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Executive Summary

The fifth generation of wireless networks, 5G, represents an evolutionary process of
previous generations of wireless networks (i.e. 2G, 3G, and 4G). This next generation of
wireless technology is intended to provide download speeds of 20 gigabits per second
(Ghps), 10 Ghps upload speeds, and latency of one millisecond (ms). This represents
download speeds 200 faster (upload speeds 100 faster) compared to current Long Term
Evolution (LTE) networks (i.e. 4G), as well as one-tenth the latency of 4G. 5G is being
conceived for three use case scenarios: enhanced mobile broadband (eMBB), massive
machine type communications (mMTC), and ultra-reliable and low latency
communications (ULLC).!

The next generation of wireless networks holds potential to stimulate innovation and meet
the increasing demands of the digital economy. Industry stakeholders have expressed the
view that 5G is not only the next mobile technology, but rather a new approach for
converged communication systems that make more efficient use of available resources in
their networks, including hardware, software, and spectrum to enable new and better
services and applications for businesses and consumers.

5G represents an advance in mobile technology and, as mobile networks can be thought of
as providing extensions of fixed networks, it will add to broadband capabilities across all
parts of digital economies and societies. For those that see broadband networks as a General
Purpose Technology (technologies that benefit and have long-lasting transformative effect
on a large segment of the economy), the new capabilities it brings can be used to foster
growth and productivity gains across a range of different scenarios and economic sectors.
In this sense, 5G may potentially help:

e Support the introduction of new applications and services at higher speeds with
lower latency.

e Improve firm efficiency and innovation through increased download speeds of
broadband services and the use of more effective cloud solutions that rely on low
latency.

e Enable greater use of 10T services and applications (including mission critical
services) that may rely on low latency and ultra-reliable broadband, and thus:

o improve health outcomes through IoT devices that will allow tailored services
(e.g. remote surgery) in a timely fashion, and

o improve industrial productivity through, for example, remote robotics or haptic
technology.

e Promote new forms of competition in mobile and fixed broadband markets.

The extent of 5G benefits will ultimately depend on the speed at which 5G will be
rolled- out, and how quickly it is taken-up (by both businesses and consumers). In addition,
the benefits will be contingent on the evolution of business models, the development of the
standards, and the adaptability of the regulatory and institutional frameworks to these
developments. Finally, the potential welfare gains of 5G will be a function of the integration
of different technologies, and the degree of interoperability of devices and applications.
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This report examines what the future of “5G” could mean for communication markets in
terms of investment, good practices in spectrum management, competition, coverage and
meeting the increasing requirements of the digital transformation. The focus of the report
is the description of some country case studies, approaching the issue from a two-fold
perspective: 5G national strategies, and technological trials. Finally, a range of questions
are considered around the development of 5G network infrastructure in areas such as
investment.

The report explores how 5G may represent a paradigm shift, as it is the first standard
conceived with the loT world in mind, where different 10T applications have different
capacity requirements. At the same time, industry verticals, as well as enhanced mobile
broadband applications, are likely to drive 5G development in its initial stages.
Accordingly, given the diversity of use-case scenarios, the network architecture of 5G will
have to be flexible to meet different demands. One way to introduce this flexibility is
through network slicing (Ericsson, 2017p;). Network slicing is a form of network
virtualisation allowing several logical service networks, referred as slices, to be provided
over the same underlying physical infrastructure. This would allow different “slices” to
deliver different network characteristics. Although this is already available for current
technologies, it is likely to be a key feature of the next generation of wireless networks, as
core 5G networks make network slicing more effective.

The report points out that many stakeholders have noted that 5G is the first generation of
wireless networks where use cases are driving the technological developments, with new
trials and partnerships organised to develop usage scenarios and to foster business models
for 5G. Indeed, new partnerships are arising, not only among industry verticals and
horizontal players, but also among countries. In Europe, a clear example are the 5G
corridors (i.e. highways) that involve the collaboration of many European countries in order
to prepare for connected vehicles, and in the future with fully automated vehicles that may
potentially use 5G.

The report explores two major technological developments that are becoming mature for
5G: beamforming and the use of Massive Multiple-Input Multiple Output (MIMO) arrays.
MIMO is a wireless system that uses two or more transmitters and receivers to send and
receive data simultaneously. Massive MIMO makes use of base stations (i.e. transmitters
and receivers) arrayed with dozens or hundreds of individual antennas. It moves in a
somewhat different direction from the current practice of using large cell towers (i.e. macro
cells), and instead, Massive MIMO uses a very large number of service device antennas
that are operated coherently and adaptively. Beamforming is a traffic-signalling system for
cellular base stations that identifies the most efficient data-delivery route to a particular
user, and it reduces interference for nearby users in the process (IEEE, 2017p).
Beamforming can help massive MIMO arrays to make more efficient use spectrum (IEEE,
2017p2). In addition, thanks to the new technologies, higher frequency bands, such as
millimetre wave (mmWave) bands, can also be used for mobile wireless services. These
developments for 5G imply that instead of there being just hundreds of thousands of macro-
cells wireless towers, there will be a major increase of cellular sites, or “small cells”,
worldwide.

While the industry standardisation process for 5G is still ongoing, one evident trend is that
5G networks will require smaller cell sites, complementing traditional large cell towers.
That is, although 5G is likely to be deployed in low and mid-frequency bands for coverage
reasons, it will also be deployed using mmWave bands for capacity reasons that will require
small cells. Small cells will complement the overall network coverage with capacity. As a
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result, this will require bringing smaller cells closer to connected devices through a process
called “network densification”. Such cells will need to be connected to backhaul,
underlining the need for increased investment in next generation network deployment and
access to backhaul connectivity. Therefore, new policy approaches aiming at improving
investment conditions to support 5G will be required.

Spectrum is an essential input for wireless communications, and therefore, it is of critical
importance for 5G. The spectrum requirements for 5G can be segmented in three main
frequency ranges: low frequency bands (<1 GHz), mid-frequency bands (1-6 GHz), and
high bands (>24 GHz). A globally harmonised spectrum framework is crucial for 5G as it
will enable economies of scale and facilitate cross border coordination.

New regulatory issues arise with 5G, and one main concern for stakeholders relates to
power density regulation (or electromagnetic limits in a given location). Other regulatory
issues include the implications of “network densification” and “network slicing.”
Infrastructure sharing agreements among operators are likely to become common in order
to mitigate the costs of deployment. The nature of these infrastructure sharing agreements
may change as well, as they may possibly relate to deeper forms of network and spectrum
sharing (i.e. in the active layer of networks compared to only passive infrastructure sharing
agreements). This may cause new competition and regulatory challenges to arise, and
communication regulators may have to adapt to this development.

While the technology and business cases are still rapidly evolving, some of the traditional
telecommunication regulatory issues will likely become even more crucial and relevant for
the successful deployment of this new generation of wireless technologies. As mobile
networks become a further extension of fixed networks, due to network densification and
improved performance/capacity, these key regulatory issues will include: streamlining
rights of way (to deploy massive numbers of small cells and backhaul connecting the cells),
efficient spectrum management, deployment and access to backhaul and backbone
facilities, and new forms of infrastructure sharing.

OECD DIGITAL ECONOMY POLICY PAPERS
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The Road to 5G Networks.: Experience to date and future
developments

1. Introduction

The fifth generation of wireless networks 5G, also commonly referred to as IMT- 2020,
represents an evolutionary process of previous generations of wireless networks (i.e. 2G,
3G, and 4G). That is, 5G is the next stage of development from previous and existing radio
access technologies. The first generation was intended to offer analogue voice (and has
already been phased out), while the second generation represented a jump from analogue
to digital with the main usage scenario being voice and simple data transmission, such as
SMS. At present there are still 2G networks in some countries, retained to service legacy
machine-to-machine connections in addition to the extensive voice coverage, though they
have been phased out in others (Telegeography, 2017(3).2

The third generation of wireless networks or 3G, (formally known as the IMT-2000),
offered faster data transfers intended for multi-media use, and for the first time, users were
introduced to mobile broadband. Innovations in terminal devices followed (e.g. after the
introduction of the first iPhone in 2007), which increased the demand for higher download
speeds.

After 2010, the fourth generation of broadband wireless networks emerged, 4G (i.e. IMT-
Advanced),? offering more data transmission capacity, which translated into faster mobile
broadband. This was intended mostly to be an improvement to support video streaming,
which had been growing rapidly in terms of data per user.

The fifth generation of wireless networks, or 5G, is intended to meet the IMT-2020
specifications. That is, 5G is being developed with three main generic use case scenarios:
enhanced mobile broadband (eMBB); massive machine type communications (MMTC);
and critical communications/applications (Ultra-reliable and low latency communications,
URLLC).*

The technological goals for the development of the next generation of wireless networks,
5G, include higher speeds, lower latency, and secure networks that can be integrated with
4G as part of existing MNO networks and other alternative network technologies
(3GLTEinfo, 2015(4;).° This new generation of broadband wireless networks may represent
a paradigm shift, as it is the first standard conceived taking into account IoT, where many
billions of 10T devices are expected to be connected, and where different 10T applications
have different capacity requirements. In addition, trials in certain countries, such as in the
United States, have exhibited the potential of using 5G for Fixed Wireless Access (FWA)
in urban settings. In this sense, 5G can be “evolutionary” from previous generations, or
become “revolutionary” by providing new options for fixed access in urban areas and for
those 10T services that require low latency.®

The standardisation process of each generation of wireless networks is a continuous
undertaking where a family of standards are agreed by the industry so that they comply
with certain specifications, enabling global connectivity and economies of scale. A major
player in the standardisation process is the 3rd Generation Partnership Project (3GPP),
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which regroups seven telecommunication standard development organisations (i.e. ARIB,
ATIS, CCSA, ETSI, TSDSI, TTA, and TTC). The first phase of the industry-led standard
setting process was concluded in June 2018, where the first 5G standard called “5G New
Radio” in its “standalone version” was agreed. This first phase of the standard is intended
for a scenario of “enhanced mobile broadband” (i.e. 3GPP Release 15), and in its standalone
version it means that it does not rely on the core network of existing 4G networks. The
second phase is expected to be concluded by the end of 2019, which will be designed to
enhance the 5G Ecosystem for massive M2M and critical 10T applications (i.e. Release 16).

While the completion of the second phase of this international industry standard has yet to
be agreed for “5G” (i.e. Release 16 should be finalised by the end of 2019), a number of
operators have announced trials of the next generation of mobile wireless networks based
on Release 15. Among many examples, these include the deployment of advanced wireless
capabilities for the Winter Olympics, which took place in February 2018 in PyeongChang,
Korea. Meanwhile, field trials are also underway in Japan with a commercial launch aimed
for the 2020 Summer Olympics. In Italy, several operators are trialling 5G in several cities
including Bari and Matera. In the United Kingdom the government launched the “UK
Government’s 5G Testbeds and Trials Programme” in 2017 that is set to run until 2021. In
the United States, several operators have engaged in 5G trials in urban settings, and tested
FWA solutions. Finally, recent developments include the first 5G commercial offers. For
example, on 5 April 2019, Korea started to offer commercial 5G services by the three
leading operators (KT, SK Telecom and LGU+) using as a terminal device the Samsung
Galaxy S10 5G smartphone, with prices ranging from KRW 55 000 (USD 49.97) to KRW
80 000 (USD 72.7) per month (Nikkei Asian Review, 2019(s)).” These are just a few
examples of country experiences, while a more comprehensive list is found in Section 5 of
the report.

To achieve the goals that stakeholders have for the next generation of wireless networks it
seems prudent to ask some of the same questions that have arisen with every new generation
of mobile wireless technologies. Such questions include deployment costs, competition and
coverage issues, and perhaps others that may be novel such as the regulatory solutions
required to meet the added degree of complexity with the increasing interaction of players
in adjacent markets (i.e. vertical industries). Many believe that “5G” will have smaller cells
and require improved and upgraded backhaul networks, including in areas such as along
highways and roads. At the same time, as with previous wireless generations, efficient
spectrum management becomes key for successful deployment. Finally, it seems clear that
fixed and wireless networks are in many ways converging, as this next generation of
wireless requires fixed networks to be deployed closer to the user.

This report examines what the future of “5G” could mean for communication markets,
good practices in spectrum management, competition, coverage and meeting the increasing
requirements of the digital economy. A focus of the report is the description of selected
country case studies, approaching the issue from a two-fold perspective: 5G national
strategies, and technological trials. Finally, a range of questions are considered around the
development of 5G network infrastructure in areas such as investment.
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2. The promise of 5G

2.1. The technological promise of 5G

As with every generation of wireless broadband technology, the standardisation process is
a critical evolutionary step. Along with spectrum harmonisation, industry standardisation
is one of the key enablers, facilitating global connectivity and economies of scale of
manufacturing and opening the door for downstream innovations.

The International Telecommunication Union, a United Nations Body, in its
Radiocommunication Sector (ITU-R), is in charge of ensuring efficient use of spectrum
worldwide by extending international cooperation among all member countries. In
particular, ITU-R allocates the bands of the radio-frequency spectrum, and coordinates
efforts to eliminate harmful interference of radio stations among different countries. The
formal international process to define the IMT-2020 (5G) requirements is led by ITU-R
Working Party 5D (Box 1). The improvement of the next generation of wireless networks,
vis-a-vis 4G (i.e. Long Term Evolution (LTE) networks), includes:

o higher speeds up to 20 Gbps in downlink (i.e. 200 times faster than 4G)
o lower latency (i.e. 10 times lower than 4G), and

¢ higher density of devices connected per square kilometre (i.e. over amillion devices
connected per square kilometre) (ITU, 2017)).

The 5G standard will have to address a wide range of applications with distinct network
requirements, including commercial and industrial 10T. The 5G standard holds the promise
of addressing the adaptability networks will require for each of these applications. For
instance, Machine-to-Machine (M2M) applications with potentially millions of devices,
such as sensors, may require a long battery life, and may not be sensitive to latency issues,
whereas fully automated vehicles and remote surgery applications could require ultra-
reliability of the network and are both sensitive to throughput and latency issues (Ericsson,
2017p).8

One of the main challenges to be addressed concerning 10T is to ensure a reliable
connection that is interoperable with other devices and networks. In this respect, the 5G
standard holds the promise of augmenting loT capabilities by enabling a higher density of
connected devices, longer battery life, lower latency, and ultra-reliable connections (5G
Americas, 2018;7).

While 5G promises a network solution to cope with the growth and diversity of connected
devices, the challenge of security risks persists. In this respect, the Release 15 of the
standard includes some enhanced digital security features. For example, the encryption of
IMSI numbers may render obsolete the fake mobile base stations (i.e. known as IMSI
catchers or stingrays), and some stakeholders have mentioned that network virtualisation
may reduce the size of the network’s target surface mitigating the effects of attacks or
network failures. In addition, governments are already working together to establish a
common approach to enhance digital security for 5G. For example, on 26 March 2019, the
European Commission (EC) recommended a set of operational steps and measures to
ensure a high level of cybersecurity of 5G networks across their member States (European
Commission, 2019g)).
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Box 1. ITU usage Scenarios of IMT-2020

In 2015 the ITU set forth the “Vision” of the desired capabilities of IMT-2020 (i.e. “5G”),
which is set to be more flexible, reliable and secure than previous IMT, with the three main
intended usage case scenarios: enhanced mobile broadband (eMBB), ultra-reliable and
low-latency communications (URLLC), and massive machine type communications
(mMTC) (ITU, 2015(g).

On 22 February 2017, the ITU Working Party 5D defined the minimum requirements
related to the technical performance of IMT-2020 radio interface, which would represent
new capabilities of systems beyond IMT-2000 (i.e. “3G”) and IMT-Advanced (i.e. “4G”),
(Table 1).

The ITU vision is that 5G networks will be able to provide 20 Gbps of peak theoretical
downlink speed and 10 Ghps of peak theoretical upload speed, (i.e. theoretical rates related
to the inherent capability of the technology, not what actual users will experience). In
addition, some 95% of users should experience at least 100 Mbps.

Table 1. Minimum technological features of IMT-2020

Usage scenario to

IMT-2020 Feature ~ Minimum Requirements b Comparison to 4G (LTE)
e evaluated
Peak data Downlink peak data rate: 20 eMBB 200 times faster
transmission rate Gbps
100 times faster
Uplink peak data rate: 10
Gbps
Spectral efficiency Downlink peak spectral eMBB
efficiency: 30 bit/s/Hz
Uplink peak spectral
efficiency: 15 bit/s/Hz
Latency 4 ms for eMBB1 ms for eMBB and URLLC For URLLC, it is 1/10 the
URLLC latency of LTE
Connection density 1000 000 devices per square ~ mMTC 100 times the devices

km

Source: ITU (2017), “ITU-R Working Party 5D, Minimal Requirements Related to Technical Performance for
IMT-2020 Radio Interfaces”, Feb 22, 2017.

Source: ITU (2017), “ITU-R Working Party 5D, Minimal Requirements Related to
Technical Performance for IMT-2020 Radio Interfaces” (ITU, 2017g));

ITU (2015), “IMT Vision: Framework and Overall Objectives of the Future Development
of IMT for 2020 and Beyond” (ITU, 2015(9);

ETSI (2017), “5G: Study on Scenarios and Requirements for Next Generation Access
Technologies (3GPP TR 38.913 version 14.2.0 Release 14” (ETSI, 20171q)).

OECD DIGITAL ECONOMY POLICY PAPERS



12 | THE ROAD TO 5G NETWORKS: EXPERIENCE TO DATE AND FUTURE DEVELOPMENTS

2.1.1. Is 5G evolutionary or revolutionary?

5G is both evolutionary as well as revolutionary. It is evolutionary in the sense that, in its
initial stages of deployment destined for the usage in enhanced mobile broadband, it will
coexist with prevalent 4G networks. Furthermore, many of the technological innovations
for 5G, such as Massive MIMO and network slicing, are also backward compatible. The
revolutionary aspects of 5G are likely to “kick-in” when the second phase of the
standardisation process is agreed upon in 2019. This second phase will be dedicated for
usage in massive machine type communications and critical loT applications that will allow
the deeper digital transformation of vertical industries, such as healthcare, Industry 4.0 and
the automotive industry, to name a few examples.

Aside from the standards, the realisation of 5G will require major new infrastructure
deployment, both in fixed and wireless networks. This includes evolutionary changes such
as upgrading existing infrastructure as well as a step change in cell densification requiring
not only heavy investment in an abundant number of new cell sites, but also significant
new investments in fibre backhaul facilities. The migration towards mainly
software- defined radio and core network functionalities will change the way networks are
operated and managed. Therefore, regulatory frameworks should be conducive to
competition and innovation, as well as continuing to foster incentives to invest in networks.

Finally, it is critical to note that providing telecommunication services relies on the
complementary capabilities of different types of network facilities, whether they be fixed
backhaul networks, terrestrial microwave networks, or satellite networks (e.g. both
geostationary and non-geostationary) (OECD, 2017117).° In fact, the joint initiative between
the European Commission and the European ICT industry called the “Infrastructure 5G
Private Public Partnership” (5G-PPP), highlights that, “the concept of 5G combines various
access technologies, such as cellular, wireless, satellite and wireline, for delivering
reliable performance for critical communications and improve area coverage” (5G-PPP,
2017p12).

Trials around the world are exploring the potential demand of 5G services and the new loT
opportunities that require partnerships with industry verticals. These new business model
opportunities are being balanced with the investments (capital expenditures) required by
connectivity providers. Some trials described in this report focus on testing new business
models by exploring the willingness to pay of users for novel capabilities. For example, in
areas such as the automotive sector, there appears to be future demand for low latency and
high-speed communication services in the current generation of Intelligent Transport
Services (ITS) as the industry potentially transitions to fully automated vehicles.

It is likely that the demand across the entire digital economy will be the main source of
industry revenue that drives investment in 5G and the infrastructure needed to support its
development. For this to occur, a key element will be the openness of 5G to innovation.
Just as the Internet was successful because of its ability to be an open platform for the
innovation required to bring new services to market that stimulate demand, then so too will
this be the case for 5G.

2.2. The potential benefits: the economic promise of 5G
This new generation of wireless networks, 5G, may hold the potential to stimulate
innovation and meet the increasing demands of the digital economy. Industry stakeholders

have expressed the view that 5G is not only the next mobile technology; it is also a new
approach for converged communication systems that make more efficient use of available
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resources to enable new and improved services and applications. Innovative technologies
(e.g. massive MIMO, beamforming or edge computing), will be deployed to support an
effective utilisation of the available network resources instead of a ‘one-size-fits-all’
system as of today. In this context, the network slicing principle (i.e. a form of network
virtualisation allowing several logical service networks, referred as slices, to be provided
over the same underlying physical infrastructure), is a particularly innovative approach and
inherent to the 5G concept.

5G represents an advance in mobile technology and, as mobile technology can be thought
of as providing extensions of fixed networks, it will add to broadband capabilities across
all parts of digital economies and societies. For those that see broadband networks as a
General Purpose Technology (GPT), the new features it brings can be used to foster growth
and productivity gains across a range of different scenarios. In this sense, 5G may
potentially help:

e Foster the introduction of new applications and services, at higher speeds with
lower latency.

e Improve firm efficiency and innovation through increased download speeds of
broadband services and the use of more effective cloud solutions that rely on low
latency.

e Enable greater use of 10T services and applications (including mission critical
services) that may rely on low latency and ultra-reliable broadband, and thus:

o improve health outcomes through loT devices that will allow tailored services
(e.g. remote surgery) in a timely fashion, and

o improve industrial productivity through, for example, remote robotics and
haptic technology.

e Promote new forms of competition in the wireless and fixed broadband markets.

The extent of 5G benefits will ultimately depend on the speed in which 5G is rolled-out,
how quickly it is taken-up, and how well the regulatory and institutional frameworks adapt
to these developments.

Some initial studies have endeavoured to estimate different scenarios of the economic
contribution that could be made by 5G networks. According to a study commissioned by
Qualcomm, “The 5G Economy”, 5G’s full economic benefit around the world should be
realised by 2035 in a broad range of sectors such as transport, health, education, industrial
lIoT. However, the study underlines that two thirds of the potential benefits would rely on
the second phase of the standardisation process of 5G (i.e. Release 16) that focuses on
massive and disperse 10T services and mission critical 10T applications (i.e. massive
machine type communications, and ultra-reliable and low-latency communications,
respectively) (Campbell et al., 2017}13)).

Meanwhile, a recent report by the Australian Bureau of Communications and Arts research
looked into the effect of 5G and productivity, as it will enable a broad range of applications
such as robotics and the 10T (Box 2). The report estimated the benefits as well as the costs
of deployment, and concluded that 5G could improve productivity across the Australian
economy and increase GDP per capita by up to AUD 2 000 (USD 1 492.5) by 2030
(Australian Government, 2018;14)).
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Box 2. Economic benefits of 5G: the case of Australia

“Consumers and businesses consider mobile connectivity essential. 5G, the next generation
of mobile wireless network technology, which is expected to commence rollout in Australia
from 2019, will improve consumer experiences and business utility through faster data
transmission and more reliable connectivity.

5G also represents a step change from previous generations of mobile technology by
enabling lower latency—the time it takes for signals to travel through the network. This
gives it a wider range of applications by providing the responsive digital technology
required to support innovations such as robotics and the Internet of Things (1oT).

Digital transformation of this scale has long held the promise of improving economic
outcomes, and 5G is the next development in continuing the critical enabling capacity of
communications services across the economy. However, as with previous technologies,
some investment choices are likely to be made when the broader economic and commercial
benefits are still uncertain.

5G is likely to improve [multifactor productivity] MFP growth across the economy. This
could add an additional AUS 1 300 to AUS 2 000 in gross domestic product per person
after the first decade of the rollout. This estimate of the economic benefit is likely to be
conservative in that it does not fully take into account the consumer and non-market
benefits that are not captured in economic statistics. These include cost and time savings
for households arising from ‘smarter cities’ and the indirect effects from improvements in
health services on participation and productivity—both enabled by better mobile
telecommunications.

The sharing economy (which harnesses household assets for market production) is also
likely to increasingly blur the line between productive and household sectors in terms of
the drivers of output, innovation and productivity growth. As with any transformative
digital technology, there may also be distributional effects within and between industries,
and across society, as resources are reallocated.

A critical determinant of the economic impact of 5G will be the extent to which it is more
than an incremental advance on previous mobile technology, or even a more radical shift
to a ‘general purpose technology’ (GPT)—one typically associated with industrial
revolutions. There are reasons to suggest that mobile wireless technology may itself be
closer to the definition of a GPT, with 5G representing a substantial improvement in what
that mobile technology can offer.”

Source: Impacts of 5G on productivity and economic growth: April 2018 Working paper,
(Australian Government, 2018;147).

2.2.1. The impact of 5G in vertical industries

5G will have a large impact in many vertical industries. Current trials are concentrating on
energy, transport and mobility, health care, agriculture, industry, public safety,
environment, tourism and culture. However, this list is not exhaustive and the impact could
be extended to other areas. Some selected examples of applications and innovations that
may be possible in the next generation of wireless networks are briefly discussed below.
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The future of the health and the manufacturing industry: Haptic technology for
remote surgery and industrial robotics

Haptic technology enables the manipulation of distant objects. This is accomplished
through, for example, a person interacting with a “sensory” remote control device and a
machine at a different location. It requires very little latency to work effectively. That being
the case, 5G may, enable for the first time this technology to be widely used in a wireless
environment. Medical applications that require ultra-reliability in communication networks
(besides the low latency requirement) could be one area to take advantage of this
technology. In Sweden, Ericsson has an ongoing collaboration with ABB on robotics and
remote control engineering with applications on e-health and remote diagnosis (Ericsson,
2018p157). A further example comes from the United States, where Verizon mentions 5G as
a way to develop remote surgery applications (Verizon, 2018e)).

Healthcare has been positioned as one beneficiary of 5G, with a 2017 Ericsson report
predicting a USD 76 billion revenue opportunity by 2026 for operators addressing
healthcare transformation with 5G (Ericsson, 2017p177). In the United Kingdom a number
of health applications are being explored through the 5G Testbeds and Trials Programme,
including the Liverpool 5G Testbed which is exploring how 5G connectivity can transform
patient monitoring, support independent living in the home and the facilitate
communication between hospitals and the community (UK5G, 20181g)).

Automated and connected vehicles

While ‘connected cars’ have been commonplace for several years, in reality this has largely
been about Infotainment and some basic elements of Safety related Intelligent Transport
Services. Increasing the levels of vehicle autonomy are likely to make new demands on
communication infrastructures. While infotainment will likely continue to be a key
consumer service, fully automated vehicles, sometimes called driverless or autonomous
vehicles, will generate very large amounts of data that may be transmitted in real time, or
when vehicles are stationary (e.g. when garaged or parked).’® The connectivity
requirements for these communication demands may have substantial implications for
network infrastructure.

There is a difference in concepts between Autonomous driving, connected driving and
automated driving with varying requirements for connectivity. Autonomous driving is
based on the use of sensors and radar in the vehicle itself (i.e. a vehicle works
“autonomously”). Autonomous driving may not rely on the availability of any network.
However, with information received through networks, autonomous driving may become
more efficient. Connected driving refers to vehicles that use connectivity and supports
autonomous driving. The major part of connected driving uses ITS (i.e. short-range
technology) which establishes vehicle-to-vehicle communication, and connectivity of the
vehicle with road infrastructure. In the case of vehicles connected to mobile networks, it is
only for speci