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Abstract

Information and Communication Technologies (ICT) have experienced a large application
in many fields, such as smart homes, health monitoring, environmental monitoring, and a
great number of studies is present in literature. In particular, it is expected that the Internet
of Things (IoT) will become increasingly pervasive in everyday life. Among different
technologies, devices based on Long Range (LoRa) and LoRaWAN stand out due to their
relative low cost, low power consumption and large cover range. In this survey, recent
papers investigating applications of LoRa modules have been selected. The different use-
cases are presented with a comparison between communication parameters and results

obtained.
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1. Introduction

By 2024, at least 20 billion connected devices
belonging to the Internet of Things (IoT) family are
expected to be connected [1]. The market related to IoT
and its applications has an estimated growth of 3,900
— 11,000 trillion dollars by 2025 [2]. The applications
of IoT spread in various fields:

(1) Monitoring Greenhouse gases emissions could
lead to an overall reduction of 12% by 2030 [3];
(i) IoT could help those who cannot physically go
into hospitals [4], [5], [6];
(iii) Remotely prevent forests’ fire [7], [8], [9];
(iv) Control and automate some process such as
public light management [10], and many others.

Given the previous application examples, the arca
covered by communication systems is a relevant topic.
With this this in mind, the technologies that are used
are classified as Low Power Wide Area Network
(LPWAN). Under this distinction, it is possible to find
WI-FI, Bluetooth and Zigbee which have short-range
communication, and GSM, WCDMA, NB-IoT, Sigfox
and LoRa which have medium or long-range, but only
Sigfox and LoRa exploit the Industrial, Scientific and
Medical bands, which are unlicensed. Apart from this,
LPWAN technologies must satisfy other important
requirements, such as simplicity of network’s
installation, low power consumption and low cost.

43% of the overall LPWAN technologies will
consist of devices exploiting LoRa communication
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[11]. The structure of this paper is as follows: Section
II presents a LoRa and LoRaWAN overview; Section
IIT presents a literature review on the most recent
papers about testing devices supporting LoRa; Section
IV presents a comparative table and Section V
provides the conclusions.

2. LoRa and LoRaWAN overview

LoRa physical layer is a technology patented by
Semtech. The LoRa modulation derives from the Chirp
Spread Spectrum (CSS) modulation and each symbol
is modulated with a chirp signal which frequency
sweep coincides with the bandwidth. Then, choosing
an appropriate Spreading Factor (SF) it is possible to
encode 2SF — 1 symbols [12]. As for performance’s
errors, it has been shown that LoRa modulation gives
better results than an FSK one.

The LoRa Alliance has defined the LoRaWAN
protocol. It outlines the packet’s format (which
consists in a preamble, a header, a Cyclic Redundancy
Check (CRC), the payload and a payload CRC, the
network’s operative mode and the encryption. There
are three classes in which a network can work, as:

(i) Class A: battery life-time is optimized, uplink is
event driven and down- link is limited;
(i1) Class B: similar to Class A but there is more time
for downlink;
(iii) Class C: downlink is no more event driven and
receiving windows are open continuously.

To assure security, the payload is encrypted using
AES encryption with a 128 bits key described in [13].
The key used is specific for each end-device and
assigned during fabrication.

3. Literature review

In this section, devices supporting the LoRa
communication that have been tested in the most
recent papers will be presented. Moreover, each use-
case will be briefly presented. The module from
Semtech and Microchip that supports LoRa
communication are the most used within applications
presented in literature.

3.1S8X1272

In[14] a deep analysis on LoRa communication
performances in buildings and in a car park has been
conducted, in order to determine the most accurate
method to evaluate the path loss in such environments
both in condition of line of sight and with obstacles. In
this application Multitech mDot supporting the
Semtech SX1272 module has been used. Authors
implemented a 915 MHz communication with a
bandwidth of 500 kHz, SF equal to 7 and transmitting
power of 10 dBm. They estimated a received signal
strength indication (RSSI) of -120 dBm when there are
seven floors within transmitter (TX) and receiver
(RX), while the sensitivity of SX1272 is -137 dBm. In
[15] authors evaluated communication between one
TX and a RX in an urban environment to track many
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environmental indicators such as CO,, temperature,
humidity and others. The transceivers consist of two
Adafruit Feather 32u4 supporting the LoRa SX1272
chip. They used an output power of 20 dBm at a
frequency of 868 MHz. In an urban context they
reached 1.1 km with a signal strength of -95 dBm while
in a seven-floors building the least value of RSSI was
of -100 dBm whilst the reduction was not linear; in
fact, the floor with the worst RSSI was not the farthest
one.

3.2 SX1276/SX1278

In [16] a Wireless Sensor Network (WSN) that
manages the water irrigation of a garden placed in a
city has been developed. Authors claim that up to 30%
of water has been saved with this system. The
presented network could support 250 nodes. The core
of the nodes is the RFM95W Adafruit supporting the
SX1276 LoRa chip and an 868MHz dipole antenna has
been used. The scenario has been divided into eight
350 m? zones and in four zones three nodes have been
installed. A single gateway is used to collect data
regarding humidity and forward them via Wi-Fi to the
application’s server. Supplying the nodes with 2AA
batteries and sending data every 4 hours, the nodes had
an autonomy of two months. In [17] a study over the
performances of a WSN in an urban environment
exploiting the Dragino LoRa HAT and a Raspberry PI,
as end nodes for air quality monitoring has been
conducted. Authors have tested that SF 10 was the best
choice for their use-case. As confirmation of that, also
when the adaptive data rate has been enabled, the SF
10 has been automatically set. Six gateways and
thirteen transmitting nodes have been employed. A
72.4% of packet’s delivery has been achieved
successfully. In [18] a path loss model for the LoRa
communication in an urban area through experimental
analysis has been evaluated. The system under test has
been developed for reporting power consumption to a
control center. Operating frequency band was the 920
MHz - 925 MHz range and end-nodes consist of the
STM32 LoRa Discovery Kit (SX1276 chip). The
chosen communication’s parameters are: bandwidth of
125 MHz; adaptive data rate, which means SF could
change from 7 to 12; transmitting power of 12 dBm.
The covered area was less than 1 km’.

3.3SX1261/5SX1262

In [19], the LoRa communication’s
performances in Earth-space communication aimed at
providing global coverage for IoT devices, also in rural
and remote areas have been tested. This type of
communication is done exploiting Low Earth Orbit
(LEO) satellites as gateways. In these conditions, the
free space path loss model can be used and further
distances could be reached since transmitter and
receiver are always in line of sight during
communication. Authors used nodes supporting the
Semtech SX1261/SX1262 chip. TX power was of 22
dBm for an operating of 915 MHz and 14 dBm for the



868 MHz frequency. The bandwidth has been set to
125 kHz. They tested both monopole and directive
antennas, in order to find the SF for which the
communication was possible for that kind of
application. In [20], an embedded miniaturized system
supporting LoRa communication exploiting the
SX1261 chip has been developed. Since the system has
to be as small as possible and the only supply is a
battery charged with a solar panel, the decision of the
communication protocol has been done taking into
account the best in terms of power consumption. In
[21] a sensing node supporting the SX1261 module has
been tested. Maximum transmitting power has been
used (14 dBm) with SF equal to 7 and a bandwidth of
250 kHz. The power consumption was the key feature
of this study and authors experienced that a 4.5 years
lifetime with a 2,000 mAh could be possible while the
node sends GPS data every ten minutes.

Table 1: Comparison between some parameters of the
most popular Semtech modules. Data have been taken
from [22], [23], [24].

S$X1272 SX1276 S$X1261
Link 157 dB 169 dB 170 dB
Budget
RX current | 10 mA 9.9 mA 4.6 mA
Sensitivity | -137dBm  -148 dBm -148 dBm
3.4 RN2903/RN2483

The RN2903 and the RN2483 have been released
by Microchip. The first is for the 915 MHz frequency,
while the second for the 868 MHz frequency. In [25] a
network using the RN2903 module as end node for a
smart house system has been designed. Sensors and
actuators have been used to manage temperature and
lights. The test has been done with a fixed gateway and
a sensor node has been done move along a campus site.
Signal’s strength ranged between -123 dBm and -68
dBm. Authors of [26] tested the LoRa
communication’s range for the RN2903 module in an
urban area with tall buildings. They considered as
signal-covered area a zone for which more than 30%
of all sent messages have been correctly received. The
maximum range was 250 m from the gateway using SF
=7, a bandwidth of 125 kHz and TX power equal to 14
dBm. In [27] a wearable node with the RN2483
module has been designed. Then, authors tested which
SF gave them the best results in terms of distance, with
bandwidth equal to 125 kHz. After this study, they
proofed that it was possible to reach 1.5 km with SF=7
in [28].
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4. Comparison

Although the most chosen modules are the ones
from Semtech, in all selected papers the presented
LoRa modules achieved satisfying requirements for
each use-case, both in indoor and outdoor
environments, making it a valid choice for IoT
applications. Albeit from Tab. 2 it would seem that
modules from Microchip [25], [26], [27] have better
performances than the Semtech ones, it is important to
underline that papers [14], [16], [17], [18], [19], [20],
[21] did not investigate maximum reach, but they only
focused on feasibility of LoRa communication in
specific applications. Due to the attenuation, devices
working in the 915 MHz frequency range needed more
power than same devices working in the 868 MHz
frequency range, in order to obtain similar
performances.

Table 2: Comparison between LoRa modules in selected
papers (part 1).

Bande
Paper use-case (kH?) SF
[14] multifloor 500 7
communication
[15] urban static WSN - -
[16] urban static WSN - -
[17] urban static WSN - 10
[18] urban static WSN 125 7+12
Earth-space
[19] communication 125 12
(monopole antenna)
Earth-space
[19] communication 125 7+12
(directive antenna)
[20] urban WSN 250 7
[21] embedded node 250 7
[25] smart house - -
[26] urban WSN - 7
[27] | wearable sensor node 125 7

Table 2: Comparison between LoRa modules in selected
papers (part 2).

Frequency X
Paper | Allocation  power Range  Module
(MHz) (dBm)
7 floors
[14] 915 10 (17.5m) SX1272
[15] 868 - I.1km SX1272
[16] 868 - 350m?>  SX1276
[17] 868 - 1 km? SX1276
923.2-
[18] 024.6 12 40m  SX1276
[19] 915 22 - SX1262




[19] 915 22 - SX1262
[20] 868 - - SX1261
[21] 868 14 - SX1261
[25] 915 18.5 - RN2903
[26] 915 12 1.5km  RN2903
[27] 868 10 1.5km RN2483

5. Conclusion

This work is intended to investigate the recent
trends in device’s choice within applications that
exploit LoRa modules.

SX1272 has a great strength of the signal in indoor
and outdoor urban environments; performance
remains good even with tall buildings, but the
reduction of the signal is not linear. SX1276 has good
performances in rural environments, for example in
agriculture systems. SX1278 packet’s delivery in
urban areas is good.

SX1261 and SX1262 have great performances in
Earth-space communications with a lifetime over 4
years.

RN2903 is really good for smart-house systems,
but the performance in tall buildings is lower, sine only
30% of all sent messages is correctly received. Using
RN2483 is possible to reach 1.5 km with SF7.

Further researches could be carried out on
maximum distances that can be reached with the
Semtech SX1261/2 and there is a lack in the literature
of application exploiting the very latest module, such
as the Semtech LR1110, that has been released at the
beginning of 2020.
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