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ABSTRACT 

LoRa employs chirp spread spectrum technology and being consider

promising system for Low-Power

Internet of Things (IoT) applications

medical (ISM) bands, LoRa had been tested and evaluated mainly in Europe and US in the 

868 MHz and 915 MHz modulation bands. This paper provides some initial results in the 

performance of LoRa signal propagatio

environments. 
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1. INTRODUCTION 

1.1.Growth of IoT 

Internet of Things (IoT) is a fast growing

thousands of sensors with only one base station in creating a better application in our 

everyday life. Foresee ably, the sensor nodes

and transceivers for network communication and suitable protocol stacks which results in a 
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spread spectrum technology and being consider

Power-Wide-Area-Network (LPWAN) to supp

) applications. Designed to operate in the industrial, scientific and 

bands, LoRa had been tested and evaluated mainly in Europe and US in the 

868 MHz and 915 MHz modulation bands. This paper provides some initial results in the 

performance of LoRa signal propagation of 433 MHz modulation in tropical climate 
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IoT) is a fast growing communication model that enables connectivity for 

thousands of sensors with only one base station in creating a better application in our 

, the sensor nodes will be equipped mostly with
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better communication and networking system between users. IoT is expected to be the key 

point for the future growth in cellular networks. In its press release dated 3 Aug 2016,Machina 

Research estimated 27billionIoT connections by the year 2025 and 11% of them will use 

Low-Power-Wide-Area (LPWA) modules [1].Among the available LPWA technologies, LoRa 

is one of them that is being tested and evaluated for the wireless 

Low-Power-Wide-Area-Network (LPWAN) implementations. 

1.2. Previous Works 

LoRa technology was deployed by SemTech in 2012 as open source network and supported 

by LoRa Alliance. LoRa operates in unlicensed industrial, scientific and medical (ISM) radio 

bands using chirp spread spectrum innovation where each symbol is sent using a wide 

frequency band. The operating frequency used mostly in Europe is 868MHz and in the United 

States is 915MHz [2-3]. In Malaysia, Lora was tested using 433MHz where this frequency is 

under the unlicensed spectrum in the country. Several studies have been conducted on LoRa 

performance at 868 MHz modulation [4-5].A comparison of LoRa in 868 MHz and 433 MHz 

was done by [6] in Europe.In urban environment, the IoT is aiming to develop smart cities 

with capabilities to provide a number of benefits in the management and optimization of 

traditional public services such as transport, parking system, lighting, tank level monitors, 

surveillance and so forth [7-8]. Other than urban application, LoRa-based network has also 

been deployed in maritime setting [4].However, not much work has been done up to this date 

on LoRa propagation performance in the tropical climate environments. 

1.3. Objective 

The main objective of this paper is to present the performance of LoRA modulation at 433 

MHz in the tropical climate environment in Malaysia. From these initial results, further 

analysis may be pursued for deeper understanding of LoRa performance in the tropical 

environments. 

 

2. BASICS OF LORA TECHNOLOGY 

2.1. LoRa Characteristics 

LoRa progresses under LPWAN technologies where this wireless communication system runs 
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under a low power and long range of network, which makes it an interesting product for smart 

sensing technology in public infrastructures such as home automation, health wellbeing 

monitoring and smart metering. LoRa was designed to deploy end devices with limited energy 

consumption so that these end devices need not to transmit more than one byte at a time. Thus, 

this increases the battery lifetime of the devices up to 10 years[9]. In LoRa modulation, the 

spreading of the spectrum is achieved by addressing a chirp spread spectrum modulation 

which means it uses frequency chirps with variation of frequency over time to transmit signal 

with integrated forward error correction (FEC). The Semtech LoRa transceivers also secures 

bi-directional communication, both uplink and downlink transmission between transmitter 

and receiver. Among key properties of LoRa modulation include high robustness of the 

system, long range capabilities, low power consumption, bandwidth scalable, Doppler 

resistant and ranging or localization. Due to the high robustness of the system, i.e. its high 

bandwidth (BW) times symbol duration (T) or BWT product (which means BWT>1) where 

this spread spectrum takes more spectrum than they really need, LoRa signal will be highly 

resistant to signal interference. This device is both bandwidth and frequency scalable, for an 

instance, Semtech SX1272 has programmable bandwidth of 500 kHz, 250 kHz and 125 kHz. 

Since it is using the concept of chirp spread spectrum, this device operates under a wider 

bandwidth which results in low power consumption and demodulates 19.5dB below the noise 

floor [10]. Doppler resistant occurs because of the mobility of a source of signal causing a 

small shift in the frequency of LoRa pulse. 

2.2. Key Parameters 

Several parameters that should be taken to account in LoRa modulation scheme are the 

bandwidth (BW), spreading factor(SF), coding rate (CR) and carrier frequency. Taking the 

Semtech SX1272 as an example, the carrier frequency or centre frequency is in the range of 

860MHz and 1020MHz programmable in steps of 61Hz [2]. Spreading factor is defined as the 

ratio between the symbol rate and the chip rate. The chip rate is equivalent to the bandwidth 

of the system. For example, if the transceiver uses a programmable bandwidth of 125 kHz, the 

chip rate shall be 125kbps and can be calculated as 2SF. The higher the spreading factor, the 

higher is the signal to noise ratio and increasing the data packets and also time on air of the 
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packet. In relation, higher spreading factors denote slower chirps. Bandwidth is the most 

important parameter of LoRa modulation since the chip rate depends on the bandwidth. The 

higher bandwidth could give higher data rate but lower sensitivity due to additional noise. 

Fig.1 below demonstrates LoRa modulation and explains how the bandwidth is closely related 

to the chirping rate. There is a series of upward chirps where the maximum band of frequency 

is reached and downward chirps where minimum frequency is reached. The discontinuity in 

the frequency described by the figure below shows that encoded information is being 

transmitted. Therefore, by doubling the bandwidth, the transmission rate also doubles. 

 

Fig.1.Frequency variation over time of signal transmitted[2] 

Coding rate (CR) is the forward error correction (FEC) mechanisms used by LoRa devices to 

protect against interferences. Increasing the CR will lower the Packet Error Rate in the 

presence of short burst of interferences. The coding rate is equivalent to 4/(4+n) where 

n=0,1,2,3… CR in the payload is located at the header of the packet [2]. 

 

3. HARDWARES AND TEST SETUP   

In this work, RFM95W transceiver from HopeRF was used in both the transmitter and 

receiver modules. Internally, this unit integrates a SX1276 transceiver which enables the 

comparison between high and low frequencies. The wireless module was then mounted on a 

PCB which enables access to the module through serial port communications.The tests were 

set up outdoor in suburban/urban areas to observe its performance under line-of-sight (LOS) 

and also non line-of-sight (NLOS) in the tropical climate environment. In addition, the effects 

of varying the SF and BW on the RSSI were also tested. Omni directional antennas of 3 dBi 

were used in the measurements. The transmit power was set at 23dBm. Both transmitter and 
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receiver modules were configured through a serial port communication, which also served as 

a monitor for both the transmitter and receiver. For the trials, a series of sequential data have 

been transmitted in a systematic manner. This not only allowed for the reception of data 

verification but also displaying the received signal strength indicator (RSSI) of each packet 

over the distance.As the RSSI indicates how well the receiver can hear signal from the access 

point, it is also useful for determining if the measured signal can get a good wireless 

connection. The higher the RSSI value, the better the signal is. 

 

4. RESULTS AND DISCUSSION   

This section presents the measurement results. First, it presents the measurement results of the 

LOS propagation test over outdoor environment around the campus of the National Defence 

University of Malaysia (NDUM). To this end, around 1000 packets were sent from the LoRa 

device to the receiver and the RSSIof received packets were recorded. All packets were sent 

with a bandwidth of 125 kHz, coding rate of 4/5 and spreading factor of 128chips/symbol. In 

the second part, the parameters were configured to test on the effects of bandwidth and 

spreading factor on the reception. Finally, propagation effect in NLOS environment is to be 

presented. 

4.1. Line-of-Sight (LOS) Test 

In the LOS test, RSSI were measured for various ranges between the transmitter and the 

receiver. The transmitter was placed at ground level at coordinates 3.048577, 101.722600. 

The ranges were varied from 20 m to 1500 m under urban environment around NDUM (Fig. 

2). However, as shown in Table 1, the minimum reported RSSI for successful 

communications was about -98 dBm under LOS at 1.17 km distance. This might suggest that 

the propagation distance of 433 MHz LoRa signal in tropical environment is heavily 

attenuated. 
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Fig.2.LOS test setup 

Table 1. RSSI reading for LOS test 

Distances(m) RSSI (dBm) 

20 -80 

40 -82 

60 -89 

80 -92 

100 -86 

120 -92 

140 -90 

160 -95 

180 -93 

300 -96 

1170 -98 
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4.2. Effect of Spreading Factor (SF) and B

LoRa works on chirp spread spectrum 

Theoretically, the higher the SF

To study the effect of LoRa’s SF and BW in tropical climate, several measure

taken for different SF and BW

transmitter was placed at high 

both of these devices is approximately 2

this experiment, the LOS was sought out even though there is no perfect direct path

Fig.

In the measurements, the RSSI 

some of them could not be received 

the bandwidth 500 kHz with SF 128 chips/symbol gives a higher

bandwidth 125 kHz with the same SF. This 

over longer range. As for bandwidth 31.25kHz with spreading factor of 512 chips/symbol

RSSI was the lowest even though the SF 

the same 125 kHz bandwidth, the one with the higher SF had the higher RSSI.
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of Spreading Factor (SF) and Bandwidth (BW) on the RSSI 

LoRa works on chirp spread spectrum modulation, where the most definin

Theoretically, the higher the SF, the longer the range it can propagate but with lower bitrate. 

the effect of LoRa’s SF and BW in tropical climate, several measure

SF and BW of LoRa. Fig. 3shows the test setup around Putrajaya. 

 point to get a good LOS to the receiver. The separation between 

both of these devices is approximately 2 km and the elevation differences is about

was sought out even though there is no perfect direct path

.3.Test setup for SF and BW variations 

, the RSSI were extracted and as the packet data were 

be received possibly due to the atmospheric attenuation. In

Hz with SF 128 chips/symbol gives a higher RSSI 

Hz with the same SF. This indicates higher BW allows the signal to travel 

bandwidth 31.25kHz with spreading factor of 512 chips/symbol

the lowest even though the SF was higher the 125 kHz and 500 k

Hz bandwidth, the one with the higher SF had the higher RSSI.

             390 

 

where the most defining factor is the SF. 

, the longer the range it can propagate but with lower bitrate. 

the effect of LoRa’s SF and BW in tropical climate, several measurements were 

around Putrajaya. The 

. The separation between 

elevation differences is about 80 m. For 

was sought out even though there is no perfect direct path. 

 

were being transmitted, 

he atmospheric attenuation. In Table 2, 

RSSI compared to the 

BW allows the signal to travel 

bandwidth 31.25kHz with spreading factor of 512 chips/symbol, the 

was higher the 125 kHz and 500 kHz BW. Lastly, for 

Hz bandwidth, the one with the higher SF had the higher RSSI. 
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Table 2. RSSI reading for various SF and BW 

BW (kHz) 2SF RSSI (dBm) 

31.25 512 -101 

125 128 -99 

125 4096 -96 

500 128 -90 

 With the information provided, it can be noticed that as the SF decreased, the RSSI value 

also decreased for a constant bandwidth. Since this technology operates in a wideband spread 

spectrum, higher spreading factor is applied in a LoRa modulation to achieve long range 

communication with higher data rates. Data is sent out as chip rate since it is equivalent to 

bandwidth. In order to evaluate the time on air, the symbol period, Tsis defined as: 

�� =
2��

��
(1) 

As can be observed in Table 3, the symbol period (time on air) increased with increased SF. 

But when the bandwidth increased, the symbol period decreased since the bandwidth is wider 

and thus the time taken to transmit data is faster. 

Table 3. RSSI reading for various SF and BW 

BW (kHz) 2SF Symbol Period, Ts (ms) 

31.25 512 16.38 

125 128 1.02 

125 4096 32.77 

500 128 0.26 

4.3. Non-Line-of-Sight (NLOS) Test 

Non-line-of-sight (NLOS) condition is established when the transmitted signal reached the 

receiver not by the direct path, but by other means such as reflection and diffraction. One of 

the features of LoRa is its ability to perform well in a multipath channel that the signal can 

still be received even after it passed through two or more walls of buildings. Besides, low 

frequencies provide great penetration of brick walls, trees and concretes so these frequencies 

usually have less loss than high frequency bands [11]. Hence, the NLOS test was setup in 

suburban environment where the signal strength where measured after it passed through a 
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number of buildings. The test was conducted around residential area at Jalan Medan Bakri, 

Muar, Johor. The LoRa transceiver was tested with an output power of +20dBm.Table 4 

shows the RSSI taken after being tested over 8 buildings. From the results, it can be observed 

that the signal was able to be received even after passing through a number of buildings which 

indicates its ability to propagate in NLOS condition where the degradation of the RSSI values 

was highly gradual.  

Table 4. RSSI readings for NLOS test 

No. of Building RSSI (dBm) 

1 -96 

2 -105 

3 -105 

4 -106 

5 -107 

6 -108 

7 -109 

8 -110 

 

5. CONCLUSION  

From these initial results, there were indications that LoRa modulation of 433 kHz in tropical 

climates suffered from some attenuation. Since LoRa uses chirp spread spectrum scheme, 

improvement in range could be achieved by manipulating the SF and BW of the signal but 

consideration must be given on their effects on the transmission bit rate. Nevertheless, LoRa’s 

ability for its signal to propagate in NLOS condition was promising even in the tropical 

climate. 
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