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Abstract
The real estate market is in constant motion. New trends in the real estate industry such as
urbanization, digitalization, and sustainability have been hot topics in recent years, and
today's property owners are rapidly facing new challenges and opportunities. Above all, the
progress of digitalization places new demands as the use of data has increased drastically in
recent years. As new emerging technologies are introduced to the market, the existing
network infrastructure must be upgraded to the next generation.
A study was carried out to gain an increased understanding of indoor 5G and what
opportunities it can create. The purpose was to understand whether indoor 5G connectivity
is a profitable investment for real estate owners. The study used a qualitative research method
in which semi-structured interviews were conducted with real estate owners and experts
within the field of 5G, IT, and digitalization. The data from the interviews were later analyzed
through a thematic analysis. The themes that have been identified are how to organize indoor
5G, use-cases of indoor 5G, profitability drivers, challenges and risks, and sustainability.
The study shows that real estate owners are piloting indoor 5G technologies in order to test
their concept and if cooperation between the different actors is a possibility. Three
organizational concepts have been identified, single operator, multi-operator, and neutral
host. In addition to this, the study highlighted that there are no immediate benefits to
implementing indoor 5G at the present. However, there will be opportunities for cost
efficiencies through reduced need for vertical solutions, sustainability benefits, and increased
revenue when new technologies that take use of indoor 5G emerge. The conclusion that can
be drawn from this study is that real estate owners must increase their knowledge of this new
technology and develop a strategy for their role. Telecom operators will also be required to
agree on a new business model for sharing the same infrastructure in individual buildings. The
starting point should be that operators, third parties, and property owners share risks and
opportunities in the development of indoor 5G.
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Sammanfattning
Nya trender inom fastighetsbranschen som urbanisering, digitalisering och hållbarhet har varit
heta ämnen de senaste åren och dagens fastighetsägare står snabbt inför nya utmaningar och
möjligheter. Digitaliseringens framsteg ställer framför allt nya krav då användningen av data
har ökat drastiskt de senaste åren när ny framväxande teknologi introduceras på marknaden.
Därmed måste utvecklingen av den befintliga nätverksinfrastrukturen uppgraderas till nästa
generation.
Syftet med studien var att få en ökad förståelse för inomhus 5G och vilka möjligheter detta
kan skapa för att kunna avgöra om 5G-anslutning inomhus är en lönsam investering för
fastighetsägare. Studien använde en kvalitativ forskningsmetod där semistrukturerade
intervjuer genomfördes med fastighetsägare och experter inom 5G, IT och digitalisering. Data
från intervjuerna analyserades sedan genom en tematisk analys. De teman som har
identifierats är hur inomhus 5G kan organiseras, användningsområden av inomhus 5G,
värdeskapande drivkrafter, utmaningar och begräsningar, och hållbarhet.
Studien visar att flertal fastighetsägare har påbörjat pilotprojekt för inomhus 5G för att prova
deras organiseringskoncept samt för att se om samverkan mellan de involverade aktörerna är
möjligt. Tre organiseringskoncept har identifierats, dessa är single operator, multi-operator
och neutral host. Dessutom, visar studien att det i dagsläget inte finns några direkta fördelar
med att installera inomhus 5G. Det kommer dock att finnas möjligheter till både
kostnadseffektiviseringar genom minskat behov av vertikala lösningar och intäktsmöjligheter
när nya teknologier som tar användning av inomhus 5G utvecklas. Den slutsats som kunde
dras utifrån denna studie är att fastighetsägare måste öka sin kunskap om denna nya teknik
samt utveckla en strategi för sin roll i utvecklingen. Vidare kommer teleoperatörer också
behöva komma överens om en ny affärsmodell för att dela samma infrastruktur i enskilda
byggnader. Utgångspunkten bör vara att operatörer, tredje parter och fastighetsägare delar
på risker och möjligheter i utvecklingen av inomhus 5G.
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1. Introduction
1.1 Background
New trends in the real estate industry such as urbanization, digitalization, and sustainability
have been hot topics in recent years, and today's property owners are rapidly facing new
challenges and opportunities. Above all, the progress of digitalization places new demands as
the use of data has increased drastically in recent years. As new emerging technology is
introduced to the market, the existing network infrastructure must be upgraded to the next
generation. (Andrews, et al., 2014)
5G is the fifth generation of cellular networks. The first cellular network, 1G, was launched in
the 1980s, and since then, a new generation has been launched each decade. Each generation
has enabled new technological possibilities that have had enormous implications for our
economy and how we live (Zamula & Morozov, 2017). 5G communication can be divided into
three categories of communication: enhanced mobile broadband (eMBB), ultra-reliable lowlatency communication (URLLC), and massive machine-type communications (mMTC). Besides
these new technologies, 5G is also the first cellular network with control, content delivery,
and computation functions. (Pham, et al., 2020)
To most people, the 5G network is just a development of the already existing cellular network,
4G. Nevertheless, 5G is not just faster than 4G; it also has specific capabilities that open
opportunities for immense technological advancements. Technologies such as the massive
Internet of things, Artificial Intelligence, and Mobile Edge Computing are all enabled by the 5G
network, and they will have a significant impact on our economies and daily lives (Liu, et al.,
2020). These technologies have several possible applications within property management.
They can be used to automate property management by employing information technology
and intelligent management systems to optimize resource management which leads to less
carbon-emissions and reduced operating and management costs (Kaur & Solomon, 2022; Naz,
et al., 2022). They can also be used within retail to attract customers, optimize store
management, and facilitate the cooperation between retailers and suppliers (Shankar, et al.,
2021; Adhi, et al., 2019; Meani & Paglierani, 2018; Nowak, et al., 2021).
5G was developed partly since the current widely used bandwidth, frequently called the
beachfront bandwidth, can get congested at peak times. The only available bandwidth
spectrum is at higher frequencies and, thus, 5G operates on a much higher frequency called
millimeter waves. The problem with millimeter waves is that they are fragile. Millimeter waves
do not travel as far and have poor qualities when penetrating building walls. This means that
full-scale coverage of 5G will require substantial infrastructure investments, both inside and
outside properties. (Andrews, et al., 2014)
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Today, the 5G network is being rolled out at full speed, and 5G masts and base stations are
showing up on light poles and rooftops in metropolitan areas worldwide to meet this new
demand (Pham, et al., 2020). 5G will have a considerable impact on our economies and daily
lives, and by 2035 it will enable an additional $12,3 trillion in global economic output and
contribute to 22 million jobs (Campbell, et al., 2017).
Sweden has historically been at the forefront in developing and launching cellular networks
and other innovative network technologies (Bhandari, et al., 2017). However, although
Ericsson is still one of the leading manufacturers of 5G installations, Sweden is falling behind
when it comes to 5G coverage. Out of 41 studied countries, Sweden had the second lowest
5G availability. Only 1,5% of users with 5G-capable devices spend the majority of their time
with a 5G connection in Q3 2021, compared to the United States’ 49,2% and the Netherlands’
45,1% (Mcketta, 2021).

1.2 Research Gap
5G is a relatively new technology and there exists little to no research about its effects on real
estate. Considering 5G’s propagation qualities and the need for indoor 5G infrastructure,
research within this field is needed as indoor 5G will require a joint effort between all the
affected parties.
Previous cellular network installations have mostly been the liability of operators but the
implementation of indoor 5G requires that real estate owners recognize their involvement
and that they understand how it affects them and their tenants. 5G’s super-fast download
speeds and ultra-low latency will enable technologies such as the massive Internet of things,
Artificial Intelligence, and Mobile Edge Computing. Indoor 5G could improve retail productivity
and could also be used for sensors that can optimize operating and maintenance for real
estate owners, which might lower operating expenditures and ecological footprint. Findings
show that real estate owners are piloting indoor 5G technologies, and therefore there is an
urgent need for research on this topic.
Although the literature on 5G and its connection to real estate is lacking, there is research on
the effects of previous Information and Communication Technology investments on property
values and how new technologies enabled by 5G can affect property values. Investments to
improve connectivity can lead to increased property values and the technologies enabled by
5G have multiple applications for both tenants and property management that can brings
value to real estate owners (Tien Foo, et al., 2002; Meani & Paglierani, 2018). An extensive
explanation of how indoor 5G connectivity can be organized and how it will affect the value
and management of properties is lacking.
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1.3 Research Questions and Limitations
The aim of this thesis is to gain an increased understanding of indoor 5G and what
opportunities this can create. The hope is to get an insight into the attitudes towards indoor
5G. Therefore, the purpose of this essay is to gain an increased understanding of whether
indoor 5G connectivity is a profitable investment for real estate owners.
Main research question: What are the economic incentives for implementing 5G inside of retail
properties?
To answer the main question, it is divided and answered in the following sub-questions:
1. How could indoor 5G be organized?
2. What is the use-cases of indoor 5G for retailers and property management?
3. What are the profitability drivers to implementing 5G?
For the study to achieve a reliable result, delimitations have been made. The study will
primarily focus on analyzing the economic incentives for implementing 5G inside of the
Swedish retail segment of real estate. This is to increase the efficiency and to get more specific
and reliable results.
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1.4 Definitions, Acronyms, and Explanations
Below are defined concepts that appear in the study which may need an explanation to simplify
the reader's understanding.
1G, 2G, 3G, 4G and 5G: First, second, third, fourth and fifth generation wireless system
AR: Augmented Reality
BS: Base Stations
CRE: Commercial Real Estate
EC: Edge Computing
ICT: Information and Communication Technology
IoT: Internet of Things
mmWaves: Millimeter waves
NOI: Net Operating Income
PTS: Post- och telestyrelsen
SC: Small Cells
SDG: Sustainable Development Goals
VR: Virtual Reality
Wi-Fi: Wireless network protocol technology based on IEEE 802.11 family standards
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1.5 Disposition
Chapter 1 – Introduction
The first and introductory chapter presents the background and research gap of indoor 5G,
followed by the study's purpose and issue.
Chapter 2 – Literature Review
This section presents the already existing body of knowledge about how new technologies
affect real estate, 5G, indoor 5G, and innovation in the retail market.
Chapter 3 – Theoretical Framework
This section presents the theoretical framework that forms the basis for the study's research
question. The following theories are presented: Value Theory, Rent Theory, Business Models
and Business Strategies, Business Ecosystems, and Diffusion of Innovation Theory.
Chapter 4 – Methodology
This part consists of a description of the chosen research method for data collection and a
description of how the study was conducted. Furthermore, this part describes research ethics
aspects regarding the execution of the study.
Chapter 5 – Results and Analysis
This chapter presents the answers obtained in interviews with real estate owners and experts
within the field. Furthermore, the results are analyzed with consideration of the literature
study and the theoretical framework through a thematic analysis.
Chapter 6 – Discussion
In this chapter, interesting thoughts that emerged during the study are discussed in relation
to the existing knowledge of indoor 5G from the literature review and theories on the subject.
Furthermore, this part describes limitations, potential development, and suggestion for
further research within the field of indoor 5G.
Chapter 7 – Conclusion
In the last chapter, the study's research question is answered through a conclusion of the
result, the analysis, and the discussion.

5

2. Literature Review
The following section presents the already existing body of knowledge about how technologies
affect real estate, 5G, indoor 5G, and innovation in the retail market.

2.1 Effects of Technologies on Real Estate
2.1.1 Value Implications of ICT
5G is a relatively new technology, and there have not been any studies on its effects on real
estate. However, there have been studies on 4G base stations (BS’s) effects on property
values. There has been a long-lasting myth among real estate professionals that proximity to
BS would negatively affect property values due the possible consequences of electromagnetic
fields on the human body and due to their esthetical appearance. However, the studies found
that proximity to 4G BS does not have a significant effect on property values (Brandt &
Maenning, 2012; Valbridge Property Advisors, 2018). Brandt & Maenning (2012) found that
clusters of 4G BS can negatively affect some metropolitan areas, but single masts do not.
A case study on a commercial property in Singapore examined the rents before and after
Information and Communication Technology (ICT) investments to improve connectivity. The
study found that the increased connectivity led to a significant increase in rents and thus also
an increase in property values (Tien Foo, et al., 2002). A recent study on 4G and 5G small cells
(SC) in California found that proximity to SC can positively affect property values due to the
increased internet speed and lowered latency (Joint Venture Silicon Valley, 2021). Another
study that estimated the effect of various quality design attributes on the value of multi-family
residents in Belfast found that connectivity leads to higher property values (Nase, et al., 2016).
Although, these studies show direct and quantifiable effects of ICT on property values, there
are other unquantifiable value-bringing effects that should be taken into consideration. Dixon
(2005) wrote that researchers often employ a deterministic framework when conceptualizing
the impact of ICT on real estate. He argues that his framework is too simplistic in nature as it
leaves out several important factors, and that a socio-technical framework that incorporate
both micro and macro social and economic effects is more suitable. This is because
investments in ICT open opportunities for technological advancements that can create longterm growth, not only for the investor, but for societies as a whole.
2.1.2 New Technologies in Property Management
Several emerging and current technologies have applications in property management and
can facilitate numerous operations. Ullah et al. (2018) wrote about nine of these technologies,
their adoption in the real estate market, and how they can transform traditional real estate to
smart real estate. Smart real estate can be defined as buildings that use sensors to collect and
supply data to optimize asset and resource management. The technologies they studied were
IoT, clouds, Software-as-a-Service, big data, VR/AR, 3D scanning, AI and wearables. The study
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found that all of these technologies open opportunities for optimized resource management,
cost-efficiencies, and increased revenue through improved tenant experience. These
technologies can be interconnected so that they jointly make real estate smarter.
Naz et al. (2022) performed a systematic literature review to study the role of AI in property
management. They found 175 articles on AI and property management. The study found that
AI can be used to, for instance, develop new property models for proactive risk mitigation,
optimize resource management, data-driven sustainable property development, and to create
more customer-centric management systems.
Big Data refers to the collection and handling of the large amounts of data from the evergrowing number of connected devices. Big Data, specifically IoT, have several applications for
property management. Buildings can be supplied with different sensors that can give detailed
information about, for instance, heating, ventilation, presence of people, and lightning. This
information can be used to improve operational efficiency, by minimizing operating and
maintenance cost and ecological footprint. Data can also be collected from the building’s
tenants meaning that real estate owners can tailor their management to the tenants’ needs
which improves tenant satisfaction and helps with attracting new tenants. (Stoyanova, et al.,
2021)

2.2 5G
Since the birth of the first generation of cellular networks, a new generation has evolved each
decade. The first generation, 1G, was launched in 1980, and it was an analog system. 1G
operated on frequencies between 150 MHz to 450 MHz and offered download speeds up to 1
Kbps. The problem with analog systems is that they are very unsafe. Anyone with an all-band
radio could potentially listen to conversations that were not meant for them, which led to
numerous occasions of theft. This sparked the development of 2G, which was launched in the
late 1980s. 2G was the first digital system which meant that data could be encrypted. 2G also
introduced the world to SMS text messaging and improved download speeds to 9.6 Kbps. 2G
later evolved to 2.5G and 2.75G, which offers better download speeds and new technologies
that later enabled the evolution to 3G in 2000. 3G operates on the 2100 MHz band and offers
download speeds up to 2 Mbps. 3G introduced MMS, but it also enabled instant messaging.
4G was introduced in 2009 in Stockholm and Oslo. It enabled mobile web access, HD mobile
television, video conferencing, and much more through its LTE technology enabling mobile
download speeds up to 100 Mbps (Bhandari, et al., 2017). All these generations of cellular
networks have revolutionized the way we work and our daily lives, and they have created
opportunities for immense technological advancements. They have laid the foundation for
what 5G is and what it will become.
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All earlier generations of cellular networks and other terrestrial wireless systems have
operated within a bandwidth between a few hundred MHz and a few GHz which corresponds
to wavelengths of a few centimeters to about a meter. Nonetheless, as the data traffic steadily
increases, this bandwidth can get congested (FCC, 2010). Global data traffic is expected to
increase sevenfold by 2027 due to more and more users as well as more data-heavy
technologies (Ericsson, 2021). Moreover, 4G is reaching its maturity as only small amounts of
new spectrum can be used. Further improvements to the network are expected to be
insufficient in covering the increased data traffic of new technologies. 5G does not operate
within this frequently used spectrum of bandwidth, often called the beachfront spectrum.
Instead, it primarily uses much higher frequencies, called millimeter waves (mmWaves),
between 30-300 GHz, and WIFI’s unlicensed spectrum in the 5 GHz band. 5G is needed to
relieve the current widely used spectrum of bandwidth, support the growing need for data,
and create opportunities for new technologies (Andrews, et al., 2014).

Figure 1: Mobile data traffic per smartphone (GB per month) (Ericsson, 2021)

5G communication can be divided into three categories of communication, enhanced mobile
broadband (eMBB), ultra-reliable low-latency communication (URLLC), and massive machinetype communications (mMTC). eMBB can be seen as an extension and development of 4G’s
broadband service, enabling up to 20 times faster download speeds than 4G. URLLC is the
technology that enables 5G’s low latency (response time) of one millisecond. mMTC is a
technology that enables many IoT devices to be interconnected (Popovski, et al., 2018). Apart
from these new technologies, 5G is also the first cellular network that has control, content
delivery, and computation functions. (Pham, et al., 2020)
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2.2.1 Technologies Enabled by 5G
Most of the new devices from the last ten years run applications and programs that require
large amounts of computation power. At the same time, the hardware itself has limited
storage and processing capabilities. The solution for this has been cloud computing which
means that the data is instead transferred to centralized clouds. However, as the global data
traffic increases, this system can become congested, which can cause problems such as high
latency. This has started the development of edge computing (EC), which means that the cloud
computing system is relieved of some data by computation servers at the edge of the network
(Mao, et al., 2017). EC is a prerequisite for computationally intensive and highly interactive
mobile technologies, such as self-driving cars. The relationship between 5G and EC can be seen
as a symbiosis as they are dependent on each other. EC uses the 5G network, and many of the
future 5G applications will rely on EC to minimize latency (Hassan, et al., 2019).

Figure 2: Taxonomy of Edge Computing for 5G (Hassan, et al., 2019)

EC together with 5G enables new technologies like IoT. More and more kinds of devices are
connected to the internet, and they collect a lot of data. IoT refers to the technology that
interconnects all these devices and uses the vast amount of data to optimize industries and
our daily lives. IoT uses 5G’s URLLC and mMTC technology to achieve this (Salman, et al., 2015;
Li, et al., 2018). AR and VR are emerging technologies that have enormous possibilities for
widespread use, they are, however, limited by the current state-of-the-art technology. AR and
VR are computationally intensive and 360° rendering requires a cable connection to an
external computer which highly limits the mobility of the user. Additionally, most AR/VR
applications do not allow for real-time interaction between users due to the current state of
wireless networks. 5G together with EC is the solution for these problems but also a key
enabler for the tactile internet which means that a sense of virtual touch can be transmitted
over the internet (Sukhmani, et al., 2019).
9

5G also introduces a new technology called network-slicing. Previous cellular networks applied
a one-size-fits-all design where each user is connected to the same network, independent of
their needs. This leads to an ineffective distribution of spectrum since different people require
different network performance, especially when cellular networks become much faster.
Network-slicing means that 5G can be divided into different networks, called slices, with
different performance. Network-slicing enables more customizability for end-users, but it also
makes the network architecture more efficient in the development of new technologies.
(Zhang, 2019)
2.2.2 5G and Sustainability
Palazzo and Siano (2021) studied the links between 5G’s main functions and the UN’s 17
Sustainable Development Goals (SDGs). The study found that 5G, through technological
developments, creates opportunities for improvement in all SDGs.

Figure 3: The 17 Sustainable Development Goals (United Nations, 2022)

They divided 5G’s main functions into immersive, intelligent, omnipresent, autonomous, and
public 5G services. They found links between immersive 5G services (AR and VR) and 9 SDGs,
intelligent 5G services (user-centric computing and crowded area services) and 5 SDGs,
omnipresent 5G services (IoT) and 5 SDGs, autonomous 5G services (smart transportation,
drones, and robots) and 8 SDGs, and public 5G services (private security, public safety, and
emergency services) and 9 SDGs, see appendix 3 for clarification on which SDGs. (Palazzo &
Siano, 2021)
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They further added that cities must use the benefits of 5G in the creation of smarter cities as
they face several sustainability challenges. As previously explained, 5G and EC enable further
development of self-driving cars. The authors mention that self-driving cars can improve
traffic safety and management and lead to less carbon emission. They also mention that
sensors with 5G can be used in buildings to manage lighting, ventilation, and heating to
minimize operating costs and ecological footprint (Palazzo & Siano, 2021). In addition to this,
energy-efficient buildings have been proven multiple times to generate rental premiums and
increased property values (Pommenranz & Steininger, 2021; Wesely, et al., 2020; Taruttis &
Weber, 2020). Real estate owners can also lower their financial costs with green financing
when developing more sustainable buildings (JLL, 2021).
West (2016) wrote about how 5G can be used to improve resource management and
sustainability. He believes that 5G and other digital developments create opportunities for
improvements in water and traffic management, air quality, and building design. Due to the
growing urbanization, cities are facing several sustainability challenges. Because of this, the
cities of the future must use these emerging technologies to become smart cities. Smart cities
enable optimized resource management, which can lead to large-scale carbon emission
savings. As the cost of devices and sensors are coming down, the improved download speeds
and latency of 5G together with the decentralized network structure of EC, means that system
operators will no longer have to make conscious computing commands. West writes that this
will enable several new sustainability applications within resource management and energy
efficiency. 5G sensors can, for instance, be used to detect water leaks, optimize water and
energy use, and improve air quality.

2.3 Indoor 5G
As previously explained, 5G will operate outside of the beachfront spectrum using primarily
mmWaves. The use of mmWaves has several advantages other than being an available
spectrum, for instance, higher transmission rate and smaller hardware, but also many
limitations (Thandaiah Prabu, et al., 2016). The reason earlier generations of cellular networks
have not taken use of this spectrum is that it has been deemed unsuitable due to its bad
propagation qualities and high equipment cost. mmWaves are much weaker than radio waves
in the beachfront spectrum which means that they do not travel as far, they poorly penetrate
building walls, they have low diffraction, and can be absorbed by rain and other atmospheric
factors. However, this perception has changed over the course of time. As the beachfront
spectrum has become congested, the propagation qualities of mmWaves are now seeming
surmountable. Moreover, as the power consumption and cost of semi-conductors are falling,
so is the cost of mmWave hardware. Because of mmWaves’ propagation qualities, 5G is the
first cellular network to require both outside and inside network infrastructure (Andrews, et
al., 2014).
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It is generally believed that around 80% of total data traffic is generated indoors (Chandra, et
al., 2015; Ericsson, u.d.). This is because most of the applications that require high data rates
are run indoors, such as, videoconferencing and 3D-HDTV, whereas the outdoor use cases are
not as data-heavy, for instance, web-browsing and voice calls (Chandra, et al., 2015).
At the time of writing, the exact network architecture and division of responsibilities between
the affected parties of indoor 5G is yet to be determined. However, numerous studies have
studied possible architectural frameworks. Due to the scope of this thesis, the architectural
framework will not be explained in detail, the following paragraph aims at offering a
fundamental explanation of how indoor 5G can be organized based on the existing literature.
5G infrastructure can be divided into two kinds of nodes, BS and SC. BS are larger masts that
cover more extensive areas, and SC are fixed wireless access points that amplify radio waves
and fit both indoors and outdoors. Due to mmWaves poor propagation qualities, 5G coverage
requires extreme densification of masts. The distance between masts can go as low as a couple
of hundred meters. BS can be placed on roofs or light poles, or other places that offer
minimized path loss. The BS is then connected to a receiver on a building that is wired to SC
that transmits 5G within the building. The SC must have beam-forming qualities and be placed
strategically to efficiently deliver indoor 5G with minimized propagation losses (Chandra, et
al., 2015).

4G

4G possible with outdoor nodes
Figure 4: Illustration of 4G signals

5G

Requires nodes installed both indoors and outdoors
Figure 5: Illustration of 5G signals
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2.4 Innovation in the Retail Market
2.4.1 Technology Adoption
Retail-oriented companies are not usually associated as developers of pioneering innovative
technology, but more as innovation adopters. Companies largely use existing technology to
improve sales efficiency by collecting data from new customers and attracting and maintaining
existing customers. In addition, innovation is used to improve the work process with sales
processes, logistics, and communication. Technology has also been used to obtain detailed
information to predict future market trends, which is a key issue for success (Pantano, 2014).
Digitalization is a driving force for new technologies and new innovative solutions are entering
the market at a rapid pace. This technology push together with consumers’ demand for new
in-store experiences have caused a shift in retailers’ attitude towards innovation. Retailers are
now keener to adopt new, exciting, and attractive technologies to attract customers and make
their management more efficient. Retailers attitude towards innovation does however vary
depending on store typology and size. Retailers specializing in, for instance, fast-fashion and
sports, have adopted more technologies than retailers specializing in, for instance, watches
and toys. The number of adopted technologies does also, generally, increase with store size
(Pantano & Vanucci, 2019). Technology adoption in the retail market does not only depend on
the retailers’ attitude towards innovation. It is, in most instances, even more dependent on
the shoppers’ demands and behavior. Technology adoption among shoppers is dependent on
their perception on the technology’s ease of use and usefulness (Davis, 1989). Shoppers’
adoption of technology can also drive the retailers’ adoption. For instance, shoppers’
increased use of smartphones and tablets drove retail employees to start using them as well
(Shankar, et al., 2021).
2.4.2 New Technologies
Shankar et al. (2021) wrote about how technology will change retail. They categorized the
technologies by the stakeholder they affect, consumer-facing, employee-facing, and supplierfacing technologies. Consumer-facing technologies improve the customers’ engagement,
experience, and convenience within the stores. They lead to increased consumer loyalty and
satisfaction and, thus, increases sales. They include AR, self-checkout, facial recognition, smart
mirrors, and displays. Employee-facing technologies facilitate the employees’ operations and
tasks and improve interactions with customers. This increases the employees’ productivity
and effectiveness and, ultimately the customers’ satisfaction. They include hand-held
scanners, price scanners, AR, and customer tracking. Supplier-facing technologies improve the
cooperation between retailers and manufacturers. This leads to on-time deliveries and better
inventory management. They include, for example, blockchain, IoT, and inventory tracking.
The success of the retail market is highly dependent on the implementation of technologies
in all three categories as they will improve the efficiency and resiliency of retailers and
ultimately lead to increased sales and development of the market as a whole.
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The technology in the retail industry has historically given new dimensions for the
development of the retail industry, for example, the introduction of barcodes and electronic
equipment. Now, several new technologies are being introduced to the market, such as
machine learning and big-data analytics techniques, which can, for instance, give retailers
detailed customer data to transform the in-store experience. In addition, technologies such as
the Internet of Things can allow products to be tracked across continents or on shelves with
millimeter precision. All this is to enhance the customer experience to increase revenues.
(Adhi, et al., 2019)
“83 percent of customers say they want their shopping experience to be personalized in some
way, and our research suggests that effective personalization can increase store revenues by
20 to 30 percent”
- Adhi et al. (2019)
Adhi et al. (2019) provide several ideas of how technologies can reshape the shopping
experience. One emerging technology is that stores recognize customers when they enter, for
instance, when their smartphone connects to the store’s Wi-Fi or through face recognition
technology. In connection with the customer approving their presence and logging in, the
store can access their shopping list, and then intelligent shelf displays light up the items and
gives targeted discounts when the customer passes. In addition to this, technology can be
implemented that scan and identify all items simultaneously as the customer picks them up
and billing, thus, takes place when the customer passes the doors. There is a similar
technology used in grocery stores today by Amazon.

Figure 6: Effect of future technologies. (Adhi, et al., 2019)
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2.4.3 5G’s Effect on Retail
5G is an enabler/facilitator for all the technologies mentioned in the previous section
(Shankar, et al., 2021). As previously explained, the ever-growing digitalization leads to
extensive data-traffic growth as our day-to-day internet tasks become more computationally
intensive. This can lead to network congestion during crowded events, such as sporting events
or in malls at peak times. Digitalization has also caused a shift in the behavior of consumers as
they do video-related activities, social networking, and streaming instead of texting and
messaging when shopping. Development of the network infrastructure inside malls is
therefore needed to support the demand of consumers and to supply retailers with
opportunities for technological development. 5G is, thus, an essential factor in the creation of
more innovative retail. Retailers and real estate owners will, in the future, be able to localize
shoppers with a 5G connection in real-time. This means that they can study their movement
patterns inside their malls or shops, and shoppers can also be given personalized offers as
they walk into a store (Meani & Paglierani, 2018). 5G also enables intelligent bags that detect
the items that are put into them, and billing occurs automatically. The bags can be connected
to the customer's shopping list and, thus, locate and guide the customer to missing items.
Another use case is phygital events in stores, which are events that are both physical and
digital. Customers can join both physically and digitally and engage in immersive activities and
services with the help of AR/VR, drones, sensors, and other devices (Nowak, et al., 2021).
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3. Theoretical Framework
This section presents the theoretical framework that forms the basis for the study's research
question. The following theories are presented: Value Theory, Rent Theory, Business Models
and Business Strategies, Business Ecosystems, and Diffusion of Innovation Theory.

3.1 Value Theory
Value theory explains how value arises and is thus crucial to determine how 5G connectivity
could affect the property value.
3.1.1 Valuation Criteria
For properties, the valuation aims to assess the market value at a specific time. The market
value is defined as the most probable price in a typical transaction (Bengtsson, 2018, p. 18).
Properties are linked to the residual value theory, meaning that properties have no intrinsic
value but are derived from the production linked to the property (Bengtsson, 2018, p. 110).
Intrinsic value is the value something has or the value it has unaffected by external
subjectivities. For instance, if a person values a property higher than someone else because of
their emotional connection to the property itself, that would not be its intrinsic value. The
opposite of intrinsic value is extrinsic value, and it cannot be calculated as it is different for
everybody. Intrinsic value can be calculated through its objective utility, and it should be the
same for everyone (Zimmerman & Bradley, 2019). For properties that are held for investment
purposes, such as an office or retail building, the value of the property consists of the cash
flows generated for the owner (Bengtsson, 2018, p. 158).
3.1.2 Valuation Methods
There are numerous ways to calculate an asset’s intrinsic value. One popular and
straightforward method is Gordon’s Growth Model (GGM). GGM was formulated by Gordon,
Myron J., and Shapiro, Eli (1956) in their paper Capital Equipment Analysis: The Required Rate
of Profit. The formula was first used to calculate the intrinsic value of dividend-paying stocks
but has since been adapted to calculate the value of other assets. GGM calculates the intrinsic
value as the present value of all future dividends growing at a constant rate. The formula can
be translated to real estate by substituting dividends to the property’s net operating income
(NOI). Hence, a property’s intrinsic value is the present value of the future series of NOI
growing at a constant rate. To increase a property’s intrinsic value, its NOI must be increased,
which can be done by either increasing rents or lowering the costs.
There are several different method variants within GGM. The cash flow method and the direct
capitalization method are the most popular. The cash flow method values the cash flows
within a certain holding period and then the salvage value, while the direct capitalization
method values identical cash flows indefinitely. (Bengtsson, 2018, pp. 166-170)
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Figure 7: Illustration of the cash flow method (HungriaGunnelin, 2020)

Figure 8: Illustration of the direct capitalization
method (Hungria-Gunnelin, 2020)

3.2 Rent Theory
There are various theories about rent and how it is determined. Most of them were written
during the 18th and 19th century and is, thus, formulated around the occurrence of rent in
agriculture. The explanation of rent theory will also be based on agriculture due to its
simplistic and understandable nature, but how it can be applied to indoor 5G can be read at
the end of this section.
The classical theory of rent is the work of Daniel Ricardo and is often called Ricardian Theory.
Moreover, it is, however, heavily based on the work of Sir William Petty and James Anderson.
According to Ricardian Theory, there would be no rent if the ratio between population and
land is small. The most fertile land would be cultivated, and the produce would be sufficient
to satisfy the population. If the population were to increase and the demand for produce
would exceed the capability of the most fertile land, inferior land would be cultivated to satisfy
the demand. Rent would thus arise on the most fertile land, and it will depend on the
differences in fertility between the two proportions of land. The same principle would apply
to the second tier of land if the third tier of land were cultivated due to an increased demand
for produce. Rent would also arise if the most fertile land were cultivated to a greater extent
instead of cultivating less fertile land. Ricardo states that rent arises because the land is scarce
and varies in quality. Less fertile land produces less than more fertile land with the same
amount of capital. A cultivator of less fertile land would get the same result if he instead
cultivated more fertile land paying the increased produce in rent to the landowner, and rent
can, thus, be seen as a surplus. (Lackman, 1976)
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Figure 9: Ricardian Rent Theory (P, Q, R, S: Grades of land)

In modern times, the fertility of agricultural land can be translated to the productivity of real
estate. Suppose indoor 5G can, for instance, increase the productivity of an office worker or
the revenue of a retailer. In that case, it increases the productivity of that real estate, and it
should, thus, yield a higher rent for the real estate owner.

3.3 Business Models and Business Strategies
The theory of business models and strategies can be applied to the study since it explains how
real estate owners must adapt to the increased demand for better connectivity in order to
stay competitive.
Most companies explicitly or implicitly use a particular business model. A business model can
be described as a company's organizational and financial structure. This model describes how
the company creates and delivers value to its customers and converts the payments received
into profits. However, the business strategy requires more accuracy and a detailed market
analysis. Furthermore, a business model can be described as a more general business strategy.
The strategy analysis will contribute to the sustainable and competitive business model.
(Teece, 2010)
As the markets are in constant motion and development, real estate companies and retail
companies must adapt to the changes that are taking place to remain competitive. Increased
digitization, and advancement, through a wide range of different technologies, has previously
enabled a lot of innovation in the retail business model. Digital technologies have, for instance,
enhanced the quantity and quality of information required for decision-making processes
(Mostaghel, et al., 2022). The ongoing progress of digitalization, with new emerging
technologies being introduced to the market to continue enhancing the customer experience
and increasing revenues, places new demands on the use of data. As a result, companies must
constantly review their business models and correct them when necessary to keep up with
developments. (Fjeldstad & Snow, 2018)
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3.4 Business Ecosystems
Business models and business strategies are specific for each company, and it is crucial for
businesses to adapt in accordance with ongoing and future circumstances to remain
competitive and keep their market share. However, due to experiences from the past decade
with immense technological advancements, the view that companies’ sole purpose is to battle
for market share is reaching its maturity. (Moore, 1993)
An alternative view is that companies are not a part of an industry but a business ecosystem.
The theory of business ecosystems is based on biology, more specifically, coevolution in
natural and social systems. Coevolution explains how different species’ evolution is not
separated, they are connected and intertwined. A mutation in one species causes natural
selection in another and vice versa. As innovation enters the market, it changes the playing
field for all involved parties, and companies must act in accordance and adapt to the new
conditions. However, as new technologies become more and more complicated, the number
of stakeholders increase. Cooperation between companies is, thus, a requirement to adapt
effectively and sustainably. In a business ecosystem, different companies coevolve around
innovations. They work both competitively and cooperatively to evolve. Business ecosystems
consist of companies in several industries with the joint goal of evolving and generating profit
together. Some argue that companies no longer compete to the same extent as before.
Instead, it is the different business ecosystems that compete. (Moore, 1993)
Indoor 5G is an innovation that requires extensive cooperation between companies in several
industries, for instance, real estate owners, operators, 5G-manufacturers, end-users, and
developers of new technologies. Indoor 5G can, thus, be the beginning of new business
ecosystems where the involved actors work together to generate profits and opportunities for
further technological advancements.

3.5 Diffusion of Innovation Theory
The diffusion of innovation theory explains the process of adopting, for instance, a new idea,
method, or technology in a society. Firstly, the innovation gets adopted by innovators.
Innovators are characterized as being open to new technologies and are motivated by the idea
of being a change agent. Innovators are, however, prone to gatekeeping the idea.
Nevertheless, the next category, early adopters, adopt the innovation as the word spreads.
Early adopters are trend-setters and want to spread the word. They can be seen as opinion
leaders. Both adopter categories are generally more risk-taking than the later adopters. The
next category is the early majority. They are also categorized as opinion leaders but are less
risk-taking and more careful. They want the innovation to be proven and tested before
adopting it. The late majority are cautious and skeptical. They are not enthusiastic about new
technologies but adopt the innovation at a later stage due to peer pressure. The late majority
require bullet-proof solutions since they are very risk-averse and cost-sensitive. The late
majority is the start of the innovation’s diffusion amongst the population. The latter category
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is laggards. Laggards are often isolated from opinion leaders and are suspicious of new ideas.
When the laggards adopt the innovation, its development can be seen as saturated. (Kaminski,
2011)

Figure 10: Diffusion of innovation – adopter categories (Kaminski, 2011)

It is essential to understand the diffusion of innovation theory when developing new
technologies to implement it effectively. It is essential to understand that the goal is not to
move people from one category to another but to develop and promote the technology to
meet the needs of all five categories. (Kaminski, 2011)
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4. Methodology
This part consists of a description of the chosen research method for data collection and a
description of how the method was performed in the research. Furthermore, this part describes
research ethics aspects regarding the execution of the study.

4.1 Choice of Method
The study began with a literature study, collecting and reviewing existing literature, reports,
articles, and previous studies. This is to build a basic understanding of indoor 5G. Since the
implementation of indoor 5G is a relatively unexplored topic in the real estate industry, the
number of academic sources in the area was somewhat limited. Because of this most of the
information gathered in the literature study was included in articles and industry reports
based on previous research on implementing technologies in real estate sector. However,
several different independent sources of information were used to avoid the collection of
information being influenced by subjective information.
As indoor 5G is a relatively new phenomenon and the implementation of 5G inside real estate
has not yet begun, there is a lack of data to perform a quantitative study to quantify the effect
5G will have on property values. Therefore, a qualitative research method was chosen where
qualitative interviews were conducted with real estate owners and experts within the field.
The interviews were semi-structured with a deductive approach to open deeper discussions.
(Denscombe, 2018, p. 269)
The advantages of using a qualitative research method over a quantitative research method
in this study were that the qualitative data gives the depth and details required to understand
the economic incentives for implementing indoor 5G in its entirety. Qualitative data in the
form of interviews produce data that deals with the depth and details of the research
question. As a data collection method, interviews are probably the most flexible and the one
with the highest response rate as interviews are usually arranged and planned at a suitable
time and place. Interviews can also be a rewarding experience for the respondent compared
to, for instance, questionnaires as it is not a personal experience. (Denscombe, 2018, p. 292)
The study used a thematic analysis as a research method. The thematic analysis focuses on
identifying, analyzing, and interpreting opinion patterns in qualitative data. Therefore, the
qualitative data will be divided into larger and larger groups to formulate the respondents’
opinions and perceptions into main themes or reasons in ways indoor 5G affects CRE.
Thematic analysis can be divided into five steps, compiling, disassembling, reassembling,
interpreting, and concluding (Castleberry & Nolen, 2018).
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4.2 Qualitative Research
4.2.1 Structure
Semi-structured interviews enable more flexibility during the interviews, as it allows the
researcher to develop ideas during the course of the interview that open opportunities for a
deeper discussion on the topic. (Denscombe, 2018, p. 269)
4.2.2 Interview Questions
The interview questions were prepared separately for real estate owners and experts within
the field to adapt the interview to the respondents’ expertise. As the qualitative interview
method was semi-structured, these questions were created with an open character to
increase the chance for deeper discussion and follow-up questions. The interview questions
are presented in Appendices 1 and 2.
4.2.3 Selection
Since indoor 5G is a relatively unexplored topic, an exploratory selection was made to discover
new ideas and theories (Denscombe, 2018, p. 58). Considering that the study mainly focused
on analyzing indoor 5G in the Swedish retail real estate market, the respondents were selected
with great care to get an accurate and in-depth results as possible without collecting a large
amount of data.
Relevant respondents for the study were selected based on different factors depending on
which party they represented. Real estate owners were chosen based on their property
portfolio and also experience and position. Experts within the field were chosen regarding
experience and position. Furthermore, some respondents represented a group or a
collaboration hub with information from several experts. Snowballing technique was also used
to find other potential respondents.
The selected respondents in both categories are represented below.
Table 1: List of respondents of real estate owners

Respondent

Company information

Mikael Österberg –
CIO/Head of IT

AMF Fastigheter is a subsidiary of the pension company AMF
and is one of Sweden's largest real estate companies in
commercial properties in Stockholm and Sundbyberg. Their
overall mission is to contribute to stable returns for AMF's
savers.
Johanna Löndahl – Head ICA Fastigheter is one of Sweden's largest real estate companies
of Business
in retail. The overall task is to secure ICA Gruppen's long-term
Development & IT
need for suitable premises in the right places.
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Tomas Öhrn – Technical
Concept Developer

Castellum is one of Sweden's largest listed real estate
companies. The property portfolio mainly consists of premises
for offices, warehouses / logistics and community properties.

Table 2 List of respondents of experts within the field

Respondent

Company information

Viktor Augustsson –
Corporate Development

Proptivity is a neutral host company that will work with
supplying operator-neutral 5G-infrastructure within buildings.

Kaj Winther – CDO

Fastighetsägarna is an industry organization that represents
over 15,000 members. They work for a sustainable and
functioning property market. Its mission is to improve the
conditions for real estate owners so that the real estate market
can develop

Christoffer Börjesson –
Digital Investments &
Transformation

Stronghold Invest is an active investment company with a longterm view and an entrepreneurial culture. Their focus and
strategy are to invest in real estate services of tomorrow.

4.3 Procedure
Coding is a useful tool for analyzing interviews. Analysis of interviews requires a detailed
review and involves a successive process where data is coded and categorized (Denscombe,
2018, p. 395). All interviews were transcribed to facilitate the analysis of the data. The data
created from the transcription was then coded through thematic analysis, i.e., all data were
categorized based on different themes and patterns. The coding was performed without
paying attention to themes and patterns from previous information on the subject (Braun &
Clarke, 2006). The categories then facilitated the analysis process to develop patterns and
themes that could be compared and analyzed with information from the literature study and
the theoretical framework.
The research will also be carried out with ethical considerations in mind by protecting the
participant's interests, ensuring that participation is voluntary and based on informed
consent, and conducted with scientific integrity.
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5. Results and Analysis
This chapter presents the results of the interviews with real estate owners and experts within
the field. The first paragraph presents a table of the thematic analysis, and the following
paragraphs describes the identified themes in depth.

5.1 Thematic Analysis
The following table presents a summarization of the thematic analysis. The interviews were
transcribed to facilitate the analysis of the collected data. The data was then coded based on
similar patterns of the interviews and literature review. After several iterations of coding the
themes were found. The themes were then divided into sub-themes to improve the specificity
of each theme.
Table 3: Thematic Analysis

Themes

Sub-themes
Single operator

Organizing indoor
5G

Multi-operator

There is one operator per network infrastructure in
the building. Several operators require several
installations.
There is one main operator that supplies the 5G
infrastructure. Other operators can pay to access
it.

Neutral Host

A third party manages an operator-neutral 5G
network. Other operators can pay to access it.

Property management

Automated management, 3D-modelling, IoTsolutions, digital twins.

Retail

Study movement patterns, secure network
connection inside shops, AR/VR, personalized
experiences/discounts, phygital events

Use-cases of indoor
5G

Profitability drivers

Explanation

Demanded by tenants

Tenants will in the future demand secure, fast, and
stable networks to support their business
operations.

New business model

A new business model for 5G can enable real
estate owners to get a return from their networks.

Digital value

If indoor 5G is transferable between real estate
owners, buildings with indoor 5G might be sold at a
premium.
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Uncertainties

Business model, frequency distribution,
organization.

Utility easement

Might limit the real estate owner's development
potential

Technology

Expensive, densification, not yet fully developed.

Cooperation

Indoor 5G requires much more cooperation
between real estate owners, operators, neutral
hosts, and manufacturers.

Singular network

One network in a building instead of multiple
would lead to a more efficient use of spectrum,
less equipment, and less energy-use.

New technologies

New technologies enabled by 5G can, for instance,
increase energy-efficiency

Challenges and
risks

Sustainability

5.2 Organizing Indoor 5G
There still exists a lot of uncertainty regarding how indoor 5G should be organized. Indoor 5G
requires extensive cooperation between real estate owners, operators, tenants, and
manufacturers of 5G technology. The respondents have slightly different opinions on how it
should be organized, and the interviewed real estate owners are currently in the process of
launching 5G pilots to test their concept and if cooperation between the different actors is a
possibility.
Öhrn, a representative of Castellum, explained that they and several other real estate owners
had been involved in a collaboration hub where they have discussed with different operators
what role real estate owners should play in supplying indoor 5G and how to find a sustainable
business model. All respondents have expressed the difficulty and importance of finding a
business model for indoor 5G. Öhrn explained that real estate owners play a passive role in
the current generations of cellular networks, 3G and 4G. If a building requires investments in
cellular network technology, one or more operators must build BSs on the building, and the
real estate owner must build infrastructure within the building to supply the network. The
operators are willing to finance the investment if there is a great number of users within the
building, but if there is not, the real estate owner must finance it. These investments are very
costly, and in addition to this, the real estate owner does not receive any running payments
from their networks. They have discussed in the collaboration hub how to play a more active
role and how they can get direct returns from their network investments. Österberg explained
that AMF had chosen a different approach to find a suitable business model. They have instead
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had discussions with a single operator, Telia. None of the interviewed real estate owners have
been able to determine an exact business model yet as the development of indoor 5G is at a
too early stage. However, the interviews identified three concepts: single operator, multioperator, and neutral host.
5.2.1 Single Operator
Augustsson and Öhrn have explained two different outcomes that have been identified as
single operator concepts as they require each operator to have their own 5G-infrastructure in
some way. Augustsson explained that all legal entities could buy distributed antenna systems
(DAS) and install them in their building or facility. A DAS is an operator-neutral indoor network
infrastructure, meaning that it can supply several operators simultaneously to the buildings’
end-users. However, it does require that each operator have their BS connected to the DAS.
The DAS system is a cost-efficient way of achieving enhanced indoor coverage and capability
but has several downsides. It does not handle higher frequencies and 5G performance will
thus be lower. It is also an inefficient system where a lot of effect is lost as heat when signals
are transmitted indoors through the cables.
Öhrn explained that the Swedish Post and Telecom Authority (PTS) had assigned frequencies
in the 3,5 GHz band to 5G, and all legal entities can apply for a permit to use it. This means
that a real estate owner, a tenant, or an operator can apply for a permit and run 5G within the
applied frequency band for that area. This does, however, mean that the frequency band will
be blocked. Öhrn explained that this concept is more like the current network environment
where there are several parallel networks in a building and that it might hinder the two
following concepts since wavelengths in the frequency band are blocked.
5.2.2 Multi-Operator
Österberg explained that AMF would pilot a multi-operator concept together with Telia. The
main operator, like Telia, will build 5G-infrastructure within the building and supply 5G to their
end-users. Other operators can then pay to get access to the indoor 5G-infrastructure to
supply the other users with 5G. Österberg did say that the exact division of responsibilities
and costs is yet to be determined. However, both AMF and Telia agree that they will share the
costs. Öhrn expressed some concerns regarding the multi-operator concept as it is highly
dependent on cooperation between operators, which, historically, has not worked.
5.2.3 Neutral Host
Castellum and the other real estate owners in the collaboration hub have discussed the
neutral host concept. Augustsson explains that it means that a third party (i.e., neutral host)
installs and manages active end-to-end operator-neutral 5G infrastructure to which operators
can connect. They are responsible for ensuring that the 5G network holds up to the standard
that they have agreed upon with the operators. The neutral host is a certified operator since
running such systems requires it. If a real estate owner wants to manage their neutral-host
system, they too must be a certified operator.
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The exact business model and division of responsibilities are yet to be determined. Augustsson
also explained that it might vary between properties depending on which party gets the most
value from the installation. There will be specific cases such as airports, train stations and
prominent malls where operators might find it very important to be present. In these cases,
the operators might be willing to pay for the system and the real estate can benefit from a
system without charge. This means that the real estate owner would be relieved of the cost
to the neutral host, but it also means that the operators would dictate the network
performance and the system configuration. However, the operators may not be as keen to
pay the neutral host in other properties since the lower number of end-users will not yield a
high enough return. In such cases, the real estate owner will pay the neutral host to supply
their tenants with 5G. He further explains that in most cases, the real estate owner will be the
one that pays the neutral host since they get the most value from the installation. Börjesson
believes that a neutral host is the way forward in Sweden where there is a multi-tenant need,
especially in retail properties. By multi-tenant need, he means that there is not one dominant
operator, for each business to get 5G, all operators’ networks must be available.

5.3 Use-Cases of Indoor 5G
Winther mentions that there are no use-cases at present and, therefore, no upside or
incentive for a real estate owner to take the infrastructure cost for indoor 5G. However, the
respondents have mentioned several different beliefs about the future use-cases of 5G, both
for property management and different real estate segments. Both Österberg and Öhrn have
expressed that it is hard to predict future technologies, and they believe that more
technologies will make use of 5G as indoor 5G is implemented. Öhrn explained that the
development of new technologies is very rarely based on innovations under development,
and thus, more use-cases might be developed in the years to come.
As the scope of this paper is limited towards the retail segment and property management,
that is what has been the focus during the interviews. It is, however, essential to note that the
use-cases of indoor 5G stretch further than the retail segment. It is also important to note that
several new technologies and applications mentioned below are realizable without 5G. 5G
might facilitate the implementation of these technologies, but it is not necessarily a
prerequisite, some of them can be implemented with further development of fiber technology
and Wi-Fi.
5.3.1 Property Management
Börjesson mentions that the real estate owners, from a management perspective, will be able
to use indoor 5G as he believes that there will be many technologies that require 5G
connected to the properties. 5G also makes it easier to connect technologies as it is a
standardized technology. 5G is a start towards automated management and large-scale
information gathering on how a property works.
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Österberg mentions that there are multiple technologies for property management that are
currently under development. He explains that the different systems within a property, for
example, ventilation and heating, are separated today. In the future, they will most likely be
interconnected with the help of IoT and sensors. 5G can be used to track equipment within a
property and to guide service technicians to the right place. Service technicians will therefore
be able to receive streamed instructions on how to function and optimize these systems.
Öhrn says that the two most significant benefits of 5G are security and mobility, two essential
factors within property management. He also adds that 5G can facilitate the transition to 3D
blueprints. 3D blueprints can aid multiple management operations, although he further adds
that the transition from 2D to 3D blueprints requires complete data over the property and is
very expensive today. Nevertheless, as the information gathering in properties develops, and
the system within properties becomes interconnected, 3D blueprints can become a
widespread reality. Österberg, Augustsson, and Börjesson mentioned that 5G enables digital
twins for property management that can be updated in real-time with the help of sensors.
This would enable real estate owners to become more proactive than reactive in their
management.
5.3.2 Retail
The development of 5G could contribute to more relevant and personal offers based on
preferences in shopping and retail, making it easier to find the correct goods. Löndahl sees
potential with the implementation of 5G in that it could enable new technologies that allow
them to provide new services and thereby attract new customers. Börjesson points out that
retail stores will gravitate towards working more with experience and information through,
for example, virtual store guides, advertising, and automated purchasing. Börjesson
exemplifies this by explaining that stores will be able to provide personalized offers when a
specific person enters a store. In this case, it is essential to be able to quickly analyze and
process information, which will require high processing power and a good connection. 5G will
also facilitate the transition to mobile cash registers in, for example, clothing stores. In
addition to this, Börjesson mentions that the mobility of 5G will enable customers to roam
from store to store with the same strong network connection, which is very important as our
applications become more and more computationally intensive. Consequently, Börjesson
believes that retail tenants will require indoor 5G from their property owner as their
customers will want to have a fast and secure network connection.
Österberg also mentions that 5G can be used for personalized offers to customers. In addition
to this, Österberg, Augustsson, and Winther also state that it can be used to study movement
patterns inside malls or stores. Real estate owners and retailers can use this data to tailor the
environment to the customers’ needs which improves experience and profitability. Öhrn says
that retailers will most likely make use of AR and VR in their stores which requires 5G.
Augustsson explained that 5G in the early days can be used to drive marketing value. He sees
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that 5G can be used to arrange phygital events which can be a very good way for shopping
malls to attract customers.

5.4 Profitability Drivers
Based on the respondents’ interview answers, real estate owners have started discussing the
implementation of indoor 5G, but there still exists uncertainty in how or if it generates enough
utility or value to justify the investment cost. There is no doubt that there will be an increased
demand for better connectivity due to the growing number of internet users and new
computationally intensive technologies. However, the development of indoor 5G is at a too
early stage to be certain that the investment is justifiable. With that said, the majority of
respondents have mentioned several possible profitability drivers for indoor 5G, but with
varying enthusiasm about its benefits. This may be because of their attitude towards
innovation and which adopter category fits them (see the chapter about the diffusion of
innovation theory). Börjesson mentioned that most people have too little knowledge about
5G and the possibilities it enables. Because of this, the development of 5G is evolving at a slow
pace.
5.4.1 Demanded by Tenants
All respondents have mentioned that tenants might demand indoor 5G in the future. As
previously explained, retailers might require 5G to implement new technologies or satisfy
their customers’ connectivity needs. Börjesson explained that this might create value for real
estate owners as they can market their premises as 5G ready, giving a competitive advantage
to premises without 5G. Additionally, Österberg mentioned that, in the case of retail, it is in
the real estate owner’s interest that their tenants increase their turnover since they often
have turnover rent. If a tenant with turnover rent increases their turnover, so does the return
for the real estate owner. Hence, if tenants demand 5G since they think it can increase their
turnover, 5G can create additional value for a real estate owner apart from the competitive
advantage. Augustsson believes that tenants will think of indoor 5G as a necessity, and he
further adds that the demand from tenants is the main profitability driver for indoor 5G.
5.4.2 New Business Model
Property owners must have a strategy to build 5G networks and offer it to the operators who
connect their services as an open neutral party. In addition to this, telecom operators will also
be required to agree on a new business model for financing and sharing the same
infrastructure in individual buildings.
”If the operators agree with a solution and a neutral host operates the network for the users,
there is a financial upside for us, as property owners, in that model.”
- Tomas Öhrn, Castellum

29

Furthermore, Österberg and Winther mention that it is difficult to determine the economic
incentives before a business model is ready. As previously explained, tenants will probably
require a 5G connection indoors, incentivizing property owners to make 5G investments since
they want to keep their tenants satisfied. Today, Österberg do not know how they are going
to get a return on investing in indoor 5G. On the other hand, it is common in retail properties
to use turnover rent, so in that case, if indoor 5G can contribute to increased sales for the
tenants, the rent will increase. Since the real estate market is changing fast, companies may
need to correct their business models to remain competitive, based on the theory of business
strategies and business models. As previously explained, real estate owners have not received
any running payments from operators or end-users for running their networks. 5G opens the
door for new business models where real estate owners can capitalize on their 5Ginfrastructure.
Augustsson believes that real estate owners might be able to make 5G a rental add-on,
meaning that tenants pay extra rent in return for 5G. It is however important that the real
estate owner educates/explains to their tenants that 5G indoor connectivity will imply
investment costs and that it in most cases it will be easier for the real estate owner to take
the cost for an open system and portion it out on their tenants instead of each tenant
deploying their own system. The real estate owner will through an open 5G installation
improve their tenants’ premises and minimize their 5G costs as the rental add-on will be
cheaper than each tenant having their own 5G network. The business case will and should
ultimately be driven by the tenants or end-user of the service. Neither operators nor real
estate owners are forced to deploy a system, and it should only be considered if there is an
ROI for either of the parties.
5.4.3 Digital Value
Öhrn explained that today's valuation models do not, or very rarely, take digital values into
consideration. This is because it is not a permanent value, during a transaction the network
conditions often change. If 5G is demanded by tenants and needed to uphold a low vacancy,
it could create increased value if it is more transferable between owners than previous
networks. It could also lead to lower values if it turns out that real estate owners must switch
5G-equipment in a few years. However, such generational aspects are often involved in
network valuation models, and its effect on property values is hence dependent on future
circumstances.
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5.5 Challenges and Risks
During the interviews, several challenges and risks were highlighted that could have an
inhibitory effect on the development of indoor 5G.
5.5.1 Uncertainties
Since the development of indoor 5G is at a very early stage, there are several uncertainties
that must be taken into consideration. Firstly, a complete business model that satisfies all
involved parties is yet to be determined. Consequently, Österberg explained that it is hard to
determine the economic incentives before the business model is finished. In addition to this,
both Österberg and Öhrn said that it is hard to predict the technologies of tomorrow, which
also makes it hard to determine the value of indoor 5G. Löndahl also points out that there is
a “Catch 22” problem, new technologies will be developed when the infrastructure for 5G is
in place, and the infrastructure for 5G will be implemented when there is a demand for it,
which is in turn dependent on the new technologies.
Furthermore, several legal uncertainties exist, such as how the free frequency band should be
distributed between operators and companies’ private networks. Öhrn explained that since
all legal entities can apply for a permit in the free frequency band. Specific frequencies might
be blocked, which can hinder the complete development of indoor 5G.
5.5.2 Utility Easement
The legislation regarding the utility easement and the fact that the operators alone can obtain
a permit through PTS means that real estate owners have poor protection linked to the
disposal of their property. Öhrn points this out as a problem as real estate owners want
complete control of their buildings. The neutral-host and multi-operator concept will require
utility easement, and it can, thus, hinder the real estate owner’s development potential.
5.5.3 Technology
The neutral host and multi-operator concepts require active network systems that can
manage several operators’ networks simultaneously. These network systems are not yet fully
developed. Öhrn mentioned that it might be within the next two years. The business models
for indoor 5G that are currently under development are, thus, based on the future technology.
Another aspect to consider is the extreme densification of BSs that 5G requires. 5G
infrastructure can be costly, and it is in both the operators’ and real estate owners’ interest to
optimize the infrastructure placements to minimize capital expenditure.
5.5.4 Cooperation
Indoor 5G will require much cooperation between real estate owners, operators, neutral
hosts, and manufacturers. Winther mentions that operators will be required to agree on a
new business model for financing and share the same infrastructure in individual buildings.
However, Öhrn points out that operators often have problems cooperating.
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5.6 Sustainability
Most respondents can see that indoor 5G could contribute to a more sustainable society. This
is because 5G is an enabler for digitization and more efficient processes, which is a
prerequisite for developing new sustainable solutions for individuals and companies.
Börjesson mentioned that the continued development of the Internet of Things, automation,
and artificial intelligence would significantly positively impact environmental work in the
future. This is because technology enables an exchange of information between machines and
devices since they are interconnected. Sensors can thus collect large amounts of data of
various kinds that are processed at lightning speed for tailor-made and intelligent applications.
Furthermore, the hardware itself is also more sustainable than previous generations of cellular
networks. Augustsson and Löndahl, on the other hand, point out that a more digital society
will, in turn, be more energy intensive. However, Augustsson mentions that the technology
that 5G enables will contribute to more sustainable societies.
5.6.1 Singular Network
Single network solutions, such as neutral host, use the infrastructure for one network in a
building instead of several different networks, which would lead to more efficient use of
spectrum, less equipment, and less energy use. Öhrn, Winther, and Augustsson mention that
this is better for the environment than the infrastructure built today with multiple networks.
In addition, Börjesson mentions that 5G can replace a lot of technology and cables available
today, thereby reducing electronics costs, the material, and the handling that entails
afterward. Furthermore, Öhrn explains that the technology for creating a singular network
already exists and that there have been some attempts at creating singular network solutions
in properties with the current technology. However, there is a lack of trust in the current
network architecture for security reasons. Öhrn hopes, from a sustainability perspective, that
we will see more singular network solutions with increased cooperation in the network
environment and that 5G might be the solution for this, considering its high security and
beneficial performance.
5.6.2 New Technologies
Since 5G consists of more technologically advanced solutions, it is an excellent tool for future
intelligent technologies. New technologies enabled by 5G can, for instance, decrease the
waste of resources and increase energy efficiency. Löndahl also mentions that technology can
enable energy storage. Österberg mentions that they are developing IoT solutions to optimize
operating and maintenance, primally technologies to optimize energy use. They have also
discussed this with various PropTech companies in the same field.
Furthermore, Österberg explains that different systems within a property are, traditionally,
separated but that these systems can be interconnected with IoT and sensors. Börjesson
shares the same view and explains that 5G is a start towards intelligent and automated
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management as well as information gathering/insights into how a property operates. In
addition, Winther mentions that 5G technology can save energy by streamlining the control
of radio signals and by only sending the information/data that is needed. He also notes that
5G enables a more decentralized network structure. All the data that is created in a building
does not have to be transferred to the cloud, data regarding operating and maintenance
operations can be kept in the building. This will make the network environment more efficient
and faster as computations can be made at the edge of the network.
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6. Discussion
In this chapter, interesting thoughts that emerged during the study are discussed in relation to
the existing knowledge of indoor 5G in real estate from the literature review and theories on
the subject. Furthermore, this part describes limitations, potential development, and
suggestion for further research for the study.

6.1 Organizing Indoor 5G
The development of indoor 5G is at a relatively early stage, and there still exists a lot of
uncertainty regarding how indoor 5G should be organized. Indoor 5G requires extensive
cooperation between real estate owners, operators, tenants, and manufacturers of 5G
technology. Since there is not a single dominant operator in Sweden, there is a need for indoor
5G solutions that enable multiple operators’ networks.
All three concepts that have been mentioned in this report have possibilities for enabling this.
However, since the single operator concept requires each operator to have their own
infrastructure, it is the most CAPEX intensive and worse concept from a sustainability
perspective. In addition to this, every operator’s network will run in parallel which may cause
inefficiencies in the frequency distribution. The multi-operator and neutral host concepts are
better in that regard. The multi-operator concept does, however, have other flaws. Firstly,
operators have, historically, had problems with cooperation. Secondly, we believe it puts the
main operator in an unproportionally large position of power as they can either influence the
tenants to switch to their network subscription or force other operators to pay large amounts
of money to connect to their infrastructure.
For the indoor 5G rollout to take place in a smooth, profitable, and sustainable way, we think
that a neutral host concept is the way forward. The neutral host concept minimizes investment
and operating costs and is better from a sustainability perspective by being an end-to-end
active, singular, network system. The business model enables the neutral host to capitalize on
the party who gains the most value from their installation, which encourages and facilitates
the implementation of indoor 5G. The neutral host is also specialized in their field, and they
are a certified operator, which means that real estate owners can focus on their core business,
and they also only have to cooperate with one party instead of several operators.

6.2 Use-Cases of Indoor 5G
One discussion worth highlighting is that indoor 5G could improve retail productivity, see the
chapter about rent theory, and be used with sensors to optimize operating and maintenance
for real estate owners, which might lower operating expenditures and ecological footprint
(Ullah, et al., 2018; Naz, et al., 2022; Stoyanova, et al., 2021). The respondents have mentioned
several use-cases of indoor 5G, but all of them are based on what they believe will exist in the
future. Several new technologies are currently or under development, but it is tough to
determine 5G’s total value and utility in this early stage. Another essential aspect to consider
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is which technologies require 5G and which of them can be implemented with, for instance,
further development of Wi-Fi. The development of Wi-Fi technology can offer the same or
even better download speeds and latency than 5G, but it is not as mobile. The mobility of 5G
is a big part of what sets it apart from other network alternatives, which is why we think it is
essential to implement it in retail facilities as shoppers are constantly moving, both inside and
between stores (Meani & Paglierani, 2018). 5G is also standardized and very secure, meaning
that companies can use the same technology and security models for different places.

6.3 Profitability Drivers
All respondents have expressed the difficulty and importance of finding a business model for
indoor 5G. Furthermore, real estate owners have not had sufficient incentives to change their
entrenched business strategies. Our view is that it is too early to say with certainty how much
value real estate owners will get from implementing indoor 5G in their retail properties.
However, we believe that it can generate value for several reasons. We see opportunities for
both cost efficiencies through reduced need for vertical solutions and revenue opportunities
once the infrastructure is possible to use.
The use-cases for property management can optimize resource management, leading to both
cost-efficiencies and sustainability benefits. By implementing 5G and sensors, real estate
owners can measure air quality, ventilation, and heating efficiently and cost-effectively. They
can use this data to lower their operating and maintenance costs and still keep the indoor
climate at a satisfactory level (West, 2016). New technologies, like IoT, AI, and real-time digital
twins, can further optimize management (Ullah, et al., 2018; Naz, et al., 2022; Stoyanova, et
al., 2021). 5G and its use-cases can also help developers meet the requirements for green
building certifications when building new properties. Such buildings have been proven
multiple times to generate premiums (Pommenranz & Steininger, 2021; Wesely, et al., 2020;
Taruttis & Weber, 2020). Real estate owners can also use green financing for green buildings,
which lowers their financial costs (JLL, 2021).
5G can generate increased revenue for real estate owners in several ways, although, with the
same underlying reason, that 5G and its use-cases are demanded by tenants and shoppers.
Firstly, from a business strategy perspective, real estate owners can market their properties
as 5G ready, which can help attract tenants and, thus, reduce vacancy. This is also applicable
for properties where there flows a lot of people, for instance, malls, where the 5G-marketing
can help attract shoppers. Secondly, retail properties often have turnover rent. This means
that it is in the real estate owners’ interest to supply their retail tenants with opportunities to
increase their turnover. Consequently, real estate owners should try to increase the number
of shoppers in their retail premises. Real estate owners and retailers can arrange phygital
events to attract shoppers. Retailers can also implement different use-cases of 5G to increase
their turnover, for instance, sensors and cameras to study movement patterns, personalized
discounts, AR/VR, and more (Shankar, et al., 2021; Adhi, et al., 2019; Meani & Paglierani, 2018;
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Nowak, et al., 2021). Thirdly, considering how 5G is standardized and that the infrastructure
will most likely be managed by a third party, for example, a neutral host, the network qualities
of a property with indoor 5G can be transferred between owners. This means that 5G has the
possibility of applying a digital value to properties that appraisers can include in their
valuations. 5G’s potential cost-efficiencies and revenue opportunities should be taken into
consideration in the appraisal. Nonetheless, if 5G increases real estate value, it is only a
temporary effect. As more and more buildings get indoor 5G, the competitive advantage will
diminish, and in the end, it will only be 5G’s effect on the net operating income that will affect
the value (Bengtsson, 2018; Gordon & Shapiro, 1956). Lastly, real estate owners may be able
to make a 5G connection a rental add-on. This means that their tenants will have to pay extra
to get 5G. The real estate owner can make use of network-slicing and offer their tenants
different 5G packages with varying performance and service.
Both the cost-efficiencies and revenue opportunities are based on the future use-cases of 5G,
and that tenants demand them, and real estate owners make use of them. However, these
use-cases will not be developed until the 5G infrastructure is finalized. This creates a circular
dilemma in the implementation of indoor 5G. The main profitability driver for indoor 5G is
that tenants will demand it. However, the demand is driven by the use-cases that will not be
developed until the indoor infrastructure is built. This means that it is impossible for real
estate owners to see an immediate utility from their indoor 5G infrastructure. We,
nonetheless, think it is essential that real estate owners still implement 5G as it is the
foundation for profound technological advancements that have possibilities to improve our
societies in a multitude of ways. Real estate owners who have the courage to successfully
develop a business model for the implementation of indoor 5G will, in the long run, be at the
forefront when they meet the tenants’ changing demands.

6.4 Business Ecosystem for Indoor 5G
5G is the foundation for immense technological advancements that will generate value for
companies in several different industries. However, for these technologies to be developed
and implemented, the infrastructure must be put in place at first. We have identified indoor
5G as a business ecosystem since it requires cooperation between several companies from
different industries. 5G has the possibility of generating value for all the involved actors in
different ways, but it is only a possibility if each actor recognizes their responsibility and
involvement in the business ecosystem. They must realize that they are working together and
that they have a joint goal of generating profit. Thus, the involved parties must coevolve
around indoor 5G and cooperate within their new business ecosystem (Moore, 1993).
The following figure shows how we believe value will be created for the different participants
in the indoor 5G business ecosystem. The figure summarizes the results of the study and
connects the use-cases to profitability drivers. It shows how the involved parties must
cooperate between industry borders and compete within industry borders to sustain and
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develop the business ecosystem and to create new use-cases of 5G. We based the figure on
the neutral host concept since we believe it is the best way to organize indoor 5G. It is,
however, essential to note that there are still a lot of uncertainties and that the figure presents
the best case, where cooperation between the actors is realized, and tenants demand 5G and
its use-cases. We also believe the figure is transferable to the other real estate segments, for
example, the office segment, with slight adjustments.

Figure 11: Business ecosystem for the neutral host concept

6.5 Limitations and Potential Developments of the Study
During the study, several potential areas for improvement arose. A more significant number
of respondents from both parties would have been preferable. However, since the
implementation of indoor 5G is a relatively unexplored topic in the real estate industry, the
number of experts within the area is somewhat limited. Therefore, it would be interesting to
investigate this when the development has come a bit further. Although a more significant
number of respondents could have contributed with slightly more insights into the
development of 5G, our general perception is that we almost met the information saturation
in the data collection. We were able to distinguish similar themes from all the interviews
quickly.
Furthermore, we believe that a qualitative method with semi-structured interviews was the
most appropriate method to fulfill the purpose of the study since we wanted to gain an
increased understanding of indoor 5G and what opportunities it could create on a deeper
level. Furthermore, it would have been advantageous to let the respondents read through the
37

transcribed material for their respective interviews instead of letting them read through the
finished result. This would give respondents a chance to adjust their answers and, at the same
time, open for a deeper discussion, more reliable answers, and more insights into the
development of indoor 5G.

6.6 Suggestions for Further Research
Valuation of the Digital Property
The study revealed that today's valuation models do not (or very rarely) consider digital
values. Therefore, it would have been interesting to see how a property valuer views indoor
5G in retail properties.
Indoor 5G from a Legal Perspective
The 5G expansion is accelerating at the same time as the real estate industry's concerns about
utility easement and free spectrum designated for 5G. The property owners fear that the
system will be used for commercial purposes at the property owner's expense. Therefore, it
would have been interesting to look at this from a legal perspective.
Indoor 5G from a Retail Tenant Perspective
During this study, we chose not to examine indoor 5G from a retail tenant perspective. It
would have been interesting to see how retail owners view this and what different
technologies may emerge due to the development, which retail owners are willing to use to
take advantage of the digital revolution.
Indoor 5G from a Sustainability Perspective
The study showed that indoor 5G has positive effects from a sustainability perspective.
Therefore, it would have been interesting to investigate this more in-depth.
Profitability Drivers for Indoor 5G for Different Segments of Real Estate
During this study, we chose to examine indoor 5G from the retail segment’s perspective. It
would be interesting to study indoor 5G from other segments, such as commercial, residential,
or industrial.
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7. Conclusion
The real estate market is in constant motion, and the progress of digitalization places new
demands as the use of data has increased drastically in recent years. As new emerging
technology is introduced to the market, the existing network infrastructure must be upgraded
to the next generation. Therefore, the study's primary purpose was to gain an increased
understanding of whether indoor 5G connectivity is a profitable investment for real estate
owners.
Main research question: What are the economic incentives for implementing 5G inside of
properties?
There are potential benefits of the 5G expansion in the near future for real estate owners.
However, the expansion requires extensive investments in infrastructure in each property,
and the question that remains is how these costs should get distributed? This study indicates
that indoor 5G requires extensive cooperation between real estate owners, operators, neutral
hosts, and manufacturers. Furthermore, the study shows that a neutral host concept should
be used to organize the development of indoor 5G for the expansion to occur in a smooth,
profitable, and sustainable way.

Figure 12: Business ecosystem for the neutral host concept
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The main findings of this thesis are that there are no immediate benefits to installing indoor
5G in properties at the present. However, real estate owners are piloting indoor 5G projects
in order to test their concept and if cooperation between the different actors is a possibility.
The study has identified three different organizational concepts, single operator, multioperator, and neutral host, that can be implemented to deploy indoor 5G. Although real estate
owners will most likely not see any immediate benefits, indoor 5G opens opportunities for
cost efficiencies through reduced need for vertical solutions, sustainability benefits, and
increased revenue when new technologies that take use of indoor 5G emerge.
The conclusion that can be drawn from this study is that real estate owners must increase
their knowledge of this new technology and develop a strategy for their role. Operators will
also be required to agree on a new business model for sharing the same infrastructure in
individual buildings. The starting point should be that operators, third parties, and property
owners share risks and opportunities in the development of 5G.
It is a great time for real estate companies, operators, and retailers to start embracing the
challenge of bringing the expansion of indoor 5G infrastructure in the near future.
In summary, our hope is that this study has contributed to an increased understanding of
indoor 5G and what opportunities it could create. In addition to this, as there is little research
in this field, we hope that this study has highlighted factors that can increase the parties’
knowledge and understanding of this emerging technology in order to be able to optimize the
use and development of indoor 5G.
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Appendices
Appendix 1: Interview Guidelines – Real Estate owners
1. How could 5G investment and implementation be organized? Which partners are
needed for investment and implementation?
2. What implications 5G technology could have on property management processes?
3. Have you implemented 5G indoors in any of your properties or are there plans to
implement this?
4. What business benefits you expect for your firm from an investment into 5G? What
business benefits 5G could bring to your tenants/customers or partners? What are
the challenges with the implementation of indoor 5G?
5. What are the profitability drivers to implementing 5G?
6. Does the implementation of indoor 5G give rise to any consequences from a
sustainability perspective?
7. What does 5G offer that 4G, Wi-Fi and other traditional internet connections do
not offer?
8. Does the implementation of 5G give rise to any consequences from a property
valuation perspective?
9. What do you think about the future of indoor 5G in the retail market in Sweden?
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Appendix 2: Interview Guidelines – Experts within the Field
1. How could 5G investment and implementation be organized? Which partners are
needed for investment and implementation?
2. What implications 5G technology could have on property management processes?
3. What business benefits you expect for your firm from an investment into 5G? What
business benefits 5G could bring to your customers or partners? What are the
challenges with the implementation of indoor 5G?
4. What are the profitability drivers to implementing 5G?
5. Does the implementation of indoor 5G give rise to any consequences from a
sustainability perspective?
6. What does 5G offer that 4G, Wi-Fi and other traditional internet connections do not
offer?
7. What do you think about the future of indoor 5G in the retail market in Sweden?

47

Appendix 3: Linking the 17 SDGs with the Five Service Categories of 5G

(Palazzo & Siano, 2021)
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