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Future Cellular Systems
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The authors aim at iden-
tifying the most represen-
tative healthcare scenarios
that can benefit from 5G
networks and synthesiz-
ing the communications
requirements in these
particular scenarios. The
impact of three key 5G
technologies, i.e., medical
network slices, mobile
edge computing, and the
management of hetero-
geneous networks, will be
discussed in the represen-
tative case study of the
connected ambulance.

ABSTRACT

The fifth generation (5G) of cellular net-
works has ambitious targets of data rate, end-to-
end latency, and connection reliability. With the
recent spreading of information and communica-
tion technology (ICT) into healthcare, leading to
an Internet of medical things, new e-health ser-
vices are being offered, in particular to the elder-
ly population who needs daily assistance. This
paper aims at identifying the most representative
healthcare scenarios that can benefit from 5G
networks and synthesizing the communications
requirements in these particular scenarios. The
impact of three key 5G technologies, i.e., medical
network slices, mobile edge computing, and the
management of heterogeneous networks, will be
discussed in the representative case study of the
connected ambulance.

INTRODUCTION

As life expectancy increases — projections report
that 16 percent of the population will be aged
over 65 in 2050 — the risk of severe age-relat-
ed injuries and neurodegenerative diseases, as
well as secondary pathologies and disorders
(e.g., sleep disorders), is growing. Since mobil-
ity is typically affected, this reduces the inde-
pendent accomplishment of daily life activities,
and increases costs for caregivers and for the
National Health Institutes. In order to mitigate
these issues, the recent developments in infor-
mation and communication technology (ICT) for
healthcare, generally referred to as e-health and
m-health (when wearables are employed), may
be useful [1], [2]. Indeed, a novel healthcare par-
adigm arises, i.e., an Internet of medical things
(IloMT) [3], [4], that promises ubiquitous, contin-
uous, and personalized medical assistance, and
is able to improve the individual quality of life
and reduce healthcare costs. However, early tri-
als of e-health services have highlighted, among
others, the limitation of the current mobile com-
munication infrastructure, a key element of any
new-generation ICT-based healthcare. As an
example, a tele-echography platform has been
implemented over a long-term evolution (LTE)
cellular link, providing rates of around 10 Mb/s,

a latency of 60 ms, and a jitter of 8 ms, still far
from the performance of a traditional wired net-
work [5]. The new fifth generation (5G) of cel-
lular networks promises to significantly improve
over LTE, in particular on data rate, reliability,
and latency. Even though e-health and m-health
have been identified as relevant and challeng-
ing targets since the earliest phases of standard-
ization in 2015 [1], the specific communication
requirements for these kinds of applications have
been investigated only sparsely [6]. This paper
aims at filling this gap and, particularly, at (i)
identifying the most representative healthcare
scenarios that can benefit from 5G networks, (ii)
defining their specific requirements (see similar
collections in the 5G standard documentation
[6]), and (iii) critically discussing the impact of
three specific 5G technologies, i.e., medical net-
work slices, mobile edge computing (MEC), and
the management of heterogeneous networks,
that will boost the use of cellular systems for
advanced healthcare applications such as the
connected ambulance.

PERFORMANCE INDICATORS

We shall first describe the technical performance
metrics used for standardizing 5G cellular com-
munication systems by the services and system
aspects group of the third generation partner-
ship project (3GPP) [6]. They have already been
specified for automation and control services,
e.g., discrete automation motion control, electric-
ity distribution, and remote control. We will then
use these metrics to characterize new healthcare
services. The considered metrics are the following
(see [6] for more details):

End-to-End Latency: average latency at the
application level. 5G targets an average latency
down to 1 ms, specifically intended for highly
interactive applications, while in LTE the average
latency is well above 20 ms.

Jitter: measure of latency uncertainty, due to
errors and non-idealities in communications. Jitter
is quite significant in LTE networks, increasing the
end-to-end latency in many cases to more than
100 ms.

Survival Time: maximum packet delay still tol-
erated by the application to operate properly.
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End-to-end litter Survival . .
Scenario Type latency time LI Reliability Ly Gty
availability data rate
ms ms ms
Telepresence and robotic Telesurgery 2 2 = 2 Gb/s
telesurger : ] L 1-10° =10
gery Wireless service robots 1 1 1 Gb/s
. In hospital 300 Mb/s
Remote_fer_vaswe 250 2% 10 1-10% 1-10°3
ST At home 1 Gb/s
Healthcare in rural areas - 20 10 10 1-1073 1-1073 1 Gb/s
Wearables 250 25 10 1-1073 1-1073 0.1 =5 Mb/s
m-health’
Connected ambulance 10 2 <2 1-107° 1-107 50 = 1,000 Mb/s

1 Performance requirements must be ensured for speeds up to 50 km/h (wearables) or 100 km/h (ambulance).

Table 1. Performance requirements for future healthcare applications — Part 1.

. . Traffic density Connection density Service area dimension .

Scenario Type Payload size Gh/s/km? i m X m X m Distance [km] Reference
Telepresence Telesurgery Big Low Low 10x10 x5 300 [1,2,7,8
and robotic : -
telesurgery erelrisbsostimce Medium High Medium 100 x 100 x 3 50 2.9

Remote In hospital Medium 1 1,000 10 x 10% x 50 1 [7,10]

pervasive

monitoring At home Small <1073 20,000 10 x 10% x 50 20 [4,7,11,12]
Rezliede - Medium Low Low 10 x 104 x 10 100 1, 13]
rural areas

Wearables Small 50 10,000 Tx1x2 50 [1,7,12,13]
m-health!

Loz Big Low Low 5x 15 x25 50 4]

ambulance

1 Performance requirements must be ensured for speeds up to 50~kmy/h (wearables) or 100~km/h (ambulance).

Table 2. Performance requirements for future healthcare applications — Part II.

Communication Service Availability: percent-
age of the time in which the communication
service is up. The service is considered in down
state when a packet is not received within a given
time constraint (larger than the sum of end-to-end
latency, jitter, and survival time).

Reliability: degree of reliability, i.e., the prob-
ability of successfully delivering network-layer
packets to a given system entity within the time
constraint required by the targeted service.

User Experienced Data Rate: minimum
acceptable data rate to satisfy the user experi-
ence of a specific service. 5G networks aim at
improving over the LTE data rate by 10 to 100
times.

Payload Size: average size of the data pack-
et. Addressing a wide variety of use cases, the
5G standard has broadened the range of packet
sizes. Here, we will talk about a small payload
when the packet is smaller than 256 b, medium
when it is between 256 b and 10 kb, and big
when it exceeds 10 kb.

Traffic Density: communication data rate per
unit area, based on the assumption that all appli-
cations within the area require a given user expe-
rienced data rate. The 5G standard targets 1 000
times higher traffic density than LTE.

Connection Density: number of connected
devices per unit area, under the assumption of full
penetration of 5G networks.

Service Area Dimension: volume of the geo-
graphic area where the service is available.

Furthermore, when dealing with healthcare,
the following additional metric could be useful.

Distance: distance between connected entities,
e.g., between the surgeon and the patient in a tele-
surgery system. The distance can significantly impact
on other important parameters, such as latency.

REFERENCE SCENARIOS DEFINITION

In line with the most recent scientific literature,
we identify four major classes of scenarios, each
requiring highly specific and challenging com-
munication features, in terms of latency, massive
access, support of mobility, or combinations of
them, as summarized in Tables 1 and 2: a) telep-
resence and robotic telesurgery (including the
telesurgery and wireless service robots scenari-
0s); b) remote pervasive monitoring (including
the hospital and home scenarios); c) healthcare
for rural areas; d) m-health (including the wear-
ables and connected ambulance scenarios). Each
class is articulated into different scenarios that are
described in detail in this section.



WSRs are expected to
become more extensive
in the near future, thus
offering high traffic
density at medium
connection density. 5G
networks should enable
machine-type massive
access to the network
for robots to communi-
cate with clinical centers
and other robots within
a range of up to 50 km.

TELESURGERY

Rapidly expanding in use, telesurgery enables 1)
visual guidance during surgeries, 2) augmented
reality (AR), helpful for the surgery team, and 3)
the assistance of robots that greatly reduce sur-
gery invasiveness, thus making patient recovery
faster. Data rates higher than 1 Gb/s [7], medi-
um to short latency (from 200 ms to less than 5
ms) [11, [7], small jitters (from 30 ms to less than
2 ms) [7], and reliability higher than (1 - 107)
[2] are required to support a stable, real-time,
haptic, and visual feedback from the surgical
device and from the camera pointing at the ana-
tomical target: thus, this provides the remote
surgeon with a natural perception of the sur-
gery [2], [7]. Despite the low traffic connection
density, distance may reach 300 km, making the
latency requirement quite challenging. Further-
more, in some recent attempts, the integration
of holographic models of the target anatomi-
cal structure has been proposed. In this case,
requirements become even more demanding:
indeed, real-time holographic rendering requires
an end-to-end latency below 5 ms [2], [8]. At the
same time, the user data rate could easily jump
to 2 Gb/s.

WIRELESS SERVICE ROBOTS

Telepresence defines a broad range of robotic
services, where wireless service robots (WSRs)
have a key role in providing assistance, support,
monitoring, and even company to patients and
the elderly, in a large variety of indoor and out-
door environments. If we include wellness in
healthcare, WSRs are also increasingly being
employed in advanced sport training setups. In
this respect, seamless assistance is a key aspect
which could facilitate user compliance, especially
in the elderly, and could enable large-scale accep-
tance in the future.

In order to provide seamless and natural inter-
action with users, massive collections of images,
videos, audio tracks, and environmental or motion
sensor data have to be processed in real-time
(often, in the cloud) and returned to the WSR
to perform actions. In this scenario, data rates of
the order of 1T Gb/s are needed, together with a
latency of about 1T ms [9] and a reliability of (1 -
1077) [2].

WSRs are expected to become more extensive
in the near future, thus offering high traffic den-
sity at medium connection density. 5G networks
should enable machine-type massive access to the
network for robots to communicate with clinical
centers and other robots within a range of up to
50 km.

REMOTE PERVASIVE MONITORING IN HOSPITALS

In a hospital, a large amount of data could be col-
lected from a large number of patients for both
routine (e.g., Holter’s electro-cardiogram, ECG)
and sophisticated (e.g., magnetic resonance imag-
ing) monitoring devices. Such heterogeneous
data can then be aggregated (eventually, in real-
time) to continuously monitor patients’ health and
trigger alarms if needed. Other patient informa-
tion can be extracted from their electronic health
records (EHR), in order to reduce the false-alarm
probability, while maintaining an acceptable mis-
detection probability. As an example, pervasive

monitoring in an intensive care unit generates
traffic (including data on blood pressure, oxygen-
ation, heartbeat rate and other vitals) with data
rates up to 1 Mb/s/patient [7]. The high connec-
tion and traffic density given by a high number of
monitored patients (expected to be 100 per unit
in 2035, [10]) within the limited area of the hos-
pital can challenge the communication network.
The overall data rate could stably approach 300
Mb/s including imagery data [10], while moder-
ate requirements on latency (250 ms), jitter (25
ms), survival time (10 ms), and service availability
(1 - 1073) are expected.

REMOTE PERVASIVE MONITORING IN THE HOME

Continuous health monitoring of chronic patients
and fragile people, e.g., the elderly, can be imple-
mented in the home using relatively cheap, yet
reliable, biosensors [7], [11], and [12], forming a
wireless body area network (WBAN) to monitor
both physiological and vital parameters, e.g., glu-
cose level and heart beat rate. Tiny and unobtru-
sive environmental sensors can also be installed
for measuring temperature, humidity, and light
exposure. Cameras are also helpful to monitor
patients with balance and mobility disturbances.
Furthermore, teleconsultation in the home with
remote clinicians can reduce the burden of reg-
ularly reaching the hospital for therapies. Hence,
houses become smart, providing realtime (within
fractions of seconds) and continuous collection of
heterogeneous health-related data and transmit-
ting them to the medical network. Lastly, smart
(edge or cloud) computing can generate alarms
or give real-time feedback to the patient, i.e,,
during remote therapy. Here, latency together
with massive data transmission, are the most rel-
evant challenges for the network. Easily, T Gb/s
traffic can be generated by monitoring a densely
populated urban area (i.e., with over 2000 inhab-
itants/km?) [4]. Interestingly, 5G networks will
make it possible to assign different priorities to
different e-health modalities, for example, video
streaming or alarms, by using ad hoc network slic-
es, offering a full range of quality of service (QoS)
levels.

HEALTHCARE IN RURAL AREAS

Sparse points-of-care are intended to serve
patients in rural, remote, or underdeveloped
areas, where general physicians only are pres-
ent and simple equipment is typically available.
Here, remote specialized physicians can provide
teleconsultation to the local physicians during
patient visits. In this scenario, an advanced
wireless communication network is required to
provide seamless remote video interaction with
both the local physician and the patient, and
possibly collect data from biosensors and other
examination equipment [1], [13]. Given a pop-
ulation density of a few tens of inhabitants/km?2,
the user experienced data rate in rural areas
ranges between 100 Mb/s (with no video con-
sultation) and 1 Gb/s (with video streaming).
Similarly, latency ranges between 150 ms and 20
ms (in the case of real-time multimedia stream).
Lastly, the communication distances are in the
order of 100 km, leading to a challenging net-
work design to also ensure a reliability of at least
(1-1073).
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Figure 1. Network scenario and communication paths for service flows of the healthcare network. R: rout-
er; S: server; ME: medical equipment; PS: patient sensor; PA: patient actuator.

\WEARABLES

Wearables, like smart clothing and accessories
(e.g., watches and bracelets), can measure both
vitals and physiological signals of individuals who
are free to move in a variety of environments
(indoor and outdoor, up to 50 km range), at dif-
ferent speeds (walking, cycling, driving a car up
to 100 km/h) [12], [13]. They are increasingly
employed in at-home healthcare, advanced sport
training and even for fitness purposes, such as
to improve training effectiveness or to amelio-
rate individual behavior (such as sleep quality).
Implants are considered wearables, too; diabetic
patients, for example, can continuously control,
at home, their glucose level using an implanted
glucose meter-insulin pump [1], [7]. Also, multiple
wearables could be organized in a WBAN, with
a smartphone or a tablet serving as the primary
collector or gateway for the network. Wearables
are expected to generate an increasingly big data
traffic in the network: thus, smart computing and
data mining are needed at the network edge, or in
the Cloud, to reduce the amount of data traveling
through it and to provide real-time feedback to
users on their training level or health conditions.
Therefore, the network is particularly challenged
to ensure stable and reliable communication links,
despite the high heterogeneity in the data traffic
and user needs.

CONNECTED AMBULANCE

Recent pioneering trials have been performed
in Italy on an example of connected ambulance
[14]. This scenario represents a relevant case

study to show some of the major healthcare-re-
lated challenges for the 5G infrastructure in terms
of latency, reliability, and mobility: thus, we shall
describe it more thoroughly in one of the follow-
ing sections.

5G ARCHITECTURE FOR HEALTHCARE

A pictorial description of the 5G architecture tar-
geting the main healthcare scenarios, reported in
Tables 1 and 2, is shown in Fig. 1 (matching Figs.
D1-1 and D.2-1 of [6], corresponding to other
5G use cases). Here, the described scenarios are
organized into four physical spaces: a rich and
technologically advanced environment (e.g., a
smart hospital); an indoor space, e.g., a smart
home; an outdoor area; and a rural location. The
medical network, possibly exploiting cloud com-
puting, is expected to connect all healthcare-relat-
ed services. It includes control entities for specific
healthcare-related tasks (e.g., emergency manage-
ment and home assistance), but also communi-
cation entities for network supervision, security,
and management. Connection among devices is
provided by the 5G network through data gate-
ways and new-generation node-bases (gNBs). End
devices may also be connected to the network
via routers (R), creating WBANSs in smart homes,
rural-area point-of-cares, and dedicated emergen-
cy rooms (ERs) connected to ambulances. Devic-
es include WSRs, generic medical equipments
(MEs), patient sensors (PSs), patient actuators
(PAs) for delivering drugs and regular medica-
tions, and telesurgery equipment. Servers (S) are
available at local networks to store patient data

Smart computing and
data mining are needed
at the network edge,
or in the Cloud, to
reduce the amount of
data traveling through
it and to provide real-
time feedback to users
on their training level
or health conditions.
Therefore, the network
is particularly challenged
to ensure stable and
reliable communication
links, despite the high
heterogeneity in the
data traffic and user
needs.



Heterogeneous network
management can be
particularly important in
smart houses using low-
rate short-range Blue-
tooth low energy (BLE)
to transmit vital data,
e.g., blood pressure, to
the smartphone. At the
same time, other devic-
es may be connected
to the cloud by long-
range WiFi links. Both
technologies operate on
the unlicensed band,
therefore inter-operabil-
ity issues may currently
arise.
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Figure 2. Connected ambulance.

and the software needed for medical network
functioning and the smart edge-computing of big
data. Various communication paths can be iden-
tified in the network: red lines represent commu-
nication flow associated to an emergency event
managed by the emergency medical service
control, operated via a connected ambulance,
and solved by the medical staff at the hospital.
The blue line refers to the communication flow
of a telesurgery with the patient in a rural area
and the specialized surgeon at a remote hospi-
tal. The orange line shows the communication
path for monitoring patients in their smart home:
the service is managed by the in-home assistance
control unit and the end devices (i.e., biosensors
and WSRs) collect data and send it, through the
medical network, to the control unit, providing
intervention if needed. Lastly, the green line con-
nects the outdoor devices (possibly organized as
a WBAN) to the smart home network through a
smartphone, operating as a router, and the med-
ical network, where cloud-computing is available.
From the figure it becomes clear how the inter-
play among different network entities, the dynam-
ically changing priorities of different healthcare
services and the highly heterogeneous data traffic
composes a truly complex picture that needs to
be carefully and efficiently handled with the sup-
port of the future 5G cellular networks.

5G ENABLING TECHNOLOGIES

Among others, flexible network slicing, network
function virtualization, and mobile edge com-
puting represent three key 5G technologies that
will ease the implementation of innovative and
efficient healthcare applications, as depicted in
the previous sections.

TOWARD MEDICAL NETWORK SLICES

To enhance the flexibility of the communication
infrastructure, the international telecommuni-
cation union (ITU) defined three slice types for
general 5G cellular networks: enhanced mobile
broadband (eMBB), providing high data rate
to mobile human users; ultra-reliable-low-laten-
cy communications (URLLC), typically target-
ing human-machine interactions; and massive
machine-type communications (mMTC), for
autonomous interaction among devices. Howev-
er, many healthcare scenarios fall at the intersec-
tion between the above categories. For example,
telesurgery needs both eMBB to support very
high data rates (video-streaming) and URLLC to
provide the remote surgeon with a highly pre-
cise haptic feedback of the local robotic device

used for the surgery. Therefore, specific medi-
cal slice types for healthcare applications could
be designed to more properly allocate resourc-
es both at the core and at the access networks.
Moreover, privacy issues might arise, as the use
of medical slices could disclose sensitive patient
information to the network operators, such as
heart attacks or severe neurological events. Thus,
effective security/privacy solutions have to be
embedded into the 5G architecture.

MosILE EDGE COMPUTING

MEC is a computing engine, located close to the
sensors in the network, able to perform smart
and fast, yet lightweight, data processing. It can
be used to compensate for excessive end-to-end
delays in the network, but also to aggregate and
pre-process massive data coming from several
sensors, e.g., in a smart house, before forward-
ing them to the cloud or to the medical network.
Also, it acts as a suitable interface between het-
erogeneous devices, such as sub-5G sensors, and
the 5G medical network, inserting/extracting data
into the network slices. Among others, MEC can
trigger early alarms whenever vital parameters of
a patient in their home are abnormal, thus speed-
ing up the emergency intervention.

HETEROGENEOUS NETWORK MANAGEMENT

Other than 5G wireless access technologies,
including WiFi, Bluetooth, and Zigbee can co-exist
in the same healthcare scenarios, thus leading to
eventual inter-operability issues. However, the net-
work exposure function (NEF) included in the new
concept of network function virtualization (NFV),
of 5G systems can be exploited as a control-plane
interface between the cellular and other networks
to map requirements of different kinds of networks.
For example, slicing is being increasingly targeted
by literature with the aim of mapping the same
concept into WiFi technology. Heterogeneous net-
work management can be particularly important in
smart houses using low-rate short-range Bluetooth
low energy (BLE) to transmit vital data, e.g., blood
pressure, to the smartphone. At the same time,
other devices may be connected to the cloud by
long-range WiFi links. Both technologies operate
on the unlicensed band, therefore inter-operability
issues may currently arise.

CASE STUDY

The connected ambulance [14] represents an
emblematic example of communication challenge
for future e-health services. The ambulance and the
paramedics are equipped with advanced devices,



both to improve the effectiveness of rescue oper-
ations and to speed up the emergency admission
times (see Fig. 2). Paramedics wear smart glasses
that display, in AR, the clinical protocol for the
rescue and feed a facial recognition algorithm into
the cloud to gather the patient’s information from
the EHR database, especially useful for chronic
patients. A 4K camera and a teleconference sys-
tem are used for an effective teleconsultation with
specialists at the hospital, who can interact online
with the paramedics while seeing the patient clear-
ly. Specialists could also see echographic images
of the patient, collected in real time by a wireless
and portable echographer.

Moreover, a multiparametrical module is able to
acquire several vital signs, e.g., ECG and blood pres-
sure. Then, a MEC server performs edge-computing
from the heterogeneous data being collected from
the patient, to improve the preliminary diagnosis.
Finally, a tablet can send the patient’s information to
the E.R. to significantly shorten the admission time.

The connected ambulance challenges the com-
munication network greatly, requiring high data
rates and low-latencies, very small survival times
(e.g., 2 ms) and high connection reliability, in order
to guarantee smooth and robust data streaming at
moderately high speeds (up to 100 km/h).

FUTURE RESEARCH TRENDS

Although 5G networks will offer a leap forward
for the communication support of m-health and
e-health services, paving the way for an 1oMT,
future e-health applications could require even
more challenging network performance. For exam-
ple, eXtended reality (XR) [15] may provide an
even more immersive and natural experience that
can be useful both in telesurgery and in remote
first aid (even on connected ambulances). This
pushes the requirements on latency and reliabil-
ity further than those available with 5G systems.
Therefore, early proposals for 6G networks have
included healthcare scenarios, characterized for
example by a massive deployment of sensors and
wearables or the use of XR for telesurgery, in order
to be ready to satisfy future healthcare needs.

CONCLUSIONS

In this paper we identify the most relevant health-
care scenarios and report the requirements of 5G
networks to effectively support them in terms of,
e.g., end-to-end latency, jitter, data rate, and reliabil-
ity. Moreover, we have highlighted three enabling
technologies (network slicing, MEC, and heteroge-
neous network management) that are specifically
relevant for e-health and m-health applications over
5G networks. From our analysis, we can conclude
that 5G systems will truly spur new e-health and
m-health applications, offering personalized and
ubiquitous medical care, while paving the way for
even more advanced scenarios, which are being
targeted by long-term future 6G networks.

REFERENCES

[1] C. Thuemmler et al., “5G-PPP white paper on eHealth
vertical sector,” 2015, available at: https://5g-ppp.eu/
wp-content/uploads/2014/02/5G-PPP-White-Paper-on-
eHealth-Vertical-Sector. pdf; accessed Nov. 29, 2019.

[2] D. Soldani et al., “5G Mobile Systems for Healthcare,” in
Proc. IEEE Vehicular Technology Conf. (VTC Spring), Sydney,
Australia, Nov. 2017, pp. 1-5.

M. Irfan and N. Ahmad, “Internet of Medical Things: Archi-

tectural Model, Motivational Factors and Impediments,” in

Proc. 15th Learning and Technology Conf., Jeddah, Saudi

Arabia, May 2018, pp. 6-13.

[4] ). Jusak et al., “Internet of Medical Things for Cardiac Mon-

itoring: Paving the Way to 5G Mobile Networks,” in Proc.

IEEE Int. Conf. on Communication, Networks and Satel-

lite (COMNET.SAT), Surabaya, Indonesia, Dec 2016, pp.

75-79.

S. Avgousti et al., “Medical Telerobotics and the Remote

Ultrasonography Paradigm over 4G Wireless Networks,” in

Proc. IEEE 20th Int. Conf. on e-Health Networking, Applica-

tions and Services (Healthcom), Ostrava, Czech Republic,

Sept. 2018, pp. 1-6.

[6] 3rd Generation Partnership Project, TS Group Services and
System Aspects, ”"Service Requirements for the 5G System-
Stage 17, Technical Specification 3GPP TS 22.261, V16.5.0,
Sept. 2018.

[71 Qi Zhang et al., “Towards 5G Enabled Tactile Robotic Tele-
surgery,” on arXiv:1803.03586 [cs.NIl, Mar. 2018; accessed
Nov. 29, 2019.

[8] D. Zhao et al., “Floating Autostereoscopic 3D Display with
Multidimensional Images for Telesurgical Visualization,” Int’l
J. Computer Assisted Radiology and Surgery, vol. 11, no. 2,
Feb. 2016, pp. 207-215.

[9] M. Simsek et al., “5G-Enabled Tactile Internet,” IEEE J. Sel.
Areas Commun., vol. 34, no. 3, Mar. 2016, pp. 460-473.
[10] C. Thuemmler et al., “Determinants of Next Generation
e-Health Network and Architecture Specifications,” in Proc.
IEEE 18th Int. Conf. on e-Health Networking, Applications
and Services (Healthcom), Munich, Germany, Sept. 2016,

pp. 1-6.

[11] G. Alfian et al., "A Personalized Healthcare Monitoring
System for Diabetic Patients by Utilizing BLE-Based Sensors
and Real-Time Data Processing,” Sensors, vol. 18, no. 7, July
2018, pp. 2183.

[12] L. P. Malasinghe et al., “Remote Patient Monitoring: A
Comprehensive Study,” J. Ambient Intelligence and Human-
ized Computing, vol. 10, no. 1, Jan. 2019, pp. 57-76.

[13] S. M. R. Islam et al., “The Internet of Things for Health
Care: A Comprehensive Survey,” IEEE Access, vol. 3, Jun.
2015, pp. 678-708.

[14] A. Abrardo, ”5G Trials in Italy,” in 5G Italy White eBook:
From Research to Market, M. A. Marsan, N. B. Melazzi, and
S. Buzzi, eds; online: https://www.5gitaly.eu/wp-content/
uploads/2019/ 04/5C-Italy-White-eBook.pdf, last accessed
in May 2019.

[15] W. Saad et al., “A Vision of 6G Wireless Systems: Applica-
tions, Trends, Technologies, and Open Research Problems,”
online: arxiv:1902.10265v1, last accessed in May 2019.

[3

[5

BIOGRAPHIES

STEFANO TOMASIN (tomasin@dei.unipd.it) is with the Depart-
ment of Information Engineering, University of Padova,
Italy. His current research interests include physical layer
security and signal processing for wireless communications,
with application to the 5th generation of cellular systems. In
2011-2017 he was an editor of IEEE Transactions of Vehicular
Technologies and since 2016 he has been an editor of IEEE
Transactions on Signal Processing. Since 2011 he has also
been an editor of EURASIP Journal of Wireless Communica-
tions and Networking.

GiutlA CIsOTTO (cisottog@dei.unipd.it) received her Ph.D. in
2014. Currently, she is an assistant professor (non-tenure track)
in the Department of Information Engineering, University of
Padova, Italy. Since 2010, she has worked on EEG and EMG
signal processing for neuro-motor rehabilitation, including
brain-computer interface for stroke and dystonia patients. Her
current research focuses on signal processing for electrophysi-
ological signals, including machine learning, e-health technolo-
gies, and Internet-of-Medical-Things.

EDOARDO CASARIN (edoardo.casarin@studenti.unipd.it) is cur-
rently enrolled in the Master of Science in ICT for Internet and
Multimedia at the Department of Information Engineering,
University of Padova, where he obtained, in 2019, a Bachelor
degree in Biomedical Engineering. His studies focus on telecom-
munications and life and health technologies.

From our analysis,
we can conclude that
5G systems will truly

spur new e-health and
m-health applications,
offering personalized

and ubiquitous medical
care, while paving the
way for even more
advanced scenarios

which are being target-

ed by long-term future

6G networks.





