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We need to start getting comfortable with uncertainty.
Ernesto Romero.
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Abstract
The Internet of Things (IoT) enables opportunities to remotely sense and
control objects via communication networks. We study services based on
connected devices and the collaboration they generate between the ICT and
the Health, Social Care and Wellbeing (HSCWB) industries.
In HSCWB, IoT can support a change from episodic treatments of illness
to preventive care and wellbeing solutions. The IoT can be a supporter in cost
efficient and high quality health care. The objective is to achieve healthier
life years and more efficiency in health and social care. Even if the potential
of IoT in HSCWB has been proven in pilot projects and small-scale solutions,
the benefits and opportunities for many actors are still unclear. There is
a research gap in studying the roles and business opportunities for marketdriven technology-based solutions enabled by connected devices.
The research approach separates technological and business domains. On
the technology side, the focus is on advances in connectivity for IoT. We
present the technical details on a limitation to support IoT devices in cellular
networks. We quantify the limitations in the Random Access Channel of
the LTE air interface to support IoT devices. Moreover, we propose the
adaptation of an access mechanism to enable massive number of simultaneous
access attempt in cellular networks.
On the business side, we identify and present how the conditions of the
health and social care structure in Sweden affect the establishment of IoT
solutions in HSCWB. We then show how these conditions have generated
three distinctive development patterns–to innovate within the public sector,
to develop solutions in the private care sector, or to target the wellbeing sector
to avoid regulatory setbacks.
Based on these patterns, we look closer into study cases to show how business opportunities have been addressed from a business network perspective.
When deploying an IoT service, not all critical challenges can be appreciated
at a single firm level. Therefore, we rely on a network-level business model
framework to analyze emerging IoT services in HSCWB.
The findings suggest that IoT components can improve an existing service by automating internal working processes, or they can enable new value
propositions and convenience to end users. In general terms, the collaboration can be used (i) to improve the efficiency of existing services in health
and social care without an original intention to change the service offering, or
(ii) to create novelty and differentiation, without affecting the internal logics
of existing HSCWB services.
Keywords: Internet-of-Things, Enabling ICT, Social care, Wellbeing,
Business models, Business Ecosystems.
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Sammanfattning
Sakernas Internet, Internet-of-Things (IoT), erbjuder möjligheter att mäta egenskaper hos objekt samt övervaka och styra dessa via kommunikationsnät. Vi studerar tjänster baserade på uppkopplade objekt och de möjligheter
till samarbete som möjliggörs mellan områdena IKT, hälsovård, social omsorg
samt sport och träning, Health, Social Care and Wellbeing (HSCWB).
Inom HSCWB kan IoT stödja en förändring från episodiska sjukdomsbehandlingar till förebyggande vård och åtgärder för bibehållen hälsa. IoT kan
stödja kostnadseffektiv hälsovård av hög kvalitet. Målsättningen är att uppnå
ett mer hälsosamt liv samt effektivare hälso- och sjukvård och omsorg. även
om potentialen för IoT i HSCWB har bevisats i pilotprojekt och småskaliga
lösningar är fördelarna och möjligheterna för många aktörer fortfarande oklara. Det finns en lucka i forskningen angående roller och affärsmöjligheter för
marknadsdrivna teknologibaserade lösningar som möjliggörs av uppkopplade
enheter.
Forskningsansatsen består av en teknisk och en affärsmässig del. För den
tekniska delen ligger fokus på forskning kring uppkoppling för IoT. Vi presenterar de tekniska faktorer som begränsar uppkoppling av IoT-enheter i mobilnät. Vi kvantifierar begränsningarna för LTE-gränssnittets åtkomstmekanism
för att stödja IoT-enheter. Dessutom anpassas och utvärderas en metod som
möjliggör ett stort antal samtidiga försök till uppkoppling i mobilnät.
För den affärsmässiga delen, identifierar och presenterar vi hur de nuvarande förhållandena i Sveriges vård och omsorg påverkar inrättandet av
IoT-lösningar i HSCWB. Vi visar sedan hur tekniska innovationer kan följa
tre typiska utvecklingsmönster: (i) att driva innovation inom den offentliga
sektorn, (ii) att utveckla lösningar inom privatvården, och (iii) att rikta sig
mot välfärdssektorn för att undvika regleringstopp.
Baserat på dessa utvecklingsmönster analyseras vidare några fallstudier,
detta med syfte att visa hur särskilda tjänster har utvecklats. Vid introduktion av en IoT-baserad tjänst kan inte alla kritiska utmaningar beaktas på
företagsnivå. Därför använder vi ett ramverk för affärsmodeller på nätverksnivå för att analysera IoT-lösningar i HSCWB.
Resultaten tyder på att IoT-komponenter kan förbättra en befintlig tjänst
genom att automatisera interna arbetsprocesser, eller så kan de möjliggöra
nya mervärden och bekvämlighet för slutanvändare. Sammanfattningsvis kan
samarbetet användas för att (i) förbättra effektiviteten hos befintliga tjänster
inom vård och omsorg utan avsikt att ändra erbjudandet, eller (ii) bidra med
nyskapande och differentiering utan att påverka den interna affärslogiken hos
tjänster.
Nyckelord: Internet-of-Things, möjliggör IKT, social omsorg, välbefinnande, affärsmodeller, företagsekosystem
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Thesis Overview
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Chapter 1

Introduction
This section provides the general description of the thesis, starting from a background elaboration that leads to the problem addressed in the research. The general
approach and design to combine different disciplines is also highlighted. Finally,
the contributions are presented, both in terms of research findings and academic
publications.

1.1

Background

Three topics are key to present the scope of the thesis: (i) the ongoing transition
in the telecom industry from connectivity to service enablement, (ii) the Internetof-Things (IoT) and its use in the health domain, and (iii) the need for a multidisciplinary research scope. These three topics are covered next and will lead the
problem statement covered by this research.

1.1.1

Telecom: from user connectivity to service enablement

The telecom industry, and particularly the mobile sector, is currently under an expansion in focus—from technology-driven innovation to a mind-set of market-driven
innovation and service enablement. This change turns the perspective of pushing
for new technology into identifying customer values in present and future market
segments. The latter requires understanding the contexts in which communication
technologies can be useful. Context could refer to location or type of user, but it
also refers to the industries that will make use of communication technologies as
part of their operation [2].
For the traditional voice and broadband use cases, everything can be discussed in
a connectivity-oriented context. In these cases, the ICT actors (Mobile operators,
Internet Service Providers, etc.) have a direct interaction with the customer or
final user; this is the traditional structure of the telecommunication sector. On the
contrary, in the context of service enablement, the business is discussed in terms
3
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of the service that is enabled on top of the connectivity (similarly to the case of
Over-The-Top services); hence, ICT actors tend to have supporting role. Even if
the communication is a fundamental enabler for the service, the role of ICT actors
is many times described as just the providers of the data transport infrastructure.
In recent years, there has been a common interest from incumbent market players to position themselves as enablers of services based on connected devices to tap
into the economic value beyond the connectivity provisioning [3]. Indeed, revenues
based on connectivity are on decline as connectivity is perceived as a commodity,
but the opportunities abound on the service domain and the data generated by
customers [4]. The potential of connectivity is data availability [5], which can be
used to co-create value with customers [6, 7]. “When the data represents valuable
information it can be a product itself, either to provide improved and customized
services, reduce expenditures or optimize working times” [5].
Naturally, this reconfiguration is resulting in closer collaboration with non-ICT
industries where discussions and developments are merging from different angles.
This service enablement scope has been more evident within the Internet-of-Things
context, a concept that is clarified in the next section.

1.1.2

The Internet of Things addressing health, social care and
wellbeing challenges

There are three terms which are often used interchangeably since they all imply the
notion of connected autonomous devices: Machine-to-Machine (M2M), MachineType Communications (MTC), and Internet-of-Things (IoT). Since the three concepts have overlapping connotations and their definitions are not concrete, we clarify
the interpretations adopted for this thesis.
M2M can be defined as the set of wireless and wired communication between
mechanical or electric devices [8], including the communication between remote
machines and central management applications [9]. The M2M concept has been
used to refer to the technologies able to measure, deliver, process and react upon
information in an autonomous fashion [10]. M2M and MTC are considered synonyms [11]. However, since MTC is the working terminology used by 3GPP, it is
often regarded as the segment of M2M carried over cellular networks [12]. These
two telecom terms have a strong focus on the network and connectivity aspects.
IoT is a broader concept compared to M2M and MTC. It refers to a set of
technologies, principles, systems and applications associated to Internet-connected
objects [13]. It was first used to describe a “world of seamless connected devices that
would save us time and money” [14], based on the interconnection of the physical
world with the virtual world of the Internet [15]. We argue that M2M and MTC
are communication enablers for the broader concept of IoT.
The ubiquity of mobile connectivity, the miniaturization of sensor devices, and
the declining costs in hardware and connectivity [5] are fueling the development
of the IoT [16]. IoT enables opportunities to remotely sense and control objects
via communication networks; producing a direct integration of the physical world
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into computer-based systems. IoT has been proven beneficial for several industries,
each having different requirements and conditions. In health, social care and wellbeing (HSCWB), IoT can support a change from episodic treatments of illness to
preventive care and wellbeing solutions.
The European Commission has been clear on the Digital Agenda for Europe
in terms of health and aging, “ICT can be our most powerful ally for good and
affordable healthcare” [17]. Using ICT to improve healthcare has been in action for
many years, but the use of modern communication technologies and the availability
of convenient devices enables the creation of better services and improves the way
care services are managed. We consider that IoT is a set of technologies within the
area of ICT. Hence, the IoT benefits could always be associated to those coming
from ICT benefits and discussions on digitalization. The differentiating factor for
IoT is the possibility to embed ICT capabilities into regular activities in an nonobstructive fashion.
As it has been shown in pilot projects and early implementations, IoT is enabling
the support for cost efficient and high quality health care, empowering citizens of
all ages to self-manage their quality of life [18–20]. The objective is to achieve
healthier life years, and more efficient health and social care. In order to attain
this, solutions must be patient-centric, and have a strong focus on prevention and
early diagnosis [21]. IoT can be used in the context of HSCWB in three areas, with
similarities occurring across welfare states:
• Healthcare and hospitalized patients requiring close and constant monitoring using non-invasive devices. These solutions improve the quality of care,
providing constant attention and lowering the service cost. In Sweden, these
services are usually within the responsibility of public administrations in local
governments of counties and regions (Landsting och regioner).
• Social care and homecare systems to provide assistance in daily activities,
allowing remote monitoring and enhancing support. The objective is to improve the quality of life for people in need of permanent assistance, avoiding
unnecessary efforts and costs. In Sweden, these services are usually within
the responsibility of the municipalities (Kommuner).
• Wellbeing and preventive care to create awareness and encourage changes
towards healthier practices. Wearable devices play a significant role, collecting
data with devices such as fitness trackers. These solutions are relevant for
individuals and corporations that want to promote wellbeing initiatives for
employees. In Sweden, these services are usually offered in the private sector,
either through corporate care or directly to individuals.
The generic description for services corresponds to sensors that autonomously
collect information—on activity, body signals, events, etc. The information is sent
to cloud analysis engines and, when required, to caregivers, relatives or experts that
can review the data and initiate corresponding actions when needed. There are two

6
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incentives to promote solutions that result in fewer doctor visits and improved selfmanagement of healths: first, it lowers the expenditure for health and social care
providers. Second, these solutions are closely related to improvements in the quality
of life for every individual [22]. At this point, it is evident that we are reaching
beyond the scope of a single research discipline, which is a key characteristic of this
thesis, as explained next.

1.1.3

A call for interdisciplinary research in the IoT

While the communication challenges related to IoT are being well addressed, there
is a constant need to align the ICT technology side with the vertical sectors. This
means that experts with different perspectives are coming together to discuss and
find common grounds to develop solutions based on connected devices.
Arguably, the IoT originated as a technology push, but technology availability
cannot be the only driver to create solutions based on IoT unless they provide clear
benefits and added value. It is essential to do parallel research to understand how
IoT can serve the wider societal and industrial needs. It has become crucial even
for the technical community to find evidence of the benefits that can be attained.
Closer collaboration from different disciplines would benefit from common studies. We see the increasing attention that funding research bodies are giving to interdisciplinary studies and how notions from industrial management and economics
are influencing technology research. This complementary research can be used to
differentiate barriers related to the lack of adequate technology from barrier associated to inconvenient business and market settings. A clear differentiation helps
in channeling efforts, either by focusing on technology refinement or adapting the
business activities to the existing market settings.
Essentially, a closer interaction with non-ICT industries calls for a need to extend the research perspective from can we build the technology and how costly would
it be? to include can we solve a real problem, and what can we gain from it? With
the final objective to focus further research and development in areas that will create value for industries and society [23]. This thesis is built at the convergence of
three disciplines:
1. Telecommunications engineering: the anchoring discipline for the thesis, it is
the starting point of the research and provides the basic knowledge to guide
the work.
2. Industrial marketing and management: a discipline that provides theories,
concepts and frameworks to go beyond the technical scope in this thesis.
3. Health, social care and wellbeing: a broad discipline that provides contextual needs and requirements which can be addressed with communication
technologies.

1.2. RESEARCH MOTIVATION, AIM, AND RESEARCH QUESTIONS

7

A description on the aspects considered from each discipline is presented in Section 1.2.1. It is worth noting that mixing disciplines in a single study brings intrinsic
challenges, not only in terms of knowledge and competences, but also in terms of
scopes and desired outcomes in each discipline. For instance, and as a generalization, the technical research tends to be exploratory in nature, addressing questions
such as how can we improve the performance of certain technology. Contrarily,
business research tends to have an explanatory outcome of phenomena, addressing
questions such as what happened, how did it happen and why did it happen in a
certain way. In other words, the former is focused on future developments, and the
latter on synthesizing existing phenomena.

1.2

Research motivation, aim, and research questions

In the IoT context, the provision of solutions based on connected devices is a
multidisciplinary task. This requires a collaborative set of actors operating at the
convergence of distinct industries. Such complex set-up is challenging in terms of
customer value creation, and there are still uncertainties on the way forward to
establish services based on connected devices.
Part of this uncertainty is related to the communication aspects. From a communication perspective, there are many technological challenges that should be
overcome to provide efficient solutions since IoT services are, after all, based on
devices that need connectivity. ICT actors have a strong interest in the IoT as it
represents a promising way to expand the offer, reach new customers, and provide
valuable solutions to different industries.
ICT has been part of healthcare services for decades; it has been used to improve interventions and treatments. However, the current goal is to reach beyond
focal actions and foster a preventive approach to health [21, 24, 25]. Here, the IoT
is starting to prove beneficial in early implementations, where connected devices
can be used to provide remote monitoring and access to relevant patient information; they can also support health and social care workers by disseminating clinical
updates, reminders, schedules and learning material [18, 26].
IoT has potential to improve the quality of life and reduce healthcare costs.
Simultaneously, the HSCWB sector is a potential market expansion for ICT players
and they can create significant value for public systems, individuals, and society.
Based on this holistic understanding, the overall focus of the thesis is on:
IoT and its use in health, social care and wellbeing. Considering the
technological and business implications for the actors involved in solutions based on connected devices.
Even if the potential of IoT in HSCWB has been proven in pilots and small-scale
solutions, the benefits and opportunities for many actors are still unclear. There is a
research gap in studying the roles and opportunities for market-driven technologybased solutions based on connected devices in HSCWB. Aspects of ICT services for

8
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IoT for
Health, Social
Care and
Wellbeing

Thesis focus

Technology and
business level
implications of
the IoT

Technical level

Bussiness level

Enabling massive
access for IoT in
cellular
networks

Convergence of
the ICT and the
HSCWB
industries

Discussion and move
beyond technical scope

Implications and
research contributions

Figure 1.1: Overview of the research approach in this thesis.
HSCWB have been covered in the literature and in research initiatives, however,
a long-term opportunity perspective still lacks empirical evidence. Moreover, the
contextual implications of the healthcare domain call for additional exploration.
This thesis aims at contributing with a particular focus on the Swedish context,
but conclusions are extended to a global context.
The research approach is presented in Figure 1.1, highlighting the separation
between technological and business domains. On the technology side, the focus
is on advances in connectivity for IoT. After all, there is an underlying need to
connect devices and remotely monitor them. This area deals with the possibility to
provide connectivity through standardized public cellular networks to an increasing
number of devices. On the business side, the focus is on the convergence between
the ICT and the HSCWB industries. This area deals with the collaboration among
actors to create and deliver value for final customers in the form of solutions based
on connected devices. Next, a description is given on the disciplines supporting
this research. This will position the contributions and scope of the thesis.

1.2.1

Research aim explained by the mix of disciplines

In the convergence of existing technologies and the proposition of new ones, it is
important to step aside from pure technical studies in order to be more accurate
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in understanding the associated challenges and limitations [27, 28]. Therefore, IoT
should not be studied only as a technological area. Indeed, the development of the
IoT is influenced by different industries, markets and regulatory aspects.
To this aim, it is fundamental to be anchored in one discipline throughout
the research to keep a clear scope [28]. The anchoring discipline in this thesis
is telecommunications engineering; hence there is a strong technical component
in the research, which provides grounding knowledge. From this perspective, the
technological challenges and the advances in connectivity are considered. After all,
the discussion in IoT is always triggered by the possibility to connect devices in
order to remotely monitor them and actuate on them. The aim is to study and
present business opportunities based on IoT, as shown in Figure 1.2.

Telecom

Advances in communication
technologies

Business opportunities
based on new technology

Figure 1.2: Viewpoint of telecommunications engineering as the anchoring discipline.
There is an interdisciplinary aim, which is to provide a holistic view on IoT. Interdisciplinarity occurs (i) when disciplines borrow concepts and methods from each
other to study a phenomenon, or (ii) in a problem-oriented collaboration, through
a combination of solutions from various disciplines [29]. We borrow concepts and
methods from industrial marketing and management to understand services and the
transformation in business relationships caused by the availability of new technology. These concepts and tools allow us to build a discussion and arguments beyond
technological aspects. As shown in Figure 1.3, the aim is to study the convergence
of different industries and how business opportunities are addressed through the
development of services based on IoT.

Industrial
Marketing and
Management

Convergence of industries and
cross-industry cooperation

Business relationships and
service development

Figure 1.3: Industrial marketing and management in an interdisciplinary approach.
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Telecommunications engineering and industrial marketing and management are
in a cross-disciplinary approach to HSCWB. Cross-disciplinarity implies that one
discipline is explained in terms of another. This means that we study and explain
the context of HSCWB in terms of business opportunities and technology applicability. As shown in Figure 1.4, HSCWB provides contextual needs, requirements,
and social challenges, which can be addressed by communication technologies. It
motivates the exploration to use technology as a tool to improve services.

Health,
Social Care &
Wellbeing

Demographic changes in
demands and needs

Sustainable care systems
and focus on prevention

Figure 1.4: Health, social care and wellbeing with a cross-disciplinary approach.
The research aim is the study of the convergence between telecommunications
and HSCWB (Figure 1.5). By means of business relationship and research methods
from industrial marketing management, it is possible to bridge and explain how
and why cooperation happens the way is does and what can be learned for future
developments.

1.2.2

Research questions

Departing from a telecommunications perspective, one straightforward question is
“How can ICT actors make a profit out of IoT in healthcare?” It is a valid and
timely question, but it has proven misleading from a research perspective since it
is biased towards certain type of actors and their technology offering. Therefore, it
is more appropriate to depart from a holistic research question, which is “How can
the IoT support services in health, social care and wellbeing?” The point of this
formulation is to give foremost relevance to the context, rather than any technology
or predetermined actor.
With this holistic aim in place, we narrow the scope by separating the technical
and the business aspects of the research, as presented in Figure 1.1. The first
step is dedicated to the technical aspects, which can be interpreted as a sanity
check before considering any business opportunity. In other words, before entering
the discussion of services based on connected devices, we focus on the technical
feasibility to provide efficient connectivity solutions for such devices.
Indeed, there are many technological challenges in the IoT; the communication
requirements for devices dedicated to IoT services are different from human-based
communications, which have been developed and matured to fulfill requirements
for broadband applications. Two key differences are:(i) the message size, which is
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Telecom
Engineering
Core discipline
providing knowledge
on technological
possibilities

IoT for
HSCWB
Industrial
Marketing and
Management

Health,
Social Care
and Wellbeing

Inter-discipline
providing tools to
study technology
in context

Cross-discipline
providing motivation
and needs in
technology

Figure 1.5: Research aim, explained by the mix of disciplines.
generally short for IoT devices since it is mainly for event reporting, and (ii) the
number of devices in the network, which is expected to be of at least one order of
magnitude higher than for broadband services. We focus on standardized cellular
networks, which are considered key technologies to provide wide area coverage,
security, enable roaming and mobility, and operate in licensed bands, thus being
more capable of ensuring reliable and deterministic communications. Therefore,
the technical part is based on the following question:
RQ1. How can mobile networks efficiently support a massive number of
IoT devices?
This part of the research is purposely abstracted from the HSCWB context,
since it is expected that the underlying communication technology will be shared
by different industries and applications, accounting for the massive number of ex-
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pected IoT devices. This increase in the number of devices may result in radio access
network (RAN) and signaling congestion. This will inevitably increase delay and
packet losses, thus compromising the use of wireless technology for cases requiring
certain degree of guaranteed performance. In Chapter 3 we present the technical
details on a limitation to support IoT devices in cellular networks. Moreover, we
adapt and evaluate a mechanism that enables massive number of simultaneous access attempt in cellular networks. The proposal is based on the use of Distributed
Queuing (DQ) and the results show that it is possible to efficiently handle simultaneous arrivals for up to 1,500 devices in a single cell, with minimum blocking
probability.
Based on these results and with support of literature review, we draw the initial
conclusion suggesting that ongoing research and development activities related to
the communication aspects have identified and advanced the development of efficient solutions for IoT devices over cellular technologies. At this stage we take the
assumption that connectivity should not represent any major show-stoppers in the
short or mid-term for most solutions based on connected devices in the HSCWB
context. With this assumption, we shift to the business analysis of the thesis.
We consider the conditions around the enablement of services based on connected
devices and the roles that different actors have in the HSCWB context.
Healthcare is heavily regulated and it changes significantly on a country basis.
Therefore, it is important to look at the conditions in a defined case. Our approach
is to explore the existing business ecosystem for HSCWB services in Sweden, a
country where these services are emerging in abundance in order to address the
challenges of changes in demographic and the need to improve resource utilization,
supported by a good level of adoption and acceptance of mobile technologies. We
look at the current HSCWB structure; guided by the following research question:
RQ2. How does the current health and social care system structure affect
the development of new solutions based on IoT?
To address this question, in Chapter 4 we present the health and social care
structure in Sweden. We consider the enabling forces and driving factors supporting
IoT solutions and analyze them together with the challenges preventing the uptake
of this type of solutions. With a clear reference of the current conditions, we then
show how innovative initiatives are following three distinctive development patterns
in Sweden—innovate within the public sector, develop solutions in the private care
sector, or target the wellbeing sector to avoid regulatory setbacks.
Based on these patterns, we look closer into study cases, in order to show
how particular services have been developed. When deploying an IoT service, not
all critical challenges can be appreciated at a single firm level, but rather at the
ecosystem and business network level [30]. Challenges do not belong to a single
actor, but imply interrelations to co-create value; in this type of services, it is
uncommon for ICT actors to enter the market without a strong collaboration with
actors that are already involved in the healthcare domain, and vice-versa. Setting
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up and orchestrating business relationships in dynamic business environments is a
key strategic issue, and the question that emerges is:
RQ3. How are opportunities at the convergence of ICT and HSCWB
being addressed from the perspective of collaborating actors?
To provide an answer, in Chapter 4 we show how business opportunities are
addressed considering a business network perspective, which shows the creation
of common value propositions when there is resource dependency among actors
from different industrial sectors. The cases are analyzed considering firm level and
network level aspects of the business models, with emphasis on the actors bringing
a novel IoT component into the services.
The findings suggest that IoT components can improve an existing service by
automating internal working processes, or they can enable new value propositions
and convenience to end users. In general terms, the collaboration can be used
(i) to improve the efficiency of existing services in health and social care without
an original intention to change the service offering, or (ii) to create novelty and
differentiation, without affecting the internal logics of existing HSCWB services.

1.3

Related work

Next, we present the related work associated with the research problem and questions discussed in the previous section.

1.3.1

Technology: support for IoT devices in cellular networks

A review of IoT enabling technologies for health and wellbeing; including sensors,
operative systems, development and processing frameworks, and integration platforms in provided in [31]. Similarly, an exhaustive overview of wireless networks
in given in [32], keeping the perspective of mobile healthcare applications. They
review a wide range of communication technologies, covering cellular, wireless LAN
and satellite communications. They suggest were different technologies can be used
by mapping the technical capabilities with the application requirements. The authors conclude that challenges such as network congestion, high packet loss inducing
to low reliability, and non-deterministic performance in terms of latency, delay, or
throughput, must be addressed by the upcoming advanced wireless and cellular
communication transmission technologies, including 5G [32].
On a similar scope, the work in [33] highlights the specific connectivity challenges
in terms of usability. For wearables, the existing solutions are generally based
on Bluetooth. At home, solutions are mostly based on WiFi and ZigBee. Such
technologies require manual configurations and this process can be a limiting factor
for some applications [33]. In remote monitoring applications based on Bluetooth,
a mobile device should always be near the patient since Bluetooth has limited data
transmission coverage [32].
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Other studies target how devices are going to be connected, dealing with the new
traffic characteristics; for example, the amount of data transmitted is mainly sporadic and correspond to small amounts of bytes. International organizations, such
as the 3GPP, initiated studies on the impact on communication networks [34]; this
was complemented by additional research on the general challenges, including control overhead, energy efficiency for devices, coverage extension, security, and scalability [35–37]. These efforts emphasize the need to efficiently provide connectivity
for large number of devices, prevent traffic peaks by improving congestion control
mechanisms and provide energy-efficient mechanism for autonomous devices [38].
More recently, this area is referred to as massive Machine-Type Communication
(mMTC), and even if some products are reaching the commercialization phase, it
still remains an open research challenge [36].
One of the challenges that has received more interest is related to the capability
to support massive access in communication networks [39]. In LTE, this capability
is somehow limited by the operation of the Random Access Channel (RACH) which
manages access requests [36]. The RACH of LTE is used for unconnected users to
get connection to the network and thus be able to exchange data. The operation
of the RACH in LTE is expected to suffer from congestion when the number of
subscribers rises up to tens of thousands per cell [40].
For this reason, the 3GPP specified amendments for the LTE access that are
based on backoff periods and access class barring to disperse access attempts [41].
The main limitation of these solutions is that they are based on extended delays
that may have a negative impact on battery-operated devices. The queuing theory analysis presented in [42] shows that LTE systems are not stable when the
occupation rate is high. In order to overcome this limitation, proposals suggest
optimizations on the Medium Access Control (MAC) layer, allocations of separate
resources for MTC, or distribution of the arrivals along time resorting to random
counters, among others [40].
There are many solutions based on ALOHA that are applicable for IoT regarding
the random access [43–47]. Studies evaluate the performance of the protocols in
terms of delay and throughput. However, few works study the energy consumption
associated to the random access process. Moreover, solutions are based on ALOHA
as the access protocol and thus continue suffering from congestion. Therefore, the
design of new techniques to improve the energy efficiency and performance of the
random access procedure remains an open challenge.

1.3.2

Context: the use of ICT in health, social care and
wellbeing

The current interest from the health perspective consists in designing systems that
foster proactive health and wellbeing [24]. In other words, to reach beyond focal
interventions and become proactive on health [25]—which is related to preventive
care and improving physical and mental performance. Services based on IoT can
play a role in preventive healthcare and support for healthcare workers [26].
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The interoperability requirements and barriers for the adoption of solutions
have been extensively studied. The barriers include technological illiteracy from
the user, unmanaged technology failure, and lack of control over the connectivity
on the patient side [48]. Solutions involving minimal patient technical training or
cooperation are desirable [49]. Cellular communication are an interesting alternative, since users do not need to set up connections, and communications failures
can be remotely managed.
Besides technical aspects on data protection and service platforms, the organizational models and revenue models constitute limiting factors, which still remain
a challenge and open research topics [50–54]. The European Commission suggests
that inadequate refund models are an obstacle for new solutions in healthcare [52].
Financial models for healthcare where benefits are obtained from “reactive, sicknessbased care” are an additional barrier for new services, providing little incentive to
implement proactive solutions [54]. Current approaches regarding IoT for HSCWB
have been generally designed for niche markets. Pilot projects have been useful to
demonstrate the potential [55].
There are commercial applications and services for remote homecare and assisted
living, but the consolidation of solutions in the market remains scarce. One cited
reason is a lack of evidence showing the value in terms of cost and the health outcomes [26,55]. In addition, the lack of standardized development is a limiting factor
for the assessment of the usability and value of solutions [56]. According to [49],
the HSCWB digital market has been characterized by solutions developed without strong interoperability considerations. Forsström [19] and Labrique et al. [55]
highlight the need to promote horizontal models with open and shared approaches,
rather than vertical solutions developed in isolation for niche markets.
In a combined effort, the World Health Organization (WHO), the Johns Hopkins University Global mHealth Initiative, the United Nations Children’s Fund
(UNICEF), and frog Design have developed the “mHealth and ICT Framework”
to describe mobile health innovations. The objectives of this framework are to
provide uniform descriptions of solutions and to become a tool to identify gaps in
further developments and implementations [55]. Adopting services that strongly
rely on new technologies can be beneficial, but it usually requires changes in the
traditional organizations.
Considering the case of Sweden, healthcare is decentralized, with divided responsibilities for different kinds of care between the 20 county councils and the 290 municipalities [57]. Decentralization allows each region to implement solutions based
on their own needs, but it has unavoidably led to interoperability issues among
systems and regions [58, 59]; in addition to the substantial resources and expertise
needed to meet the requirements for procurement and development at different localities [60]. In Sweden, the division of roles between the different actors is unclear
and subject to reinterpretation based on what benefits their operations [60, 61].
There are different organizations having parallel objectives. Collaboration exists,
but integration attempts are taken care of by different actors. It is an issue that
affects everyone and has no single owner [61, 62].
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Business: opportunities at the convergence of ICT and
HSCWB

ICT is transforming the business environment for different vertical sectors. Moreover, the mobile ecosystem has also changed from a situation where business relationships were mostly bilateral (for example, between network vendors and network
vendors) to a situation of cooperative business networks of providers that combine
value propositions to develop innovative services [22]. New business models in the
digital economy are transforming established industries, including the health sector [63]. However, the majority of studies in this area have had a strong focus on
the technological component on business models, and non-technical aspects such as
value proposition, organizing, and revenue models have not received the attention
required [64].
Mobile operators can leverage on their retail distribution and consumer management capabilities to bring new value propositions to the health industry [65].
For this, integrated value propositions have to be presented based on the roles that
mobile operators could take. These roles could span from connectivity providers to
system integrators [65]. Another challenge is to integrate innovative solutions with
existing health systems to complement their objectives [55].
In terms of solutions and challenges in Northern Europe, Forsström [19] presents
the involvement and visions from different actors such as homecare authorities,
homecare providers, Internet providers, and technology and solutions providers,
highlighting the need to adopt changes in the activities that some actors conduct
in order to make services happen.
In a similar study [51], there is an attempt to present examples of business
models in homecare that could be replicated on similar services under development. Possible revenue models are given for managed services considering revenues
from equipment sales, maintenance, and per-patient fees. However, this empirical
study could not show proven business models. Only initial integrations of solutions
with current care systems were identified. Finding proven models in this area is
challenging due to the complex environment of actors that are subject of intense
collaboration, resulting in unclear—and unbalanced—distribution of costs and benefits, “Often is the investing actor not the one which will benefit the most.” This
is a factor slowing the adoption of services [53].
The 5G Infrastructure Association recognizes the importance of service development “in a multi stakeholder environment”. It takes a systems’ integration proposition for business models to serve the transformation in the way of delivering healthcare that is brought by ICT. The suggestion is to develop flexible strategies that
allow each actor to focus on its core competences; providing interfaces between different business roles [56]. This proposition is not supported by any empirical data
and it is not clear how predefined business roles are compatible with innovation
in the sector. However, the framework provides a common setup to develop and
discuss roles and relationships; with emphasis on the technology providers.
The design of business models for healthcare services has been a research interest
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for multidisciplinary groups which have emphasized the importance of cooperation
between different actors for the design and provision of innovative services [66–
68]. Collaboration is essential to define the service requirements [66], where key
actors from different disciplines must be involved. According to van Meeuwen et
al. [68], these actors correspond to intermediary coordinators, dedicated technology
specialists, and healthcare specialist. These actors set business relationships to
exchange value in any service. Heikkila et al. [67] define a set of possible metrics
that can be used to evaluate and improve collaborative business models.
Empirical research is largely missing in this area [69]. This is particularly accentuated on the use of business models in the development of services and solutions
within business networks [70].

1.4

Research scope and delimitation

The technical scope is on the support for massive number of devices in communication networks. Detailed analysis is given to cellular networks and the implications
for the access network. The focus is on the access control mechanism used for the
random access procedure in cellular networks; which is used to establish the connection between devices and the network. Additional aspects related to technology,
such as data privacy and security considerations, are excluded from the technical
scope. However, they support the arguments on the general challenges related to
the establishment of solution in the public sector.
The business scope focuses on services for HSCWB that are enabled by connected devices. The users of the services can be patients, consumers or experts;
meaning that services include those that enhance healthcare offerings and those
to improve internal operation. The type of user is considered, but the analysis is
based on business-to-business (B2B) relationships.
The thesis is focused on the specific characteristics of the Swedish market and
governing structure for the services on the health industry. The type of actors
included in the analysis are new ventures providing IoT component, established
ICT players (such as mobile network operators), homecare service providers, municipalities and trade and authorities associations. The setups discussed are the
public social care system, the private sector (including informal care and corporate
care), and the wellbeing sector with services directed to consumers. Secondary and
intensive care in hospitals are not covered in this work. This thesis has a particular
focus on the Swedish context. However, the aim is to draw conclusions which can
be extended to a global context.

18

1.5
1.5.1

CHAPTER 1. INTRODUCTION

Summary of contributions
On the support for IoT in cellular networks

We provide a quantification of the limitations of the Random Access Channel of the
LTE air interface to support IoT devices based on four performance indicators: the
access delay, the energy consumption on the device side, the number of retransmissions required to gain access, and the blocking probability. Moreover, we adapt and
make a performance evaluation of a novel mechanism to enable massive number of
simultaneous access attempts in cellular networks. The proposal is based on the
use of Distributed Queuing (DQ) techniques applied for the random access channel
of LTE. Results show that it is possible to handle simultaneous arrivals up to 1,500
devices in a single cell, with minimum blocking probability. This is close to a factor
of 6 with regard to current capabilities. The details are presented in Chapter 3.

1.5.2

On the business opportunities at the convergence of ICT
and HSCWB

We identify and present how the conditions of the health and social care structure
in Sweden affect the establishment of IoT solutions in HSCWB. We then show how
innovative initiatives are following three distinctive development patterns in Sweden: (i) by starting innovation directly within the public sector, (ii) by developing
solutions in the private care sector and avoiding public sector barriers, or (iii) by
setting an initial target in the wellbeing sector and avoiding restrictive regulatory
and financial challenges related to the healthcare domain.
Based on these patterns, we look closer into study cases, in order to show how
business opportunities have been addressed from a business network perspective.
We consider firm level and network level aspects of the business models, in order to
show how different actors benefit from the collaboration to improve the efficiency
of existing services in health and social care, or to create novelty and differentiation
for end customers. The details are presented in Chapter 4.

1.5.3

Publications included in the thesis

In this section, the list of papers included in the thesis are presented. Additional
publications that resulted from the research are listed in Appendix A. Those additional publications correspond to two book chapters, five journals, five conference
papers and three workshop papers; A. Laya is the first author in twelve of those
publications and they comprise technical and business aspects of IoT.
From those additional publications, it is important to highlight that some aided
in knowledge generation and acquisition. Moreover, even if they are not directly
linked to the core contribution of the thesis, they contributed to develop the ways of
working for the methodology of the thesis. In particular the following publications:

1.5. SUMMARY OF CONTRIBUTIONS

19

• A. Laya, M. Sundquist and J. Markendahl, “Motivation, regulation and actor
constellations – experiences from a multidisciplinary research project on health
and wellbeing as part of the Internet of Things,” 26th European Regional ITS
Conference, Madrid, 2015.
• A. Laya, M. Jocevski, A. Ghezzi and J. Markendahl “Business model as relational aggregator: exploring business relationships,” The 32nd Annual IMP
Conference, Poznan, Poland, 2016.
• M. Lema, A. Laya, T. Mahmoodi, J. Markendahl and M. Dohler, “Business
case and technology analysis for 5G low latency applications,” Accepted for
publication in IEEE Access on March 2017.
Next, the papers included as part of the thesis are listed. Grouping them in two
categories: technical publications on the random access in mMTC, and publications
on services based on IoT in the context of HSCWB.
On the random access in mMTC
Paper A A. Laya, L. Alonso and J. Alonso-Zarate, “Is the Random Access Channel of LTE and LTE-A suitable for M2M communications? A survey of alternatives.” IEEE Communications Surveys & Tutorials, vol. 16, no. 1, 2014.
Paper B A. Laya, L. Alonso and J. Alonso-Zarate, “Efficient contention resolution
in highly dense LTE networks for Machine Type Communications.” IEEE Global
Communications Conference (GLOBECOM), San Diego, CA, 2015.
Paper C A. Laya, C. Kalalas, F. Vazquez-Gallego, L. Alonso and J. AlonsoZarate, “Goodbye, ALOHA!” IEEE Access, vol. 4, 2016.
On Paper A we evaluate the random access procedure of LTE in the presence
of mMTC. Providing a tutorial on the LTE random access procedure and a survey
of existing solutions and proposals related to random access improvement for LTE
to handle mMTC. On Paper B, we present the adaptation of the original DQ
protocol to handle mMTC in LTE. Different configurations of the random access
compared for different cell sizes. For larger cells, there are fewer resources used
for the random access; DQ is able to provide a better performance even with this
limitation. For these papers, A. Laya was the main author in terms of writing,
simulation and evaluation. Support was given by the co-authors on organization
and discussion.
On Paper C, we propose to departure from ALOHA-based solutions in wireless
systems to effectively handle mMTC. Detailed description of the DQ principles,
and evaluation in LTE networks for simultaneous arrivals of up to 1500 devices. A.
Laya contributed with the paper organization and took care of the motivation, the
presentation of the DQ mechanism and the results related to the RACH of LTE.
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On services based on IoT for health, social care and wellbeing
Paper D J. Markendahl and A. Laya, “Business challenges for Internet of Things:
findings from e-Home care, smart access control, smart cities and homes.” IMP
Conference, Atlanta, 2013.
Paper E A. Ghanbari, A. Laya, J. Alonso-Zarate and J. Markendahl, “Business
development in the Internet of Things: a matter of vertical cooperation.” in IEEE
Communications Magazine, vol. 55, no. 2, February 2017.
Paper F A. Laya, J. Markendahl, S. Lundberg and T. Apanasevic, “Challenges
Adopting Internet-of-Things for Healthcare in Sweden.” Resubmitted to the Journal of Health Organization on July 2017.
Paper G A. Laya, S. Lundberg and J. Markendahl, “Network-Centric Business
Models for Health, Social Care and Wellbeing Solutions in the Internet of Things.”
Submitted for a second review round in the Scandinavian Journal of Management
on August 2017.
On Paper D we analyze the possibilities to share the communication infrastructure for service provisioning without losing the customer agreements. Motivate
the argument that cooperation is done to reduce costs but competition remains on
the service offering. A. Laya contributed with case descriptions and support in the
analysis. On Paper E we discuss the interaction among different industries and
the relevance of cooperation in service development. A. Laya contributed with the
motivation of the paper, the presentation of the business model view for IoT based
on value networks and the discussion of the health and wellbeing domain.
Paper F is dedicated to the Swedish context regarding social care and wellbeing. Motivations, drivers, barriers and challenges regarding the use of IoT are
discussed from a holistic perspective and based on empirical data. A. Laya acted
as first author in writing, data collection and interpretation; J. Markendahl and
S. Lundberg provided support in organization and data collection; T. Apanasevic
contributed on the organization and theoretical support. Finally, on paper Paper
G, firm- and network-centric views on business models are presented for services
based on IoT in the HSCWB context. A. Laya contributed with organization, motivation, data collection and interpretation. The co-authors contributed with data
collection and support on the discussion and organization.

1.6

Thesis Outline

This thesis is organized in five chapters, including this Introduction. Chapter 2 is
dedicated to the research methodology, comprising qualitative and quantitative aspects. Chapter 3 corresponds to the technical scope of the thesis, where results and
analysis are presented regarding the use of DQ in the RACH of LTE to efficiently
support mMTC. A discussion of the technical results is presented, linking to the
need to extend the research scope beyond the technical aspects.
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Chapter 4 presents the business scope of the thesis, considering the description
of the HSCWB conditions in Sweden and the analysis of firms and value networks
in the creation of services based on IoT. A discussion is presented on the position
and roles for different actors and the benefits of having a network perspective in
the development of services.
Finally, in Chapter 5, the conclusions and final remarks are presented, including
the the implications of the results, considering different levels: implications on
communication technologies, managerial implications, research implications and
future lines of research.

Chapter 2

Methodology
In this chapter we describe the research approach considering the technical and
business domains. Interdisciplinary approaches for IoT research are needed in several areas, including the energy, transport and manufacturing industries [22]. As
described in Section 1.2, the technical research deals with the feasibility of communication technologies to handle massive number of communicating devices. The
business research deals with the market and business implications of having connected devices in the HSCWB context. Figure 2.1 presents the framework for the
research methodology.
The methodology begins with the problem identification and formulation, which
leads to the separation of the technical and business scope, as presented in Chapter
1. The technical part is regarded as a “sanity check” stage to evaluate the feasibility
to handle the devices, which is addressed in Chapter 3. A quantitative method is
used, based on network-level simulation modules to evaluate LTE cellular system
with the presence of massive number of devices. To validate the modules, we
replicate the conditions provided by the 3GPP, comparing the results provided
in [39] with the results obtained from our simulation modules. Also, simulations
modules have been developed to compare the proposal to use DQ for the random
access procedure of LTE. This stage concludes with general implications form the
technology perspective; including the position that communication aspects have
in the IoT context and acknowledging that improving the technical offering will
not guarantee the appearance of new services. With this technical understanding,
we move to the business stage to explore the business relationships and analyze
business opportunities based on IoT for the HSCWB context.
The next step is to move “beyond the technical scope” to analyze the market
and business conditions surrounding the development of HSCWB services based
on IoT, as presented in Chapter 4. A qualitative method is used in order to show
the reasons, motivations and opinions to innovate based on connected devices as
part of the IoT. The nature of this part is exploratory. Moreover, due to the
emerging nature of the topic of services based on the IoT, we take an extended
23
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Figure 2.1: Framework for the research methodology.
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scope that includes any type of digital service in the context of wellbeing, social
care, and healthcare. Data has been gathered from primary and secondary sources
to support the triangulation between multiple sources and provide stronger support
for the findings [71]. To understand the context of Sweden, we use a cumulative case
study to explore the recurrent challenges and innovation paths for services based
on connected devices. Cumulative case studies aggregate data from several sources
at different times [72, 73]. In addition, we use a multiple-case study design [74]
to explore services based on the IoT; to analyze each case study, a network-level
business model framework is used.
Finally, there is an assessment of the results and the implications of the findings are presented on a managerial and research basis in Chapter 5. Regarding
the combination of multiple disciplines in a single study, there are two aspects to
consider:
1. Delivering a coherent message to different audiences. Language has proven
to be a challenge. Effective communication of the core idea is key [27]; The
approach to overcome these challenges has been to rely on extensive explanations, clear definitions of all concepts and terms, to avoid misunderstanding
between same terms used in different disciplines with different connotations.
2. Generate contributions in existing research areas. Specifying clear boundaries
is crucial [27]; without a defined contribution area, discussions are reduced to
common denominators that will not benefit from any disciplinary insight [75].
For this thesis, the goal is to differentiate between those challenges that can
be overcome with technology solutions and those that require new business
approaches. In practice, different aspects are targeted to different research
areas (in terms of publications); adapting the style and practices to adjust to
traditional disciplines.
In the remainder of this chapter we present details concerning the methodology of the thesis; dividing the technical (quantitative) research from the business
(qualitative) research. In addition, a research assessment is provided in Section 2.3.

2.1

The sanity check: evaluation for mMTC

The approach for the technical scope is presented in Figure 2.2 and it includes the
steps described next.

2.1.1

Literature review on random access

A review and comparison of publications in the area of massive access in wireless
cellular networks has been carried out in order to corroborate the need to study
and improve the LTE RA procedure. This includes the relevance of considering
energy consumption aspects on end devices.
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As part of this review, a clear presentation of the RA mechanism in LTE and a
literature survey of proposals and evaluations regarding improvements of the RACH
under mMTC conditions. This work is presented in Paper A.

2.1.2

Pre-evaluation of the random access procedure in LTE

On this stage, an evaluation of the performance of the RA of LTE is carried out
by means of network level simulations in the ns-3 simulator, which is open source,
publicly available and actively maintained for research and development [76]. Ns-3
is a complex tool that requires extensive training before feasible adaptations can be
done. However, it benefits from an active research community and the possibility
to integrate to live testbeds. Even if the latter is not within the scope of this thesis,
the final modules developed as part of this research have been made available for
the research community for its revision, improvement and use [77].
Random Access modules have been develop and, in order to validate the results,
the simulation conditions of the original 3GPP TR 37.868 [39] have been replicated.
The results of the performance are presented in Paper A; extended results and the
detailed comparison with the 3GPP report are presented in [78]. The simulation
parameters and key performance indicators are explained in Section 3.2.3.1.

2.1.3

Design of the DQ protocol adaptation

This part corresponds to the design of the DQ protocol adaptation to be used in the
RA procedure of LTE, as an efficient alternative to support mMTC traffic in LTE
networks. The adaptation is presented in Paper B, it includes a description of how
the DQ logic and in which way it can be adapted to the existing RA mechanisms
of LTE.
The scope of this stage does not include the elaboration of the queuing model
for DQ, instead, it is centered on computer-based simulations as means to evaluate
and compare the performance of the standard RA procedure with the adaptation
of the DQ protocol.
Review

Pre-evaluation

Access for high
number of IoT
devices

Performance of the
RACH of LTE
considering mMTC

Discussion

Evaluation

Design

Implications of
communication
options for IoT

Comparison of DQ
and the standard
access in LTE

Adaptation of DQ for
contention resolution
in LTE

Figure 2.2: Steps in the technical scope of the research.
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Evaluation of the DQ protocol adaptation

The design proposed in the previous step is evaluated by means of simulation modules. The performance is compared to the standard RA procedure in LTE, considering different configuration for the resources available in the RA procedure and
the number of devices attempting to gain access to the network.
The evaluation and comparison with the existing LTE system are presented in
Paper B and extended in Paper C to accommodate more contending resources.
The simulation parameters, system model and key performance indicators are explained in Section 3.2.3.1.

2.1.5

Discussion of the technical results

The discussion of the results presents three aspects:
1. The meaning of the technical results, considering the possibility to improve
the access mechanism in cellular networks.
2. The limitations of the study, positioning the relevance of cellular technologies
in the IoT connectivity landscape.
3. The realization that the technical scope cannot provide a holistic view on
IoT, elaborating on additional factors influencing the development of solutions
based on IoT and leading to the business and market study followed in this
thesis.

2.2

Beyond the technical scope: IoT for HSCWB
Overview

Research design

Data collection

Challenges in IoT
from a holistic
perspective

Definition of
guidelines to study
the HSCWB context

Reviews, interviews
and participation in
workshops

Analysis of services

Analysis of conditions

Collaboration at the
convergence of
industries

Identification of
development
patterns

Discussion
Synthesis of data to
formulate research
findings

Figure 2.3: Steps in the business scope of the research.
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The approach for the business scope is presented in Figure 2.3 and it includes
the step described next.

2.2.1

Literature overview of challenges and motivations

The first step is to have a preliminary understanding based on literature overview
regarding the challenges and motivations to develop solutions based on connected
devices. It is a preliminary identification of benefits and values, which include
cost saving in service provisioning and ease of use for end-users [79]. Also, barriers related to changes in existing working process and business relationship are
identified.

2.2.2

Research design

This part of the research is built on case studies to understand the underlying
reasons, opinions, and motivations to innovate in HSCWB based on IoT. Case
study research is “appropriate in the early stages of research on a topic” [71], which
corresponds to a contemporary phenomenon [74, 80] such as the development of
services based on IoT.
We use a cumulative case study in Paper F to explore the emergence of services based on connected devices for HSCWB in Sweden. Cumulative case studies
aggregate data from several sources at different times [72, 73].
Following the country case study, a multiple case study design was defined
to compare different examples of existing services based on connected devices on
Paper G. Considering that only a limited number of cases can be effectively
studied, we selected four within the different areas of social care, wellbeing and
corporate care; we also consider cases provided in the private and the public sector,
and cases with different levels of maturity in the market. Each case represents a
network of several companies that co-create value.

2.2.3

Data collection

We rely on purposive theoretical sampling [81], which allows to systematically collect data as part of the analysis process. We began with an experts sampling to determine initial knowledge in the area. A combination of primary and secondary data
has been collected. The triangulation between multiple sources provides stronger
support for the findings [71]. The sources of primary data are presented in Appendix
B, and the complete set of data sources correspond to:
• Literature and discourse review on: ICT services for HSCWB, business models
and value networks. Due to the emerging stage of the IoT topic, online
sources, open reports and interviews helped build a broader picture.
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• Semi-structured interviews to (i) ICT research managers working in IoT and
HSCWB, (ii) managers of digital services for HSCWB, (iii) Stakeholder in
HSCWB solutions based on IoT (Table B.1).
• Research projects which included surveys and focus groups (workshops) on
business models and collaboration in services based on IoT, including HSCWB
and other vertical sectors (Table B.2).
• Attendance to workshops, industry conferences and exhibitions in HSCWB.

2.2.4

Analysis of conditions for HSCWB in Sweden

We begin the country-level case study analysis with a synthesis of the health and
social care structure in Sweden; indicating the relevant actors, enabling factors and
driving forces to adopt solutions based on IoT. The general description is followed by
an analysis in which recurrent challenges hindering innovation in the are contrasted
with emerging innovation patterns. The aim is to present how the challenges are
being addressed.
In Paper F we make a business ecosystem study and develop an organizational map to find suggestions on the way forward to develop solutions for HSCWB
based on IoT. We consider the following development perspectives for innovation
in healthcare [82]:
• Consumer facing perspective: with focus on the interaction with the customers or users. This perspectives focuses on creating novelty and convenience.
• Integration perspective: with focus on consistent service delivery by improving the resources and staff efficiency. Their aim is centered on service scalability and lower cost of care.

2.2.5

Analysis of study cases related to collaboration in service
based on connected devices

In this step, we present how business opportunities are addressed from a network
perspective for solutions based on IoT, departing from the innovation perspectives
discussed in the previous section [82]. We discuss the business relationships on
each case, focusing on resource dependency as the motivating factor to establish
interfirm relationships. We use the ARA model conceptualization to represent the
business relationships in three layers [83]: Activity, Resource, and Actor. With
these layers, we show the actors that are present, the activities they do, and how
they are related to each other.
Moreover, we rely on the conceptual description of business model as a network
phenomenon to explain the logics of value creation [84], considering the identification of business opportunities and development of solutions from a network of
collaborating actors [70].
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Each case is presented in two tiers, one considering the overall service provided
by the network; the other tier focuses on the actor bringing the novel IoT aspect
into the service. We refer to this actor as the actor under study, therefore, the
analysis considers how these actors contribute to the overall solutions; making a
distinction between services and products that are peripheral or core components
of the overall solutions (Paper G).

2.2.6

Discussion of the findings

The discussion is built on the argument that service development often begins with
the development of technological components and it usually involves a long process
to find a gap or position in the market. We consider the communication aspects to
infer that they are not a show-stopper and bigger challenges lie in the regulatory
and business domain. Nevertheless, having direct cellular access can simplify the
provisioning and the handling of the devices.

2.3

Assessment of the research

Each selected research method was discussed within experts’ groups at different
stages of the research. The pre-understanding of the researcher is an important
factor in the assessment of the quality of the research [85]. The author of this thesis
had experience in the area of autonomous communication for industrial applications
related to field projects involving wireless communications for control systems in
railway infrastructures. Early involvement in collaborative research projects facilitated the access to data, context and interpretation of the results (a summary of
the projects is given in Table B.2).
To ensure the credibility of the findings, there was engagement in the field, which
included online fora for data triangulation. There was constant cross-examination
with research peers and internal discussion seminars. Also, the supervision team
provided three distinctive perspectives on the research. As part of the close collaboration with companies and public organizations, it was possible to observe the
development of some actors in the area. Some companies were continuously followed
for a period longer than a year and shared information openly regarding their development, strategy and challenges (Table B.2). This allowed to corroborate initial
findings from the data analysis with some of the original sources.
Primary data were collected through semi-structured interviews, in-depth discussions and workshops. Semi-structured interviews combine preset open questions
with additional discussions that the interviewer decides to explore. Since the questions and discussions are closer to observations rather than questionnaires, comparability is limited. However, “what is potentially lost here is gained by allowing
interviews to develop their own coherence, which itself can be analysed” [86]. Using
this strategy is desirable when discussing timely topics with corporations, since it
creates more comfort for the interviewee [87]. For each interview, workshop, visit,
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or discussion, a document was created containing the date, place, discussion notes
and key insights [88].
The acceptance of articles in peer-reviewed publications in prominent venues is
a factor that increases the credibility of the research. In particular, the level of
citations on Paper A reflects the relevance and timeliness of the topic1 .
The transparency of the research is ensured by two means; for the quantitative
scope, by making the simulation modules openly available as part of Paper C.
And for the qualitative scope, by presented abundant extracts of data as part of
Paper F and Paper G [85].
Finally, as a mean to increase transferability of the findings into other contexts,
regular presentations and discussion seminars with representatives from different
contexts in telecommunications and IoT were used to provide and revise insights
on how the implications could apply to different settings. Moreover, rich descriptions on methodologies and motivations are provided to increase the likelihood that
potential beneficiaries can reuse and apply the methods and findings.

1 By the time of this writing Paper A has the following citation metrics: 121 according to
Web of Science® , 139 according to Scopus® and 229 according to Google Scholar.

Chapter 3

Contention Resolution for Massive
MTC: results and discussion
The 3GPP identified the need to design improvements for the initial access mechanisms in cellular systems considering that massive MTC could raise the number
of subscribers up to tens of thousands per cell [39]. This poses challenges in terms
of efficiency in radio access and control [35, 37]. Even if the total amount of radio resources are enough to satisfy the transmission needs for a given amount of
data in the networks, the control mechanisms to handle the simultaneous incoming
transmissions from IoT devices can become a bottleneck.
In this chapter, we evaluate the LTE air interface and corroborate the limitation
to support IoT devices. It is important to note that this part of the LTE air
interface remains the same for upcoming releases, such as LTE-A, LTE-A pro,
and possibly in the new radio standardization for 5G. Therefore, this limitation
is still timely for incoming standards. Subsequently, we propose a mechanism to
enable massive number of simultaneous accesses. Section 3.1 is a review of solutions
on the RA procedure. Then, in Section 3.2, a description of the principles and
the adaptation to the RA produce of LTE are presented. This is followed by a
comparison evaluation between the standard LTE RA procedure and the proposed
adaptation in Section 3.3. Finally, the results are discussed in Section 3.4.

3.1

Review and discussion on pre-evaluation

We review proposals and alternatives to improve the operation of the Random
Access Channel (RACH) of LTE and LTE-A on Paper A. Proposals have been
classified according to their approach, the main finding is that most proposals focus on the increase in the access delay due to an increasing number of contending
devices. However, proposals fall short in providing a feasible solution with a considerate balance between the access delay, the access probability rate, and energy
consumption on the device side [Paper B], which are critical factors in mMTC. For
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this reason, the energy consumption on the devices associated to the RA procedure
has been considered in the evaluation of the access mechanism of LTE.
Additionally, the majority of contributions are based on variations of ALOHA,
which operate well for low number of contending devices and when the overall traffic load is low. However, they suffer from congestion as the number of devices and
the traffic load and increase. The queuing theory analysis presented in [89] shows
that the RACH of LTE-A system is not stable when the number of simultaneous
users is high. One solution to is to deploy denser access networks. However, this
may not be cost-effective given the low capacity requirements of the majority of IoT
applications. Another solution is to rely on waiting backoff periods for contention
resolution, thus falling short to provide good performance under heavy-loaded networks with a high density of devices. These premises lead us to the consideration
of the DQ protocol that is presented in the next Section.

3.2

Adaptation of DQ algorithm for LTE

We build the adaptation based on the original work from Xu and Campbell [90],
where a distributed queuing random access protocol is presented and the performance is compared with the ideal scheduling M/D/1 system in terms of throughput
and delay.
The original proposal corresponds to a MAC layer protocol whose performance
is independent of the number of devices sharing a common channel [91]. DQ can be
considered a Collision Resolution Algorithm (CRA) [92], these algorithms resolve
collisions by organizing retransmissions of colliding packets. The most basic CRA
is the tree-splitting or Contention Tree Algorithm, which iteratively split groups
of contending devices into smaller sub-groups. The DQ protocol is based on a
combination of a tree-splitting algorithm and two distributed queues to respectively
manage the contention resolution and the collision-free data transmission.
DQ was originally designed for cable TV distribution (DQRAP, DQ Random
Access Protocol [91]). Relevant studies have provided extensions of the basic protocol mechanisms and adaptations to different types of communication networks,
including the following [Paper C]:
• Code-Division Multiple Access (CDMA): study in the context of 3G cellular networks, targeting improvements in the capacity of the random access
channels in terms of throughput stability and access delay [93].
• Low-Power Wireless Networks: focus on bursty traffic generated from data
collection scenarios by a large number of nodes using low-power radio transceivers
[94].
Additional studies include satellite communications [95], WLANs with Quality
of Service (QoS) constraints [96], Body Area Networks with restrictive latency and
limited energy availability [97], collision avoidance in Wireless Local Area Networks
(WLANs) [98], and in cooperative communications [99].
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Figure 3.1: Example of the tree-splitting algorithm and CRQ behavior in the collision resolutions © 2015 IEEE [1].

3.2.1

DQ mechanism overview

DQ is based on a tree splitting algorithm in combination with rules that allow
organizing devices in virtual queues. The queues have partial representation at each
device using two counters to represent the total length and the current position of
the device within the queue. DQ behaves as a random access method under low
traffic loads, switching seamlessly to a reservation access method as the traffic load
increases [1] [Paper C].
Fig. 3.1 provides an example of the algorithm’s execution. In the example, 3
preambles are available for contention on each RA slot. The representation of the
Collision Resolution Queue (CQR) is given on the lower part of the figure.
In the first RA Slot, each device randomly selects a preamble to request access.
If more than one device selects the same preamble, a future RA Slot is reserved for
the set of colliding devices that used the same preamble. These devices enter the
CRQ. For each preamble with collision the length of the CRQ will increment by
one. The access point must provide feedback for the RA Slots status together with
the CRQ length so each device can compute its position in the queue. The device
representation for the CRQ by is computed by means of two integer numbers:

CHAPTER 3. CONTENTION RESOLUTION FOR MASSIVE MTC:
RESULTS AND DISCUSSION

36

1. RQ counter to store the CRQ length:
• If there are collisions pending resolution (RQ > 0), reduce RQ by one to account for
the current resolution attempt.
• For each preamble in a collision state in the previous RA Slot, increase the RQ by one.
2. pRQ counter to store the device position in the CRQ:
• If the device is waiting in the CRQ (pRQ > 0), decrease RQ and pRQ by one, then
increase RQ by one for each preamble with a collision state in the previous RA Slot.
• If the device transmitted and collided on the previous RA Slot, set pRQ equal to RQ.

The example in Fig. 3.1 considers seven devices transmitting a preamble at RA
Slot 1. d1, d2, d3 and d4 collide using preamble 1 and, therefore, enter in the first
position of the CRQ; d5 succeeds using preamble 2; while d6 and d7 collide using
preamble 3 and enter in the second position of the CRQ.
At RA Slot 2, the devices on the first CRQ position contend (d1, d2, d3 and
d4); d6 and d7 wait in the queue until the next RA Slot. d1 and d2 collide again
using preamble 2 and enter the second position of the CRQ; d3 and d4 collide using
preamble 3 and enter the third position of the CRQ.
At RA Slot 3, d6 and d7 are in the first CRQ position so they contend, since
each device used a different preamble, both succeed and leave the CRQ. At RA
Slot 4, d1 and d2 contend and succeed. Finally, d4 and d5 succeed at RA Slot 5.

3.2.2

DQ integration into the RA procedure

In this section, we describe one approach to adapt the DQ mechanisms to the
RA procedure of LTE. Leveraging on the availability of the orthogonal preambles
in LTE, different preambles on the same RA Slot can be used. Devices select a
specific RA Slot on a frame for the first attempt and it will remain using the same
RA Slot in upcoming frames if further retransmissions are needed. Upon initial
access, the devices select a RA Slot and wait to get the current status of the CRQ,
this is transmitted as part of the Random Access Response (RAR)–also referred to
as the Msg. 2. New devices are not allowed to enter the queue until the ongoing
contentions are solved. If a free RA Slot is found (there are no previous contentions
being resolved), the device will send a preamble on the next opportunity and it
waits for the corresponding Msg. 2. Three states must be provided on the Msg. 2:
1. Empty state: no preamble received. If a device used this preamble, it means
there was a reception error, the device will increase by one the preamble retransmission counter and reenter the CRQ.
2. Collision state: collision detected. The device will increase by one the preamble
retransmission counter and reenter the CRQ.
3. Success state: preamble received with no collision detected. The device will
decode the RAR and proceed to the transmission of Msg. 3.
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Figure 3.2: MAC PDU subheaders for RAR (a) corresponds to the RAPID subheader. (b) corresponds to the BI subheader. (c) corresponds to the newly introduced subheader for CRQ feedback.

3.2.2.1

DQ feedback implementation in the Random Access Reply

The feedback provided by the RAR has been revisited to accommodate the CRQ
feedback information. The RAR is a MAC Packet Data Unit with variable size
header and zero or more payloads. A header has the following subheaders [100]:
• Random Access Preamble Identifier (RAPID) Subheaher: it correspond to the
preamble number. There is one RAPID subheader for each successfully received
preamble (Fig. 3.2(a)).
• Backoff Indication (BI) Subheader: there is at the most one of these subheaders
per RAR and it contains the BI parameter (Fig. 3.2(b)).
To provide the CRQ feedback, we use a third type of subheader, the CRQ
subheader (Fig. 3.2(c)). Since there can only be one BI subheader per RAR
according to the standard, appending subsequent subheaders with T = 1 provides
the necessary distinction between the three types of subheaders. The fields of
the CRQ subheader correspond to the status of each preamble in the previous
RA Slot, 1 for collision and 0 for no collision or no detection. Since each MAC
PDU subheader is limited to 8 bits, 6 preambles can be included in a single CRQ
subheader, therefore, more than one CRQ subheaders can be appended in the RAR.
The three states required on the feedback for each preamble are provided as
follows:
1. Empty state: PX as zero and no associated RAPID subheader for this preamble.
2. Collision state: PX as one and no associated RAPID subheader for this preamble.
3. Success state: PX as zero and associated RAPID subheader for this preamble.
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3.2.3

Scenario and system model

This evaluation is abstracted from the HSCWB context, since it is expected that
the underlying communication technology will be shared by different industries and
applications, accounting for the massive number of expected IoT devices. The goal
is to considering a horizontal enablement of communication, looking into a extreme
case to show shortcomings in the situation of massive simultaneous access attempts.
In order to validate the simulation modules, we use a Beta distribution for the
traffic arrival to replicate the conditions in [39]. This comparison is presented in
[101]. For the comparison with the DQ adaptation we took the extreme condition of
simultaneous arrivals, with varying number of simultaneous access attempts, up to
1500. This case has been considered because in many IoT applications devices would
remain in sleep mode during period of inactivity in order to save energy; waking up
to transmit bursts of data triggered by events or periodically scheduled. Therefore,
the network may change abruptly from idle into saturation when devices wake up
to transmit simultaneously; this has been referred to as delta traffic condition or
batch arrival [102].
3.2.3.1

System model

We assume a cellular LTE network on Frequency Division Duplex (FDD) mode.
Devices are cell-synchronized at the beginning of the simulation and they already
received all configuration parameters related to the RA procedure. The RA procedure is based on a 4-way handshake initiated with the transmission of a preamble
from the device, until the reception of a access grant by the network. Control signaling transmissions related to the system information are out of the scope of this
work. The simulation parameters are given in Table 3.1. We use four KPIs:
1. Average Access Delay: corresponds to the average time for a given device
between the first access attempt transmission and the reception of a positive
contention resolution message. Since we consider simultaneous arrivals and
that devices are cell-synchronized at the beginning of the simulation, the
transmission of the first access attempt corresponds to the starting time of
the simulation run. Only successful accesses are considered for the average
calculation; unsuccessful access attempts are considered for the calculation of
the blocking probability.
2. Blocking Probability: corresponds to the probability of a device reaching the
maximum number of access attempts and being unable to complete an access
procedure.
3. Average Energy Consumption: corresponds to the average of the total energy
spent on the device side from the first access attempt transmission until the
access to the network has been granted. Only successful accesses are considered for the average calculation. The energy model consists of three states
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which correspond to a transmission, a reception and an idle mode, with the
values given on Table 3.1.
4. Average Number of Preamble Retransmissions: corresponds to the number of
attempts that a device executes before successfully getting access, or before
reaching a maximum number of retransmissions, in which case the device is
considered as blocked by the network.
If a device reaches the maximum number of access attempts without gaining
access, we say that the device has suffered a blocked access by the network. Therefore, the time elapsed during the access attempts, the average number of preamble
retransmissions, and the energy consumed during the access requests are not considered for the average calculations and only account for the calculation of the
blocking probability.

3.3

Evaluation of the DQ implementation

The results show the comparison between the LTE standard RA procedure and the
implementation of the CRQ is shown in Figure 3.3.
Table 3.1: Simulation Parameters.
Parameter
Cell radius
No. Orthogonal preambles
No. Available preambles
Barring Factora
Barring Timea
PRACH Configuration Indexb
Backoff Indicatorb
Preamble duration
Max. Preamble retransmissionsb
RAR Window Sizea
Contention Resolution Timera
Power consumption valuesc
Transmission
Active Period (reception mode)
Accurate clock (idle mode)
Number of iterations
Simulation time per iteration
a
b
c

3.68
26
56
80

Values
5.68 16.13
18
7
36
18
60
40
2
3
480
1
20
5
48
500
150
10
500
20

39.01
3
6
40

Unit
km
int.
int.
%
s
int.
ms
ms
int.
ms
ms
mW
mW
mW
int.
s

Standard values available in 3GPP TS 36.331 [103].
Standard values available in 3GPP TS 36.321 [100].
Values taken from the description given in [104], assuming that the power consumption on transmission mode is equal to the radiated power.
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Figure 3.3: Comparison between the LTE standard RA procedure and the DQbased adaptation for contention resolution with up to 1500 simultaneous arrivals.
Results show the average access delay, average energy consumption, average number of preamble retransmissions and the blocking probability when using different
number of orthogonal preambles.

The standard LTE RA procedure address the support of large number of simultaneous arrivals by increasing different backoff indications. In this manner,
subsequent attempts are spread in time. By increasing the backoff indication or
setting more restrictive barring factors, it is possible to reduce the congestion experienced on the network side. Nevertheless, this has a negative effect on the devices
side, since these changes not only affect the average access delay, but also have
negative implications on device’s energy consumption.
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Even if the performance of the adaptation based on the CRQ is also affected
by the increase on the simultaneous arrivals, it provides a sustained performance
of the blocking probability. This evidences the efficient performance independently
of the number of contending devices, even while only using 6 orthogonal preambles
for contention resolution. Moreover, the average number of retransmissions is lower
than 5 for all the conditions presented, which has a direct positive impact in the
energy consumption on the device side.
The results present an extreme case of 1500 simultaneous arrivals, however, it
shows a better way to handle the access resources, which is scalable for different
IoT devices.

3.4

Discussion of the results

The connectivity landscape for the IoT is evolving rapidly, with a set of complementary and competing technologies covering the diverse requirements for different
use cases. In this work, we purposely decided to take an abstract scenario for the
technical evaluation, considering the possibility to have different applications generating traffic simultaneously. With a focus on the access issue when there is a
massive number of devices in a single cell.
Even if the amount of data considered per MTC devices is relatively low compared to traditional mobile broadband applications, the total number of MTC devices in the network which can attempt to access the wireless channel simultaneously
can be unmanageable by traditional ALOHA and CSMA techniques.
With the proposed DQ adaptation, we show a possibility to provide access
with low latency, low energy consumption and low blocking probability to large
number of devices in a cellular network. Even if the evaluation case considered for
comparison looks at an extreme condition of 1500 simultaneous arrivals, it evidences
that massive access can be handled more efficiently, and without mayor alterations
to current standards. Even if backwards compatibility has not been considered as
part of the study, it could be easily achieved by splitting the preamble allocation for
devices following the DQ rules and devices following the standard RA procedure.
One condition that has to be attained in order to ensure the correct performance
of the DQ implementation is that all devices must act fairly and ensure that all
devices select preambles randomly. Otherwise, a case could emerge that certain
devices select low values in order to reduce their waiting time in the queuing process. One future study could consider the possibility to assign different priorities
to devices and preamble numbers, which is a topic that has not been covered.
The evaluation and results show the potential of using a different technique
to handle large number of devices in a single cell. In this study, we show a high
level approximation by using a traffic pattern that is not specific to real scenarios
or conditions. The same argument applies to the evaluation scenario in terms
of the channel propagation characterization, network deployment and spectrum

42

CHAPTER 3. CONTENTION RESOLUTION FOR MASSIVE MTC:
RESULTS AND DISCUSSION

considerations. These arguments are given to suggest possible lines of continuation
for the research.
In this work, we focus on the evaluation of the bottleneck on the radio access.
However, we acknowledge that the massive number of devices also brings issue
related to signaling and control transmissions in the core network. Interestingly,
DQ was originally designed for this type of networks, so it could be applied in other
procedures beyond the RA. This remains an open research area for future work.
Cellular technologies are one in several possibilities to provide connectivity for
IoT [77], considering that local area networks and IoT-specific networks are and
will continue to provide connectivity for many IoT applications [105]. This fact as
also been acknowledged by incumbents in the cellular space, for instance, Ericsson’s mobility report suggests that less than 10% of IoT devices will be on cellular
networks [106]. It is certain that cellular connectivity is not the only solution that
can provide connectivity in the HSCWB context. However, we touched upon the
potential benefits that cellular connectivity could provide in terms of simplicity in
usage, simplicity on the user side, and mobility.
The technical scope of the IoT is more than communication solutions for products; it includes sensing (data collection), transmission, storage, analysis and sharing. The technical work of this thesis focuses on the communication stage and
the connectivity aspects, where the enabling technologies are the communication
networks and standards [107]. Current wireless technologies are already in use for
HSCWB solutions. The challenge addressed in this technical work relates to future issues that upcoming advanced wireless and cellular communication should
minimize [32].
Other challenges besides handling large number of devices are also critical; for
instance, the need to change the current regulation and limitations on SIM-cards.
The OECD has presented a report analyzing how SIM-cards association to a single
provider are a limiting factor to make cellular networks a viable option in many
IoT cases [108]. Part of the resistance to change the current SIM-card use comes
from MNOs that see vulnerabilities in authentication procedures and the customer
lock-in effect.
In addition, the business conditions can be radically changed in the IoT context,
for instance, by exploring revenue schemes providing connectivity for free–given
the fact that the actual data usage per device is very low–and find revenues based
on managed services; telecom equipment vendors and operators would look for
alternative ways to adapt to an emerging business-to-business market setting to
find new business opportunities, by providing managed solutions and even going
into service enablement activities.
The final argument is that enabling scalable communication solutions for IoT
devices, regardless of the technology used, will not guarantee the appearance of
more services for HSCWB. For this reason, it is necessary to explore the business
environment and the opportunities to build value propositions around technological
solutions. To do so, it is beneficial to be actor- and technology-agnostic. Keeping
a holistic perspective to understand where the opportunities are, and who could
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actually benefit from them. Even if the study is related to business relationships and
opportunities, the goal is very clear: to create better solutions to improve health
management and extend the quality of life with the help of connected devices.

Chapter 4

Emerging Ecosystem of Connected
Devices for Health and Social
Care: key results and discussion
In this chapter we present key findings of the study regarding services based on connected devices in HSCWB. We begin by exploring the existing business ecosystem
for health and social care services in Sweden. The aim is to study the convergence
between the healthcare and the ICT industries and show the conditions surrounding
the emergence of the aforementioned services, including the challenges to innovate
in the public sector.
The description of the context and conditions is followed by an analysis of case
studies corresponding to services in Sweden- This is done in order to show the collaboration between different actors and how novel technological components based
on IoT are embedded into existing solutions in the HSCWB context. These cases
are analyzed considering two levels: one for the firms bringing the technology innovation, and another for the network of actors that are required to establish and
operate each service. The reason to have these to levels is to show how the innovation based on connected devices changes the business relationships and activities
executed by actors that cooperate in the service delivery.

4.1

Theoretical background

For the study and presentation of the Swedish context we rely on the concept of
business ecosystem. The term business ecosystem is commonly used in the literature and has been widely adopted in the high technology community [109]. Business
ecosystems can be defined as networks of buyers, suppliers and manufacturers of
products and services; including institutional and regulatory framework [110, 111].
The economic agents involved simultaneously create and capture value with the
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combination of their resources [112–114]. It is a perspective to study the relationships between firms and the network surrounding them [115].
The study from the perspective of a single actor provides partial understanding
regarding the value creation for the customer, since IoT solutions are based on a
continued combination of activities and resources from diverse actors [116]. In order
to study the benefits of solutions based on IoT, we consider that value emerges at
the intersection of the resources and the capabilities from different actors [116,117].
We consider the concepts of value constellations, or value networks, as a model
to emphasize the perspective on the overall system, focusing on the value creation
[118].
There are parallels between business ecosystems and business networks [119],
with the main difference being in the variety of actors considered [120]. Business
network are firms collaborating to deliver value to a customer, while business ecosystems can include competitors, suppliers, potential collaborators, public institutions,
and investing firms. Both can be indeed the same object of study [115].
We take the Industrial Marketing and Purchasing (IMP) Group approach to
study business relationships. For IMP, everything is presented as an interaction
and emphasis is given to the dependence among resources, activities, and actors
in a network. The Actors–Resources–Activities (ARA) model proposes that firms
interact on three distinct layers: via actor bonds, resource ties, and activity links
[83, 121].
We analyze the business opportunities in various case studies by taking the
concept of business models [122, 123]. A business model can be considered an
activity system which includes that activities that are performed, the links among
them, and the actors performing them [123]. Other takes on business models are
discussed on Paper G, but the main aspect to consider is that these approaches are
focused on individual firms and observe the network of actors from the perspective
of that given firm [124–127].
However, to create new solutions based on technological components, service
innovation requires an environment where diverse actors collaborate with their particular resources and capabilities [128].
Business models can be extended from a intra-organizational perspective to an
inter-organizational perspective between firms in the network of actors [129, 130].
According to Palo [131], business models from a network perspective have three core
elements: (i) the product or service, (ii) the business actors and their roles, and (iii)
the value creating exchanges among the actors. A network perspective on business
models captures how firms and their relationships compose a wider network in terms
of value creation and exchange patterns [84]. A similar interpretation is given by
the concept of ecosystem business models for the IoT [30,132], suggesting that value
creation and exchange requires active involvement from several stakeholders and a
common understanding and goal across the network of actors.
These concepts reflect the same viewpoint of aligning the value creation process
from a networks perspective, which is in line with our research aim. Therefore, it
guides the analysis of the data collected, considering the firm-level aspects of the
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actors bringing the IoT innovation and complementing it with the network view.
The ARA model is used to present and describe the business relationships.

4.2

The context of health and social care in Sweden

This section illustrates a business ecosystem, corresponding to health and social
care in Sweden. Healthcare in Sweden is decentralized, the responsibilities are
divided for different kinds of care between the 20 county councils and the 290
municipalities [58]. County councils are responsible for managing public hospitals
and primary care centers. Healthcare in the home is provided by the municipalities,
which have the responsibility for the health of people living in certain residential
facilities and for those visiting care facilities for daytime activities [57]. A high-level
business ecosystem for healthcare and homecare in Sweden is shown in Figure 4.1.
The central government exercises the main responsibilities through the Ministry
of Social Affairs (Socialdepartementet), through a number of authorities responsible
to conduct parliamentary and government decisions. This includes The National
Board of Health and Welfare (Socialstyrelsen), the Public Health Agency (Folkhälsomyndigheten, FHM ), The Medical Products Agency (Läkemedelsverket, LMV ),
the Dental and Pharmaceutical Benefits Agency (Tandvårds- och läkemedelsförmånsverket, TLV ), Healthcare Responsibility Board (Hälso- och sjukvårdens ansvarsnämnd, HSAN ), Health and Social Care Inspectorate (Inspektionen för vård
och omsorg, IVO), Health Analysis (Vårdanalys), the Swedish Council for medical and social assessment (Statens beredning för medicinsk och social utvärdering,
SBU ), the Swedish eHealth Agency (eHälsomyndigheten) and others [60].
The main regulations in place are the Social Service Act to supervise the responsibilities of the municipalities and the Health Service Act for supervising county
councils. In addition, the Swedish Data Protection Authority (Datainspektionen) is
Sweden’s national regulatory authority enforcing the Personal Data Act to protect
people from having their privacy violated by the processing of personal data. It is
organized under the Ministry of Justice.
Laws and regulation provide the framework that is supervised by different authorities. These laws could be considered driving forces for high quality care, but
they are not driving innovation in this case. Nevertheless, they are fundamental
in the ecosystem because they provide the current structure. Other relevant and
active actors in this ecosystem are presented in the next section.
Regarding other actors in the business ecosystem, we begin with the individuals,
which might not be a driving actor in terms of decision-making nowadays. However,
individuals have gradually gained greater opportunities to choose between public
and private healthcare providers through various systems of choice. There are also
more opportunities for individuals to influence and participate in their own care [62].
It is relevant to mention the relatives of patients as relevant actors, particularly for
the cases related to elderly care.
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Figure 4.1: High-level business ecosystem for the public-funded health and social
care services in Sweden [Paper F].

Other actors include the Swedish Association of Local Authorities and Regions,
SALAR (Sveriges Kommuner och Landsting, SKL), which represents county councils and municipalities to reach agreements between the central government guidances and the interests of local governments. In addition, there are national trade
associations to support the development of novel health services.
Finally, we highlight the relevance of IT companies which have developed ecosystems around their brands. Google, Apple, IBM and similar firms are regarded as
emerging infrastructure providers in this sector, providing mechanisms to allow
the exchange of data and information. This group also includes communication
providers, such as mobile network operators and Internet services providers. Some
of these actors have dedicated business units in the area of healthcare and their
role is usually part of the integration of systems and solutions. In addition, there
are small innovative companies creating new services and solutions based on ICT
for health and social care.
The main driving force for the development of IoT solutions in health and social
care is to improve the quality of life, which impacts individuals, corporations and
society. With digital health services patients can monitor their status regularly,
with individuals becoming increasingly responsibility for their own health. Remote
monitoring can result in a drop in the number of unnecessary visits, which would
result in better use of resources. The quality of life is closely related to the benefits
in the IoT vision; the main idea is to handle increased needs with unchanged public
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resources [61, 62].

4.2.1

Challenges for the IoT in health ans social care

We identify in Paper F four challenges that have been recurrent concerns raised
by different levels of stakeholders, and they correspond to:
1. The health and social care structure and governance: the decentralized health
and social care structure in Sweden is a factor that slows down the adoption
of solutions based on connected devices, due to the lack of national alignment
and knowledge dissemination.
2. Public sector barriers for healthcare: innovation based on IoT entails risks
that public sector organizations are not design to manage. Public organizations require proof of concept before adopting new solutions, which is many
time unfeasible for providers of new technologies.
3. Unclear incentives and reimbursement models: payback periods for digital
technologies are unaligned with public budgeting cycles and reimbursement
models. Even if companies know how to address new technology, local governments do not budget for technology investments where the benefits can
only be perceived over several years, since changes in government or policy
perspectives can affect the investment in technology.
4. Interoperability and coordination: a larger part of systems integration has
been developed as local solutions within county councils or regions, and has
not been required to comply with international standards. The lack of standards adoption and guideline specifications results in lock-in effects and high
maintenance costs.
In Table 4.1 the main aspects of each challenge are presented, suggesting which
type of actor is the main affected and the implications in terms of adoption of
services based on IoT. These challenges are studies from a public sector perspective.
From Table 4.1 we see that the main challenges affect new comers and providers
of novel technological components, but they also affect certain municipalities that
already understand the benefits o adopting solutions based on IoT and are early
adopters. In any case, the main implication of the challenges in Sweden is a slow
uptake of solutions based on IoT.
In the next section, we identify different development patterns that different
ventures follow in the development of new solutions. Most solution providers understand the social and financial benefits to be an approved service provider in
the public sector, but the aforementioned challenges have resulted in ventures taking alternative routes towards their development, depending on their actual offer,
resources, and expertise.
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Table 4.1: Summary of the main challenges to implement digital health services
in Sweden [Paper F].
Challenge
The health and
social care
structure and
governance
Public sector
barriers for
healthcare

Description
- Fragmented coordination
- Unclear guidelines
- No leader (ecosystem
integrator)
- Innovation implies risks
- Risks are avoided in the
public health and social
care structures

Unclear
incentives and
reimbursement
models

- No clear incentives to
improve efficiency with
digital technologies

Interoperability
and
coordination

- Bespoke solutions
prevent integration at the
national level
- Lock-in effect from
providers

4.2.2

Main affected
- New comers with
innovative
solutions

Implication
- Slow uptake
- Negative
fragmentation

- New comers with
innovative
solutions

- Slow uptake
while structure
changes

- Providers that
require long times
to see return on
investment

- Lack of
attractiveness for
innovation in the
public sector

- Vendors cannot
scale
- Municipalities
with lock-in effects

- Slow uptake
without common
international
standards

Innovation patterns

In Paper F we group the development of innovative solutions for the health and
the social care sectors based on the primary and secondary data collected, which
is largely based on the insights from municipalities, official representatives and
innovating companies in the sector. The grouping is presented according to the
following development patterns:
• Innovation starting in the public sector: this type of innovation deals directly
with the public health and social care system, taking strong efforts and active
participation in the adaptation of the current structure.
• Focus on corporate and private care: this type of innovation focuses on the
private sector, mainly as an approach to avoid the current challenges on the
health and social care structures and reimbursement models.
• Reach healthcare through wellbeing: this type of innovation reaches customers
from a wellbeing perspective in order to gain experience and acceptance in
the market. It is an approach that limits the impact of regulation related to
healthcare and medical devices. Also, it does not have to be limited to the
health and social care structure and conditions of a specific country or region
A summary of the development patterns is presented in Table 4.2, stating the key
benefits for each case, the associated disadvantages, and the dominant development
perspective. There is a clear difference in the level of flexibility involved in each
case. The innovation starting in the public sector directly addresses the inflexibility
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to adopt new solutions at local governments. It is mostly driven by an integration
perspective to improve working efficiency.
The opposite case is the wellbeing approach, where many new ventures have
a long-term outlook towards the healthcare domain, but take immediate actions
in a wellbeing context. This pattern has the perceived benefit of avoiding the
inflexibility of the healthcare system. In some cases, provider must reduce the
claim of their products until it received medical certification. Between the opposing
development patterns, there is a trend to target the private health sector. It is an
entry strategy independent from public funds that can be useful to gather an initial
customer base. This pattern has a similar presence of the integration and the
consumer facing perspectives.
Table 4.2: Benefits, drawbacks, and main innovation perspectives in the identifies
development patterns for innovation in health and social care [Paper F].
Development
patterns
Benefits

Drawbacks

Main
perspective

4.3

Innovation starting
in the public sector

Focus on corporate and
private care

- Possibility to have
larger positive
impact in society

- No dependence on public
procurements

- Slow uptake

- Different type of customers
(corporations or individual)
than in the public sector

- Lengthy public
procurement process

- Difficult to attract customers
without public incentives

- Integration

- Integration
- Consumer facing

Reach healthcare
through wellbeing
- Less market
constrains
- Shorter term return
on investments
- Not aligned with
health or social care
system
- Product benefits
cannot be fully
exploited
- Consumer facing

Case studies showcasing the development on solutions
based on IoT

This section illustrate the concept of business models from a network perspective.
We present four case studies illustrating the use of connected devices in social
care and wellbeing. For the analysis, the data has been organized to highlight
three aspects: (i) there are distinctive innovation perspectives in healthcare, (ii)
there are different contexts for healthcare services, and (iii) the development of
new solutions has strong indications of following network approaches. We begin
the data analysis by presenting each case study, including the relevant actors and
relationships, the motivation factors, and the perspective considered for innovation.
Each case is described in two tiers; one consists on the overall service provided
by the network, and the other makes emphasis on the actor bringing the IoT novelty.
We refer to this actor as actor under study.
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4.3.1

Alpha: service platform in assisted living at homes

This solution has been developed in the context of public social care. The actor
under study is a company which developed a digital platform with a remote home
monitoring system for automatic reminders, alarms, and support. Deploying and
connecting sensors within living spaces where individuals require monitoring allows
the possibility to provide support while giving more independence to individuals
in care. For the authorities in charge of social care, the solution improves resource
utilization and lowers the overall cost, while adding the possibility to react faster,
based on event alarms.
The driving actor in this case is the public social care provider. A housing
company owns and manages the properties and sees the platform solution as a
differentiating factor. The actor under study provides a gateway device that collects
all the information from sensors inside the home. The sensors in the home can be
provided from different vendors, depending on the requirements.
The business network is organized around the social care provider, which holds
direct relationships with the end users. The actor under study has an integrator
perspective, providing essential functionalities to manage sensors and associated
event. The actor under study started with a technology development idea that
gradually adapted to the market needs.

4.3.2

Beta: stress management in corporate care

This solution has been developed in the context of corporate care and wellbeing.
The actor under study has developed a data analysis engine to provide contextual
information associated with stress level fluctuations. The solution provides service
bundles to medium and large corporations to encourage wellness activities for employees. For the medium and large corporations, the solution is beneficial in order
to prevent downtimes caused by excessive or continued stress levels.
The driving actor is the corporate care provider. The solution is beneficial for
employers to help employees with their stress management. The actor under study
is working on a partnership to lease the devices during a contract period through a
corporate care provider. For the corporate care provider, the use of these devices
brings added value with innovative solutions.
The business network is organized around the corporate care provider, which
holds the relationship with the medium and large companies (the customers of the
service). The actor under study has a consumer facing perspective, providing a
component that is part of a corporate care package. The solution builds on top
of already existing business relationships. The actor under study started from a
technology development idea that is gradually adapting to the market conditions.
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4.3.3

Gamma: wearable technology as digital coach

This solution has been developed in the context of elite sports and training activities. The actor under study provides a chest-belt with motion detection sensors.
Users get individual feedback to adjust their training effort, enhance their technique, and decrease the risk of injuries. For a sports association, which in this case
is a race organizer, the solution provides added value to differentiate their offer.
The driving actor is the movement analytics provider, which is also the actor
under study. The solution benefits the race organizer by providing novelty to their
offering. For the actor under study, a strong collaboration with sports organizations
is fundamental to reach the target user base.
The business network is consolidated around the race organizer, and the relationships with end users are with both the race organizer and the actor under
study. There is a consumer facing approach from the actor under study, since the
solution is an added component for participants. The actor under study started as
a technology development idea that tested different customer segments to find an
appropriate market.

4.3.4

Delta: integrated planning, resource management and
reporting in home care

The context of this case is public home care. The actor under study has developed
a digital key system based on hardware units that are installed in door knobs and
allow opening doors with the use of Bluetooth. With this solution, new functions
are provided, such as digital key management, time planning, task reporting, and
digital documentation of visits.
The driving factor in this case was the interest from a local authority to solve
the key management issue to maximize the resource in planning and scheduling
of visits. Moreover, the solution opened the possibility to provide digital tools for
home care staff reporting.
The business network is organized around the local authority for social care.
There is an integration perspective form the actor under study, which has developed
the solution based on an existing need expressed by the local authority. This
solution-oriented approach has been an important driver for success.

4.3.5

Cross-comparison of the case studies

The four cases are in the area of care and wellbeing, each having different setups.
Cases Alpha and Delta are in the area of public social care, with a strong motivation
on internal efficiency in terms of planning and resource management. The benefit
of these solutions is to minimize the efforts associated with routine tasks and allow
home care staff to dedicate more time to care activities. Cases Beta and Gamma,
on the contrary, have a stronger focus on the individuals and the way to access and
manage information concerning their own wellbeing.
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There are two distinctive innovation perspective in the case studies, one focuses
on efficiently scaling the service delivery and another focuses on improved support
for individuals. These perspectives correspond to those introduced by Herzlinger
[82]. The perspectives indicate the main focus for innovation. However, if we
consider case Alpha, the focus of the innovation is to improve the efficiency of the
home care provider, but it also improve the support and quality of life for the
individuals at home.
An relevant comparison can be done between the innovation perspective taken
by the actors under study and the way their component is integrated into the overall solutions. Our case studies suggest that consumer-facing innovations tend to
relate to overall solutions as an add-on component which are not intrinsic requirements for the overall solution to operate. Moreover, innovations with an integrator
perspective tend to become a central part of the solution since they can change the
working process and the way a service provider operates and become essential for
the operation.
Our findings are aligned with the argument by Palo et al. (2013) [70] suggesting
that business development begins with an exploration of possible, yet uncertain,
opportunities based on new technology. From our empirical data, it has been
recurrently highlighted that early developments begin as part of research projects
on the development of new technology components. Nevertheless, an important
aspect emerging from the case studies is that actors with mature products and
services make more emphasis on departing from needs identified in the market and
discussions with possible customers or beneficiaries.

4.4

Discussion

We have explored the health, social care and wellbeing contexts in Sweden, considering the aspects of resource dependency among actors as a driving factor for
collaboration. This resource dependency can reflect how technological components
are related to the overall solutions in two distinctive manners:
1. use the business network to improve the internal efficiency. The original
intention is not to change the final service offering to users or beneficiaries.
2. use the business network to create additional value and differentiation in the
service offering for users or beneficiaries. The original intention is not to affect
the internal logic and operation of the service delivery.
In all the cases that have been studied, the innovative component of the solution reach the user over known or preexisting channels, which can take the form of
municipality care, corporate care provider, or known events such as a regular ski
competition. Even if our cases present new technology components, these components are rarely seen as stand-alone gadgets in the market, since they are embedded
into more complex solutions.
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Particularly in the health and social care domain, following a network approach
in the service development is beneficial for the actor providing the technology component. Primarily due to the fact that actors already belonging to the health and
social care domain can identify clear areas to improve in the sector and, more importantly, are key in providing guidance and alignment with the current health
and social care structure. The latter factor has been detailed on Paper F, highlighting the fact that radical proposals or innovation that are misaligned with the
current structure are likely to face more resistance than support, regardless or their
potential benefits.
Considering the wellbeing domain, it has been highlighted that wellbeing will
keep being a strong area for newcomers because it allows them to focus on the creation of solutions without the regulatory and reimbursement issues. The wellbeing
domain represents lower institutional barriers and innovations in the area mainly
focus on consumer facing perspectives to provide novelty through technology. In
addition, this market is reaching interoperability based on the solutions provided
by large IT players, e.g., Google, Apple, or Microsoft development platforms.
Regarding the role of communication technologies in the development of new
solutions based on connected devices, it is evident that communication technologies
are essential for the service operation. Therefore, communication solutions need
to be proven as trusted. Nevertheless, the communication aspects represent low
concerns compared to other aspects (such as regulation), even if the development
starts form a tech innovation that is then adapted to gaps in the market. This leads
to another relevant point, which is the fact that gaps in the market are still abstract
and difficult to address; the solutions that we present in the case studies have
found needs for a specific actor (or specific set or actors), rather than in a concrete
market. This approach has resulted in strong business collaborations; however, it
has also resulted in isolated developments, which entail the lack interoperability
discussed on Paper F. Regarding the role of incumbent communication players,
there are suggestions that their interest in the area corresponds to the “integrator
perspective”. However, nowadays their role is also seen as a trusted channel to
reach customers.
Considering the implications of this study on technical research, it is evident
that the technology development has a long-term vision. The suggestion is that
more efforts could and should be done to focus on contextual (and existing) problems, rather than abstract and futuristic vision. The futuristic vision should be
complemented with contextual studies that serve as proof-points and interactions
with beneficiary industries. As en example, a timely concern for municipalities in
Sweden are the interoperability issues. From a technology perspective, there are
arguments suggesting that current technologies are not sufficiently scalable to accommodate an increasing number of devices. However, from a health and social
care perspective, small changes in the current operation can represent are big leaps
in terms of scalability.
The communication requirements for the type of services presented in our case
studies can be fulfilled with current technologies, nowadays and in the near fu-
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ture. Arguably, the reasons for not having more services available is not a lack
of adequate technology. Small tech companies do not present communication as a
challenge to develop a product, it is more frequent to find references to issues on
the regulation, although, many suggest that having direct cellular access can simplify the provisioning and the handling of the devices, since they can be accessed
directly by the provider and guarantee a higher level of control and remote management. The possibility of having mobile modules for wearable devices correspond
to a technology development which is ongoing and it follows an identified need in
the market in order to provide suitable modules at reasonable prices.

Chapter 5

Conclusions
In this Chapter, we conclude the thesis by making a direct link to the original
research questions. The departing point has been to investigate How can the IoT
support services in health, social care and wellbeing? Giving foremost relevance to
the context, rather than any technology or predetermined actor.

5.1

Answers to the research questions

The first conclusion from a interdisciplinary perspective is that each industry has
a different goal regarding the use of IoT in the HSCWB context. For telecom
actors, it has originally been understood as an opportunity to exploit new markets
by offering scalability and resource efficiency. Interestingly, the perspective from
health and social care actors is not necessarily driven by the possibility to improve
resource utilization; instead, the main driver is to improve working processes and
the quality of life for care providers and service beneficiaries.
The approach of the research started by having a sanity check on the technical
side and explore How can mobile networks efficiently support a massive number
of IoT devices? The connectivity landscape for the IoT is evolving rapidly, with
a set of complementary and competing technologies covering diverse requirements
for different use cases. We purposely decided to take an abstract scenario for
the technical evaluation, considering the possibility to have different applications
generating traffic simultaneously. With a focus on the access issue when there is a
massive number of devices in a single cell. The access aspect presents congestion
and energy waste challenges when the number of devises increases, and we argue
that ALOHA-type mechanisms could be replaced for IoT and the massive number
of connected devices foreseen in the near future.
From the sanity check on the technology part of the research, we examine how a
simple change in the access logic can scale the cellular communication infrastructure
for massive machine-type communications. The DQ scheme can handle an ideally
infinite number of devices, and doing so independently of the size of the network
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and without a priori knowledge of the composition of the network. This makes DQ
particularly suitable for IoT.
Nevertheless, the interdisciplinary scope of this thesis made evident the fact
current communication technologies are capable to handle many of the applications
considered in the HSCWB context, and the most challenging aspects lie on the
business and regulatory domain.
In order to study solutions based on IoT in the HSCWB, it is necessary to understand the context where solutions generate value. Therefore, we considered the
question of How does the current health and social care system structure affect the
development of new solutions based on IoT? We analyze how the current health and
social care system structure affects the development of new services and solutions
based on IoT. We consider Sweden for a country case review due to the increasing
attention given to the potential benefits of ICT solutions to improve the current
conditions in the public health service delivery.
The descriptive study on the Swedish health and social case system highlights
the fact that there is no clear business ecosystem integrator, or cornerstone. On the
contrary, it is a highly decentralized system which can lead to inefficient adoption
of technological solutions based on connected devices, unless proper coordination
and alignment is achieved on a national level. Public innovation is acknowledged to
require further development in the way new services are incentivized and adopted.
Collaboration exists at different levels; however, the appropriate incentives for different actors are not in place yet.
We contribute to the understanding of different viewpoint regarding the use of
communication technologies and IoT to increase efficiency in the health industries;
More concretely, we present how increased security, independence, and integrity of
individuals can go hand in hand with a more efficient operation where less time is
spent on activities other than qualified health and social care work.
By describing the recurring development patterns for new ventures at the convergence of the industries under study, we infer the opportunities in the private
sector to mature new solutions. In addition, the wellbeing sector will experience
stronger attention, for two reasons. Firstly, the demands and time required to be
accepted as providers in the public health or social care systems is prohibitive in
many cases for newcomers. Secondly, even if there is an evident disposition for collaboration from regional, local, and central authorities, there is a lack of leadership
from a national perspective.
Finally we argue that with the identification of the boundaries in each sector, it
is possible to indicate where the current conditions represent limiting factors, and
it will also show innovation opportunities. As one local authority representative
said: “the interesting part is what happens in the boundaries, where we have this
interaction between municipality homecare and private care. That is where new
things are happening.” Our outcomes are a contribution towards the identification
of challenges and feasible way to handle them in the development of better services
for health and social care.
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Our research approach builds a framework to analyze challenges and development patterns for innovation in healthcare. We hope that with this contribution
we can open a discussion on the emerging area of IoT in order to find similarities
and disparities among other countries and industries where IoT and services based
on connected devices represent a growing interest area.
Collaboration from actors with different expertise has been considered necessary in order to efficiently develop solutions in IoT, which led to the question of
How are opportunities at the convergence of ICT and HSCWB being addressed from
the perspective of collaborating actors? The network-level perspective on business
models provides the advantage of steering technological development towards identifiable customer needs, this aspect is highlighted in case study Gamma, where the
solution was developed in a public-private project looking into existing challenges
in social care. We consider that a network-level business model can provide the
practical tools to start developments of technology after the customer needs have
been identified. The essence of this argument supports the propositions by Palo et
al. [70], considering that a network perspective effectively embraces a market pull
model instead of a market push of new technology.
We finally argue that even if literature concepts such as business networks or
networked business models are not part of the lingo adopted by our sources of
empirical data, we see a practical inclination to explicitly target collaborations
to complement competences and create new solutions based on connected devices.
Business models and the need for collaboration are well understood by practitioners,
but there are no explicit indications of the use of business models frameworks as
part of the coordination activities within the business networks.
Next, the implication of the research results are elaborated, making a distinction
between theoretical, research and managerial implications.

5.2

Theoretical implications

Findings from our exploratory review of the Swedish health and social care context
supports the argument that boundaries in terms of business ecosystems are fuzzy
when companies belong to different industries [133], which is a characteristic in the
converging industries of ICT and HSCWB. Our findings indicate that boundaries
among the areas of healthcare, social care and wellbeing could become indistinct
in the future, following the shift toward preventive care and the use of connected
services.
In addition, there is a lack of dominant logic [134] at the converging industries
of ICT and HSCWB—for example, regarding communication standards for devices,
there are different alternatives available but service providers are many times hesitate to select certain technology because it was no proven track record. The lack
of a dominant logic is another characteristic of nascent markets [134], and it implies that interoperability goals are still difficult to accomplish, regardless of the
technological offers available.
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We have rely on the conceptual description of business model as a network phenomenon [70, 84], considering the development of solutions by collaborating actors.
Our findings illustrate how solutions based on IoT require strong collaboration,
however, the departing point for each actor is form a firm-level perspective. Looking forward, it would be desirable to have a framework that allows the study and
representation of the interplay between firm-level and network-level business models.

5.3

Research implications

In this section we discuss the research implications, making a distinction between
those related to technological implications and the implications of the IoT in the
HSCWB context, finalizing with the implications of mixing disciplines in a single
study.

5.3.1

Technology

DQ can significantly improve the access mechanism considering IoT scenarios. We
examine how a change in the access logic can scale the cellular communication
infrastructure for mMTC. The DQ scheme can handle an ideally infinite number of
devices, and doing so independently of the size of the network and without a priori
knowledge of the composition of the network. This makes DQ particularly suitable
for the IoT.
The technical results illustration how implementing a solution based on DQ has
the potential to improve the latency, energy consumption and blocking probability to large number of devices in a cellular network, without resorting to network
desification. Nevertheless, we argue that the IoT expectation of massive number of connected devices could be the triggering factor to explore new alternatives
where the DQ solution is beneficial. At this point, we expand on a what if consideration: what if the access challenges and other communication challenges are
effectively solved and standardized in coming releases? if cellular communications
can effectively handle a massive number of communicating devices, without a resource over-provision, it means that the deployment cost for the network will be
low, compared to current solution. This would result in lower communication fees
per devices and, together with recent work to simplify the complexity of terminals,
would lower the communication cost for customers. When considering the communication alternatives for IoT, usually the weakest points for cellular options are the
communication fees and the modules costs.
If indeed the connectivity cost for customers can be comparable to those offered
by WiFi, Bluetooth, or LPWANs solutions, the cellular alternative can leverage on
its strong points: mobility, and easy configuration and use for end users. Now, these
aspects have implications in the context of health, social care and wellbeing. From a
usability perspective, it is argued that cellular technologies simplify the set-up and
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management of connected devices, avoiding set-up, maintenance or configuration
from the moment the device is received.

5.3.2

Business in HSCWB

The business ecosystem perspective is suitable to understand the intertwined coordination among actors from diverse domains and with different competences.
Several academic studies suggest that business ecosystems evolved around a core,
which could be represented by common assets such as platforms, enabling technologies, processes, or standards [15,135,136]. Our findings complement this suggestion
by highlighting that it is also possible to describe a business ecosystem based on
a common and shared goal, which in this thesis corresponds to innovation towards
better and improved health and social care services for individuals. Implying that
organization self-identify as part of a business ecosystem [112], i.e., during primary data collection activities, participants clearly considered that they worked in
a digital health ecosystem, regardless of the technologies involved.
The analysis of the development patterns for this thesis is country and industryspecific. However, the same framework could be applied to study different countries
or applicable industries where the use of connected devices and the emergence of
IoT represented a relevant study area.
The IMP approach has been suitable in order to describe relationships in business networks. Our empirical data supports the argument that customer value
emerges at the intersection of resources and capabilities from different actors [116,
117]. This is also the case in the IoT context, where there is a clear convergence of
different industries. Our cases illustrate the collaboration between actors coming
from different industries (mainly social care and ICT)—for example, if we consider
the home care case studies, the value for the customer is a combination of having
better social care support enabled by the use of connected devices.
Combining the firm-level and network-level perspectives on business models
provide complimentary insights; solutions combining resources and activities from
different actors must seek an alignment between these two perspectives. This provides empirical support to the proposition by Palo et al. [70] which suggests that
firm-level business models are suitable in order to identify initial business opportunities for each actor.
The business opportunities for each actor should be the point of departure
to create a collective understanding of the general opportunities which could be
exploited in a network-level business model. This implies that not only the firmlevel business model influences the creation of network-level business model, but
also firm-level business models should be adapted to be aligned in the network. This
is particularly evident for actors bringing technological novelty, specially if it brings
changes to incumbent and existing actors. Nevertheless, the suggestion extends to
other actors in the network. In our cases, we show the effect on traditional service
providers after the adoption of new technology.
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The previous arguments are linked to Palo’s et al. [70] finding suggesting that,
in phases of early development, there is a need for entrepreneurial activities that
should be carried out by the actor driving the development of the service or solution.
These activities are necessary in order to fill gaps that initial firm-level business
models do not contemplate. We consider that the actor carrying out entrepreneurial
activities are not necessarily those at the center or the ecosystem, i.e., orchestrating
the relationships in the network, since the findings from our case studies imply
that recognizing the need for new activities usually comes from actors brining the
technological component; they can consider these activities as potential business
opportunities.
The innovation perspective for a given technological component directly impacts
the position of the component provider in the business network. We have followed
the innovation perspectives in healthcare proposed by Herzlinger [82] in order to
categorize the case studies depending on their ambition in terms of value creation.
For the integrator perspective, which is largely based on the idea of scaling a given
solution by homogenizing the service delivery and improving resource efficiency
and utilization, our findings suggests that these innovations tend to imply internal
changes in the logic of existing services. The actors providing these component
become key and their components are required for a proper operation. Contrarily,
for the consumer-facing perspective, which are largely based on the creation of
convenience and novelty to end users, the innovations are usually an additional
component to an existing service which adds value without a clear intention to
change working processes of an actor or the existing internal logics of a service.

5.3.3

Mixing disciplines

Interdisciplinary research is a growing interest in the IoT context, however, it is
cumbersome to accomplish in terms of publications and daily research activities.
What has proven an effective strategy is to clearly fragment the scope, contributions
and findings in suitable components which can be delivered to the appropriate audience. The main research topics in IoT are largely based on a set of technologies
under development, but research considering business aspects should be done in
parallel to differentiate challenges that can be overcome by technology refinement
or by adapting the business approach. The scope of this thesis, in terms of interdisciplinarity, does not intend to suggest the requirements for additional technological
research. Nevertheless, it provides support to the notion that current technologies
are suitable for emerging services in the IoT context, and the impending challenges
are on a business domain.
While a traditional research approach regarding telecommunications tends to
follow the path of developing new communication standard capable to improve
the offering, the current IoT scope should also pursue an alignment with other
industries and their conditions. Not only in terms of business development, but
also in terms of common research areas. In this regard, it was been relevant to
take a different angle for this research; instead of departing from how can these
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technologies generate profit for the telecom industry? the departure point has been
to explore what problems can be solved with these technologies?
There seems to be a misalignment between the technology offer and the contextual needs, a gap that never seems to close if technology advances more rapidly
than what can be implemented. Even if the aim of research and development is to
prepare for scenarios in a mid- and long-term scope, the aforementioned misalignment can also create confusion on expectations, and even result in situations where
developers abstain from sourcing available technologies in the wait for better or
improved systems. This implies that solutions based on IoT and connected devices
should be clearly defined within a context, with a clear understanding of the value
that technology could offer for specific industries.

5.4

Managerial implications

In this section we elaborate the managerial implications regarding services and
business aspects for solutions based on IoT in the HSCWB context.
Considering the decentralized conditions for health and social care in Sweden, it
implies that it is unlikely to have an ecosystem integrator capable to steer common
developments from a country-wide perspective. Local autonomy and the decentralized health and social care structure have a strong and positive perception, since
it has improved the management and delivery of care. Primarily because it allows
to address particular needs in local or regional areas. This condition is opposed to
the technological vision to have uniformity as means to reach efficiency and interoperability. Our findings indicate that more efficiency will unlikely outweigh the
benefits of being able to address local needs in terms of health and social care—
meaning that the main driver to adopt solutions in the public sector has not been
the possibility to be more efficient in terms of service delivery, but rather by the
possibility to improve the quality of life for beneficiaries. Internal efficiency is often
regarded as a positive side effect by actors in the social care context, but not as
the main reason to adopt solutions base don technology. This is an important consideration for firms intending to promote technological components or solutions,
since the arguments given by technical firms usually prioritize benefits in terms
of resource efficiency and scalability. These arguments tend to be received with
skepticism in the HSCWB context.
The vision promoted by SALAR (SKL) to create guidelines and suggestions
on best practices to coordinate the development on a national level provides a
balance between a complete decentralized approach and top-to-bottom directives.
However, providing guidelines on best practices will require a maturation period of
early solutions in the market.
For incumbent players, considering the opportunities of IoT for HSCWB implies a need to embrace a network perspective to innovate and find new business
opportunities while reducing the need to incur in drastic changes on the ongoing
core operation. This argument holds for incumbents in health, social care, and
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in the ICT industries. Considering the development patterns identified in Section
4.2.21 , there is a clear trade-off between the type of the potential customer and the
associated entry barriers, as discussed next.
Targeting the public sector directly has the attractiveness of becoming a provider
to potentially large customers (local governments). However, the institutional barriers can be unmanageable for newcomers that cannot accrue revenues during the
certification and procurement processes. Findings from our case studies suggest
that technological components developed with an integrator perspective tend to
become a central part of social care solution which are required for a proper operation and delivery of certain services—For example, the digital lock key started
as a convenient solution that later became a central component of the logistics for
municipal care. This implies that actors developing this type of components with
focus on scalability and efficiency have a business opportunity to become an essential part of the care structure. This development path is relevant to large telecom
companies to position themselves as integrators in the area. For smaller actors,
this type of development requires strong collaboration and support from public
institutions and fundings to have a clear alignment with the contextual needs.
For the focus on corporate and private care, the entry barriers associated to the
public sector can be circumvented while solutions are refined and adapted within the
flexibility of the private sector. One implication is that the type of collaborations
and customers will differ from the previous pattern. Collaboration is needed with
actors such as occupational care providers and the customers would correspond to
middle and large-size companies, instead of targeting regional authorities. This
implies that, if the goal for a given provider is to make a transition from private to
public customers, the efforts to target the public sector will not be the same and it
might result in a lack of competence to transit to the public sector.
The third pattern, regarding innovation starting with a wellbeing scope, is commonly channeled to individual customers, groups, gyms, or other associations of
users. The wellbeing market is reaching interoperability from IT players, e.g.,
Google, Apple, or Microsoft development platforms, which implies that service
provides should comply with at least one platform in order to be a relevant option for consumers. From our case studies, we find that technological components
developed with a consumer-facing perspective tend to relate to overall solutions
as additional component that are useful to create novelty or differentiate the final
service offer. However, these components are not an essential part for the overall
solution to operate. For example, in the case of the chest band devices including
motion sensors, the wearable device can improve the training and coaching activities, but it is not an essential component of the experience related to the yearly
competition. This implies that incumbent players can add additional component
without affecting their current operation and, in turn, it creates an opportunity for
newcomers to develop novel components with lower entry barriers compared to the
1 The innovation patterns are: innovation starting in the public sector, focus on corporate and
private care, and reach healthcare through wellbeing.
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public—or social care—area.
If we consider the long-term development, the shift toward preventive care implies that the wellbeing area is experiencing an alignment between the health and
social care industry and the ICT industry. From health a social care perspective,
there is a trend to move from intervention towards prevention in care, based on
the assumption that it is better to keep people healthy, rather than acting after an
episode has occurred. From an ICT perspective, the wellbeing area is less restrictive
in terms of regulation and easier to interact with users, making it more attractive
for newcomers. This alignment implies an increasing growth in the wellbeing area
and a consolidation that could eventually add pressure to the public health and
social care sectors to adopt innovative services and solutions based on IoT.
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Appendix B

Sources of Primary Data

Table B.1: Collection of the primary data sources.
Format

Semistructured
interviews

Study visit
Organized
seminars

Type of actor

Profile

Topic (Year)

Network operator

Global manager

Operator entry to IoT (13)

Municipality

Network strategist

City network provisioning (13)

Service provider

Business director

Healthcare challenges (14)

Managed IoT services

CMO

IoT verticals (15)

Managed operation

Product manager

Control over data (15)

Service provider

CEO

Care service development (15)

Service provider

CEO

Wellness service devel. (15)

Device manufacturer

Research director

Wearables connectivity (15)

Primate Clinic

Senior cardiologist

Private/public use of IoT (15)

Research institution

Senior researcher

Barriers in healthcare (15)

Sports association

Training managers

Smart tools for training (16)

Start-ups accelerator

Head of strategy

Digital business strategies (16)

Research institution

Representative

IoT in homecare (13)

Network operator

Business managers

Position in IoT (13-15)

Research institution

Visiting researcher

Business ecosystems (16)

Research institution

Project manager

ICT healthcare in Sweden (16)

81

82

APPENDIX B. SOURCES OF PRIMARY DATA

Table B.2: Additional primary data from research projects.
Project
(Funding body)

Partners

Support to the research

M2MRISE
2014
(EIT Digital)

Orange, Aalto
University, KTH,
Ericsson, Nokia

Continuous discussions on the links
between technical requirements, services,
and adequate business models for large
scale M2M deployments

MTC2020
2015
(Wireless@KTH)

Ericsson, Sony
Mobile, KTH

Discussions on features for standardization
considering aspects related to MTC.
Insights on the use of cellular access for
wearable devices

COIN-SWEAT
2014-2015
(Wireless@KTH)

Friskis&Svettis,
Wememove, KTH,
Biosync
Technology

Periodic discussions on the potential and
shortcomings of services enabled by
wearable devices to improve wellbeing

IoT Ecosystem
2016-2017
(Vinnova)

Almega, Biosync,
Ericsson,
Stockholm City,
TeliaSonera, KTH

Provided grounds to discuss market,
business, and regulatory challenges to use
solutions based on IoT in the context of
health and social care

