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Abstract—It is believed that small cells will play a very
important role in future network (e.g.5G) to meet the high
user requirements in traffic volume, frequency efficiency,
and energy and cost reduction The small cell network is a new
paradigm for successful deployment of m-health applications. It
can enhance the medical Quality of Service (m-QoS) for the
indoor and outdoor end users (e.g. patients and healthcare
professionals. This paper investigates the impact of deploying 4G
and beyond small cell heterogeneous networks for medical video
streaming as an example of m-health application. Furthermore,
two different scenarios namely, indoor and vehicular
(ambulance) are presented along with their system models and
technical requirements. The results show that over all network
performance is improved in terms of total femtocells throughput,
packet loss and delay of the users who are in the vicinity of the
femtocells.
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l. INTRODUCTION

Mobile healthcare (m-health) is an evolving paradigm that
brings together the evolution of emerging wireless
communications and network technologies with the concept of
“connected healthcare” [1]. Since the introduction of mobile
broadband networks numerous m-health scenarios have been
successfully deployed worldwide satisfying the vision of
pervasive connected healthcare anytime anywhere [2]. It is
well known that the evolution of 4™ Generation (4G) mobile
network systems will contribute significantly to future mobile
healthcare (m-health) applications that require high data rates
and more critically reliable diagnostic quality [3]. However,
there is an increase in the Internet traffic in terms of high
bandwidth demanding applications e.g., interactive video
streaming, serious gaming and social networking and in
particular with the increasing popularity of Smartphone
devices. According to the recent report by CISCO, Internet
video is now 40 percent of consumer Internet traffic, and will
reach 62 percent by end of 2016 [6]. In a shared environment,
medical applications will coexist with other applications and
often they will use the same wireless technology. This fact
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leads to some challenges encountered even by 4G networks,
such as the spectral efficiency, energy consumption, high
mobility, seamless coverage, varied Quality of service (QoS)
and Quality of Experience (QoE) requirements, to name a few.
[4] Moreover, 4G networks have just managed to reach its
theoretical data rate limit with existing technologies and
therefore are not sufficient enough to overcome the above
mentioned issues. In this context, ground breaking wireless
technologies are needed to overcome the limitations caused by
millions of mobile devices, and for that matter research has
already been carried out to explore beyond 4G or 5G wireless
techniques [4] [5]. Compared to 4G networks, 5G network
should be able to achieve 1000 times the system capacity, 10
times the spectral efficiency, energy efficiency and data rate
(i.e. peak data rate of 10 Gbps and 5 Gbps in Downlink (DL)
and Uplink (UL) respectively [5]. The overall aim is to
provide seamless and ubiquitous communication between
people to people, people to machine, machine to machine,
regardless of the type of electronic devices/services/networks
anytime and anywhere. This means that 5G networks will
revolutionize m-health systems by supporting scenarios not
supported by 4G networks (e.g. transmission of m-health
data/image/video from high speed vehicle). In reference to m-
health, real-time medical ultrasound video streaming is one
such application that will benefit from beyond 4G or 5G
technology. Furthermore, achieving end-to-end Quality of
Service (QoS) from the healthcare perspective and their
required levels to guarantee robust and clinically acceptable
healthcare services is a challenging issue. To address this
issue, 5G cellular architecture separates indoors and outdoors
scenarios. The change in the design of cellular architecture is
due to the fact that 80 percent of the time mobile users stay
indoors, while only 20 percent of time stays outdoors [5]. The
current cellular architecture uses an outdoor base station to
which mobile users connect, no matter whether they stay
indoors or outdoors. This results in high penetration loss for
indoor users, as the signals have to go through the building
walls to communicate with the outdoor base station, which in
turn, reduces data rates, spectral efficiency, and energy
efficiency of wireless transmissions. In other words, the
overall Quality of Service (QoS) is degraded. The 5G cellular
architecture should also be heterogeneous that involves a



diverse set of short-range and lower-power base stations, such
as microcells, picocells, relays and femtocells, all distributed
inside a macrocell [8] The advantage of this new network
topology is that the operators no longer need to deploy
additional expensive macro base stations usually hard to install
in dense urban areas [7].

In this paper, we consider a Heterogeneous Network including
a macrocell with a centric eNodeB coexisting with femtocells.
Moreover, the main research focus of this paper is to
investigate Quality of Service (QoS) analysis of medical video
streaming using femtocells as an example of small cell
network. Since 5G is a brand-new technology that lacks a
reliable simulation platform therefore, the simulation of
femtocells is carried out using 4G LTE-Sim system level
simulator. To the best of our knowledge, this topic has not
been investigated in literature and will bring novelty to our
work.

Il.  FEMTOCELLS

The wireless networks have always been in need of in-
expensive solutions to boost indoor coverage. Femtocellular
network is one of such solutions [8]. Femtocells are
inexpensive home Base stations (BSs) which can be defined as
small, low power and higher speed access points that can be
installed freely by end users in a plug and play manner at
residential, enterprise or hospitals premises to get better indoor
coverage and improve the throughput of users with reducing
the cost of implementation [4][8]. In general, femtocells
operate in the licensed spectrum, and have a coverage area
over hundred meters. Moreover, each femtocell can
accommodate up to 10 users in an urban environment [9].
Femto Base Stations establish connection with standard user
equipment (e.g. cell phone, tablets, and laptops) over radio
interfaces. The user traffic is next sent to the operator’s core
network through legacy broadband connection which can be
an optical fiber or digital subscriber line. In this regard, they
relate to WiFi, but rather they use commercial cellular
standards and operate in licensed spectrum. The User
Equipment recognizes femto base station as a regular macro
base station [7]. Since the distance between femto base station
and its serving users is small therefore, the transmission power
of user equipment is saved, resulting in prolonged battery life
[4]. The major benefits of femtocellular network over
traditional macrocellular network are the improved coverage,
reduced infrastructure, reduced power consumptions,
improved Signal-to-Interference Noise (SINR) and improved
throughput [10]. Femtocells have become a great deal of
interest for researchers, which is evident from the increase in
number of publication within this field [7] [11]-[22].

I1l.  MOBILE FEMTOCELLS

Mobile Mobile Femtocell (Mfemtocell) is a new concept of
small cell network technology. It is an integration of mobile
relays and femtocell [14]. The distinguishing feature of mobile
femtocell is that, it can move around and dynamically connect
to operator’s core network in its vicinity. It utilizes standard
radio interface technique to connect with the serving
macrocellular base station (eNodeB). To macro base station,

Mfemtocell and its connected users act as a single unit.
Mfemtocell can be installed in vehicles such as buses, trains
and even ambulances. Existing studies [14] show that
Mfemtocell can potentially benefit cellular networks by
improving spectral efficiency of the network and reducing
signaling overhead for various network operations. Most
importantly, it can perform handover operations for all its
connected users, resulting in reduced handover activities for
femtocell users. At present, the users within a vehicle
encounter several issues ranging from low SINR, lower
throughput, poor signal quality, and multiple handovers to
drop connection due high mobility of vehicle. MFemtocell can
solve these issues [15]. This can be done by making moving
vehicle a mobile femtocell, where a User Equipment (UE) is
connected to inside femto access point as opposed to outside
macrocellular network via backhaul wireless channel. Thus,
the signal avoids penetration loss from metallic wall of the
vehicle, resulting in better quality signal.

A limited number of contributions have been proposed in
literature deploying mobile femtocells. To enhance the service
quality, the authors in [10] proposed deploying femtocells in
vehicles to offer better coverage due to short distance between
FBS and User Equipment (UE). The authors in [16] present
architecture to provide internet coverage in trains by installing
femtocells. The authors in [14] investigate benefits of using
mobile femtocells in vehicles. While, the researchers in [10]
discussed the same concept and proposed different scenarios
for its deployment.

IV. USE CASES

Envisioning femtocell usage, We first present a set of use
cases, using medical video streaming as an example of m-
health application, to show the need of femtocells to improve
Quality of Service (QoS) for Indoor (Remote site) and
Vehicular (Ambulance) environments. Each use case tells a
story describing key benefits of femtocell deployment.

A. Indoor Scenario

The concept of prehospital telecare has been present for
almost two decades [17], and has become an integral part of
m-health systems [18].  M-health system utilizes the
information and communication systems for transmission of
m-health services from remote indoor site to specialized
medical facility at hospital. To that end, m-health system is
contributing in improving overall patient’s wellbeing by
specifically:

e Enabling real-time medical consultations (e.e. tele-
ultrasonography) for robust diagnostic precision and
decision-making, for critical medical procedures, and

e Improving preparations at hospital by transferring
patient’s real-time health information before reaching
the hospital.

According to a statistical survey in [20], more than two third
of critical incidents occur at indoor sites. This leads to the
necessity of reliable broadband wireless technologies for
paramedics’ staff to seamlessly access m-health applications
from remote indoor sites.



It is important to note, that end-to-end Quality of Service
(QoS) has to be maintained throughout the session. Since any
degradation in service quality can translate into worsen
Quality of Experience (QoE) for m-health experts. For
example, the throughput degradation in the wireless link may
force high video compression techniques (reduced resolution
and/or frame rate) on medical video stream that may affect the
credibility of the received video [21]. The possible advantages
experienced by healthcare professional by accessing
femtocellular network in indoor site are listed as:

e  Ability to connect medical UE in both macrocell and
femto cell environment.

e Improved coverage in indoor environment.

e Asignificant increase in throughput per user compared
to the macrocell due to lower number of users per
femtocell.

e  Prioritizing of emergency traffic and robust security.

e Ability to move between femtocell and macrocell
networks enabling seamless connectivity for m-health
services.

B. Ambulance Scenario

This scenario is extremely important, as the time in between
transportation of patient to the medical facility is highly
critical, especially when the patient is remote or ambulance is
caught in a road traffic [22]. Considerable work has been done
in m-health domain for moving vehicle scenarios [22]-[24].
Nevertheless, as m-health applications especially tele-
ultrasonography need to overcome several problems due to
high mobility of the ambulance, the previous wireless
communication technologies limited the medical Quality of
Service (M-QoS) making ubiquitous m-health deployment for
moving vehicles difficult since high mobility of vehicle
reduces data rates. During the crucial time in between
transportation of patient to the hospital, the paramedics in an
ambulance have to transmit medical data, which may include
high resolution images and/or video. Heterogeneous network
i.e. mix of macrocell together with femtocells can support
wireless m-health applications in a moving vehicle (even up to
500 km/h) and achieve high uplink data rates, hence supports
transmission of high resolution video transmission (tele-
ultrasonography) from ambulance to the base station.

V.  SYSTEM MODEL FOR INDOOR SCENARIO

In this scenario, paramedics are able to continuously take
advantage of femtocellular base station resources in the
patient’s or neighboring location for tele-ultrasonography
purposes. In our scenario, it is assumed that the paramedic is
using portable PC/tablet which is interfaced via USB or
Bluetooth to peripheral device i.e. portable ultrasound
machine. The ultrasound device produces a medical video
stream that is to be transmitted to the medical expert located at
a hospital. Furthermore, the PC/tablet utilizes radio interface
technology to ensure efficient and reliable transmission of
medical video stream over 4G and beyond mobile networks.
The indoor layout is assumed for high rise apartments for

creating realistic scenario. In the layout the indoor User
Equipment (UE) is randomly placed inside the building. The
femtocellular base station (HeNB) is assumed to be installed
inside one of the rooms in the building. Lastly, the acquired
medical ultrasound video stream is then transmitted to
operator’s core network through broadband connection to
medical experts. Figure 1 illustrates end-to-end medical
ultrasound streaming scenario using femtocells for Indoor
environment.
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Figure 1: Indoor medical ultrasound streaming scenario.

VI. SYSTEM MODEL FOR AMBULANCE SCENARIO

In this scenario, we have shown the system model to deploy
the femtocellular networks inside an ambulance. A
Femtocellular base station (FBS) is located inside the
ambulance. A transceiver is installed on the roof of the
ambulance to transmit/receive data to/from the backhaul
macrocellular networks. The FBS installed inside the
ambulance makes wireless connection between the paramedics
and the Femto Access Point (FAP). The FAP and the
transceiver are connected through the wired network. The
pictorial representation of end-to-end medical ultrasound
video streaming for Ambulance scenario is depicted in

figure2.
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Figure 2: moving vehicle (Ambulance) scenario for medical
ultrasound video streaming.



VII.  SIMULATION

In this section, we provide performance analysis of small cell
(femto) network communication between femto base station
(HeNB) and user in an indoor scenario composed by a single
3GPP 5x5 standard grid. We use a single cell with several
femtocells distributed in a building. For the video application,
we used ultrasound video acquired from Cardiff university
hospital. The ultrasound video sequence (at 25 frame/second,
resolution 640x480, and YUV format) has been compressed
using High Efficiency Video Coding (HEVC) standard at the
average coding rate of 128 Kbps. LTE-Sim simulator is used
to perform this analysis [25]. The Quality of Service (QoS)
analysis for medical ultrasound video streaming has been
carried out with reference to the throughput, packet loss rate
and delay. Two different cases are object of this study:

Traditional Urban environment without femtocells, where only
one macrocell is used as reference case.

Urban environment with femtocells.

Table 1 Uplink simulation parameters

Parameters Values
Simulation duration 100 s
Frame structure FDD
Bandwidth 15 MHz
Macro BS TX power 43 dBm
Femto BS TX power 20 dBm
Maximum delay 100 ms
Video bitrate 128 Kbps
Number of users per 1to8
femtocell
Scheduling algorithm FME

VIII.

In this section we compare the performance of traditional
macrocellular network and proposed femtocellular network for
transmission of medical video streaming in heterogeneous
environment under typical traffic and load conditions. The
performance is evaluated using key performance indicators
(KPIs) i.e. throughput, packet loss rate and delay

A. Packet Loss Ratio

In terms of QoS, PLR is an important parameter of real time
flows. PLR increases when scheduler is unable to transmit the
real time packets in timely manner. It is evident from figure 3
that PLR increases with the increase in number of users due to
higher network load. The accepted PLR for video flows is less
than 1 %. Unfortunately the PLR shown in figure is higher
than 11 % when medical UE is trying to transmit medical
video in presence of 80 users under traditional macrocellular
environment. This increase in PLR is majorly caused by

RESULTS AND ANALYSIS

penetration loss from the walls. On the other hand,
femtocellular network performs a PLR way below acceptable
value of 1 %, in fact almost null.
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Figure 3 Packet Loss Ratio

B. Throughput

In Figure 4, we compare the throughput curves for both
scenarios i.e. with and without the use of femtocells , and we
find that the aggregated throughput of users within femtocells
linearly increases and reaches to 10 Mbps as opposed to 7.75
Mbps for maximum 80 users considered in our scenario.
Figure shows that the overall system capacity can be greatly
improved thanks to the adoption of femtocells. Furthermore,
figure 5 represents the average throughput for medical video
flow. In this figure, we can realize that the transmission of
medical video flow in presence of different traffic flows
without using femtocells experiences a significant decrease
compared to the case when femtocells are active. It is
important to note that medical video bitrate in our scenario is
set to be 128 Kbps.
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Figure 4 Aggregated Throughput



=
=

T
‘+
|
|
|
}

o
S ———
) —q
120
]
B
Ed
g 100 | with Femtocells
= === Without Femtocells
o
& 80
8
<

60

10 20 30 40 50 60 70 80
Number of Indoor Users

Figure 5 Average Throughput per flow

C. Delay

Figure 6 represents delay for video flows. The curve with
femtocells show shorter delays than the curve without
femtocell. This behaviour can be justified by the fact that
avoiding penetration losses result in reduced retransmission
rate, and hence shorter delays. Moreover, this curve supports
the explanation of increase in throughput and decrease in PLR
presented in figure 4 and figure 5 respectively.
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Figure 6 Delay for video flows.

IX. CONCLUSION AND FUTURE WORK

This paper presented a set of use cases and feasibility of
deploying small cell heterogeneous networks in the field of
mobile health (m-health) over 4G and beyond networks. The
integration of femtocells as an example of small cell networks
with the macro base station will offer high value added
services for end users from healthcare perspective. Beyond m-
QoS enhancement that are the primary target of femtocells,
this concept will revolutionize the way wireless connectivity is
provided to patients and healthcare professionals. The
simulation results indicated that, the use of femtocells in the
m-health field offered significant performance advantages in
comparison to the conventional macrocellular network case.

Future studies include m-QoS mapping to m-QoE, context
awareness. Furthermore, we will revise the study to evaluate
the performance benefits of cross layer design, interference
mitigating, scheduling, security and self-organizing network

techniques in multi cellular heterogeneous environments. The
overall objective of our future study will be to present a
complete set of small cellular system that surpasses the
minimum expected requirements for robust and critical m-
health applications.
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