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The coming Sixth Generation (6G) of communication technology is under development
and expected to be launched and commercialised in 2030. The business perspective con-
sistently holds a significant role in comprehending the opportunities that a new technology
could provide. As a Software Defined network (SDN), 6G will offer huge potential for
software business innovation. The analysis and forecasting of the 6G software business
ecosystem are crucial for academic research, industrial practices, and government policy-
makers. This study provides them with a basic understanding of the components of the 6G
software business ecosystem. The novel part of this study is adopting Morphological Anal-
ysis (MA) together with Systematic Literature Review (SLR) as a mixed research method-
ology for studying future software business. The outcomes from SLR suggest that 6G has
the potential to be a General Purpose Technology (GPT) and is highly dependent on busi-
ness innovation in various industries. A 6G vision from a software business view is gener-
ated through the SLR data analysis work, which is a pioneer work. Staring with this pro-
posed vision, together with other identified building blocks of various types of stakehold-
ers, the key 6G enabling technologies and challenges, a framework of 6G software busi-
ness ecosystem is depicted. The complex stakeholder's roles in the 6G context as well as
the transformation from value chain to value network are key opportunities for newcomers
in the 6G ecosystem. This ecosystem also highlights three crucial challenges including sus-
tainability, uncertainty, and digital equity. In the future, more context-based 6G software
business innovation will be generated by taking this thesis work as a foundation.
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1 Introduction

The revolutionary advancements have been witnessed during the transition from Second
Generation (2G) to Fifth Generation (5G) or Beyond 5G and the novel telecommunication
infrastructure improvements dramatically impacted the global business industry and peo-
ple’s social life. Each generation of new communication technologies not only improves the
speed, latency, capacity, and connectivity but also offers a huge number of opportunities for
business innovation. The standardization of Sixth Generation (6G) technology is still under-
developed and expected to be finalized and realizable for commercial use around 2030 [1].
Authors in [2] and [3] predict that 6G will have a peak data rate of 1 Tbps, a fiftyfold increase

from the previous generation.

Wireless Communication is the indispensable fundamental and incentive factor of 6G tech-
nology, but far from the full picture of 6G technology. Each generation of new communica-
tion technologies not only improves the speed, latency, capacity, and connectivity but also
offers a huge number of opportunities for business innovation. According to the experience
of previous wireless generations, it normally takes around 10 to 15 years from the initial
academic research to the full industrialization and commercialization of the technology.
Thus, although 6G technology is in its birth phase, it is now imperative to proactively con-
sider the 6G business innovation. Since 6G is a Software Defined Network (SDN), the 6G
business is more about software business. The analysis and forecasting of the 6G software
business are crucial for guiding 6G technology development and, should be conducted be-

fore the technology matures.

There have been few discussions on the business side of 6G since it is a relatively new field.
Most of the existing research focuses on high-level and abstract descriptions of stakeholders,
opportunities, and use cases in the 6G ecosystem rather than providing detailed information
on what the 6G ecosystem actually entails. For example, the author in [4] discusses the im-
portance and challenges of data-driven business model innovation to create value in the 6G
context. Another paper [5] describes the unprecedented opportunities for new stakeholders
in the future 6G ecosystem. Their studies are related to value creation in the 6G business
ecosystem. However, there is no existing definition of this ecosystem, its vision, or its build-

ing blocks. Just as Prince said in his journal paper [6], much research work lacks a clear
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understanding of the digital business ecosystem and equates it with innovation or the busi-

ness ecosystem. This is also true for the 6G software business ecosystem.

This thesis work is funded by the Business Finland project 6G Bridge - 6G software for
extremely distributed and heterogeneous massive networks of connected devices
(8516/31/2022). This 6G project aims to make Finland a global leader position in the 6G
software ecosystem through software architecture and business innovation. It also fosters
collaboration between academia and industry to drive the software ecosystem to grow and
mature in Finland. The project involves four universities, namely the University of Oulu,
University of Jyviskyld, LUT University, and Tampere University, as well as three industrial

partners, namely Bittium Wireless Oy, Aidon Oy, and Wirepas Oy.

1.1 Objective

When I began my master's thesis, the 6G project I joined had just started, and the research
direction was unclear. My first short-term objective was to identify and explore the research
gap, not just for my own work but also for other researchers and industrial partners in this
project. 6G software is a big topic and almost an all-encompassing one. It provides opportu-

nities as well as challenges for narrowing down the research topics.

My second goal is to have a generate idea of how to establish a basic body of knowledge of
the 6G software business field. In my thesis work, I aim to explore whether we can adopt an
approach or framework from other digital business ecosystems in analysing the 6G software
business ecosystem. Alternatively, we may need a new perspective for analysing this 6G
ecosystem. | will identify the characteristics of an ecosystem-driven 6G software business

through this thesis work.

Last but not least, I plan to gain a more practical understanding of research methodologies
in the Software Engineering (SE) field. When I look at methodologies in our field, I find that
most are borrowed from other disciplines. Some guidelines for SE may not fit all research
topics in this scope, especially new technology practices like 6G. I hope to offer some im-

provement and contribution to methodologies mature in the SE field.
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In conclusion, my thesis work aims to provide a foundational understanding of the 6G soft-
ware business field from both academic and industrial perspectives, establish the 6G soft-

ware business ecosystem, and improve SE methodologies for future technologies.

1.2 Motivation for research

For most of today's technological progress, human beings cannot fully control their devel-
opment rhythm and direction at all. It is the same situation for generation after generation of
new communication technologies. In the 2023 6G Summit Sweden [7] held by EuCNC (Eu-
ropean Conference on Networks and Communications) in Gothenburg, participants dis-
cussed “whether we actually need 6G or not” in the panel of 6G research challenges and
opportunities [8]. All guests who joined the discussion agreed that we need this advanced
wireless communication technology, and Mitch Tseng from the US Next G Alliance [9] said
that this advanced technology will provide more convenience to us as well as more business
opportunities. He further envisioned that in the future people will be living in the 6G without
feeling it. Both ordinary people’s daily lives and industry innovation need 6G. Consequently,
it is an urgent demand for our academic community to start 6G research work immediately.
The following section presents and explains the motivation behind the research in detail from

three different aspects.

1.2.1 Pandemic influence on Wireless Communication and 6G

Wireless communication technologies played a vital role in the fight against COVID-19 dur-
ing the recent pandemic. Many mobile applications were developed over the past three years
to track, monitor and slow down the spread of the virus. These real-time software products
allowed people to upload their symptoms and receive professional health advice conven-
iently. With the widespread availability of wireless networks, it has become possible for
people to access remote healthcare through their phones, regardless of whether they are in
central urban or remote rural areas. Moreover, despite being confined to their homes, people
can still actively participate in business meetings, attend course lectures, or connect with
friends, all thanks to the advancements in wireless communication technology. The pasted

pandemic has reshaped our daily lives as well as business activities globally by emphasizing
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the importance of maintaining physical distancing via wireless communication networks

[10].

Another outcome resulting from the COVID-19 pandemic is the necessity to re-evaluate the
pre-pandemic future study efforts and anticipate what lies ahead. The concept of 6G emerged
in 2018, and since then, researchers and industry experts from around the world have dedi-
cated considerable efforts to envision and forecast the future of the 6G era. Nevertheless,
due to the pandemic’s significant impact on global economic conditions, demographics, and
geopolitical factors, it is imperative to revisit and reassess the analyses and findings made

before the pandemic.

1.2.2 Lack of 6G software business research

The advent of new technology introduces both opportunities and challenges to the global
landscape due to its inherent uncertainty. While we enjoy the benefits and conveniences
offered by new technology, we must also confront unknown risks from society, sustainabil-
ity, trust and more. One effective approach to harness the potential benefits of technology
and mitigate its adverse impacts is through the application of appropriate business strategies.
The business perspective consistently holds a significant role in comprehending the oppor-
tunities that a new technology could provide [11]. This situation is equally applicable to the

realm of the 6G software business.

Indeed, it is evident that the 6G business arena carries significant importance. Nevertheless,
existing 6G research predominantly focuses on technology standardization and lacks enough
business consideration. In pursuit of rectifying this research gap that persists between 6G
technology and business strategy, this study envisions the 6G ecosystem through the spe-
cialized lens of the software business. Drawing insights from the historical experience of
preceding wireless generations, it normally takes around 10 to 15 years to build the path
from initial academic research to full-scale industrialization and commercialization. Given
that the 6G technology is currently in its nascent phase, it becomes imperative to consider
the 6G business layout and develop a robust blueprint for its development. Therefore, the
critical analysis and forecasting of the 6G software business domain guide the 6G technology

direction and should be researched before the technology reaches maturity.
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1.2.3 Finland’s 6G Leadership and global cooperation

Finland has been a global frontrunner in the 6G research and development for the past five
years. The significant role was clearly defined in 2018 with the launch of the 6G Flagship
program, which is the first research program worldwide [12]. Since then, Finland has con-
tinued to reinforce its commitments to the 6G domain. Moreover, Finland also extends the
research results to practical implementation by facilitating the commercialization of aca-
demic outcomes. The domestic funding support, rich resources, existing experts, and collab-

orative opportunities in Finland primarily motivate my 6G research journey.

In addition, as mentioned before, the pandemic taught the world a hard lesson regarding
global teamwork [13]. It can be seen the trend that more 6G regulations increase at the na-
tional level [14], rather than global standards. As an international researcher based in Finland,
I think I have the responsibility to foster international communication and strengthen cross-
region cooperation. Looking ahead, the sense of responsibility motivates me to conduct this

study and contribute to achieving 6G global software business standardization.

1.3 Key terms definition and explanation

1.3.1 General purpose technology

A general purpose technology (GPT) is a pervasive technology [15] that can be widely ap-
plied in various industrial fields. The classic instances of universally recognized GPTs in-
clude the steam engine, electricity, computer, and internet [16]. There is no matrix or one-
size-fits-all formula for determining whether a technology is GPT. However, researchers
have raised several crucial factors and criteria to examine whether an emerging technology

has the potential to be a GPT. Three key characteristics of GPTs are shown below.
e (GPTs are pervasive and have a long lifespan [17].

e GPTs are usually adopted in a wide scope of industry sectors and enable the innova-

tional complementarities across different sectors [15], [18].

e GPTs own dynamism for continuous technical innovation and improvements [15],

[19].
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1.3.2 Software-Defined Network

Open Networking Foundation [20] defined SDN in the white paper as:

“An emerging network architecture where network control is decoupled from forwarding

’

and is directly programmable.’

The network is abstracted in the same way that an operating system abstracts applications
from the hardware [21]. Through abstracting and centralizing the control of network re-
sources, SDN provides more flexibility and programmability to support the demanding re-
quirements of 6G networks. Since 6G is a type of SDN and shares the same issues with SDN
in terms of scalability, elasticity, dependability, reliability, high availability, resiliency, se-
curity, and performance [22]. Owning elasticity and scalability are two key goals for SDN

as well as 6G [22].

1.3.3 Software Business Ecosystem

The term “Software Business Ecosystem” is a combination usage of “Software Ecosystem”
and “Business Ecosystem”, to emphasize the importance of software in the 6G business eco-

system.

The paper [23] suggested that the concept of "software ecosystem" might already be a zom-
bie category due to its overuse in different contexts. It is necessary to have specific content
and context for the 6G software ecosystem, in order to continue with the future studies on
the 6G software business. Thus, a business view is presented in this study to avoid being a

Zombie category.

A business ecosystem is a novel type of value system [24] that goes beyond the traditional
view of a single company operating in isolation but as part of a business ecosystem across
various of different industries [25]. James F. Moore is one of the first scholars who use the
term “business ecosystem.” In the paper [25] from Harvard Business Review, Moore indi-

cated that:

“The Birth of Business Ecosystems bet on a seed innovation that can lead to revolutionary
products, discover the right customer value proposition, and design a business that can serve

the potential market.”
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After three decades the concept of the "Business Ecosystem" was born, today, nearly every
company is engaged in at least one business ecosystem, driven by the widespread adoption
of digital transformation. With digital technologies, companies exchange resources and in-
formation digitally, independent of space and time [24]. Consequently, the boundaries of
companies become less distinct, and the value creation is increasingly shared among various
entities [26]. Since 6G is an SDN and software plays a significant role in the 6G business

ecosystem, this thesis focuses on the 6G Software Business Ecosystem.

1.4 Structure of the thesis

The structure of this study is shown in Figure 1. Section 2 raises the three Research Questions
(RQs) as well as their rationale. In Section 3, two adopted research methodologies are pre-
sented, which are Systematic Literature Review (SLR) and Morphological Analysis (MA).
Next, the background of 2G to 6G is introduced as background information in Section 4. The
detailed conducting process of SLR and results are depicted in Section 5, while the 6G soft-
ware business ecosystem framework via MA is addressed in Section 6. Lastly, Section 7

reports the research findings, implications, limitations, and future work.
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2 Research questions and rationale

The four RQs define the scope of my thesis work by breaking down the research objective
mentioned in Section 1.1. These questions have been iteratively modified during the whole

research process and the following is the final version.

The first three RQs will be answered primarily through a SLR process. Following by oppor-
tunities and challenges of the 6G software ecosystem answered in RQ 3, Question 4 will

focus more on depicting that ecosystem as well as its stakeholders and challenges.

2.1 Research question 1: Is 6G a convergence of technologies or a GPT?

The previous generations of wireless communication before 6G, especially 5G, are regarded
as a convergence of technologies, by combining advanced antenna technologies, virtualiza-
tion, SDN, new radio access technologies and more together. As the world transitions from
5G to 6G, it is necessary to understand its technological foundation, and the nature of 6G
technology, before diving into the 6G Software Business topic. Whether 6G is a convergence
of technologies like 5G or can be a GPT will be discussed and assessed via the following
sub-research questions. The three sub-research questions align with the three traits of GPT

presented in Section 1.3.1.

2.1.1 Sub-research question 1.1: What are 6G visions?

Due to the pervasiveness of GPTs, a GPT-like technology needs to consider different con-
texts and has a considerable amount of time to impact each industry. I am interested in know-
ing whether the existing 6G visions are long-term planning and have already taken into ac-
count the various needs under different industrial scenarios or not. Besides, a 6G vision from

a software business perspective needs to be figured out.
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2.1.2 Sub-research question 1.2: What are the key 6G enabling technologies?

By listing and analysing the 6G technological enablers, I will investigate, identify, and clas-
sify the characteristics of enablers. Understanding these key technologies is crucial for un-
derstanding how they can drive innovation across different industries and giving 6G the po-

tential to be a GPT.

2.1.3 Sub-research question 1.3: What are the KPIs of 6G technology?

The key performance indicators (KPIs) are a part of the 6G technical vision. Although the
6G technical KPIs have reached widely and unanimously recognition, they have not been
achieved yet. A general comparison of 5G and 6G KPIs on orders of magnitude can be con-
ducted. Accessing 6G's ongoing progress via Key Performance Indicator (KPI) values helps
understand whether 6G has the possibility of being a GPT that owns the capacity of contin-

uous technical innovation.

2.2 Research question 2: How will software-defined 6G impact software busi-

ness?

Today all emerging technologies have relationships with software to some degree and the
same holds for the upcoming 6G technology. Among 6G enabling technologies that will be
identified in the answer to sub-research question 2, some of them may relate to or belong to
the software field. According to Martin mentioned in the paper [27], the same as 5G, and 6G
1s an SDN and is taking network softwarization to a new level. Softwarization [28] is one
key characteristic of both 5G and 6G by further decoupling software and infrastructure. Un-
derstanding the paradigm shift from previous hardware-centric networks to SDN 6G is es-
sential for future research of the 6G software business. It further leads to novel business

opportunities and helps stakeholders identify competitive advantages in the SDN context.
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2.3 Research question 3: What are the potential opportunities and challenges for

the 6G software business?

Continuing with the findings recognized from RQ 2, more software business opportunities
and challenges will be identified under the 6G context. This RQ will be answered through
the SLR data extraction and analysing process. When answering this question, it is crucial
to avoid the publication bias of SLR which means that the researchers tend to present more
positive results than negative ones [29]. In this 6G software business topic, it is equivalently
important to understand context-based opportunities and challenges although they are usu-

ally intertwined with context.

2.4 Research question 4: What does the 6G software business ecosystem look like?

As discussed in the introduction to the concept of business ecosystem in Section 1.3.3, it is
evident that every participant in 6G software cannot operate alone. Instead, cooperating with
others to co-create values is essential in the 6G software business ecosystem. While some
business ecosystems are characterized by the presence of one or several focal points. But is
it the same structural pattern for the 6G software business ecosystem? To what extent 6G
software business ecosystem is sharing and decentralized? After exploring the answers to
RQs 1 to 3, the focus now shifts to providing a comprehensive description of the general 6G

software business ecosystem. This RQ will be analysed and figured out via MA methodology.
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3 Research methods

Two research methods are mainly adopted in this master thesis work - SLR and Morpholog-
ical Analysis (MA). SLR has already become a commonly used methodology in SE research,
with multiple detailed guidelines. Nevertheless, since MA is not widely used in the SE, there
is no complete guideline yet for how to apply MA in this field.

3.1 Systematic Literature Review

SLR is a rigorous methodology for collecting existing evidence. SLR practice is usually
adopted as the first step of a new research project, providing foundational analysis to identify
the research gaps and directions. I followed the “Guidelines for performing Systematic Lit-

erature Reviews in Software Engineering” to conduct this research [29].

3.1.1 What is Systematic Literature Review

SLR, also known as Systematic Review, as defined in the paper [29]:

“A form of secondary study that uses a well-defined methodology to identify, analyse and
interpret all available evidence related to a specific research question in a way that is unbi-

ased and (to a degree) repeatable.”

It was originally used in medicine and healthcare domains and now has been widely adopted
by various disciplines, including the SE field. Barbara Kitchenham from Keele University
addressed that SE research has less evidence and is less rigorous compared with others like
the medical field [29]. SLR is a robust and systematic methodology for gathering, evaluating,
and analysing existing literature. Furthermore, it helps identify research gaps and provide a

framework for following research activities [29].
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3.1.2 The rationale for adopting Systematic Literature Review

As part of my research methodologies, I adopted SLR to analyse the existing literature, ad-
dress the RQs, and achieve the research objectives. The following shows the key reasons for

conducting this SLR.

First, there is currently no existing SLR for the 6G Software Business topic. Despite wide
discussion and wealth of information related to the 6G that have been announced through
academic workshops or industrial whitepapers, systematic research on the 6G software busi-
ness is still lacking. Meanwhile, my thesis work is a part of our 6G Bridge project which just
started and has no previous SLR work from my colleagues. It is necessary to conduct a SLR

as a foundation of future research work, guiding potential research directions.

Second, a literature review is an essential part of a master's thesis. It demonstrates my un-
derstanding of the research field and indicates that I have enough basic knowledge to con-
tinue the following research work. I aim to provide more comprehensive coverage and es-
tablish a stronger research context of the 6G software business. In addition, the basic litera-
ture view cannot satisfy my goal. I need to conduct a systematic and upgraded literature

review, which is an SLR.

Lastly, the current literature focusing on 6G is scattered around different venues and publi-
cation types. It would be helpful to have a summary of current status and trends as a new
base for future work, to better understand where we are and where we are going. Besides, |
plan to conduct the same SLR protocol (or an improved one) again, later on, to discover the
progress of 6G software business research work by comparing each time results. In order to
support the possibility of repeating the literature view work, I need transparent and repro-

ducible search strategies. Thus, SLR is the most suitable methodology.

3.2 Morphological Analysis

At this point in time, the 6G technology is still in its embryonic stage [30] and no real-world
business application is available yet. Therefore, research on the 6G software business is fu-

ture-oriented. One method and toolkit in this Future Study field is MA. By decomposing the
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future from multiple dimensions, MA explores from the past and present situation to future

possibilities.

3.2.1 Future Studies and foresight

Future Studies, also called future research is a relatively young and developing research
field. Distinct from evidence-based and data-driven empirical SE research, Future Studies is
an interdisciplinary, comprehensive, and holistic field that explores potential trends, possible
scenarios, and future development directions. Foresight means adopting the methodologies

of Future Studies for certain forecasting objectives, usually focusing on the following years

or decades.
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Foresight methodology has two basic attributes: nature and capabilities [31]. Similar to em-
pirical study approaches, the nature of foresight methods is classified as qualitative, semi-
quantitative, and quantitative. The second attribute capabilities include evidence, expertise,
interaction, and creativity [31]. According to these identified attributes, a Foresight Diamond

is generated in Figure 2, containing 25 methods in total.

3.2.2 What is Morphological Analysis

According to the two attribute dimensions in Figure 2 Foresight Diamond, I selected MA as
my second methodology for this master thesis. MA is a qualitative approach, which is in the
middle position of four vertices of the diamond. The MA process investigates the compo-
nents and their relationships in non-quantifiable socio-technical problem complexes [32]. In
this thesis, MA divides the vague 6G software business ecosystem into various dimensions,
through which it can be presented as thoroughly and precisely as possible [33]. It further
provides a complete understanding and analysis of the components among those dimensions
by showing the key relationships and variables involved. The goal of MA is to divide the
subject into various dimensions, through which it can be presented as thoroughly and pre-

cisely as possible [33].

3.2.3 The rationale for adopting Morphological Analysis

Firstly, according to my SLR process and a common problem mentioned by Barbara Kitch-
enham [29], when conducting SLRs in the field of SE, it is possible to encounter a shortage
of relevant studies on a specific topic. I faced this challenge while conducting my SLR. I
found that the data extracted from SLR was insufficient to fully address all RQs. In this case,
Barbara Kitchenham [29] suggests one way for moving forward is to check studies in related
disciplines, like sociology or psychology. The topic of my master's thesis, 6G software busi-
ness, is absolutely interdisciplinary and is strongly related to the fields of communication
technology, software business, and social science. Then I decide to utilize Future Studies

and select MA methodology to continue with answering the remaining RQ 4.

Secondly, MA is a typical qualitative approach in Foresight as well as Technology Forecast-

ing (TF) methodologies. Among all TF approaches, exploratory and normative are two main



24

categories. The former looks forward to the future based on past trends without a clear future
need orientation, while the latter focuses on developing alternative and proactive technolog-
ical paths from the consideration of future use cases. MA belongs to normative methods,
which is considered superior to exploratory one [33]. The reason for superiority is that the
normative one starts by identifying future needs and then develops technology solutions to

meet those requirements.

Lastly, although MA is not a frequently used method, particularly in SE research, it offers
the possibility of mixing with other Foresight methodologies. Much Foresight research work
tends to combine various methods together when doing methodology designing. [31] In my
MA exercises, [ also consider other methods in the Foresight Diamond, including Literature

Review and Key Technologies, together with MA as a mixed method design.

In conclusion, MA is an approach for structuring a problem rather than solving it [33], [34].
It breaks down the complex 6G software business ecosystem into smaller and more manage-
able components. Problem decomposition is crucial for my current thesis work since it is the
beginning and foundation of the whole 6GSoft project. MA process provides a complete
understanding of components of the 6G software business ecosystem by showing the key

relationships and variables involved.
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4 Background

This chapter provides a background of key technology development and the potential busi-
ness impact of 6G, by presenting the evolution from 2G to beyond 5G and 6G. Since 6G is
a novel concept and no one can tell exactly what 6G is, unified background knowledge is

essential for readers and reviewers before checking the following detailed research work.

4.1 From 2G to beyond 5G and 6G

The First Generation (1G) of cellular network technology was released in the early 1980s.
Later in 1987, 13 countries signed the famous Memorandum of Understanding which
strongly promoted the success of 2G cellular communication [35]. 1G only supported low
sound quality voice calls [36], while starting with 2G the analogy communications were
transformed to digital ones. 2G was a significant breakthrough that quickly replaced 1G and
paved the way for 6G. Now 2@ is still used in some regions and some countries have shut
down or are considering ending 2G; Japan is the first country that switch off 2G and Singa-
pore and Australia [37]. As the 6G era is approaching, many countries will close 2G net-
works and reallocate their radio frequencies for the next generation of wireless mobile com-
munication technology. Every decade, a new iteration of this technology has emerged, be-
ginning with 2G, and culminating in the latest advancement, 5G, which became commer-
cially available in 2020. Over the past three decades, the evolution of mobile wireless net-
works has been rapid, progressing from 2G to 5G and paving the way for developments

beyond 5G.

In August 2023, the largest wireless carrier in South Korea SK Telecom Co., Ltd. published
a 6G white paper, aiming to contribute to Korea to achieve world leadership in 6G and re-
lated industries, based on the lessons learned from their 5G commercialization experiences
[38]. Figure 3 is from this white paper and the wireless communication into three phases,
from connecting voice, and data to convergence service. The third evolution period consists

of 5G and 6G, which connect things to everything, then everywhere.
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4.2 5G Internet-of-Thing to 6G Internet-of-Everything

The third evolution stage in Figure 3 shows that the convergence service for everything eve-
rywhere starts from 5G and is expected to mature in the 6G era. The Internet-of-Thing (IoT)
under the 5G context refers to connecting physical objects into a network and transmitting
the collected real-time information [39] through the 5G network. IoT mainly focuses on in-
volving physical things, such as smart wearables and sensors in the digital twin, while Inter-
net-of-Everything (IoE) aims to extend the connectivity range to virtual objectives. In 6G
IoE, it considers the people and virtual things as well as their characteristics, needs, and
related processes and data. According to a prediction given by Statista 2019, there will be
50 billion IoE-connected devices by 2030 [40]. As of 2023, the global population is approx-
imately 8 billion. Rough estimating means that there are about 6 IoE devices connected per
person. In the future, the 6G IoE devices will be as popular and common as today’s mobile
phones. Especially, cell phones will be the most important IoE device integrating and em-

bedding a vast number of services.

4.3 Lessons from 5G commercialization

Even though 5G technology is still in its infancy, its limitations have already been realized.
The speed of 5G, along with other technical indicators, does not fully support the expected

use scenarios, including Al-empowered networks, underwater networks, long-distance and
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high-mobility communications (LDHMC), and extremely low-power communications
(ELPC) [2]. Telecom corporations are hesitant to upgrade their infrastructure due to tech-
nical limitations. Upgrading for a new generation every decade is indeed a heavy burden,
and they need to assess the level of market demand for 5G and the extent of its technological
disruption compared with previous generations. It may come as a surprise, but even though
5G technology has not been fully commercialized yet, 6G is already being developed. With
the extremely fast pace of telecommunication advancements, it is not surprising that 5G has
a short lifespan [36]. If 6G is launched as scheduled in 2030 meanwhile most importantly
the innovative industrial application can be foreseen, more mobile operators may decide to

skip 5G and directly enter the 6G era.

4.4 Mobile Network Operator role change

The advent of 6G and subsequent 6G evolution brought a paradigm shift in telecommunica-
tion stakeholders, challenging the dominant position of Mobile Network Operators (MNOs).
Up to the Fourth Generation (4G), MNOs have remained the strength in dominating the
market by the connectivity business models, although they have been facing challenges from
content-owning, could-based over-the-top Internet giants [41]. This market structure is typ-
ically characterized by the presence of three to four MNOs, with examples such as three

MNOs in China and South Korea, and 4 MNOs in the USA and Canada [42].

A paradigm shift occurs in 5G and beyond, setting it apart from 4G and all previous gener-
ations. As a result, the number of local mobile communications deployed by non-MNO
stakeholders keeps increasing, indicating a diversified multi-stakeholder 6G ecosystem [41].

This thesis work will provide a depiction of this ecosystem.

4.5 The state of the art in 6G business

The revolutionary advancements have been witnessed during the transition from 2G to 5G
or Beyond 5G and the novel telecommunication infrastructure improvements dramatically
impacted the global business industry and people’s social life. As shown in Figure 4, cur-
rently we are in the research stage of 6G and 6G will be launched at around 2030. Each

generation of new communication technologies not only improves the speed, latency,
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capacity, and connectivity but also offers a huge number of opportunities for business inno-
vation. As what said in SK Telecom 6G White Paper [43], the advancement of mobile com-

munications has become a catalyst that drives the development of services and industries.
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Figure 4. 6G evolution timeline [44]

Although the KPI of 6G is still controversial the proponents believe that the upcoming 6G
will offer over 1,000 times faster connectivity capabilities compared with 5G. In the 6G era,
end users could surf with the 1 to 10 gigabytes per second wireless communication speed
[36]. Besides the huge improvement in communication technology parameters, 6G will re-
shape the whole platform and the target of connections. While the 5G network has been
regarded as a connectivity platform [45], 6G would extend it toward data platforms, con-
necting intelligence and service [46] via software support and wide application. Continuing
the vision of 5G, beyond 5G and 6G are expected to shape different future wireless commu-
nications services and networks businesses, business models, and respective ecosystems [45]

which will be discussed in the following chapters.

With the infrastructure foundation provided by 5G, the 6G network will extend the 5G three-
tier space-air-ground networks together with underwater networks, which explore the fourth
tier [27]. In terms of commercialization, the lack of new services and industrial development
leads to the gap between the vision and reality of 5G [43]. By learning from the emerging

problems during 5G commercialization, 6G businesses need to acquire enough attention
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during the 6G development process. 6G will eventually soon pervade every facet of our daily
life and business activity [10]. Commercializing 6G as a new kind of general-purpose tech-
nology [4] will fundamentally be a business model problem, in addition to a complex tech-

nology problem [41].
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5 Systematic literature review

SLR forms the fundamental building blocks of MA study. It is a robust methodology for
gathering, evaluating, and analysing existing literature. This systematic process reveals the
transitional zone between 6G technical standards and business positioning. To perform this
SLR work, I follow the guidelines given by Kitchenham and Charters [29]. According to the
guidelines, I divided my SLR work into three main phases, planning, conducting, and re-
porting [29]. The conducting section consists of a study search, study selection, and data

extraction.

5.1 SLR protocol, study search, and study selection.

Establishing a well-defined protocol is the first step of SLR work. This protocol outlines the
criteria and procedures to be followed throughout the following review process. It aims to
guarantee the repeatability and objectivity of the SLR work, thus enhancing the overall reli-

ability.

Research in the paper [47] illustrates the iterative nature of the SLR process. In addition,
some recent discussions assume that the construction of the search string is not a linear pro-
cess [48], but rather an ongoing refinement process [49]. In my practical experience of this
conduction process, new candidate search terms tend to emerge. Also, [ needed to customize

criteria for each different database based on the pre-defined one within the protocol.

Hence, the SLR protocol planning, study search, and study selection are presented together
in this section. This is because they are inherently iterative, with ongoing modifications and
enhancements to the pre-defined protocol occurring as study search and selection conduction

unfold.
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5.1.1 SLR protocol

Search Database

According to [29], seven major digital databases of scientific papers are selected, including
"IEEE", "ACM", "Science Direct", "Wiley Online Library", "Web of Science", "Scopus",
and "SpringerLink". The first three intend to cover papers in Computer Science and SE areas.
To cover more business and management literature as well as CS., SE., and associated fields,

"Web of Science" and "Scopus" were explored [50].

Search string

The initial set of candidate search terms is gathered via four main channels, the latest pub-
lished white papers from Finnish 6G research projects or global giants of the communication
industry, search results from Google Scholar, videos of 6G conferences or summits, and our
research project 6G Bridge proposal. Appendix 1 lists the preliminary informal SLR candi-
date search terms. Also, the RQs 1 to 3 and the research objective are taken into considera-
tion during this phase. Finally, I expanded the keywords and finalized the search string as
follows, which includes two blocks joined with a Boolean operator "AND". Depending on
the specific search rules of each database, the following search string needs to be modified

accordingly and recorded in Table 1 SLR search process documentation of Section 5.1.2.

("6G" OR "Sixth Generation Mobile System") AND ("business opportunit*" OR "business
value creation” OR "business value generation” OR "business scenario” OR "business

strateg™*" OR "business competitive advantage" OR "business model" OR "RBV" OR "actor"
OR "stakeholder" OR "ecosystem")

Since 6G is a novel topic, which emerged and started to be discussed since about 2018, not
so many papers have been published till today 2023 and thus no time range limitation is set

when conducting this search string. It aims to search as much relevant literature as possible.
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5.1.2 Study search and selection process

At the beginning of the search process, Mendeley and Excel are used as management tools
for bibliography management and document retrieval purposes. Appendix 2, records each
search strategy for different databases as well as data of search. When filling in the search

rules on each of the seven databases, two inclusion criteria in Table 1 have been applied.

Table 1. SLR inclusion and exclusion criteria

Code Inclusion criteria | Code Exclusion criteria

Whi_Incl | Studies written in | Whi_Exc1 | Duplicate
English

Whi_Inc2 | Studies available | Whi_Exc2 | Non-peer-viewed journals or books
as full-text

Whi_Exc3 | Secondary and tertiary study

Whi_Exc4 | Studies that focus on 6G telecommunication
technology instead of 6G business

Whi_Exc5 | Studies in the form of tutorial papers, short
papers, posters, and other types of short ones

Continuing with conducting the selection, it gave 1,518 hits for the initial pool in total. After
applying the five exclusion criteria in Table 1, 53 articles remained. Over nineteen per cent
of articles have been removed when considering the fifth exclusion criteria since 6G business
1s a nascent research area, and many of the 6G-related scientific articles focus on telecom-
munication technology development details instead of business innovation. The third exclu-
sion criteria removed all secondary or tertiary studies; however, some of the 80 deleted ones
are pioneers of 6G research projects and worth considering; for example, see paper [51]. By
reading their titles, abstracts, and keywords, eight were selected for further forward and
backward snowballing work. Lastly, 7 more articles were picked after snowballing for the
next data extraction stage, along with 53 primary papers, listed in Appendix 3 Selected Pa-
pers of SLR.



[—— — [ acs
Link Springer |/ Initial Pool/
_ (485) / (1518) |

Wiley | l "

. (9 ] Applying | 1277_| Applying | 1022 _|
P — Whi_Excl [ left ™| Whi_Exc2 [~ left

J

Whi_Exc3 [ left

W;b of Scier;ce L
(ar3)

80 review articles

—

Scopus
L (413) J ]
—— Forward & Backward
—— — Snowballing
Science Direct |
(@

_

Figure 5. Overview of the search and selection process

5.2 Data extraction and analysing

Applying | s42 | Applying | 730 Applying
Whi_Exc4 [left

—7 selected—p
| data extraction
N

33

In this section, firstly the demographics of selected papers are presented. Then the three sub-

questions of RQ 1 are answered during this data extraction data process.

5.2.1 Demographics of the selected papers

As shown in Figure 5, the literature selection process ends up with 60 selected papers.

Among these selections, Figure 6 shows the number of papers published each year. The first

selected papers appear from 2018. Although a few scattered research works existed before

2018, like [52] and [53], they mainly focused on a high-level vision of 6G without detailed

technical parameters or use scenarios and did not pass the selection process in Section 5.1.

From 2018 to 2022, the overall trend of publication numbers is increasing. The number of

2023 is only 6 since this SLR paper selection work was conducted on 4", July 2023. During

the following analysis process and writing of this master thesis, more new publications kept

emerging. However, I think the peak of releasing research results has not yet arrived, and it

is still in the earlier stage of 6G research.
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Figure 6. Number of papers published in each year from 2018 to 2023

5.2.2 6G visions

The 6G visions mentioned in the selected papers are comprehensive, multi-perspective,
multi-level, and multi-stakeholder [41]. After extracting the process of the 6G vision data
from the 60 selected papers, it becomes evident that there is no universally accepted, sys-
tematic, and holistic 6G vision. I extracted all references that clearly discuss the 6G vision
and summarized them in Table 2. Some of them mixed 6G visions with 6G KPIs or technol-
ogy enablers such as visions in [54] and [55]. After sorting the visions in Table 2 in ascend-
ing order of published year, roughly 6G vision changes from detailed technical Application
Programming Interface (API) to use-cases-based expectation, and then to a high-level ab-
stract expectation. Additionally, these visions need to be understood under certain contexts
thus it is difficult to simply summarize them into one sentence. All of them are technology-

based visions while none of them is from a software business view.



Table 2. 6G visions

Paper ID | Year

59
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26

44

2018

2018

2019
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6G Visions

We present a vision for the sixth generation (6G) and its requirements.
This vision includes providing ultrahigh bit rates, such as 100 or even
1,000 Gb/s, available only at special sites, and offering services with
long range, low bit rate, ultralow power, and long latency (up to 1 s).
In terms of services, we suggest including additional senses and emo-
tions among 6G applications. Also, mobile device battery life should

be substantially extended.

In a not so distant future, we will live in a fully digitalized, hyper-
connected and data-driven smart Society. Connectivity, one of the key
enablers of such world, will be everywhere, unlimited, reliable, with
system response practically immediate. Transparent to the user and
the society itself, huge amounts of eclectic data will flow through net-

works, silently helping everyone to have a good life.

We envision 6G to include three major aspects, namely, mobile ultra-
broadband, super Internet-of-Things (IoT), and artificial intelligence

(A

6G will be the key enabler for achieving this blueprint; it will connect
everything, provide full-dimensional wireless coverage, and integrate
all functions, including sensing, communication, computing, caching,
control, positioning, radar, navigation, and imaging, to support full-
vertical applications. 6G will be an autonomous ecosystem with hu-
man-like intelligence and consciousness. It will evolve from human-
centric to both human- and machine-centric, and it will provide mul-
tiple ways, such as through fingers, voice, eyes, and brainwaves (or

neural signals), to communicate and interact with smart terminals
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Digital inclusion and access to information in real time will become
feasible with 6G, the underserved will be served; extending terrestrial
network evolution to non-terrestrial access and cross-haul with high
altitude platforms, drones and low earth orbit satellites will help exe-
cute this. Global sustainability will be enhanced by optimizing energy
consumption: A key design target for 6G includes zero energy devices

and energy optimized networks.

6G is envisioned to be space-aerial-terrestrial-ocean integrated three-
dimension networks with different types of slices enabled by new
technologies and paradigms to make the system more intelligent and

flexible.

Here we provide a vision for 6G that could serve a research guide in
the post-5G era. We suggest that human-centric mobile communica-
tions will still be the most important application of 6G and the 6G
network should be human centric. Thus, high security, secrecy, and
privacy should be key features of 6G and should be given particular

attention by the wireless research community.

The sixth-generation (6G) wireless communication network is ex-
pected to integrate the terrestrial, aerial, and maritime communica-
tions into a robust network which would be more reliable, fast, and
can support a massive number of devices with ultra-low latency re-

quirements.

Future 6G scenarios in 2030 envision society that will be data-driven,
enabled by near-instant and unlimited wireless connectivity to intelli-

gence.

The Hexa-X vision is to connect human, physical, and digital worlds

with a fabric of sixth-generation (6G) key enablers.
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6G vision needs to start with “x” for value and, not just economic or
financial value but assuring value alignment in the 6G era where hu-
man values need to guide and drive Artificial Intelligence/Machine
Learning (AI/ML) based transformation. Enhancing human cognition
by means of a permanent Augmented Reality (AR) overlay could be

described as creating a “sixth sense”.

Part of the 6G vision is to empower in the sense of providing a plat-
form for the long tail and the niche, beyond mass market paradigm; at
the same time, 6G era will finally give mankind time back by means

of extreme automation without human intervention.
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Sustainability in dimensions of both primary and secondary impact
will be key; devices without batteries and getting closer to a paradigm

of zero energy/bit/are part of the vision.

Our vision for 6G aims to tightly couple and enhance the interactions
between three worlds: a human world of our senses, bodies, intelli-
gence and human values; a digital world of information, communica-
tion, and computing; and a physical world of objects and organisms.
This will create a cyber-physical continuum, making networks a pow-

erful tool to improve the quality of our lives.
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Fig. 1. Vision for 6G systems and its underlaying use cases. Here, we also summarize the key performance metrics that are of primary

interest.

6G will integrate physical, biological, and digital worlds along with
the evolved radio frequency communication, to facilitate the inclusion
of variety of components such as robots, digital twins, artificial intel-
ligence, emotion-driven devices, and brain-machine interface. This
setup is capable of enabling a complete cyber-physical-biological

communication experience.

The vision of next-generation 6G wireless communications lies not

only in enhancing these targets but also in providing new services.

6G Vision: All spectra, strong security, full application, global cover-

age
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Future 6G has been envisioned to connect human, digital, and physi-
cal worlds as a novel general-purpose connectivity platform infra-
structure that converges different enabling technologies for various

purposes across domains.

The onset of the 6G era in telecommunications, touted to launch in
2030, is hoped to serve many masters and deliver an unparalleled im-
provement in capabilities, applications, intelligence, and indeed liber-

ate human potential.

The vision of 6G is expected to support deterministic end-to-end ser-
vices, provide convergence of the human, machine, physical, and dig-
ital worlds, highly scalable and affordable infrastructure, and, most
importantly, 6G will shift us toward sustainable infrastructure with

the help of connected intelligence.

Meeting performance targets such as higher data rate transmission,
lower end-to-end latency, higher capacity, lower cost, and satisfied
Quality of Experience (QoE) for delivered services is the key for the
success of 5G and 6G networks. We also present potential technolo-
gies that will be dominant through 2025-2030 in shaping the vision
of 6G and beyond networks.

6G vision: Global coverage, all spectra, full applications, all senses,

all digital, and strong security.

Until now, there has not been a software business-oriented description of the 6G vision,

although 6G is expected to bring profound and transformative business transformation and

revolution, surpassing changes brought by any previous generations. In light of the existing

presence of 6G visions and recognizing its potential to bring new business models and trans-

formation [40], I provide a 6G vision viewed through the lens of software business as a

bridge from 6G technology to business vision:
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With an understanding of context-based communication needs, an Al-driven 6G software
business ecosystem will attract novel roles and connect businesses to the digital and virtual

world through sustainable business models.

This 6G software business vision will guide the according to ecosystem formation in the MA

section.

5.2.3 Key 6G enabling technologies

From the initial set of 60 selected papers from the SLR process, I identified 8 papers that
were published during the last three years (2020-2023). Each of them satisfies one of the

following 3 criteria:
1. The abstract covers 6G enabling technologies.
2. There is a dedicated section discussing 6G enabling technologies.
3. There is a clear graphic illustrating 6G enabling technologies.

Appendix 4 lists their detailed information, including paper ID, published year, detailed de-
scription of key technology enablers from the paper, and summarized enabling technology

points.

Through the abstraction of key technology terms, the data is organized in Table 3 to highlight
the most frequently mentioned 6G enabling technologies. The top three technologies on
which most selected papers can reach a consensus are Terahertz-related technology, Artifi-
cial Intelligence (AI)/ Machine Learning (ML)/Deep Learning (DL)/Automation Service
Management and Orchestration (SMO), and Cloud native Radio Access Network (RAN)/
SDN/ Network Function Virtualization (NFV). It is not surprising that wireless communica-

tion - Terahertz-related technology is the foundation.
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Table 3. Frequently mentioned 6G enabling technologies

Paper ID| 22 |23 |25 32|37 |39|40 |49
6G enabling technologies

Terahertz related technology
AI/ML/DL/Automation SMO
Cloud-native RAN/SDN/NFV

2] 21 2] 2]
2] 21 2] 2]
2|
2|
<

Ultra-reliable Low-latency Communication
(URLLC) schemes/
Short Packet Communication

Zero Touch Network Slicing N N N

Cutting-edge Mobile Computing \
Blockchain N N
Internet of Things (IoT)/ R
Vehicle-to-everything (V2X)

Haptic Communication (HC) N
Digital Twin (DT)/Digital 4.0 /Digital 5.0 N N
Visible Light Communication (VLC) N
Service Enabler Architecture Layer (SEAL) \

Holographic Telepresence/Space N
and Deep-Sea Research

Unmanned Aerial Vehicles (UAV) and \

Autonomous Driving/Realistic Augmented
(AR) & Virtual Reality (VR)
Smart Grid 2.0 v

technology enabling 6G, since some of the 5G technology enablers are expected to remain
relevant in the 6G context [17]. Both 5G and 6G are based on the development of wireless
communication and related technologies, while 6G has been accelerated by more software-
related technologies. Table 3 shows that the other two technologies out of the first three are
both in the domain of software. 6G is indeed Al-driven since Al is everywhere from now on
and soon [56], [57], [30], [17], [58]. AL, as a major sector in almost all fields [10], is expected

and utilized to lead breakthrough innovations and crack unresolved problems in the previous
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generations [38], including network slicing, edge computing, massive data management, and
security. Al can be combined with lots of other technologies, for example, the combination
of Al and computing is driving 6G with better performance [59]. From the software business
perspective, Al offers new approaches to wireless network design which bring superior per-
formance and user experience [60]. The same as 5G, 6G continues to be SDN that software
is further decomposed with hardware in the 6G era. SDN has become another key technology
enabler for 6G, indicating that software support network slicing is crucial in 6G development

[61].

The technologies ranked fourth and beyond in Table 3 are usually discussed under specific
context. They are strongly scenario-oriented and have scattered discussion results. Some of
them, like VR and DT, can serve as both 6G technical enablers and applications. The dual
nature of these technologies reveals the answer to RQ 1 that 6G is a general-purpose tech-
nology rather than merely a convergence of technologies. It indicates that 6G enables a quite
broad scope and owns adaptability of various scenarios, which are different and beyond pre-
vious mainly communication-purpose generations Among all the enablers, blockchain and
distributed ledger technology have a strong impact on shaping 6G software business ecosys-
tem. Blockchain is a distributed peer-to-peer network, and the middleman will not exist an-
ymore [62]. The stakeholders who act as intermediaries in the previous generations' wireless
networks, such as mobile network operators, need to shift their roles to novel resource bro-

kers [11] and rethink their position in the future 6G business value chain.

5.2.4 Key performance indicators of 6G technology

In Section 5.2.2 Key 6G Enabling Technologies, no clear global unanimous answer and cri-
teria appear since 6G is a novel concept and is still under development. Different researchers
discuss it from their own experiences and disciplines. While the KPIs of 6G seem already
achieved consensus. According to KPI requirement comparison tables of 5G and 6G in the
paper [2] and [44], as well as descriptions in the article [63] from the International Telecom-
munication Union (ITU), Table 4 presents the core 6G technical KPIs. ITU has also com-
pleted the 6G Framework Recommendation in 2023 and expects 6G commercialization in
the year 2030. From the indications so far, it seems that most worldwide stakeholders have

reached a preliminary agreement on KPIs and related issues. However, the longevity of this
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agreement and the future 6G global standardization remain uncertain. It will be explored in

more depth in the challenging part of Section 5.3.3.

Table 4. Comparison of 5G and 6G technical KPIs

5G 6G
Peak Data Rate >=20 Gbps >=] Tbps
Latency Requirement <=1 ms 0.01-0.1 ms
Reliability Demands 99.999% 99.99999999%
Connectivity Density 10 devices/km? 107 devices/km?
Mobility Support 500 km/hour >=1,000 km/hour
Area Spectral Efficiency Compared to 5G| 1X 10X
Energy Efficiency Compared to 5G 1X 100X

5.3 Discussion and results

5.3.1 RQ 1: 6G has the potential to be a GPT

First, it is important to distinguish the differences between the terms "a convergence of tech-
nologies" and "a general purpose technology" from their definitions. Based on the definition
given in the paper [64], "technology convergence" is a blending and spillover of technolog-
ical knowledge across various distinct disciplines. 6G is a hypothetical wireless communi-
cation technology that combines the enabling technologies together, including but not lim-
ited to Terahertz-related technology, Al, and Cloud native SDN. As discussed in Section
5.2.2, more technologies like VR, Digital Twin, and IoT are integrated with 6G together in
diverse scenes. The trend of being a technology convergence is foreseeable and certain in
the 6G era. Turning to the definition of "general purpose technology" explained in Section
1.3.1, a GPT must meet the following three features: (i) enduring and widespread, (ii) po-
tential for innovation in various industries, and (iii) driving ongoing technical advancements
[15]. Some technologies like steam engines, electricity, computers, and the Internet are
widely acknowledged as GPTs by the majority of researchers. Some other recent emerging

technologies, for example, quantum computers or blockchain, exhibit some GPT traits to
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some degree but do not yet merit the GPT classification. 6G falls into this category; it holds
the potential to become a GPT but has not yet.

6G is widely considered a convergence of existing and upcoming technological trends [27],
but there is still a long way to go to being a real GPT. Regarding the three criteria of being
GPTs, the current expected 6G can fully satisfy only one which is pervasive everywhere.
Besides, being a GPT need continuous improvements and innovation in the various indus-
trial field, which strongly depends on corresponding business innovation Moreover, since
most of the 6G technical enablers presented in Section 5.2.2 are related to software, 6G
software business development is the crucial and contributing factor of whether 6G will be

a GPT and when it could happen.

5.3.2 RQ 2: SDN 6G leads to shifts in stakeholder roles

Pre-5G networks are vertically integrated by packaging the control and data planes together.
Software-defined networking is a new paradigm that aims to break vertical integration and
decouple network control logic from underlying routers and switches [65], [66]. It brings

flexibility and simplicity to network management.

Reflecting on the history of software evolution provides some inspiration for how today’s
SND 6G looks like. In the very beginning stages of software, it was mainly used for specific
hardware and completely custom-built. It is a similar situation for current telecommunication
vendors. Today, the typical business model of them is still providing hardware devices and
equipment together with bundled software. As general-purpose computers emerged, soft-
ware became more independent and had higher portability. Modern software can be installed
on multiple operating systems as well as virtual ones and connect with standardized API.
Sharing the same trend, in the future SDN 6G era, the MNOs and other types of customers
do not need to own special infrastructure anymore [59]. They will use the SDN approach to
deploy and control the 6G network through APIs. Besides, the SDN approach is also trans-
forming the 6G networking to be a virtual one [59].

The significant direct impact of SDN 6G decoupling hardware and software is changing the
existing stakeholders' roles while attracting more new players since the new era provides

huge flexibility, playability, and openness. The author of the paper [67] regards a stakeholder
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as “any group or individual who can affect or is affected by the achievement of the organi-
zation’s objectives”. Three papers [68], [69], and [70] present the main stakeholders in the
traditional telecommunication value chain, including hardware manufacturers/ vendors, soft-
ware developers, infrastructure owners, mobile network operators, content/ service provid-
ers, and end-users. The stakeholders from the Telecom industry value chain are attempting
to take benefit from this shift towards softwarized 6G [70]. Among all these roles, MNOs
are in the central position of the whole value chain [70] and will be the first to face the role
evolution. For example, they have been changing into wholesale connectivity service pro-
viders [11]. The new stakeholders are likely to appear in the vertical markets [70], which
refers to the contexts mentioned in the sub-research question 1. Thus, the future value crea-
tion model transforms and introduces more novel actors and roles in the 6G ecosystem [41],
[71]. However, SDN 6G also challenges business models and strategies. More detailed pos-
itive and negative impacts will be shown in the next section 5.3.3. Section 6 Morphological
Analysis will further describe this 6G multi-stakeholder ecosystem through multiple dimen-

sions, where regulatory, business, and technical perspectives are highly intertwined [11].

5.3.3 RQ 3: Focus more on challenges than opportunities

Section 2.3, the rationale of this RQ 3, claimed that it is necessary to understand context-
based opportunities and challenges. However, these possibilities and obstacles are inter-
twined with the 6G software business context. This SLR analysis basically reveals the key

opportunities and challenges.

The author of the paper [35] raises a question of whether 6G could be a game-changing
technology, just like the 2G transition from analogue to digital. It is a similar question as one
of my RQs whether 6G will be a GPT. The increasing role of Al and ML in wireless networks
[35] will likely give a positive answer to this question. 6G plus will not only enhance the
network performance but also improve user experience. The paper [2] and [58] also indicate
that Al can assist in automating software-defined network management and decision-making
processes, which means 6G resource orchestration will be more efficient without the need
for human intervention. As more devices are connected in the 6G era and huge amounts of
data are transmitted through the network, privacy and security will be a critical concern, and

Al could be used to do real-time detection to ensure network safety [72]. Since 6G under the



46

umbrella of Al improve the overall user experience from multiple aspects and promotes the
emergence of more innovative software business use cases [72]. Thus, systematic integration
with Al technology from both technical and business perspectives is the key opportunity that

needs to be grasped by participators in the 6G software business.

In the 6G context, identifying challenges is more crucial than being aware of what the op-
portunities are due to the following three reasons. Firstly, opportunities are usually easier
and more obvious to be realized than challenges. Business practices should not underesti-
mate the significance of addressing challenges. Reducing the possible risk by fully under-
standing the challenges is equal to or more crucial than grasping opportunities for businesses
pursuing long-term development. Secondly, some opportunities can be found in challenges,
which further means turning challenges into opportunities through a proactive and innova-
tive approach. From a software business perspective, the greatest opportunities often arise
from critical challenges; furthermore, technical challenges always lead to business opportu-
nities. Lastly, opportunities could be more different for various stakeholders during different
6G developing stages. While the challenges are likely to share more common aspects for all
participators. In conclusion, we need to pay more attention to the challenges part when con-

sidering 6G software business innovation.

Some selected articles, for example, the paper [57] said that surpassing 5G intrinsic system
specification limits is the challenge for 6G. It is more from the 6G technical KPI perspective,
like what is discussed in Section 5.2.4. The specific performance factors are not so much
concerned from a software business view. In Finland Hexa-X project [56], formulated both
technology advancement and societal values challenges, including connecting intelligence,
network of networks, sustainability, global service coverage, extreme experiences, and trust-
worthiness. Many emerging technologies face the sustainability challenge. A guest post from
the 6Gworld website announced that today around 2-3% of global carbon emission is con-
tributed to networks and data centres [73]. Due to the rapidly increasing number of connected
devices and data produced by them in the 6G era, the carbon share is predicted to reach 14%
in the following two decades. Sustainability of tremendous magnitude is the core challenge
when designing a 6G software business [74]. Key drivers and research challenges for 6G
ubiquitous wireless intelligence. It has reached a consensus that 6G development should be

aligned with the UN SDGs [74]. Based on that conclusion, the paper [75] emphasizes the
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importance of reinforcers in a new sustainable ecosystem. Thus, establishing an organic sus-

tainable 6G software business ecosystem is a foundation of sustainable 6G.

New roles along with novel business models will emerge in the 6G ecosystem. 6G indeed
open the market for all new stakeholders [75], while the uncertainty of that open ecosystem
is a notable challenge. Open 6G business ecosystem attracts more participators most of them
most likely come from software and related industries because 6G is a software-defined net-
work. How they will act in the new ecosystem and what the future value chains will look
like are full of uncertainty which is another challenge in the 6G business context. Such un-
certainty also provides opportunities, especially for the players who first enter or transform
their business to the 6G ecosystem. They own the opportunities to participate in the process
of shaping the 6G software business ecosystem. Morphological analysis in the next section

will explain more in this regard.

Another identified challenge is globalization, which can be also interpreted as digital equity.
Digital equity is a concept that each person should be able to access digital technologies,
including connecting to the network. Although some countries have already closed the 2G
business and fully transitioned to the latest generations, it cannot be ignored that a large
number of areas still rely on 2G. Whether the coming 6G will also cover the underdeveloped
regions worldwide or only be applied in certain developed regions is still unknown. The
conflict between globalization and localism could be more acute in the 6G world. Whether
6G will connect everyone to make the world closer or it will separate the world in the oppo-

site direction, which refers to localism or nationalization.
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6 Morphological analysis of 6G software business ecosystem

MA is normally used in the biology field to study how organism forms, or in the linguistics
area to learn about word formation [76]. To date, it has few practices in the SE field. Also,
no guideline is available for conducting the MA approach in the software business area. The
MA process of this thesis work basically follows the guidelines established by Yoon [33]
but with modifications to fulfil the need of this thesis work; I suggest a process of conducting

an MA approach to analyse the future technology trend through the software business angel.

As the future of 6G is full of uncertainty, it is important to raise questions rather than find
the answer in this complex contact. In MA, the questions refer to the parameters from dif-
ferent dimensions of the topic, which are also called building blocks. A typical way to pre-
sent these parameters is using a morphological box, which is a cross-consistency matrix for
parameter values [76]. However, since the detailed quantitative technical KPI of 6G is not
available till 2030 and cannot used as parameters at this point, I decide to go with qualitative
building blocks. As shown in Figure 7, the blocks of the 6G software business ecosystem

are identified and extracted from SLR work and Business Model Canvas [77].

Parameters identified from SLR selected paperJ

building blocks of 6G software business ecosystem W

‘ 9 building blocks from Business Model Canvas]

Figure 7 Forming the building blocks of the 6G software business ecosystem

As anormative approach of TF methodologies [78], MA practice in this study starts by iden-
tifying future needs and ultimately leads to developing technology solutions to meet those
requirements. In the 6G software business ecosystem context, adopting MA provides poten-
tial paths from 6G Business Visions to key technology enablers. Based on the outcomes
generated in Section 5 and the building blocks of Business Model Canvas, a 6G software

business ecosystem is depicted in this section.
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6.1 Identified key building blocks of 6G software business ecosystem

The first step before identifying key building blocks is to recognise the centre component.
As mentioned in Section 2.4, most business ecosystems may own at least one focal or centre
point, normally it is a business entity. That focal business organization is surrounded by
other participators, and form value chains together. The research in the paper [79] indicates
that in a heterogeneous context, it is better to shift away from a focal firm perspective to a
value network work perspective. 6G is indeed a heterogeneous system and no specific com-

pany acts as the centre of the 6G software business ecosystem.

Given the absence of a dominant company within this ecosystem, customer needs are con-
sidered the starting point of all types of building blocks for the following three reasons.
Firstly, contemporary software business design highly encourages a user-centred approach;
it should also be the criteria for 6G software business development. Secondly, as highlighted
in Section 3.2.3, the MA methodology is a future need-oriented approach. Via adopting MA,
it is reasonable to explore the future users’ requirements and expectations first. Lastly, even
before the concept of 6G emerged, some researchers announced that a customer-centric per-
spective is crucial for innovation in the wireless ecosystem [33]. The customers should de-
cide what they need rather than being told of their requirements. In the 6G era, where every
individual and every device are potential users; the 6G software business user needs should

be collective thoughts, representing the broader requirements of the whole society.

Building upon the first component, there are five other main building blocks, including tech-
nology enablers, stakeholders, internal resources, external impacts, and potential use cases.
New technologies consistently serve as enablers for innovative products, changes in supply
chain management, and the optimization of unique resources [80]. The technology enablers
are the foundational and core incentive factor for a novel software business ecosystem.
While Section 5.2.3 provides a detailed discussion of the technology enablers of 6G, no
further elaboration will be presented in this part. The third building block, stakeholders, is
the most complex and uncertain component in the formation of a 6G software business eco-
system. Meanwhile, the ecosystem provides potential for various stakeholders’ roles to meet
the emerging requirements [44]. Many stakeholders are newcomers to the 6G market, and
their success depends on both identifying internal resources and understanding external im-

pacts, which are the other two components. Internal resources consisting of context-based
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tangible and intangible resources will continue to be studied in another research paper as
mentioned in Section 7.3 through case study methodology. The external impacts refer to
challenges and opportunities discussed previously in Section 5.3.3. Last but the most prac-
tical element forming the ecosystem is potential user cases which will also be another future

research direction after the case studies for recognizing the internal resources.

6.1.1 User types and key needs

In Section 5.2.1, the 6G software business is envisioned as being Al-driven. Al plays a cru-
cial role in elevating 6G into an intelligent space, as discussed in the paper [81], by connect-
ing everything through the Internet. The development of 6G transfers the world from the 5G
IoT paradigm to a broader concept of IoE. The term “everything” can be further elucidated

as various forms of users’ intelligence.

6G users include a diverse range of entities that will interact with and benefit from 6G tech-
nologies. 6G is expected to tightly integrate the realms of human, physical, and digital worlds
in an unprecedented manner. This implies that when considering user needs in the context
of 6G, it is essential to involve users from all three worlds who communicate and acquire
advantages from it, rather than solely focusing on human beings. In this regard, 6G user
needs will be categorized into three types, biological user, physical user, and virtual user, as

shown in Figure 8.

physical user

biological user

Figure 8. 6G user types
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Biological users encompass a wide spectrum of living entities, including humans, animals,
plants, and microorganisms. Their fundamental needs for these biological users are
healthcare and medical treatment. This involves real-time health condition monitoring, re-
mote telemedicine, micro-wearable sensors, etc. Regarding physical users, it mainly refers
to existing loT infrastructures like digital twins and future connected devices like sensors
for brain-machine interfaces. The third type virtual users includes Al-powered robotics and
virtual human users. The former one needs magnanimity data exchange. The latter refers to
virtual user models that present a real human being like communication patterns for people
who have disabilities or functional limitations. Lastly, the common needs of these three

groups of users are communication through heterogeneous information types.

6.1.2 Stakeholders, actors, and roles

Different types of stakeholders will be presented in Section 6 while describing the 6G soft-
ware business ecosystem. This section mainly focuses on clarifying the concepts of actors,
roles, and stakeholders and explains why “stakeholder” is the preferred term used in the

ecosystem framework rather than the other two.

According to the definition of actor established in Unified Modelling Language Specifica-
tion by Object Management Group [82]:

“An actor specifies a role played by a user or any other system that interacts with the sub-

ject.”

An actor represents a type of role presented by human users, external hardware, or other
subjects, who interact and act in a system. In contrast, stakeholders may or may not act inside
a system, and also impact outside the system where in the scope of the ecosystem. Stake-
holders should be individuals or organizations composed of humans; they have the capacity
to assume multiple roles simultaneously. For a visual representation of the disparities be-

tween stakeholders and actors, please refer to Figure 9.
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6G Software Business Ecosystem

6G Software System

Stakepolder Stakeholder

v Stake’wolder Actor v

Figure 9. Stakeholders, actors, and roles in the 6G software business ecosystem

The emergence of 6G technology is in the developmental stages and is shaped by an array
of stakeholders. Embracing the term “stakeholder” and emphasizing their dynamic influence
can provide valuable insights into establishing a value network within this emerging ecosys-
tem. Government regulatory agencies, for instance, represent critical stakeholders pro-
foundly impacting the sustainability of the 6G ecosystem. While they do not engage directly
as active actors during the process of developing, applying, or commercializing 6G technol-
ogies, their primary role is establishing and upholding regulations to ensure a sustainable,

secure, and equal 6G ecosystem.

Figure 9 illustrates a crucial distinction: an actor typically fulfils a single role, whereas a
stakeholder can assume one or multiple roles simultaneously. Furthermore, a single role can
be undertaken by multiple stakeholders concurrently. This complex interplay sometimes

gives rise to conflicts among the various roles assumed by a single stakeholder.

In the context of developing 6G software businesses, it's important to recognize that stake-
holders often hold multiple roles that can change dynamically. Traditional linear value
chains are not adequate for describing the intricate relationships among these stakeholders.

Instead, a value network approach is adopted to emphasize the interactions and flows among
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potentially involved stakeholders [83]. This thesis conducts a mapping [79] work among
various stakeholders to present the 6G software business value network, considering rela-
tionships including harmony of interests, conflict of interests, and ambivalent relationship

[84].

Figure 10 illustrates the relationships between stakeholders, forming a value network within
the future 6G software business ecosystem. Three types of relationships are identified: har-

mony of interests, conflict of interests, and ambivalent relationships.

Examining the three stakeholder types from the traditional telecom industry, including in-
frastructure vendor, network operator, and software developer who provides application-
level service, it is evident that they were part of the same value chain in the pre-6G genera-
tions. However, this value chain has broken down, leading to conflicts due to operators’
business model transformation and the disappearance of the middleman role. In the 6G era,
the market is shared, and the operators have an incentive to share their resources to enhance
resource utilization in a dynamic and uncertain environment [85]. By adopting a more shar-
ing and open business model, network operators shift away from the previous value chain,
directly interacting with other stakeholders and end users. This shift can potentially lead to
a competitive relationship with infrastructure vendors and software developers. Furthermore,
as discussed in Section 6, blockchain technology enables 6G and intermediary roles to be
eliminated [62]. Since operators can no longer act as middlemen as they did before, they
need to transform themselves into either upstream or downstream segments of the value
chain, which are exactly the domain of infrastructure vendors and software developers. Con-
flicts of interest are inevitable between stakeholders in the traditional telecom industry. An-
other significant conflict emerges between network operators and tech giants, as mega com-
panies like Amazon and Google have entered the mobile wireless industry by acquiring spe-
cific frequency bands [86]. The mega companies possess competitive strengths in terms of
computing capabilities within their cloud and virtualization infrastructure, which leads to
interest conflicts with network operators. Besides, the conflicts between environmental sec-
tors with others primarily arise from differing considerations and perspectives of sustaina-

bility issues.
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Figure 10. Value Network by stakeholders mapping

The two dotted lines in Figure 10 show the ambivalent relationships. One of these lines
illustrates the ambivalent relationship between the cybersecurity sector and the telecom in-
dustry, while the other represents the ambivalent relationship between the infrastructure ven-
dor and the satellite and aerospace industry. These relationships are characterized by mixed
dynamics and the potential for both cooperation and conflict. One of the key challenges in
the 6G landscape is security and privacy, and cybersecurity firms play a pivotal role in ad-
dressing these issues. On one hand, they can enhance 6G security through cooperation with
the telecom industry, contributing to the development of secure 6G networks. On the other

hand, they may also pose limitations on 6G development due to security considerations,
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potentially imposing strict requirements that could hinder the rapid deployment of 6G tech-
nologies. 6G extends terrestrial network to non-terrestrial access through low earth orbit
satellites [57]. This expansion opens up new opportunities and challenges for both infra-
structure vendors and the satellite and aerospace industry. Both sectors have the competi-
tiveness and capabilities to enter the non-terrestrial market. They may choose to cooperate,
recognizing the mutual benefits of combining their strengths in this emerging field, or they

may become competitors in the non-terrestrial market.

6.2 A framework of 6G Software Business Ecosystem

Since the heterogenous 6G software business ecosystem is extremely complex with few bor-
ders, to abstract a general and practical framework, three main building blocks are selected
from Section 6.1, including technology enablers, external impacts (opportunities and chal-
lenges), and stakeholder roles, as shown in Figure 11. The technology enablers are the foun-
dation and core incentive factors for a novel software business ecosystem. Wireless commu-
nication technologies, SDN and Al are expected to be the three main 6G technology ena-
blers. Similar to previous generations, communication technologies, along with their associ-
ated hardware, are fundamental and essential prerequisites for the development of 6G. On
top of the core network infrastructures, SDN providers flexibility and programmability by
abstracting the control of network resources. As Al has already permeated every industry, it
plays a crucial role in forming the 6G ecosystem. The three technologies are indispensable
drivers of 6G development but not the only technology enablers of 6G. They are usually

integrated with others, like Al plus edge computing or SND plus network virtualization etc.

Novel roles are emerging in the 6G open market, while some of them are transformed from
current stakeholders and others are new players. Existing stakeholders are mainly from the
traditional telecom industry and software industry. The value chain of the former industry
includes infrastructure vendors, software developers, and network operators. The foreseea-
ble stakeholders from the software side are edge computing providers, Al companies, cyber-
security firms, and global tech giants. Figure 11 also presents some potential cross-industry
stakeholders most mentioned by previous research work, for example, satellite and aero-
space, energy industry etc. In addition, 6G cloud operators, digital service operators, and

resource brokers [5] are new emerging roles, while some of them possibly transform from
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existing stakeholders. Each stakeholder in the ecosystem simultaneously holds multiple roles

or shifts roles in the value chain as the ecosystem develops.

All actors’ success in the 6G business depends on both external impacts and internal re-
sources. The external impacts consist of sustainability, uncertainty, and digital equity, which
can be regarded as both opportunities and challenges. Sustainability of tremendous magni-
tude is the core challenge when designing a 6G software business model, while it also offers
business opportunities for innovative energy-efficient and eco-friendly solutions. Since 6G
is indeed an open market [75], the uncertainty of that open ecosystem cannot be ignored.
Uncertainty is an opportunity for new joiners, and then it can be more of a competitive chal-
lenge for stakeholders who are already in. Digital equity refers to all individuals and com-
munities owning fair and equal access to the 6G network and getting benefits from the 6G
software business. 6G has the possibility of either promoting or eliminating inequality. The
internal resources of stakeholders are diverse and business context-related, which is not de-

scribed in this universal ecosystem.

In Figure 11, 6G enabling technologies occupied the core position of the ecosystem, yet they
do not directly interact with most stakeholders. The connections between technologies and
stakeholders are established through Al in a seamless, intelligent, and comprehensive ap-
proach. Al serves as one key driving force behind 6G while it also encapsulates 6G from the
business perspective. The Al-driven 6G software business ecosystem offers significant po-
tential for the emerging and transformation of stakeholders. Each stakeholder tends to take
multiple roles simultaneously, resulting in rich value propositions and interweaving value
networks as mentioned in Section 6.1. One stakeholder may act as both supplier and con-
sumer roles in varying value chains. Competitive and cooperative relationships can coexist
between two stakeholders, specifically, between their different roles. Instead of linear value
chains, value networks involving multiple stakeholders emerged in the 6G software business.
Therefore, the addition of Al and diversity of roles fosters a dynamic and complex 6G soft-

ware business ecosystem full of possibilities.
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Figure 11. A Framework of 6G Software Business Ecosystem

6.3 Discussion and results

The MA process of the 6G software business ecosystem starts from user needs, aiming to
explore potential paths to the technology. The services provided by 6G are expected to cater
to biological, physical, and virtual users, whose definitions are presented in Section 6.1.1. In
the context of 6G, virtual users are a novel concept. They act as a complex representation of
physical and biological users, serving as a proxy towards the 6G world [87]. In this cyber-
physical world of 6G, the communication interface among the three user types needs to be

studied further in specific contexts when considering 6G software design.

In Section 1.1, the second objective of this study is to understand how the 6G software busi-

ness ecosystem is different from other digital business ecosystems. According to the
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literature review of the digital business ecosystem [88], there should be at least one focal
firm on the digital business ecosystem’s own platform, and its value is strongly dependent
on other partners. However, the 6G software business ecosystem is different; there are no
particular focal company entities in it. Every participator inside this ecosystem has the pos-
sibility to be the dominator and pioneer in their respective value-creation process, which

provides promising opportunities for newcomers.

It is important to note that the 6G software business ecosystem is highly dynamic, with con-
stantly shifting stakeholder roles and relationships. The term "stakeholder" is used in this
study to encompass both individuals and organizations that impact the ecosystem without
necessarily having direct interactions. In this ecosystem, it is common for a single stake-
holder to take on multiple roles at the same time. These roles can be characterized by a
variety of relationships, including harmony of interests, conflict of interests, and ambivalent
relationships, which can lead to complex and sometimes contradictory relationships among
stakeholders. As a result, the 6G context has given rise to more value chains and a complex

value network.



59

7 Conclusions

Looking back at the entire process of my master's thesis, I believe that selecting an appro-
priate methodology was the most critical and challenging aspect of conducting research in
the field of SE. It is a difficult task because SE often borrows methods from other disciplines
and there is no approach specifically designed for SE. As more researchers adopt a particular
borrowed method, a guideline may emerge based on practical research. However, this guid-
ance may fall short of how the method is applied in real-life scenarios. Relying solely on
existing guidelines may constrain SE research work, particularly in exploring novel topics.
Besides, checking others' work and adopting the same approach is also necessary when
choosing a suitable method for own research work. We may learn innovative ways of con-
ducting a method and receive inspiration on how we could adopt it. In many scenarios, the
effectiveness of a methodology is highly dependent on its context. This means that a method
that works well for one research topic may not work as well for another. Selecting the right
methodology can be complex and sometimes requires trial and error before officially begin-

ning the research.

During the beginning stages of my thesis work, I went through the process of testing the
SLR protocol. The original version of my RQs was designed to gather data related to the 6G
software business. Correspondingly, the SLR protocol, especially the search strings, mainly
involved terms like "6G software business model" or "6G software business innovation."
However, when conducting the first version of the SLR protocol, I found no papers that
focused on the 6G software business. Most publications talked about 6G wireless communi-
cation technologies, potential usage scenarios, and regulation perspectives. In recent years,
more papers have turned their attention to the 6G business field, but there's still nothing that
directly discusses the 6G software business. Because of this shortage of relevant studies, I
found that the data extracted from the SLR may be insufficient to fully address all my pro-
posed RQs. Therefore, I decided to look for studies in related disciplines. After examining
the future research field and its methodologies, I selected MA as the second method for my

study. The combination of SLR and MA works well to support my master's thesis work.
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Reviewing the three objectives mentioned in Section 1.1, they have been mostly achieved,
but there is still a need to be aware of the limitations. Section 7.1 concludes the key findings
for each RQ. The following Section 7.2 presents the research implications, especially the
novel part compared with others' work. The possible limitations of my study and research
topic are discussed in Section 7.3. In the next Section 7.4, the future research work collabo-

rating with the industry side and researchers from other universities is presented.

7.1 Findings

The first RQ "Is 6G a convergence of technologies or a GPT? " is decomposed into three
sub-research questions. Through the SLR process, no software business-oriented 6G vision
has been found. As an answer to sub-research question 1, a 6G vision from the software
business ecosystem view is generated: With an understanding of context-based communica-
tion needs, an Al-driven 6G software business ecosystem will attract novel roles and connect
businesses to the digital and virtual world through sustainable business models. This vision
guides the formation and description of the 6G software business ecosystem in RQ 4. The
second sub-research listed the most frequently mentioned 6G enabling technologies from the
SLR selected paper. The top three technologies are Terahertz-related technology, Al and
SDN, which act as key technologies of the 6G software business ecosystem in RQ 4. Ac-
cording to the discussion in sub-research question 3, the expected KPI of 6G reached a basic
consensus by the papers selected from the SLR process, however no worldwide agreement
has been achieved. It reveals the uncertainty of 6G global cooperation and standardization,

which is one challenge for the 6G software business ecosystem in RQ 4.

As "a convergence of technologies", 6G is based on new-generation wireless communication
technologies while combining many modern technologies together like AI, SDN, IoT etc.
The RQ 1 indicates that 6G has the potential to be a GPT but still a long way to go. Whether
6G could become a GPT largely depends on how widely continuous business innovation can
be achieved in various industries. It also emphasizes the significance and importance of our

research in the 6G software business area.

Software-defined 6G impacts software business from several aspects and shifts in stake-
holder roles are the crucial influence from a software business perspective. According to the

analysis of RQ 2, due to the extreme flexibility, playability, and openness of SDN 6G, the
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stakeholders in the central position of the traditional telecommunication value chain, like
MNOs, will change to wholesale connectivity service providers. Besides, more new stake-

holders will appear in the vertical markets.

RQ 3 emphasized that it is necessary to focus more on challenges than opportunities under
the 6G software business context because of the following three reasons: (i) opportunities
are usually easier to find out comparing with challenges, (i1) it is possible to shift challenges
to opportunities via innovative business approaches, and (iii) most participators encounter
common challenges rather than different opportunities. Sustainability, uncertainty, and dig-

ital equity are three significant challenges in the 6G software business ecosystem.

Based on these building blocks identified in the previous three RQs, RQ 4 depicts a frame-
work of the 6G software business ecosystem through MA methodology. It raises the three
types of users in 6G, which are biological users, physical users, and virtual users. It also
highlights that the 6G software business ecosystem has no focal company entities, which is
different from other digital business ecosystems. Each stakeholder in this ecosystem will
take on multiple roles dynamically. Thus, the relationships between stakeholders are com-

plex and contradictory.

7.2 Research implications

Checking the aforementioned three goals: (i) a foundational understanding of the 6G soft-
ware business field from both academic and industrial perspectives, (ii) establishing the 6G
software business ecosystem, and (iii) improving SE methodologies for future technologies,
most of them have been successfully accomplished through this study. The 6G software
business ecosystem is depicted through the SLR and MA process while providing a theoret-
ical framework for future interactive communication with industrial partners. Adopting SLR
together with MA is the most novel point of this thesis work from an SE methodology im-
provement perspective. MA is not a common approach in the SE field. Furthermore, this
thesis could be the first academic work combining SLR with MA to understand the business

related to future technologies.

In the realm of theoretical implications, this study employs the concept of GPT as a concep-

tual bridge connecting 6G technology with 6G business. Given that 6G is fundamentally a
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software-defined network, its wireless communication technology and enabling technolo-
gies are predominantly interconnected and reliant on software. Consequently, viewing 6G
through the lens of software business becomes particularly promising, considering its possi-
bility as a GPT. This perspective opens avenues for exploring the significant potential inher-
ent in understanding 6G not just as a technological advancement but as a transformative
force within the domain of software business. Also, this study provides a practical contribu-
tion to stakeholders, particularly decision-makers in government. The proposed 6G software
business ecosystem in this study highlights the importance of sustainability, uncertainty, and
digital equity. These three identified challenges are crucial for the government to consider
when designing policies related to 6G. The governor should prioritize international collabo-
ration among authorities from different regions after fully understanding the context of 6G,
instead of engaging in geopolitics or adopting a one-size-fits-all policy. Additionally, this
research draws the attention of society towards the future 6G world, making it relevant for

activists and critics to voice their opinions.

This study is an initial exploration and tentative research work from the interdisciplinary of
SE and future study. The study reveals that SE is not only a discipline used for understanding
contemporary phenomena but also has the potential to foresight the future of software busi-
nesses. In this pioneering research work, the SLR approach is adopted to summarize the
existing works, while MA is for looking ahead and structuring more RQs for future study.

These future RQs are presented in Section 7.4.

7.3 Limitation

Internal Validity

Typically, at least three researchers are involved in the SLR process to avoid any potential
biases. However, since a master's thesis is considered personal work, I had to solely under-
take the SLR process, from establishing the protocol to conducting paper selection. This may
have resulted in biased paper selection due to personal prejudices. To mitigate this risk, my
supervisor reviewed the protocol and monitored the entire process. Additionally, while se-
lecting primary studies for the SLR process based on inclusion and exclusion criteria, I also
considered the importance of some secondary studies, including review and survey work, by

adopting snowballing as complementary research.
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External and Conclusion Validity

Based on a predetermined search protocol, I have selected white papers published between
2018 and the first half of 2023. As with other SLR works, the findings of this study are
limited by the selected papers. It is important to note that the results of searches in databases
may vary in the future since new and related papers are being published frequently. There-

fore, a replication of this study could yield different results due to the updated paper pool.

7.4 Future work

The SLR paper searching work of this study was conducted on the 4th, of July 2023, and the
thesis writing work was finished by the end of November 2023. During these six months, a
lot of new white papers, white books from companies, and books from academic fellows
have been published. Therefore, I assume that there is a need to redo this SLR work to take
into account the emerging research directions. Furthermore, I plan to reconduct the SLR
each half year as a regular work, to follow the 6G research trend and identify the research
gap. The comparison of SLR results for each practice could be interesting to study. In order
to do so, I need an automatic approach to achieve it. For the SLR in this master thesis, [ used
Mendeley as a literature management tool, but I feel it lacks intelligent features. Currently,
I am testing a new tool named Atlas.ti, which includes Al-driven autopilot coding features
and may dramatically accelerate my SLR research process. Exploring and generating an au-

tomatic way for conducting regular SLR in SE study is my first future work.

As mentioned in Section 7.2, the nature of the MA approach aims to generate questions
rather than find answers. After a discussion of the four RQs in this thesis, more RQs have
come to my mind. [ need to put effort into organizing those questions and narrow down some
of them as my research topic for the following research career. Meanwhile, the future re-
search topic will also be impacted by my industrial and academic partners of this 6GSoft
project. Now I have already begun contacting the companies and researchers from consor-
tium universities. In Section 6, while elaborating on the building blocks of the 6G software
business ecosystem, a detailed discussion on context-based internal resources is missing.
The next step is to adopt the case study methodology to identify tangible and intangible

resources of our partner companies. Once we fully understand the resources, we can generate



64

potential paths for 6G to move from technology to software business strategy and use cases,

which will ultimately benefit the industrial side.
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Appendix 4. 6G enabling technologies

Paper | Pub- | Detailed description of key technology enablers from the paper Summarized enabling technology points
ID lished
Year
22 2021 |sub-THz transceiver technologies, accurate stand-alone positioning and radio- | Terahertz related technology
based imaging, improved radio performance, artificial intelligence (Al) /ma- Al
chine learning (ML)inspired radio access network (RAN) technologies, future
network architectures and special purpose solutions including future ultra-reli- ML
able low-latency communication (URLLC) schemes RAN
URLLC schemes
23 2020 | Terahertz frequencies to boost data rate Terahertz related technology
Extreme URLLC enabled by ML/AI Al
6G network as a sensor and implications for architecture and security ML
Cloud native RAN and stream based architecture Cloud native RAN
Zero touch network slicing and automation URLLC schemes




Service Management and Orchestration (SMO)

Zero Touch Network Slicing

Automation SMO

25 2021 | Mobile network operators are expected to adopt flexible decentralized business | Al
models for 6G, with local spectrum licensing, spectrum sharing, infrastructure Cutting-edge Mobile Computing
sharing, and intelligent automated management supported by cutting-edge mo-
bile computing, artificial intelligence, short packet communication, and block- Short Packet Communication
chain technologies. Blockchain

32 2021 | Closely interlinked with 6G architectural disaggregation, five key enabling | Al
technologies will distinctly shape the agenda of 6G research for the next sev- New Spectrum Technologies
eral years. Al, New spectrum technologies include concepts and numerology,
Technology advances in the field of distributed multiple-input and multiple- (Terahertz related technology)
output (MIMO), Security, privacy and trust of sub-networks, the concept of co- | Sub-networks(Zero Touch Network Slicing)
design of networks for both communications and sensing purposes.

37 2022 | Furthermore, the various enabling technologies in 6G, challenges, related is- | [oT
sues and scenarios were presented for contributing more attention towards the HC
enabling technologies like Internet of Things (IoT), Haptic Communication

DT

(HC), Digital Twin (DT) and Industry 4.0, blockchain, Artificial Intelligence




(AI), Visible Light Communication (VLC), Millimeter Wave (mmWave) and
Terahertz (THz) communications, SDN and Network Function Virtualization

(NFV)

Industry 4.0

Al

ML

DL

Blockchain

VLC

Terahertz related technology
SDN

NFV

39

2021

Network Slicing along with the Network Functions Virtualization, Common
APIs, SEAL (Service Enabler Architecture Layer), V2XAPP, Radio interface,
Open RAN (Open Radio Access Network)

Zero Touch Network Slicing
NFV
SEAL

RAN




Orthogonal Frequency Division Multiplexing
(OFDM)

V2X (IoT)
40 2020 | Key technologies to enable open general-purpose 6G architecture include dis- | Cloud native RAN
tributed heterogenous cloud-native architecture, localization and decomposi- NFV
tion of network functions, software defined networking and network virtual-
ization, among others. SDN
49 2022 | These innovative technologies may be used to power next-generation commu- | Holographic Telepresence

nication networks and applications such as Holographic Telepresence, Un-
manned Aerial Vehicles (UAV), Autonomous Driving, Realistic Augmented
and Virtual Reality (AR & VR), Industry 5.0, Smart Grid 2.0, Space and Deep-

Sea research.

UAYV and Autonomous Driving
AR & VR

Industry 4.0/5.0

Smart Grid 2.0
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