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Abstract. Machine-to-Machine (M2M) communication is expected to play a 
major role within the coming years towards the development of e-healthcare 
applications. The design of cellular networks, such as Long Term Evolution 
(LTE), is optimized to serve the data traffic of human-based communication 
with broadband requirements. E-healthcare traffic has different characteristics 
such as small packet sizes, narrowband requirements and huge number of de-
vices. The focus of this work is to investigate the impact of e-healthcare traffic 
on LTE cellular networks. We develop a possible future scenario of electrocar-
diography (ECG) devices performing remote monitoring of patients with mobil-
ity support in our LTE simulation model. Regular LTE traffic is also deployed 
in the network and the influence of the varying ECG traffic is examined. The 
simulation results indicate that the e-healthcare related data traffic has a drastic 
influence on regular LTE traffic. 
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1 Introduction 

Machine-to-Machine (M2M) communication is a global and rapidly developing re-
search area for interconnecting different devices without human intervention. The 
growth of this area is not only restricted to the diversity and number of future M2M 
devices, but also the mobile data traffic is expected to grow significantly in future 
communications [1]. 

The “Internet of Things” is a new paradigm for interconnecting devices, and the 
M2M communication is a key area in this field. The authors of [2] anticipate that the 
“Internet of Things” would extend the existing Internet with a large variety of con-
nected devices. As a result, several application domains would benefit from this con-
cept, for instance supervision in logistical processes, smart metering and monitoring, 
intelligent transport systems etc. 



Recently, researchers have shown an increasing interest in remote monitoring of 
homes, vehicles and places with M2M devices [3,4,5]. Examples are energy, traffic 
and environmental monitoring. Nowadays, whenever connectivity is debated, the next 
issue that comes to mind is mobility.  Mobile connectivity is almost synonymous with 
cellular communications. The costs of cellular services experienced dramatic decrease 
and cellular broadband connectivity became ubiquitous in the recent past. The de-
crease in the costs and sizes, and the increase of power capabilities of devices with 
integrated sensors, network interfaces, etc. has paved the way for manufacturers to 
offer diverse applications and services. Various implementation areas, where those 
applications can be deployed, benefited from this development. 

Long Term Evolution (LTE) and LTE-Advanced (LTE-A) are expected to be the 
future technologies for providing M2M services. These cellular systems are expected 
to offer a diverse range of services to M2M applications. M2M applications are gen-
erally based on narrowband applications transmitting data frequently or infrequently. 
The development of LTE was primarily aimed for broadband data services. With 
narrowband M2M applications, LTE may not achieve spectrum and cost efficiency. 
Therefore, the integration of M2M communication, with their rather low data rates 
and small packet sizes but higher number of devices, might have a substantial impact 
on the LTE system performance. 

The concept of e-healthcare is based on establishing a relationship between a 
healthcare organization and a patient through M2M communication [6]. E-healthcare 
is defined by the Health Information and Management Systems Society (HIMSS) [7] 
as “the application of Internet and other related technologies in the healthcare industry 
to improve the access, efficiency, effectiveness, and quality of clinical and business 
processes utilized by healthcare organizations, practitioners, patients, and consumers 
in an effort to improve the health status of patients”. 

The motivation behind the work of this paper is to study the challenges of provid-
ing e-healthcare facilities in future mobile networks. The usage of mobile network 
resources by mobile e-healthcare devices to monitor the health condition of a patient 
can have a significant impact on the performance of regular data traffic such as voice, 
video and file transfer. This paper illustrates the impact of M2M traffic on LTE regu-
lar traffic performance by comparing the simulation results of scenarios with varying 
M2M (e-healthcare) traffic load. 

2 Future Mobile Networks and E-healthcare 

LTE and LTE-A are the recent standards of wireless communication developed by 
the Third Generation Partnership Project (3GPP) to fulfill the data volume require-
ments of cellular mobile users. The objectives of these standards are to increase the 
peak user throughput, enhance spectral efficiency and reduce latency for broadband 
services as compared to the previous standards. These recent standards are based on a 
packet-oriented transmission scheme. The original design goal was to serve cellular 
devices with data rates of up to 100 Mbps [8]. The access network of LTE, also 
termed as the Evolved UMTS Terrestrial Radio Access Network (E-UTRAN), con-



sists of only two types of nodes; the eNodeB and the User Equipment (UE). In the 
radio access network, time and frequency resources are allocated to UEs by the Medi-
um Access Control (MAC) layer scheduler of the eNodeB. The scheduler is generally 
designed to allocate resources for downlink and uplink transmission of regular LTE 
traffic according to the data buffer sizes of the UEs. 

The evolution of mobile networks has led to the notion of providing healthcare and 
patient monitoring facilities outside the hospital and dispensary premises. Traditional-
ly, the health condition of a patient, suffering from a disease which requires regular 
check-ups, is monitored on the hospital bed. The patient’s temperature, blood pres-
sure, heartbeat rate, etc. are monitored by the staff of the designated hospital ward. 
Hospital beds and staff are valuable but scarce public resources. The allocation man-
agement of these resources has routinely been a challenging task for healthcare organ-
izations, even in advanced countries. 

With the recent technological advancements, the topic of patient monitoring from 
remote locations has been investigated by employing Wireless Local Area Networks 
(WLANs). The patients can be monitored while at home wearing sensors connected to 
a WLAN for transferring the health status to the hospital; for example, sending the 
temperature, electrocardiography (ECG) data, or electronic images of the patient from 
a remote location using a sensor belt wrapped around the patient’s chest. This ar-
rangement provides ease, not only to the healthcare organizations but also, to the pa-
tients by significantly decreasing the waiting time in the hospital. Moreover, the do-
mestic routine activities of the patients are not disturbed if they stay at home. The 
healthcare organizations are expected to take measures for patient treatment only 
when the sensors detect an unusual health status. This saves healthcare resources. An 
additional advantage for the patient is to stay away from the hospital environment and 
reduce the risk of infections and other diseases. 

As explained above, mobility is a very special feature of cellular networks and mo-
bility support is a major requirement of several M2M applications. E-healthcare is no 
exception. It is usually advisable for patients to keep themselves involved in outdoor 
physical activities like jogging, walking, exercises, etc. In order to perform such ac-
tivities, the patients are required to leave their home (or office) WLAN coverage are-
as. In daily life, patients may also be expected to travel by vehicles to go for shop-
ping, picnicking, as well as visiting their relatives and friends; or in critical cases, 
being taken to hospital by ambulance. In such situations, it is apparent that the home 
WLAN is not a practicable solution for providing e-healthcare services. In these sce-
narios, the role of mobile networks becomes vital. The monitoring of patient condi-
tions in mobility scenarios is the focus of this research work. 

3 Literature Review 

Most of the literature available on e-healthcare technologies focuses on indoor sce-
narios of patient monitoring. The authors in [9] have highlighted the security issues of 
e-healthcare over mobile networks, and have proposed an architecture to facilitate 
doctors’ and patients’ mobility within the hospital. In [10], various M2M implementa-
tion scenarios including e-healthcare have been discussed. The authors underline the 



use of capillary networks and enhanced LTE architecture for M2M communications. 
In [11], the issues of energy efficiency, reliability and security are elaborated for 
M2M communications and e-healthcare. In [12], the authors suggest a system design 
for body parameter sensing over GSM/GPRS (Global System for Mobile Communi-
cation/General Packet Radio Service) via a modem capable of sending and receiving 
SMS (Short Message Service). In [13], the authors propose mobile sensor agent and 
adapter for intelligent M2M communication in e-healthcare. In [14], the integration of 
vehicular networking and e-healthcare technologies is studied with Bluetooth devices 
employed at the roadside. The mobile network requirements and issues related to e-
healthcare and patient monitoring are discussed in [15]. In [16], two major types of 
network architectures for e-healthcare are elaborated, i.e. home-oriented architecture 
and hospital-oriented architecture. 

A review of the available literature on this topic reveals that most of the e-
healthcare based research is focused on home or hospital scenarios. Only few authors 
discuss the issues of mobile networks. The discussion on mobile networks is also 
limited to GSM/GPRS. Our paper highlights the issues of mobile networks under the 
paradigm of LTE and LTE-A. 

4 Remote Health Monitoring 

The health status of a patient can be monitored by providing belts or straps 
equipped with sensors, to be worn by the patient. The sensors would read the health 
parameters of the patient regularly and transmit the information over a communica-
tion medium to the e-healthcare organization. Based on the received information, the 
e-healthcare service provider takes remedial actions according to patient conditions. 
The transmission of health parameters at hospital and home scenarios is possible with 
the help of capillary networks like WLAN, ZigBee, etc.. However, if the patient is 
walking down the street or driving a vehicle, the capillary network may not be an 
appropriate solution for e-healthcare. In such cases, the cellular networks can play a 
significant role. 

The usual health parameters which are frequently required for the evaluation of pa-
tient health status are temperature, blood pressure, heartbeat rate, etc. The temperature 
and blood pressure monitoring is usually performed approximately every half hour. 
From the mobile network point of view, these parameters have very low throughput 
requirements. However, the ECG for heartbeat monitoring requires continuous net-
work resources. ECG is a “tracing representing the heart's electrical action derived by 
amplification of the minutely small electrical impulses normally generated by the 
heart” [17]. Each beat of the heart is triggered by an electrical impulse normally gen-
erated from special cells in the upper right chamber of the heart [18]. An ECG records 
these electrical signals as they travel through the heart. 

The British Heart Foundation (BHF) offers ECG tests where patients are monitored 
for 24 hours [19]. The electrodes are placed on the chest and the attached wires are 
connected to a small portable recorder. The test can also be performed while walking 
on a treadmill or cycling an exercise bike. In special cases, Implantable Loop Record-
ers (ILRs) are implanted under the patient’s skin to monitor the heart activity for up to 



14 months. In such cases, it is eminent that the patient would be mobile on several 
occasions. The ECG data recorder could be provided with mobile connectivity for 
continuous patient diagnosis. The digital data generated by an ECG recorder for 
transmission over a network is 9.6 kbps according to [20]. 

5 Simulation Settings and Results 

The modeling methodology behind our simulation model is to focus primarily on 
the user plane and evaluate the end-to-end performance. The model is developed us-
ing the OPNET simulation environment [21]. In Fig. 1, a number of network ele-
ments, e.g. access Gate-Way (aGW), Packet Data Network Gate-Way (PDN GW), 
eNodeB and the UEs, are depicted. Additionally, some ECG devices are also de-
ployed in the simulation environment. All these network nodes contain the complete 
protocol stack implementation according to the 3GPP release 8 specifications. The 
details of our LTE simulation model are provided in [22], [23]. The OPNET simula-
tions are performed under the parameter settings illustrated in Table 1. Since the ECG 
data requires uplink radio resources, the Bandwidth and QoS Aware (BQA) LTE 
uplink scheduler proposed in [24] is used for resource allocation. 

 

Fig. 1. OPNET LTE simulation model 
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Table 1. Simulation Parameters 

Parameter Setting 

Cell layout 1 eNodeB, 3 cells 

System Bandwidth 5 MHz (~25 PRBs) 

Frequency reuse factor 1 

Cell radius 375m 

Device velocity 3kmph, 120kmph 

Max UE power 23dBm 

Path loss 128.1+37.6log10(R), R in km 

Slow fading Log-normal shadowing, 8dB standard deviation, correlation 1 

Fast fading Jakes-like method [25] 

Mobility Model Random Way Point (RWP) 

UE buffer size Infinite 

Power Control Fractional PC, α = 0.6, P0 = -58dBm 

Traffic environment Loaded 

LTE Uplink Scheduler BQA [24] 

Voice traffic model (Priority 1) 

Silence/ talk spurt length Exponential(3 sec) 

Encoder scheme GSM EFR 

Video traffic model (Priority 2) 

Frame size 1200 Bytes 

Frame inter-arrival time 75ms 

Mobile point-of-sale traffic model (Priority 3) 

Page size 100 KBytes 

Page inter-arrival time 12 sec 

FTP traffic model (Priority 4) 

File size 20 MBytes 

File inter-request time Uniform distribution, min 80 sec, max 100 sec 

ECG traffic model (Priority 1) 

Frame size 1200 Bytes 

Frame inter-arrival time 1 sec 

 
The performance of different e-healthcare traffic load scenarios is compared by an-

alyzing the QoS performance of mobile devices with regular LTE uplink traffic. The 
simulations are carried out by considering four types of LTE uplink traffic, i.e., voice, 
video, mobile point-of-sale (POS) and file transfer; and one e-healthcare traffic type. 
The POS traffic has characteristics similar to web browsing, but in uplink direction. 
So each mobile POS device acts as a web server. The voice and ECG traffic is treated 
as highest priority traffic by the scheduler. Video traffic has the next highest priority. 
POS comes after video in terms of priority and web browsing is the best effort traffic 
with lowest priority. The regular LTE traffic load is kept constant and the ECG data 
traffic load is varied in the scenarios. In all scenarios, the number of voice, video, 
mobile POS and file transfer users is 8 each. In the first scenario, there are no ECG 



devices; whereas in the subsequent scenarios, the number of devices is incremented 
by 50. During the simulations, the velocity of mobile devices and half of the ECG 
devices deployed in the cell is 120 kmph, whereas half of the ECG devices are mov-
ing at 3 kmph. 

The simulation results of LTE regular traffic users are depicted in Fig. 2 (a), Fig. 2 
(b) and Fig. 3 (a) for user file upload time, user video packet end-to-end delay and 
user voice packet end-to-end delay respectively. Fig. 3 (b) illustrates the results for 
mobile POS devices in terms of device page upload time. There is a clear increase in 
the traffic delay times of the file upload user, video users and POS devices. The voice 
user results, however, do not reveal any substantial impact of increasing the ECG 
traffic load within the LTE cell. The cause that voice traffic is not influenced by the 
increase in load is that the LTE uplink scheduler [24] gives strict priority to delay 
sensitive voice traffic. However, the priority of ECG data traffic is higher than other 
traffic classes. The low priority traffic classes are greatly influenced by the increasing 
ECG traffic, as evident from the overall average cell QoS results in Fig. 4 (a). Clearly, 
the increasing load of ECG traffic drastically degrades the performance of the video, 
file transfer and POS traffic. Even in such scenarios with low LTE traffic, ECG de-
vices are already causing hindrance in their QoS performance. The results for average 
cell throughput in Fig. 4 (b) also indicate performance degradation with increasing e-
healthcare load. 

6 Conclusion and Outlook 

We conducted a feasibility study in this work to highlight the influence of the new 
and challenging topic of e-healthcare over the future mobile networks. Though the 
design of LTE fits the wideband traffic demands, it is not proven how LTE handles 
the massive deployment of e-healthcare communicating devices. Contrary to the idea 
that the low M2M traffic might have a negligible impact on future wireless communi-
cation systems, we demonstrated in this work that the M2M traffic can have drastic 
impact on the performance of regular LTE traffic in terms of QoS and throughput. 
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Fig. 2. (a) Average file upload time (b) Average video user packet end-to-end delay 
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Fig. 3. (a) Average voice user packet end-to-end delay (b) Average POS page upload time 
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Fig. 4. (a) Cell QoS performance comparison with varying load (b) Average cell throughput 

In future, network operators have to find ways to deal with the issue of increasing 
M2M and e-healthcare devices; and minimize its influence on the regular LTE traffic. 
Despite the fact that the performance of voice users remained unaffected by the addi-
tional M2M traffic in our simulations, other LTE traffic experienced a considerable 
increase in delay. We also intend to evaluate the system performance for other kinds 
of M2M traffic, such as smart metering, intelligent transport, emergency alerting etc. 
and propose ways to deals with the expected M2M traffic growth in coming years. 
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