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ABSTRACT
This paper presents a vision for the future of the digital healthcare sector. It illustrates
the emergence of new use cases where the care and safeguard of patients is enhanced,
thanks to the advancement of breakthrough technologies which are revolutionising
healthcare. In particular, the realisation of the 5G connectivity telecommunications
standards and its worldwide adoption is identified as one of the principal enablers
for the digital health revolution. Delivering on the 5G promise of making connectivity
ubiquitous and secure will open incredible opportunities for the health sector, creating
a booming digital health economy. This will ultimately provide superior healthcare via
universal, digital, and responsive services. Here, we provide a broad review of 5G in
digital health for readers interested in the field.
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1. INTRODUCTION
A new era of digitalisation and connectivity, between
everything and everyone, has the potential to change the
fundamentals of human existence: the way we interact,
produce, live and work. Driven primarily by technological
forces that support new connectivity, computing and
consuming paradigms, this fast-approaching socioe
conomic transformation will cause changes to human
behaviour, but also massive disruption to business models.
Traditional industry sectors which are not yet digitalised
and remain relatively unevolved are now embracing the
incoming digital transformation. Indeed, the medical
sector is embracing the transition towards digital health
[1]. 5G technology will supply the connectivity needed to
support this transformation [2], enabling new applications
and services, arising alongside novel value propositions
in the “5G world” [3]. In this paper, we aim to provide a
review of 5G in digital health and to present a vision for the
future of the digital healthcare sector.

2. CONNECTIVITY AND THE FUTURE OF
HEALTHCARE
5G is the fifth generation of cellular wireless technology.
Its potential to transform how healthcare is delivered is
vast, thanks to its ability to provide high speeds, support
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many connected devices and offer ultra-reliable and low
latency connectivity (Figure 1) [4]. Once fully deployed, its
ubiquity will alleviate current inequalities in healthcare
provision due to imbalanced distribution of resources [5].
5G has the capacity to both impact and enable medical
innovation in several areas, including the Internet of
Medical Things (IoMT), augmented reality (AR), virtual
reality (VR), artificial intelligence (AI), remote medical
learning and remote patient monitoring. The core features,
and associated challenges, of 5G are summarised below:
1. Bandwidth: 5G promises to provide very high
capacity for each individual user. This results in an
unprecedented bandwidth requirement imposed
on 5G networks. Careful network planning will be
required to be able to satisfy different users and use
cases over the same 5G network.
2. Massive Number of Connected Devices: 5G is
designed to accommodate the myriad of connected
devices forming the IoT [7].
3. Mobility: As different users and use cases will
rely on connectivity everywhere, 5G will have to
accommodate a wide range of mobility use cases
and provide the security and continuity required,
whether the user is at sea, on land or in the air for
moving platforms, aircraft, ships and trains.
4. Broadcast (Simultaneity): Some use cases will
require the broadcasting of the same information

Figure 1 Benefits of 5G to the healthcare industry. (Image credited to the University of Oulu [4]).

Franchi et al. International Journal of Digital Health DOI: 10.29337/ijdh.24

to a variety of geographically dispersed users.
Optimising content delivery for these cases is
important to minimise strain on network recourses.
Satellites can efficiently deliver rich multimedia
content across multiple sites simultaneously, using
broadcast/multicast streams with an information
centric network and content caching for local
distribution.
5. Security: Preventing improper access to data
(hacking) is instrumental to the widespread
adoption of 5G, which promises to guarantee endto-end security and integrity. This attribute of 5G
is particularly pertinent in the provision of digital
healthcare which involves vast amounts of private
patient data.
6. Reactiveness (Low Latency): Some of the 5G use
cases (such as haptic and tactile internet enabled
telesurgery) demand very high reactiveness and
low latency. The 5G network will have to implement
mechanisms to minimise network delay and
distribute information at the edge of the network
predictively to optimise the network response time.
7. Ubiquity: Public perception and demand dictate that
5G will be available in city centres as well as the rural
and remote areas of the world [6]. This is challenging,
given the relatively low coverage range of individual
5G base-stations and the slow deployments of
terrestrial 5G networks, which will inevitably prioritise
city centres, rather than rural areas. For ubiquity to be
realised, satellite telecommunication networks will
be needed to complement 5G terrestrial coverage,
providing high-speed capacity across the globe.
In order to deliver on the above promises, 5G networks
will operate seamlessly, across a set of heterogeneous
network elements, with satellites playing a critical role
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in this evolution. Network convergence is the key to a
future in which we will see new players emerging, such
as Virtual Network Operators, pooling terrestrial and
satellite services in different domains and use cases.
Innovation and novel service development, benefiting
from an integrated satellite and terrestrial service, will be
required in each service domain.

3. HEALTHCARE USE CASES AND 5G
The future of healthcare will likely be driven by digital
transformation enabled by radically interoperable data
and open, secure platforms (Figure 2) [8, 9]. Further, health
is likely to revolve around sustaining well-being rather
than simply responding to illness. Four concentric layers
surrounding the patient have been suggested as a model
for the future of healthcare, which describe the catalysts
needed for change, the jobs which need to be done, the
enablers, tasks and future business archetypes [8].
The next revolution in global healthcare will come
hand-in-hand with the revolutionisation of global
connectivity and interconnectivity. Together with most
other aspects of society, healthcare is rapidly moving
towards a decentralised system, making use of an
exponentially increasing number of connected smart
devices to achieve a more patient-centred care system
[2]. Given the vastly expanding virtual environment
associated with the healthcare sector, it stands to
benefit from 5G and its associated advance technologies.
The focus of the next development in healthcare will be
on big data. Moving to a decentralised system will result
in a huge increase in data and subsequent data handling
and processing; the limitations of current network
infrastructure will be overcome by the deployment of
5G networks. Previous authors have highlighted the

Figure 2 Digital transformation required to drive the future of health. (Image credited to Deloitte Insights [8]).
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requirements and technologies trend of 5G-based
healthcare [2, 7]. Select use cases of this technology,
which are not exhaustive, are summarised here [2, 10]:
1. Remote Patient Monitoring: The industry of
wearable technologies is growing rapidly and is being
harnessed in the healthcare sector [11]. The future
sees a wide-spread use of wearable and stationary
devices, constantly monitoring facets of users’ health.
These connected devices can provide an accurate,
real-time representation of a patient’s health and
lend medical professionals the opportunity to keep
track of it consistently rather than intermittently.
Increasing the abundance and connectivity of these
devices, tying into the Internet of Things (IoT), will
allow for continuous data analysis, quicker response
times, improved insights and will reduce the need for
mundane check-ups.
2. Telehealth: The Covid-19 pandemic has caused
societies around the world to rethink aspects of
daily life previously taken for granted; the healthcare
system is no different [12]. During the last week of
March 2020, the Centers for Disease Control and
Prevention (CDC) documented a 154% increase in
telehealth appointments [13]. This has allowed
societies to fully realise the power of such a system
and will bring about lasting change. So much can be
achieved through video-enabled consultation; the
far-reaching applications include elements of care
from prescription management to routine diagnoses.
In addition to seamless, high-quality video exchange,
effective telehealth requires scrupulous security
infrastructure; 5G will allow for a wide-spread
adoption of this form of healthcare and will improve
access to care when demanded [12].
3. Big Data in Artificial Intelligence and Machine
Learning: By definition, 5G will enable a greater
exchange of highly secure data at a much greater
rate. This, in turn, will provide scope for revolution in
data analysis in healthcare. Traditional healthcare
systems often result in suboptimal health outcomes
due to personal biases of clinicians and incomplete
knowledge of the patients’ health [14]. In order to
achieve optimal results, healthcare systems must
turn to statistically validated data and advanced
learning algorithms. Given again the vastness of data
to be handled and the importance of its security,
5G will play a pivotal role in the training of said AI
and ML algorithms. A combination of intelligent
monitoring devices, video and image processing,
recognition and analysis algorithms and testing
procedures as well as a clinician’s expertise [9], will
provide an enhancement in effectiveness comparable
to diagnosis with, rather than without, internet aids.
Indeed, deep learning is already used to detect
skin cancers in images [15], and so 5G connectivity
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and beyond will result in a drastic improvement on
these capabilities. In addition to image diagnosis,
AI applications in healthcare are far-reaching
and will transform aspects of the sector such as
clinical trial participant identification, administrative
workflow assistance and robot assisted surgery
[14, 16]. Predictive analytics and big data, which
can only be effectively achieved by 5G connectivity,
will revolutionize diagnosis and treatment plans in
healthcare [17].
4. Connected Ambulances: By harnessing the power
of wearables, sensors and video streaming from
ambulance to hospital, the doctors at the hospital
have an enhanced understanding of the medical
state of the patient prior to arrival; this incredibly
powerful information will allow hospital staff
to better prepare for incoming patients, hence
increasing the effectiveness and efficiency of their
treatment of said patients [18]. Such a feat can
only be achieved with 5G connectivity thanks to its
high bandwidth, security and reliability providing
confidence in the streamed content.
5. Virtual and Augmented Reality: The sheer power
that AR/VR technologies have is yet to be harnessed
but as the technologies develop, the impact they
will carry is becoming more evident. The low
latency and high bandwidth that 5G offers will
allow ultra-HD video to be utilised in VR headsets
and provide reliability in the technology [19]. VR is
used in a primitive form in training and education,
but with the next generation of connectivity, the
training of medical students, allowing them to
practice procedures virtually and collaborate on said
procedures in real time, will be greatly enhanced.
Further, AR headsets, and subsequently lenses, will
assist those with impaired vision to achieve everyday
tasks which seem distant without technological
aid. Connection to advisors, human or machine, will
allow them greater liberties when walking outside
and crossing the road, for example [20]. Again,
these headsets must be 5G-enabled due to the
requirement for near-zero latency video transmission
and mobility. Headsets of this nature also allow for
experts to collaborate remotely in surgical procedures
where specific expertise is required or in settings
where specialist surgeons may not be present, such
as treatment in conflict zones.
6. Tactile Internet: Looking further into the future, the
next wave of internet revolutionization will inherently
require 5G connectivity and beyond and will change
our lives in inconceivable ways. With the rise of the
tactile internet, VR and AR technologies will become
more prominent and advanced than most people can
imagine. The tactile internet is an ultra-responsive
network connectivity that can transmit touch and
actuation in real time. Every aspect of society will
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be impacted by this technological revolution and its
effects on healthcare will be particularly pertinent.
This enhanced haptic feedback will allow for great
developments in telesurgery. Robotics, the use of
which has grown rapidly in the medical sector, will
become much more prominent still in the field of
surgery; machines controlled by haptic gloves will
transfer tactile data to the operating doctor, who can
be situated a great distance away from the patient.
Thanks to the near-zero latency, this will prove
invaluable in many scenarios such as disaster relief
and treatment of high-risk contagious patients.

3.1. FROM ‘WEARABLE DOCTORS’ TO
DISTRIBUTED SENSORS FOR HOLISTIC
HEALTHCARE
Doctors are beginning to have access to a whole new
world of data, and patients can now be monitored
from home. Whether wearable (and hence mobile) or
stationary, connected medical devices allow medical
professionals to access and analyse vast amounts of
data in order to improve healthcare [21]. Examples of
connected medical devices are illustrated in Figure 3.
The clear benefits of these ‘wearable doctors’ are: better
patient care, improved insights, instant results, patients
can stay home, quicker response time, and automatic
supply control.
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The challenges to overcome in order to allow for the
widespread adoption of wearables are linked to safety
and security [22]. In particular:
1. Software Safety: As medical devices become
increasingly more complex and dependent on
external software, the potential for errors also
increases.
2. Data Privacy: The increasing connectivity of devices
will allow for more attack points which hackers
can target when attempting to access patient
information.
3. Device Security: The risk to patient health and safety
is a concern if hackers are able to gain remote access
to devices.
Modern wearable devices that are in widespread use
amongst the public can track our steps, sleep patterns
and heart rate, and have been integrated into daily life in a
matter of just a few years. We expect this to continue and
accelerate over the coming years. The next generation
of sensors might well switch from wearable devices to
invisible and always-on sensors, embedded into the
devices around us [8], as industries start striving towards
ubiquitous connectivity between people and objects [23].
Digital healthcare companies have already begun
incorporating these always-on sensors into devices capable

Figure 3 Types of connected medical devices. (Image credited to TÜV SÜD [21]).
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of generating, gathering, and sharing their data. Advanced
cognitive technologies could be utilised in an effort to
analyse a large set of parameters to create personalised
insights into an individual’s health status. The use of data
and personalised AI for this reason, could enable real-time
micro interventions that allow us to predict and prevent
sickness, long before catastrophic disease arises.

4. SOCIOECONOMIC IMPACTS OF 5G IN
DIGITAL HEALTH
There is no question that 5G will bring major boosts to
global economy in the coming years [17]: reports from
Huawei, STL Partners and McKinsey predict that the
technology will generate between $1.2–2 trillion in GDP
for economies worldwide over the next decade [17, 24].
5G advancements are directly addressing the diverse
use cases available in IoT and in fact are moving onto
Massive IoT (MIoT), focusing on truly vast numbers of
connected devices. Applications of the MIoT are endless
and include autonomous vehicles, industrial automation
and indeed, telehealth.
Healthcare is one of the two industries set to benefit
the most from advancements in connectivity with
the other being manufacturing. These advancements
offer massive commercial opportunities for hospitals,
healthcare providers and the pharmaceutical industry.
Further to healthcare workers, network operators and
telecommunication providers too will benefit hugely.
The European Union predicted the saving of €99 billion
in annual healthcare spending and the addition of €93
billion to the EU GDP due to mobile health systems in
2017 [25]. According to the report of Huawei, 5G will
allow healthcare professionals to treat over 850 million
more outpatients a year by 2030 [24].
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In the year 2035, one source predicts that global
sales activity across various industries enabled by 5G
has the potential to reach $13.2 trillion – about 5%
of all global real output in that year [26]. When this is
divided amongst the 16 major industry sectors (defined
by the International Standard Industrial Classification of
All Economic Activities, Revision 4 [27]), the healthcare
sector will contribute a staggering $447 billion in 2035.
Notably, there are three contributors to this economic
benefit that 5G will bring to digital health: the sales of
products and services enabled by 5G; the maturing
of the 5G value chain through focused research and
development efforts; and the potential for 5G to drive
long-term, sustainable growth.
Investment in digital health is growing rapidly (Figure 4)
[14]. Primitive mobile health systems are already in place
around the world and their impacts can be seen; annually,
remote monitoring of the elderly saves €2.4 billion in
Sweden, €1.25 billion in Denmark and €1.5 billion in Norway
[28]. Hence, the potential for net economic gain when
more sophisticated forms of this technology are rolled out
at scale is easy to see and the desire for interconnectivity
and high-speed data transfer ensures its inevitability.

4.1. DECENTRALISED HEALTHCARE
The increased service capabilities enabled by 5G connec
tivity will contribute to the development and adoption of
different healthcare models. In particular, this leads to the
rise of decentralisation in healthcare and the shift from
healthcare to homecare [6, 29, 30]. This will in turn result in
increasing dependence on wearable and remote diagnostics
and treatments, making 5G essential for reliable and secure
service provision. As healthcare becomes decentralised,
patient data becomes of paramount importance and
will become increasingly centralised, thereby effectively
turning hospitals into data hubs.

Figure 4 Digital health market value trends. (Image credited to the Latif et al [14]).
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The subsequent socioeconomic impact of this is the
increased sustainability of healthcare, considering current
worries around demographic trends of an ageing society
with high healthcare costs [19]. Decentralised healthcare
also presents an opportunity to create improvements in
patient’s quality of life, for example in areas such as chronic
disease management. Decentralising healthcare reduces
the costs, both monetary and in time, to access medical
care, by removing waiting lists and logistical problems
based on patient location. A 5G-enabled decentralised
healthcare model would allow for remote consultation,
diagnosis and treatment, making specialised and quality
healthcare more accessible and affordable.
Notably, there is evidence that patients and doctors
alike welcome online, remote consultations. When the
Covid-19 pandemic hit, many people felt uncomfortable
attending in-person appointments and indicated they
would welcome more digital health services. A recent
survey indicated that 60% of UK and US consumers are
either already using a digital health service or would use
one in the future, if available [31]. Equally, 88% of general
medical practitioners said they would like greater use of
remote consultations in the future. The opportunities for
use of 5G for digital healthcare are therefore particularly
timely [12], and benefits of digital health appointments
in the Covid-19 era also include increased accessibility
to medical services and a reduction on the burden on
medical professionals and hospitals [31].
This shift from healthcare to homecare and to a
more decentralised model will also create new business
opportunities. The future will focus on wellness and be
managed by companies which proactively incorporate
new roles which build value in the digital healthcare
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environment. These roles will be driven by greater data
connectivity, interoperable and open, secure platforms,
and increasing patient engagement. Successful companies
will compete in one or more of the new business functions
identified in Figure 5 (which expands on the outer layer
shown in Figure 2) [8]. Three main categories will prevail
over this: data and platforms, well-being and care delivery,
and care enablement. Within these, ten main business
functions are expected to emerge. Organisations’ activities
might spread over multiple functions, but multiple
organisation types will be required to cover all archetypes
in a category.

5. SPACE ASSETS FOR 5G
All the considerations presented in Section 3 (on the
new 5G-enabled use cases) and Section 4 (on the 5G
economy), assume that the availability of 5G is ubiquitous
and that all customers (in this case, patients) have access
to appropriate connectivity in order to benefit from the
distributed healthcare system. Moreover, it also assumes
that the myriad of medical instruments, devices, sensors
and wearables will be securely connected all the time.
For this to be the case, 5G will need to be universally
available in city areas, as well as rural and remote areas,
whether a patient is at home or walking outdoors and
weather they are travelling by plane or by ship. For
this reason, the provision of global ubiquitous, secure
5G communications will need to rely on a number of
seamless interconnected networks. The 5G community
is designing, standardising and implementing a layered
network architecture which will drive the future of

Figure 5 New business roles which are needed in the future of health. (Image credited to Deloitte Insights [8]).
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telecommunications for 5G and beyond. The architecture
makes use of several interconnected networks, in order
to achieve the required attributes of global coverage,
capacity and security [32]. Three layers are envisaged as
shown in Figure 6.
These three layers are defined as:
1. The Terrestrial Layer: Comprising the set of
terrestrial communications for fixed and mobile users
(including 4G, 5G, Wi-Fi, etc).
2. The Airborne Layer: Including high altitude platforms
(HAPs) between 10 km and 50 km. Possible HAPs
include 1) balloons 2) fixed-wing aircraft, and 3)
unmanned aerial vehicles (UAVs). There can be Wi-Fi,
4G, 5G type of payloads providing connectivity to
terrestrial users, and earth observation (EO) sensors
for remote sensing purposes.
3. The Space Layer: Comprising of several different
satellite constellations in different orbits. The
different altitudes will determine whether the
satellites are in geostationary orbit (GEO), medium
earth orbit (MEO), low earth orbit (LEO), or highly
elliptical orbit (HEO).
This layered 5G network architecture allows the delivery
of secure ubiquitous connectivity globally. It therefore
represents the connectivity fabric which underpins the
digital transformation and provision of digital health
services [6]. Further, it enables the shift to newly distri
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buted patient-centric digital health ecosystems,
integrating elements such as radical interoperability, big
data analytics, cloud computing solutions, AI, blockchain
and IoMT [33].

6. CONCLUSION
This paper provides a vision for the future of digital
healthcare. It illustrates the profound digital trans
formation ongoing in the sector and emphasises the
empowering effect of connectivity. In particular, it
highlights the impact of 5G telecommunications in
reshaping the provision of digital healthcare services and
corresponding socioeconomic impacts. The evolution
of the roles and business functions of the healthcare
ecosystem is presented, which will enable new value chain
models and actors, ultimately leading to a patient-centric
health system which will result in a healthier population
with reduced healthcare spending.

DISCLAIMER
Please note that the views, opinions and ideas expressed
in this article are solely those of the authors and do not
necessarily reflect the official policy or positions of the
European Space Agency, the University of Toronto or The
University of Sheffield.

Figure 6 Schematic of the layered architecture of the 5G network. (Image credited to Höyhtyä et al [32]).
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