], and the discussions on 
ecosystemic business models have fundamentally influenced 
the way how the environment of the organization is seen [8]. 
Traditionally, the wireless networks context has been 
dominated by supply side business models. In the future, 
different types of distinct demands will be placed on mobile 

networks. The consumer of the future will demand 
contextualized video, smart home services, highly interactive 
gaming applications and high-resolution immersive content 
all delivered from the cloud. On the enterprise and industrial 
front, “physical” industry sectors will be massively 
transformed by gaining the ability to become automated and 
to exist independent of physical space and infrastructure – 
essentially to become virtualized. The nature of applications 
will range from millions of simple low-power sensors to 
mission-critical operations technologies putting 
unprecedented demands tailoring and scalability [13]. 
Different third-party services can seamlessly be integrated and 
provided to end-users. Thus, the increase in two- or multisided 
business models is anticipated. 

B. 5G Platform Framework 

This study proposes ecosystemic platform architecture for 
5G evolution consisting of components, interfaces, data and 
algorithms is depicted in Fig. 2. 

 

Fig. 2. Network-of-services model builds on platform with data and 
algorithms. 

1) Components 
In connectivity layer, 5G targets to introduce an increase 

compared to 4G in the respective capability by a factor of 10-
100 in most of the technology domains. 5G dependable use 
cases such as wireless factory automation will require ultra-
high reliability, ultra-low latency, high-accuracy inter-device 
synchronicity, high-resolution localization, etc., 
corresponding to the current requirements for wired industrial 
control networks. The future wireless networks must be able 
to seamlessly interface terrestrial, satellite and airborne 
networks for the coverage and capacity. 

Shorter wavelength and wider available bandwidth will 
enable increased data rates but also angular and ranging 
precision for imaging and radar applications for localization, 
3D imaging and sensing. Advances in virtualization, 
automation, and orchestration, combined with the new 
networking power, will also enable data, intelligence and 
transactional decision-making to be distributed to the edge of 
the network. This includes the ability to tie mobility, edge 
cloud, public/private cloud, and traditional security solutions 
together into a single, seamless, and integrated system that can 
follow and protect workflows, applications, and services that 
need to span the network, from mobile device to data center, 
regardless of where either is located. 

Virtual, augmented, and mixed reality technologies are 
merging into XR, which encompasses wearable displays and 
interaction mechanisms that create and maintain perceptual 
illusions.  The users quickly accept an alternative version of 
reality that enhances their ability to consume media, search the 
Internet, explore real and virtual worlds, collaborate on work 
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projects, connect with family and friends, and engage in 
restorative activities. Telepresence will be made possible by 
high resolution imaging and sensing, wearable displays, 
mobile robots and drones, specialized processors, and next-
generation wireless networks. Autonomous vehicles for 
sustainable logistics of humans and shipments are made 
possible by advances in wireless networks and distributed 
sensing and AI. 

Block chain or distributed ledgers technology is attracting 
high hopes as AI/ML complementing technologies. Without 
central authority in a distributed manner, this technology 
allows storing and sharing information that does not change 
too often such that the full record of the changes is kept as 
well. This may give rise to e.g., new ways of organizing data 
and resource markets or helping to maintain trust in an inter-
operator setting. The matching and sharing of resources to 
meet the demands will take place through new kind of 
activities to ensure inclusion, sustainability and transparency. 
Ultimately, the emergence and shape of the new wireless 
ecosystem are dependent on regulations which promote or 
hinder the developments. 

2) Interfaces 
Need for an open architecture and open collaboration 

using open common interfaces APIs and toolkits were seen 
essential in every level of the architecture from hardware to 
services and applications. The complexity both in radio 
frequency transceivers and in digital signal processing will 
increase substantially at chip and system levels. This calls for 
open-source platforms that enable low-level algorithmic 
development, and possibly go much deeper to specific 
technologies than any open-source software or hardware seen 
before. Via softwarization and virtualization of network 
functions and opening of interfaces, sharing economy 
concepts will be utilized not only at higher platform business 
layers but widely in spectrum, network connectivity and data 
context layers. Changes in the ownership of spectrum access 
rights, networks, network resources, facilities and customers 
will result in several different combinations depending on the 
situation as different facilities have different requirements and 
infrastructures. New incentives will arise including 
functioning of the society. The sharing economy will continue 
to expand and even the nature of transactions will be further 
disrupted by digital currencies making trust and security 
essential. 

3) Data 
The evolution of networks beyond 5G will generate an 

unprecedented amount and types of information about people, 
things and environments at large. Private information 
collected from the physical world can be very sensitive and be 
used against people’s, companies and societal interests in 
many ways. The protection of private and critical information 
was seen as a key enabler to realize the full potential of 5G 
and to make it acceptable to society. The data generated by 
novel 5G devices and elements in both public and private 
networks has value for many societal functions and possibly 
to other private corporations than the one that collects the data.  

Edge cloud computing elements and interfaces enables a 
local and instant information service e.g., for a fast discovery 
of people, services, devices, resources and any local 
information near the user that cannot be collected by 
centralized search engines. Such edge information service 
platform could be used e.g., in creation of a highly local and 
dynamic market place for services, resources and information. 

Extreme case for edge computation would be a thin user client, 
essentially a light low-energy device capable of interacting 
with human senses or neural system, with all user specific 
computing occurring in edge cloud. 

Data markets offer a natural new business opportunity, 
where data ownership is a source of value creation and control. 
Data ownership is evolved from distinct context data towards 
big data with large volume of detailed data, real-time velocity 
and high variety in types and sources. The pervasive influence 
of AI and digital twins will not just reflect what something 
looks like but its context, meaning and function. We will 
interact with this “mirror world” [55] manipulate it and 
experience it like we do the real world. And for the robots this 
will be the way they see the world. Therefore, creating a big 
data system that transforms how data are gathered, organized, 
prioritized, synthesized and distributed can create strong 
initial controversy, e.g., through raising serious privacy 
concerns over location and data. Furthermore, how to do 
business with data itself becomes a key question. The 
contractual policies between the actors will define the relative 
strengths of information and data ownership between parties, 
for example how the trust and ownership will be established 
in the autonomous smart device and service entities. 

4) Algorithms 
Artificial intelligence and machine learning, relying on big 

data mined to gain information and knowledge, was seen to 
play a major role from link to system and management and 
orchestration to business level solutions of future wireless 
networks to “connect intelligence”. Employment of machine 
learning algorithms was seen essential in addressing the 
design complexity of radio frequency (RF) systems and 
improving RF characteristics such as channel bandwidth, 
antenna sensitivity and spectrum monitoring. More 
importantly, deep learning-based training models facilitate a 
better awareness of the operational environment and promise 
to offer end-to-end learning for creating an optimal radio 
system. New air interface enablers require extensive usage of 
ML and AI algorithms to enhance the optimality of the air 
interface design.  

In a future flexible cognitive network with configurable 
radios, AI and ML can be used in concert with the radio 
sensing and positioning to learn about the static and dynamic 
components of the radio environment, to predict link loss 
events at high frequencies, to proactively decide on optimal 
handover instances in dense city networks and to find optimal 
spectrum and radio resource allocation for base stations and 
users. In the MANO layer, there are intelligence needs in self-
configuration, optimization and orchestration of virtual 
resources to meet dynamic content, contextual and event 
defined needs. Programmable network will utilize a digital 
twin as an exact digital replica of complex physical assets, 
processes and systems, providing a detailed understanding of 
how the real system is behaving and predict what it will do 
next. Resources and assets needed to meet the versatile needs 
of the network are then provided by different stakeholder roles 
providing physical infrastructure (facilities, sites), equipment 
(devices, networks), data (content, context), under the 
regulatory framework set by the policy makers. Demands and 
resources are brought together through the matching/sharing 
stakeholder roles including different kinds of operators (local 
or vertical-specific operators, fixed operators, mobile 
network/satellite operators), resource brokers, and various 
service/application providers such as trust/security providers.  



V. CONCLUSION 

This paper aimed at forming a framework for 
understanding the evolution of future platform-based 
ecosystemic business models beyond 5G. The paper discusses 
the extended ecosystemic platform architecture for 5G 
evolution consisting of components, interfaces, data and 
algorithms. With roots in economics and engineering, study 
looks 5G architecture through the lenses of platform-based 
business model framework utilizing antecedent themes of 
innovation, openness, complementarity, competition and 
cooperation, organization and governance, economies of scale 
and scope, and type of business models. There is a strong 
engineering vs. economics duality in platform research; 
engineering research is focused on components and interfaces 
aiming at creating economies of scale while the economics 
research discusses how to connect demand and supply to grow 
sustainable manner and enter or create new markets. What 
both streams agree on is that platforms create an ecosystem 
around them. Furthermore, study shows that the 
transformation from current network-for-connectivity 
business models towards network-of-services model builds on 
platform with data and algorithms. Access to data and data 
ownership are increasingly the major factors in value creation, 
and limiting such access is a means of control. Creating a 
system that transforms how data is collected, shared and 
analyzed in real time can create strong drivers for future value, 
introduce novel stakeholder roles, but may also lead to serious 
privacy and ethical concerns over the location and use of data. 
The pervasive influence of artificial intelligence will not just 
reflect what something looks like but also its context, meaning 
and function, creating “mirror world” of digital twins. Results 
show that the antecedent themes discussed in this paper are 
worth further study and real-life use-case studies regarding the 
business models are needed.  
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