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ABSTRACT:- Recent research on Low Power Wide Area
Network (LPWAN ) technologies, which provide the capability
of serving huge low power devices simultaneously has been
very attractive. The LoRa (Long Range) WAN is one of the
most successful expansions. Feasible replicas are seen in many
countries around the world. However, the probability of
largescale deployments, for example, for smart city
applications need to be further explored. This project provides
a comprehensive case study of LoRa WAN to show the
feasibility, scalability, and reliability of LoRa WAN in realistic
simulated scenarios, from technical perspectives. In this work
use cases of two distinctive cities monitoring applications have
been studied. The proposed scheme presents an analysis and
develop business models for such networks in order to provide
a guideline for commercial network operators, [oT merchants,
and city organizers to explore future deployments of LoRa
WAN for smart city applications.

Keywords: IoT, Low-Power networks, LoRa WAN, case
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1. INTRODUCTION

In this day and age, there is a lot of efforts on the study,
analysis and discovery of new keys related to high density
sensor networks which are used as part of the [oT (Internet
of Things) concepts. It leads exploration of LoRa (Long
Range) which is basically a modulation technique that
enables the long-range transfer of information with a low
transfer rate. It can be envisaged that LoRa will be an
exciting technology area for smart cities for many years to
come.

The Internet of Things (IoT) paradigm refers to a network of
interrelated things. The network is normally projected as the
IP network and the things are devices, such as sensors
and/or actuators, furnished with a telecommunication
(predominately wireless) interface and with processing and
storage units. In particular, the wireless IoT access system
should provide improved indoor coverage, support for
enormous number of low throughput devices, low delay
sensitivity, and ultra-low device power consumption.

1.1. LoRa

“LoRa Technology has revolutionized IoT by enabling data
communication over a long range while using very little

power. When connected to a non-cellular LoRa WAN TM
network, LoRa devices accommodate a massive array of [oT
applications by transmitting packets with important
information. LoRa WAN fills the technology slit of cellular
and Wi-Fi/BLE based networks that need either high
bandwidth or high power, or have a limited range or
incapability to penetrate deep indoor environments. In fact,
LoRa Technology is flexible for rural or indoor use cases in
smart cities, smart homes and buildings, smart agriculture,
smart metering, and smart supply chain and logistics” [2].
Figure 1 shows clearly that LoRa has a greater power
economical than Cellular or WiFi and therefore can attain a
greater range or deeper in building coverage, by using a
much lower data rate.
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Many IoT applications, especially in rural regions, need to
span considerable range while consuming as little power as
possible. LoRa modulation can achieve these goals by
spreading the transmission spectrum to, say 125kHz, but
limiting the data to a few kilobits per second at most. The
relationship between these two variables is called the
spreading factor (SF) and it can be varied to suit different
needs. A low SF permits higher data while a high SF permits
decoding signals even below the receiver’s noise floor, thus
permitting ranges of dozens of kilometers in unencumbered
environments and a few kilometers even in urban areas.
LoRa WAN is an open media access control (MAC) layer
protocol that provides all the functionalities for a complete
solution, based on multiple end-nodes that communicate to
one or more LoRa WAN Gateways. Gateways in turn connect
to a Network Server (NS) using any kind of IP protocol-based
links. For instance, the Gateway might have a cellular modem
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and SIM card, to connect to the Network server, or it might
use a WiFi transceiver and a high gain antenna, or have an
Ethernet port to connect to a local wired infrastructure. It
can also use a satellite link, by paying the corresponding
connection fees. The NS also connects to the Application
Servers (APs) using the I[P protocol over whatever
infrastructure is available as shown in Figure 2. Gateways
are transparent bridges relaying messages between end-
devices and one or more network servers. Payload is
encrypted by the end-node using the 128-bit Advanced
Encryption Standard (AES), so each application is isolated
from the others. Traffic is bidirectional, but mostly upward,
from the end-node to the Gateways with very little in the
downlink direction. A significant advantage of LoRaWAN is
the fact that it uses unlicensed bands and open protocols so
that it can be implemented by any organization
independently from any commercial service providers.
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Figure 2. LoRa WAN Secure Architecture.

The LoRa WAN specification defines three device types [3].
All LoRa WAN devices must implement Class A, whereas
Class B and Class C are extensions to the specification of
Class A devices. A class A device will only listen for possible
downlink messages from the Gateway after completing the
transmission of its up link messages, and only for two briefs
time windows. This will allow the device to sleep most of the
time, therefore achieving the maximum battery duration. A
class B device will also wake up at certain specified intervals,
so its battery will last less. Class C devices will be listening
whenever they are not transmitting, so their consumption is
the highest, and they are normally meant to be attached to
the power grid or a photovoltaic system. All devices and
applications have a 64-bit unique identifier (Dev EUI and
AppEUI). When a device joins the network, it receives a
dynamic (non-unique) 32-bit address (DevAddr). The
NwkSKey is used to validate the integrity of each message by
its Message Integrity Code (MIC) and the AppSKey is used for
encryption of the application payload.

2. APPROACHES

The project presented a comprehensive study on the
feasibility of the LoRaWAN deployment for large city
monitoring applications. Two realistic network deployments
for the Greater London area based on the requirements of air
quality and congestion monitoring have been simulated. The
simulator is then used to evaluate the technical performance
of the network.

The connectivity study showed the capability of Lora WAN in
smart home and neighborhood applications. The
performance of Lora WAN was studied and investigated in a
vehicular scenario in Finland in 2015 [6]. In the experiment,
the device in a moving car was used to upload vehicular data
every 5 minutes to the base station located at the top of a
building. Lora WAN has also attracted significantinterest for
commercial deployments. In South Korea, a large network
covering 99% of the country’s population is currently being
deployed [7]. The network operator plans to offer LoRa-
based IoT services at attractive prices. More large-scale
projects are recently proposed or under consideration in
France, Sweden, the UK, and many countries around the
world.  Realizing the increasing popularity and the
commercial importance, this work presents a comprehensive
study on the use of LoRaWAN from both the technical and
economic perspectives. In particular, a realistic LoRaWAN
network covering Greater London is designed using Matlab.
The system performances in terms of the feasibility,
scalability, reliability, and cost-effectiveness are evaluated
based on different city monitoring applications. The study
provides a reference for future commercial LoRaWAN
deployments.

3. RESULTS

At first we examine the feasibility of the designed network in
term of power consumption when three different sized
packets are uploaded with various upload frequencies. Fig. 5
depicts the relationship of battery life-time and upload
frequency.
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As observed, when reporting a 20-byte measurement data in
every 30 seconds, the end-device can work for around two
years, powered only by two industrial AA batteries
(2700mAh each). The lifetime increases with the
transmission interval, and decreases as the payload size
increases. Besides, because the conditions of wireless
communication can vary more in the outer cells, a slightly
lower battery lifetime is seen comparing with that of central
cells. Based on the above experiments, we consider the
network is feasible for ITS applications such as near real-
time congestion monitoring, where the road-side devices
measure and report the vehicle flow rate and average
velocity. With the aid of the such data, advanced traffic-light
control optimisation algorithms, as proposed in [17], can be

© 2019,IRJET | ImpactFactor value: 7.211

IS0 9001:2008 Certified Journal | Page 7063



‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 06 Issue: 05 | May 2019

www.irjet.net

p-ISSN: 2395-0072

apply to reduce the waiting time and gas emission. For air
quality monitoring where retransmission is disabled and
uploading interval is much longer, power can be saved by
switching the LoRa modules to sleep mode for most of the
time. An average of 9.03 years of battery life is achieved for
the enddevices in outer cells whereas in Central London it is
6.07 years. Comparing with the ideal life time of 10 years as
claimed in [18], we consider our results are acceptable in a
realistic setting, and LoRaWAN is a capable low-power
technology for such applications. For those devices used in
the congestion monitoring, battery can drain faster. The
devices operating in Central London and outer area will
require battery changes after 2.02 years and 4.02 years,
respectively. The percentage of the battery life-time spentin
each operation mode is depicted in Fig. 6. As seen, most of
the time has been spent in sleep mode, as expected.
Approximately 0.3% of the time has been spent in
transmission mode due to higher data rate, longer messages,
and more frequent uploading. Similar amount of time is
spent in idle mode for channel sensing.

4. CONCLUSION

We presented a comprehensive study on the feasibility of the
LoRaWAN deployment for large city monitoring applications.
Two realistic network deployments for the area based on the
requirements of air quality and congestion monitoring have
been simulated. The simulator is then used to evaluate the
technical performance of the network. The results showed
the potential of LoRaWAN as a workable low power long
range ICT solution for smart cities. We also carried out a
brief economic study and developed business models for the
designed LoRaWAN considering differentinvestment return
plans. We envisage that LoRa will be an exciting technology
area for smart cities for many years to come.
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