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Introduction 

Internet of Things (IoT) technology now continues to develop with the existence of new technologies in the field 

of IoT that continue to develop [1], [2], including the Internet of Video Things (IoT) and the Internet of Medical 

Things (IoMT). This development is supported by parameter devices with certain specifications, such as the LoRa 

module, compared to SigFox, NB-IoT, and WiFi, 3G, 4G, 5G, or 6G (still in the development stage). Having different 

specifications, we also added LoRAWAN with Satellite Communication technology called Lacuna Space and other 

comprehensive developments. This research does not use satellite communication types but only LoS and NLoS, 

meaning that Terrestrial communication will be affected by the presence of Diffraction, Reflection, and Scattering 

Signals. Satellite communication is affected by Free Space Path Loss (FSPL), the distance between the satellite and 

the ground station, Atmospheric Attenuation, and Rain Attenuation.  

In this research using LoRa, LoRa is one of the devices that belong to the LPWAN type, and its ability is long-

distance transmission (km). This ability is its advantage, compared to WiFi, BLE or LiFi, but the drawback is in terms 

of data rate or bit-rate, only a maximum of around 0.3 kbps to 50 kbps, depending on the LoRa frequency. Specifically, 

the RF96 LoRa Module, with a bandwidth of 125 kHz, SF7, has a bit rate of 5.47 kbps. Bandwidth 500 kHz, SF7, the 

resulting Bit-rate is 37.5 kbps. Moreover, LoRa devices excel in power consumption and distance traveled, making 

them perfect for building IoT applications [3]−[5]. However, in developing IoVT and IoMT based on image 

transmission, it is better to use other devices such as Bluetooth Low Energy (BLE). Then the next advantage is the 

Application Server side. That IoT-Telkom is the nation's own work, can be developed more advanced, meaning that 

the novelty obtained is being able to provide real-time data specifically using a homemade Application Server. Similar 

to The Things Networks, AWS, Thingspeak, Tago.io, and others. 

Research Article       Open Access (CC–BY-SA) 

Abstract 

This research discusses the utilization of LoRa and LoRaWAN or Low Power Wide Area (LPWA) and Low Power Wide Area 

Network (LPWAN). In this study, the application server is utilized using Telkom IoT. In its utilization, Telkom IoT can provide 

comprehensive results regarding LoRa quality of service capabilities such as bit rate, latency, and longitude and latitude data. 

Terrestrial measurements conduct tests in different areas with different conditions that cause different data obstruction, with 

several LoRa end-node points transmitting data with low bit-rate. For example, heart rate data. Some other parameters are the 

spreading factor (SF) and power consumption. Some parameters that determine the quality of transmitting data include the 

Spreading Factor and the Bandwidth used. From the analysis dan Experiment results, the Delay (ms) generated from 

measurements using RFM96 LoRa for IoT is around 0.02 seconds or 20 ms to around 0.05 seconds or 50 ms, and sometimes it 

can reach 0.07 ms to 0.09 ms. RSSI and SNR show the quality of the signal obtained which will provide a Quality of Service 

(QoS) value. From the measurement results using Telkom IoT in several times of data collection and testing, the average RSSI (-

dBm) is at -110 dBm to -115 dBm. While SNR is at -10 dB to -16 dB. 

https://jurnal.fikom.umi.ac.id/index.php/ILKOM/article/view/1455
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This LoRa research GAP is shown in reference [6] tried to do research on LoRa system that is integrated into 

campus security infrastructure in Taiwan, and also approaches Artificial Intelligence for the development of LoRa 

with high bit-rates in the future. Also done in research references [7], This research uses SX1278 LoRa radio module 

at 433 MHz to analyze Duty Cycle, SNR, PRR, RSSI, NLoS, and other parameters. from this study, the maximum 

possible capability of up to 100% in packet delivery ratio is produced. The next research was conducted by [8], they 

conducted research in the field of LoRa, evaluate LoRa and LoRaWAN performance and characteristics, and approach 

future LoRa research. Specifically on RSSI and SNR, research from [9] This research explains in detail about Received 

signal strength indicator (RSSI) in multistory round layout buildings, and also uses a method namely KNN. In the 

research [10], In this study, a comprehensive data breakdown of the environmental effects of RSS on LoRa was 

conducted and field experiments were conducted to obtain a comparison of RSSI and SNR. 

Method 

The following are formulas used to express signal attenuation processes specifically used in LoRa Module 

Communication on Line of Sight (LoS) and Non-Line of Sight (NLoS) [11]−[15]. Furthermore, some formulas in 

LoRaWAN can be applied to analyze LoRaWAN Communication conducted in this research comprehensively 

[16]−[18]. This L(fs) value is the Free Space Path Loss in dB, while D is the Distance between End-Devices and 

Gateway in km. In calculating the km distance, it is necessary to consider the Freznel Zone equation only as a 

comparison. At the same time, f is the Frequency (MHz) value. Usually, Indonesia uses Dragino LoRa 915 MHz with 

LoRa RF95 or RF96 chips, and other types, such as ES920LR, can also be used for testing. Usually, this LoRa chip 

is used in Japan, and it is 920 MHz. 

Moreover, another approach can also be done by searching for the right frequency for LoRa, for example, EBYTE 

920 MHz LoRa. For the Fresnel Zone itself, the radius or r value can be known as Equation 2 [19]−[23], where this r 

value is the Fresnel zone radius in meters (m). D is Distance in km, some of which is in the previous research section. 

Furthermore, to calculate the height of the radius used for the Fresnel Zone is called H, where the value of H is 

calculated as in Equation 3. The value of R_earth is 8504 km. What needs to be known is that the distance used for 

LoRa measurements with the Freznel Zone approach starts at Distance. If the antenna built on this Tx-Rx 

communication is too low, it will cause Blockage by the earth's curvature, as shown in Equation 4. Depending on what 

percentage of Blockage, for example, 35%, it is calculated by Equation 4. The next factor is the Effective Radiated 

Power (ERP). ERP is the energy required by the LoRa module to send the device from the transmitter to the receiver, 

and its components include Tx_Power, Gain, and Cable Loss. This ERP is determined by Tx_Power, Antenna_Gain 

(dBi), and Cable Loss (dBm) as in Equation 5. The essential factor in knowing the strength of the LoRa signal is 

determined by two parameters: Received Signal Strength Indicators (RSSI) in -dBm and Signal Noise Ratio (SNR) in 

dB. RSSI has a value of -30 dBm, a strong signal category, while -120 dBm is a weak signal. As for SNR, it has a 

formula as shown in Equation 6. [24]−[28]. 

𝐿(𝑓𝑠) = 32.45 + 20 log(𝐷) + 20 log(𝑓) (1) 

𝑟 = 8.657 𝑥 𝑠𝑞𝑟𝑡 (
𝐷

𝑓
) (2) 

𝐻 =
1000 𝑥 𝐷2

8 𝑥 𝑅𝑒𝑎𝑟𝑡ℎ
 (3) 

𝑟 = 8.657 𝑥 𝑠𝑞𝑟𝑡 (
0.65 𝑥 𝐷

𝑓
) (4) 

𝐸𝑅𝑃 = 𝑇𝑥 𝑃𝑜𝑤𝑒𝑟 (𝑑𝐵𝑚) + 𝐴𝑛𝑡𝑒𝑛𝑛𝑎 𝐺𝑎𝑖𝑛  (𝑑𝐵𝑖) − 𝐶𝑎𝑏𝑙𝑒 𝐿𝑜𝑠𝑠 (𝑑𝐵𝑚) (5) 

𝑆𝑁𝑅 (𝑑𝐵) = 𝑃𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑𝑠𝑖𝑔𝑛𝑎𝑙
(𝑑𝐵𝑚) − 𝑃𝑛𝑜𝑖𝑠𝑒(𝑑𝐵𝑚) (6) 

Moreover, in LoRa Transmission which is terrestrial, this research uses the formula about path loss for free-space 

path loss (FSPL) conditions as in Equation 1. this formula is used for signals that experience loss or attenuation. but 

only used in conditions without obstacles. the unit used is dB. In LoRa transmission that uses a long distance (km), it 

is necessary to consider the curvature distance of the earth, and we can use the radius in the first zone of the Fresnel 

zone as in Equation 2. where r is the radius, D is the distance between the transmitter and receiver in km, f is the 

frequency in GHz, and 8.657 is the constant of the Fresnel equation. Moreover, Equation 3 is the formula for the 

curvature of the earth, or the minimum height of an object, where h is the height of the object, D is the distance 

between the two points in Line of Sight conditions, R_earth is the radius of the earth about 6372 km, and 1000 is the 

conversion factor. while Equation 4 is the formula for modifying the radius of the first Fresnel zone with 0.65 being 
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the 65% of the first Fresnel zone that must be free of obstructions to achieve the best signal. Equation 5 describes 

Effective Radiated Power or ERP for short, which is the power of an antenna in wireless communication with the 

calculation or consideration of the antenna gain value and cable losses. while Equation 6 is a formula for calculating 

the ratio of signal strength to noise measured in decibels (dB). 

Furthermore, the type of signal used in LoRa Communication is using Chirp Spread Spectrum (CSS), this is the 

type of signal used in Radar technology, we also call it Frequency Shift Keying (FSK) Modulation. There are two 

types in this CSS, Up-Chirp, and Down-Chirp, Up-chirp if the frequency goes up, and Down-Chirp if the frequency 

goes down as well as a Whale that detects a sound or an approaching object, we also call it the Doppler effect, the 

same as when we hear the sound of an Ambulance, or a Bat that detects an object. We can see an illustration of this 

CSS in the following image. Moreover, LoRa is a technology that is used for the needs of transmitting low Data-Rate 

data and its ability to be long distance so it is very appropriate for disaster or areas with damaged infrastructure. And 

only uses a 5-9 Volt DC battery to handle the End-Node so that it can send data as far as possible. LoRa has a maximum 

transmission power of 25 mW (depending on LoRa types). In full LoRa can be compared as in Table 1. The 

advantages compared to WLAN and Cellular are in terms of Power Consumption or Power Transmission, range, and 

Price. LoRa does not require complex infrastructure development, LoRa can be built with existing frequencies 

determined, for example in Indonesia is 915-920 MHz. It does not require building expensive infrastructure like 

cellular, The Chirp Signal of LoRa can be seen in Figure 1 [29]−[33]. 

 

Figure 1. Chirp Signal of LoRa. 

Furthermore, Table 1 is a comparison between LoRa and other Wireless Technologies, WLAN and Cellular, it can 

be seen that LoRa is superior in range and cost, but weak in data rate. So the placement and use of wireless technology 

needs to look at many elements including the type of use and benefits. Moreover, there is a type of LoRa that is used 

to function as a Tranceiver, namely SX1261 which has Frequency Shift Keying (FSK) and LoRa Modulation 

modulation types. Comprehensively can be seen in Table 2. The development of the SX1261 is the SX1262 LoRa 

chip as shown in Figure 2. 

Table 1. Comparison of LoRa with other Wireless Technology 

Wireless Technology | 

Parameter 
WLAN LoRa Cellular 

Range <100 meter 
2000-3000 meters (city) 

>10000 (country) 

<300 meter (city) 

<10000 meter (country) 

Maximum Data Rate 6933 Mbit/s 50 kbit/s 1000 Mbit/s 

Costs Medium Low Very High 

 

LoRa Frequency 

2.4 GHz 

5 GHz 

60 GHz 

433 MHz 

868 MHz 

915 MHz 

920 MHz 

800 MHz 

900 MHz 

1800 MHz 

2100 MHz 

2600 MHz 

Maximum transmission 

Power 
1000 mW 25 mW 

20-50 w (Base station) 

200 Mw (Terminal devices) 
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Table 2. Different of Frequency Shift Keying (FSK) & LoRa Modulation 

Tranceiver Modulation Maximum Sensitivity according to be datasheet Data rate RX-bandwidth 

CC1020 FSK -118 dBm 2.4 kBit/s 12.5 kHz 

CC1101 FSK -116 dBm 0.6 kBit/s 58 kHz 

SX1261 FSK -125 dBm 0.6 kBit/s 4 kHz 

SX1261 LoRa -149.2 dBm 0.02 kBit/s 8 kHz 

 

 

Figure 2. SX1262 chip LoRa (Sources: johansontechnology.com) 

𝑆 = −174 + 10𝑙𝑜𝑔10𝐵𝑊 + 𝑁𝐹 + 𝑆𝑁𝑅 (7) 

The Sensitivity (S) value is obtained as in Equation 7, where, the S value is determined from the Signal of Noise 

Ratio (SNR), and Noise Figure (NF), the value of NF is 6 Db to 10 Db, for Code Rate (CR) values are 4/5, 2/3, 4/7, 

and ½. The next parameter that is no less important is the LoRa Link Budget. With the formula as in Equation 8. If it 

has to do with the Sensitivity value, then the Link Budget (dBm) value is added to the Sensitivity as shown in Equation 

9. 

𝑃𝑅𝑋(𝑑𝐵𝑚) = 𝑃𝑇𝑋(𝑑𝐵𝑚) + 𝐺𝑆𝑌𝑆𝑇𝐸𝑀(𝑑𝐵) − 𝐿𝑆𝑌𝑆𝑇𝐸𝑀(𝑑𝐵) − 𝐿𝐶𝐻𝐴𝑁𝑁𝐸𝐿(𝑑𝐵) − 𝑀(𝑑𝐵) (8) 

𝑃𝑅𝑋(𝑑𝐵𝑚) = 𝑃𝑇𝑋(𝑑𝐵𝑚) + 𝑆(𝑑𝐵𝑚) (9) 

Where for LoRa Budget Link this is a Power value on the LoRa receiver side, which is the same as Receiver Power 

this is obtained from the summation of Transmitter Power with Gain at the transmitter, minus losses such as Feed-

lines, etc. Moreover, Table 3 shows the significant difference between the data rate generated by several LoRa Chip 

modes such as CC1020, CC1101, and SX11261 with FSK Modulation and LoRa Modulation. Another important 

parameter to know is Time on Air (ToA), ToA is used to determine the time it takes for the signal to flow in the air 

from Tx to Rx. The greater the ToA, it is possible that the Spreading Factor (SF) is large or the distance between Tx 

and Rx is too far, and one of the parameter results is that the value of the Bit-Rate is too small (bps). Comprehensively, 

ToA is expressed in Equation 10, Equation 11, Equation 12, Equation 13, and Equation 14. 

𝑇𝑃𝑟𝑒𝑎𝑚𝑏𝑙𝑒 = (𝑛𝑃𝑟𝑒𝑎𝑚𝑏𝑙𝑒 + 4.25) ∗ 𝑇𝑆𝑦𝑚 (10) 

𝑃𝑎𝑦𝑙𝑜𝑎𝑑𝑆𝑦𝑚𝑏𝑁𝑏 = 8 + max (𝐶𝑒𝑖𝑙 (
8𝑃𝐿 − 4𝑆𝐹 + 28 + 16 − 20𝐻

4(𝑆𝐹 − 2𝐷𝐸)
) (𝐶𝑅 + 4), 0) (11) 

𝑇𝑃𝑎𝑦𝑙𝑜𝑎𝑑 = 𝑝𝑎𝑦𝑙𝑜𝑎𝑑𝑆𝑦𝑚𝑏𝑁𝑏 ∗ 𝑇𝑠𝑦𝑚 (12) 

𝑇𝑃𝑎𝑐𝑘𝑒𝑡 = 𝑇𝑃𝑟𝑒𝑎𝑚𝑏𝑙𝑒 + 𝑇𝑃𝑎𝑦𝑙𝑜𝑎𝑑 (13) 

𝑇𝑆𝑦𝑚 =
2𝑆𝐹

𝐵𝑊
 (14) 

Table 3. Different Sensitivity Data-rate of LoRa Chip 

Data-rate | 

Modulation 

CC1020 CC1101 SX1261 SX1261 

FSK FSK dBm FSK LoRa 

1.2 kBit/s -117 dBm -112 dBm -123 dBm -129 dBm 

2.4 kBit/s -117 dBm -111 dBm -121 dBm -126 dBm 

4.8 kBit/s -114 dBm -109 dBm -118 dBm -123 dBm 

9.6 kBit/s -112 dBm -107 dBm -116 dBm -120 dBm 
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Furthermore, Several methods can be written in this article, including how the process of transmitting data, Uplink 

and Downlink, and other parameters that are important in the process of analyzing this data. Details can be seen in the 

following flowchart. The important thing that needs to be created is the sensor node and needs to be known in detail. 

After determining the sensor node creation, the next step is to determine the communication mode, whether Point-to-

point or Multi-point communication. The next step is to determine whether the communication mode is Line of Sight 

(LoS) or Non Line of Sight (NLoS). If the output on the serial monitor or monitor on the LoRa Receiver has been able 

to be seen properly, then certainly the analysis can be continued by changing several test points, then the RSSI (-dBm) 

and SNR (Db) values are obtained. As for the Spectrum Analyzer, it can be used to determine the type of signal 

produced, such as FSK, or Chirp Spread Spectrum (CSS) LoRa. Furthermore, a Block Diagram in detail can be shown 

in the following Block Diagram for LoRa Communication, the big picture is how End Devices in this case the LoRa 

End Node that has been built can be sent to the Gateway and can be indicated by the Uplink value. There are two types 

that I can introduce, Uplink data LoRaWAN Communication [34]−[36] which can also be made Multi-Communication 

or Point-to-point communication, between End-Devices communicating with each other on transmissions or signals 

that are free in the air which most likely the signal will encounter problems causing Attenuation, Reflection, Diffraction, 

and Scattering Signal. Moreover, On the Network Server side, there will be a LoRaWAN communication system that 

can be analyzed from the type of Downlink data, whether class A, class B, or Class C, Class A stands for All [37]−[39], 

where the transmission process is carried out by Tx to Rx based on the request from Rx if it is needed to be sent by Tx, 

then it can be sent, and vice versa, this type of Class A is often used for the development of LoRa-based IoT today [36], 

while Class B stands for Beacon, meaning that there are additional receiver slots in this form of setting, while Class C 

is Continues, here the Downlink process is carried out continuously, the factor that will occur is High Power 

Consumption on the Server side. Moreover, Data that can be received from the Network server from this series of 

downlink preparation processes will enter end devices such as Smartphones and other devices with Interface Device 

Technology and Internet Connection for sure. Moreover, LoRa data transmission is also influenced by the Budget Link 

Factor, as well as the Antenna, the greater the Gain owned by the Antenna to be able to transmit data, the further the 

possibility of large data that can be transmitted. So it is necessary to make the antenna radiation pattern, and there is a 

need for learning to simulate the S11 and S21 antenna designs. 

 

Figure 3. Block Diagram for LoRaWAN Communication 

 

Figure 4. Data Transmission Method using LoRa RFM96 Module Point-to-point use of RSSI data (-dBm) 
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Figure 5. Flowchart of the system used in this research 

In Figure 4 or system flowchart, hardware setup is shown in number 1, while the telecommunication system 
or QoS  [40] is shown in number 2, simulation software is also developed in number 2 where the simulation 
approach can also use OMNET++ for example, and the use of Arduino IDE and Telkom IoT server can be in 
number 2 and 4, testing scenarios can be done starting from number 3 and the results in number 4 and 5. 

Result and Discussion 

In this session, more about the results of the analysis of the End-Node built, LoRa RFM96 combined with ESP32 
LoRa with SMA Antenna to build a sensor Node that can send sensor data from one place to another at different 
distances. The data generated is RSSI data and SNR data. Furthermore, it is necessary to use a casing to protect some 
important components and add a tripod for the Tx-Rx data transmitting process. In the testing process, LoRa can use a 
simulation approach, namely using Flora simulation. In this simulation process, all parameters used for the real data-
transmitting process can be used. The simulation process can use all the parameters used for Flora simulation. Starting 
from data rate, Bandwidth, chip rate or coding rate, Spreading Factor, etc. The way to compare in real time is to use a 
comparison table by looking at the same parameters. From the comparison process, conclusions can be drawn or drawn 
about the error (%) that exists. The additional analysis is how to determine the distance of the Gateway to the end node 
this also determines how the Quality of Service (QoS) of LoRaWAN Communication is built. Furthermore, by using 
LoRa simulation, it is possible to replace real-time LoRa Communication in terms of Hardware availability or Hardware 
requirements of LoRa, Antenna, and Gateway. In the next figure, data transmission can be seen using a red line or red 
dotted line that shows the data transmission process from the LoRa End-Node to the LoRa Gateway or Another LoRa 
End-Node or LoRA Receiver. From this simulation process, specific data will be obtained about the Quality of Service 
of the LoRa or LoRaWAN Communication built. 
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Figure 6. LoRa RFM96 Node and it’s testing in NLoS Area or building area 

 

Figure 7. LoRa RFM96 Node in Flora Simulation software 

 

Figure 8. LoRa RFM96 Node in Flora Simulation software running or transmitting the data 
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Furthermore, From the results of the analysis or data transmission based on the number of Nodes or End-Nodes 
transmitted to the Gateway or Internet server, data in the form of Bits/s is obtained which shows the data quality of the 
LoRa Communication built. The greater the Throughput or the smaller the Packet Loss (%) generated or shown on the 
graph, it shows the quality of the successfully transmitted data. The blue color shows bits/sec on received data, while 
the orange color shows bits/sec on sent data. The thing that causes Packet Loss (%) is that it is in real communication 
built from testing in NLOS, in urban areas or forest areas that have many obstacles in the form of buildings, and trees. 
One solution is to elevate the position of the transmitter and receiver. To be able to avoid packet loss of data or signal 
attenuation. 

The results of LoRaWAN Simulation are different from real LoRa transmission data in the field using complete 
End-Node hardware, this is because the simulation does not take into account several factors such as the percentage of 
causes of Attenuation, for example, Diffraction, reflection, and Scattering. Moreover, for the Telkom IoT console, you 
can visit the website from the console. Telkomiot. Id, what needs to be done is a registration and at least use email, 
phone number, and devices compatible with Telkom IoT, for example, using the RFM96 LoRa module registered to 
the IoT console such as API Number, so that it can be registered with Telkom IoT. Next is to enter the Dashboard which 
consists of several menus such as Overview, Dashboard Report, Personal Dashboard, Applications, Access Key, Event 
Trigger, API Integration, and Documentation. Furthermore, after the LoRa Device registration process, continued with 
coding using Arduino IDE or C++ Code which is used for the Library installation process and also for Application 
Programming Interface (API) registration. The following figure is real-time data from LoRa Communication using 
Telkom IoT and LoRa rfm96 code which is shown with real-time data such as Counter, data, dev EUI, Port, radio, and 
so on. 

 

Figure 9. Data bits/s from LoRa simulation sent and received 

 

Figure 10. Data bits/s from LoRa simulation sent and Frame/s data 
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Figure 11. Console or Dashboard of Telkom IoT 

 

Figure 12. Realtime Data from LoRa Communication on Telkom IoT 

Data that can be collected from the Telkom IoT Server is data from the position or GPS, Delay, data rate, 

modulation type, Bandwidth, Spreading Factor, Frequency, and Size of Data (bytes) sent. And each of these points 

produces different values in RSSI and SNR, and LoRa provides different values based on the conditions of the test 

area, because of the NLOS Area, the signal results are not so good in full urban conditions due to diffraction, reflection, 

and scattering signals. And the QoS parameter is shown from the Budget Link or Prx value of LoRa Communication. 

In addition to RSSI and SNR, the concern is Time on Air as shown in Equations 10, 11, 12, 13, and 14. 

 

Figure 13. Realtime aiming at multiple points in NLOS 
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Figure 14. Delay (second) RFM96 LoRa on Telkom IoT 

 

Delay in Figure 14 is one of the essential parameters to show the Quality of Services (QoS) of LoRaWAN. Delay 

(ms) is also called latency, which is a disadvantage if the value is large, delay takes place when transmitting data from 

LoRa end-nodes to the Gateway, in this case the server application used is using Telkom-IoT. In the data transmission 

experiment in Figure 14, the value obtained in ms is in the range of 0.01 seconds or 10 ms to 90 ms. In the experiment 

the average range is in the range of 20 ms to 30 ms or 0.02 - 0.03 seconds. This is still considered a normal speed, not 

too much delay occurs. But if it can go down to 10 ms on average it will be better. By using certain algorithms applied 

to data transmission, especially multiple nodes, the LoRaWAN communication network can be well organized to 

produce a small delay. Delay is affected by the following LoRa parameters: Spreading Factor (SF), Bandwidth, 

Payload, Interference and Network Density, Duty Cycle, Reception Time, and Tx-Rx Distance. Figure 14 is the pure 

delay (ms) from the results of this research and is obtained from direct experiments using Telkom IoT, not simulation 

results. 

 

Figure 15. RSSI (-dBm) RFM96 LoRa on Telkom IoT 
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From the analysis results, the Delay (ms) generated from measurements using RFM96 LoRa for IoT is around 0.02 

seconds or 20 ms to around 0.05 seconds or 50 ms, and sometimes it can reach 0.07 ms to 0.09 ms. This depends on 

the internet network connection at that time. If the internet network is good, the communication system can certainly 

be smoother and reduce or even eliminate delay or latency. RSSI and SNR show the quality of the signal obtained 

which will provide a Quality of Service (QoS) value. From the measurement results using Telkom IoT in several times 

of data collection and testing, the average RSSI (-dBm) is at -110 dBm to -115 dBm. While SNR is at -10 dB to -16 

dB. as explained earlier that RSSI is an important indicator in measuring the signal strength received by the receiving 

device. expressed in dBm (decible-milliwatts). RSSI value is negative, which indicates a weak or strong signal on the 

LoRa module. In Figure 15, the signal strength of LoRa to the Gateway is around -110 dBm and -115 dBm on average 

at this strength is actually said to be weak, and it is necessary to strengthen the system or increase the antenna gain or 

antenna position on LoRa, for example -60 dBm is a good achievement in RSSI, let alone -45 dBm, but above -100 

dBm it is said that this condition is still weak signal. 

 

 

Figure 16. SNR (dB) RFM96 LoRa on Telkom IoT 

As shown in Equation 6, SNR is the ratio of signal strength compared to the accompanying noise. The SNR value 

is -10 dB to +30 dB, if SNR >10 dB then it is said that the signal is stronger than the noise generated but if it is between 

0 dB-10 dB, it means that data errors are still possible. In addition, SNR < 0 dB, this indicates that the noise is superior 

to the signal itself, the result is difficulty in detecting the signal. The experiment shows that the SNR value is around 

SNR < 0 Db. LoRa can demodulate signals that are -7.5 dB to -20 dB below the noise floor. 

 

Figure 17. RSSI (-dBm) of RFM96 LoRa on Telkom IoT 
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Furthermore, in Figure 17, The RSSI shown continues to experience signal attenuation (-dBm), this is due to the 

attenuation signal caused by obstruction, reflection, scattering, and diffraction signals. so it is very important to adjust 

the Tx and Rx antennas. then influenced by the inverse square law where the signal decreases proportional to the 

square of the distance. the use of SF, antenna placement, and antenna optimization are ways to optimize the 

performance of this LoRa transmission through the RSSI indicator. The RSSI is shown at -30 dBm at a distance of 1 

km to about -115 dBm at a distance of 1 km. 

Figure 18 is one of the optimization steps, namely measuring with LoRa outdoor transmission by 5-8 dB to get 

better RSSI results at a long distance, to avoid data errors or packet loss. While the RSSI (-dBm) value is taken from 

the field directly, this depends on the distance (meters or Km), if the farther away, the weaker the signal or the value 

of RSSI (-dBm) is getting weaker, from Figure 17, it is obtained that the RSSI value starting at 1 meter is -30 dBm, 

up to a distance of 1 km, has an RSSI (-dBm) value of -115 dBm. Moreover, From the measurement results in Figure 

17 about RSSI of RFM96 LoRa Telkom IoT, it is then compared with the approach to the Antenna in indoor and 

outdoor positions of 3 dBi, but with a larger dBi value, it is possible to extend the position or process of transmitting 

Low Bit-rate data using the LoRa module.The comparison of simulation and practical results is very different, the 

difference can be seen in Figure 19 where blue is the real result and red, pink and green are simulations. The results 

of the simulation are always smooth and there is no impact of obstruction from buildings, and other obstructions on 

terrestrial communication. 

 

Figure 18. RSSI (-dBm) of RFM96 LoRa on Telkom IoT with comparison Antenna indoor and Outdoor 3 dBi 

 

Figure 19. simulation and practice comparison 
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Conclusion  

From the analysis, several Quality of Service values of RFM96 LoRa IoT on the Telkom IoT Application Server 

were obtained. Some of the analysis is as follows, the Delay (ms) generated from measurements using RFM96 LoRa 

for IoT is around 0.02 seconds or 20 ms to around 0.05 seconds or 50 ms, and sometimes it can reach 0.07 ms to 0.09 

ms. This depends on the internet network connection at that time. If the internet network is good, the communication 

system can certainly be smoother and reduce or even eliminate delay or latency. RSSI and SNR show the quality of 

the signal obtained which will provide a Quality of Service (QoS) value. From the measurement results using Telkom 

IoT in several times of data collection and testing, the average RSSI (-dBm) is at -110 dBm to -115 dBm. While SNR 

is at -10 dB to -16 dB. The results of this analysis are not significant, but it is estimated that the results are close to the 

results in this research, depending on the internet connection used. The results of simulations using OMNET, fLORA, 

and other software are an approach to the number of nodes that can be connected in simulation, with an approach to 

the parameters used in LoRa such as Bandwidth, Spreading Factor, Coding Rate, and other related parameters. 

Future research is shown in Figure 20, where to avoid signal attenuation in terrestrial areas, a LoRaWAN 

communication system using satellites is needed, this has been done by Lacuna Space where they have used LPWAN 

satellites in Low Earth Orbit (LEO) which can be used for internet of things applications such as agriculture or 

monitoring animal movements. 

 

Figure 20. LoRaWAN Satellite based 

Acknowledgment 

Thanks to the entire team from Makassar State University, Nobel Institute of Technology and Business, National 

Research and Innovation Agency, and various parties, as well as the laboratory at BRIN who helped in the analysis 

process. Hopefully, this research can be utilized by various parties so that it can be a good reference and become a 

reference for researchers and all circles. Hopefully, this research can be used and developed to the fullest. 

References  

[1] W. A. Jabbar, L. Y. Tiew, and N. Y. Ali Shah, “Internet of things enabled parking management system using 

long range wide area network for smart city,” Internet of Things and Cyber-Physical Systems, vol. 4, pp. 82–

98, 2024, doi: 10.1016/j.iotcps.2023.09.001. 

[2] B. Flores-Salgado, S.-J. Gonzalez-Ambriz, C.-A. Martínez-García-Moreno, and J. Beltrán, “IoT-based system 

for campus community security,” Internet of Things, vol. 26, p. 101179, Jul. 2024, doi: 

10.1016/j.iot.2024.101179. 

[3] S. Milani, D. Garlisi, C. Carugno, C. Tedesco, and I. Chatzigiannakis, “Edge2LoRa: Enabling edge computing 

on long-range wide-area Internet of Things,” Internet of Things, vol. 27, p. 101266, Oct. 2024, doi: 

10.1016/j.iot.2024.101266. 

https://doi.org/10.1016/j.iotcps.2023.09.001
https://doi.org/10.1016/j.iot.2024.101179
https://doi.org/10.1016/j.iot.2024.101266


268 ILKOM Jurnal Ilmiah Vol. 16, No. 3, December 2024, pp.255-270 E-ISSN 2548-7779 
  

 

 

Yassir, et. al. (Performance Analysis of LoRaWAN Communication Utilizing the RFM96 Module) 

[4] A. Eduard, D. Urazayev, A. Sabyrbek, D. Orel, and D. Zorbas, “Ad-hoc train-arrival notification system for 

railway safety in remote areas,” Internet of Things, vol. 25, p. 101062, Apr. 2024, doi: 

10.1016/j.iot.2024.101062. 

[5] K. Aggarwal, G. Sreenivasula Reddy, R. Makala, T. Srihari, N. Sharma, and C. Singh, “Studies on energy 

efficient techniques for agricultural monitoring by wireless sensor networks,” Computers and Electrical 

Engineering, vol. 113, p. 109052, Jan. 2024, doi: 10.1016/j.compeleceng.2023.109052. 

[6] S.-H. Liao, J.-D. Jiang, and C.-F. Yang, “Integration of LoRa-enabled IoT infrastructure for advanced campus 

safety systems in Taiwan,” Internet of Things, vol. 28, p. 101347, Dec. 2024, doi: 10.1016/j.iot.2024.101347. 

[7] G. Kaur, V. Balyan, and S. H. Gupta, “Experimental analysis of low-duty cycle campus deployed IoT network 

using LoRa technology,” Results in Engineering, vol. 23, p. 102844, Sep. 2024, doi: 

10.1016/j.rineng.2024.102844. 

[8] M. Alipio and M. Bures, “Current testing and performance evaluation methodologies of LoRa and LoRaWAN 

in IoT applications: Classification, issues, and future directives,” Internet of Things, vol. 25, p. 101053, Apr. 

2024, doi: 10.1016/j.iot.2023.101053. 

[9] M. A. Kamal, M. M. Alam, A. A. B. Sajak, and M. M. Su’ud, “SNR and RSSI Based an Optimized Machine 

Learning Based Indoor Localization Approach: Multistory Round Building Scenario over LoRa Network,” 

Computers, Materials & Continua, vol. 80, no. 2, pp. 1927–1945, 2024, doi: 10.32604/cmc.2024.052169. 

[10] A. Moradbeikie, M. Zare, A. Keshavarz, and S. I. Lopes, “RSSI-based LoRaWAN dataset collected in a 

dynamic and harsh industrial environment with high humidity,” Data Brief, vol. 53, p. 110120, Apr. 2024, 

doi: 10.1016/j.dib.2024.110120. 

[11] M. J. Diamse, J. N. Frasco, B. Nogra, T. Venasquez, and J. M. P. Arana, “A Design of IoT-based Capture 

Efficiency Monitoring and Alert System for Storm Grate Inlets through LoRaWan,” in 2023 IEEE 15th 

International Conference on Humanoid, Nanotechnology, Information Technology, Communication and 

Control, Environment, and Management (HNICEM), IEEE, Nov. 2023, pp. 1–6. doi: 

10.1109/HNICEM60674.2023.10589262. 

[12] H. E. Elbsir, M. Kassab, S. Bhiri, and M. H. Bedoui, “Evaluation of LoRaWAN Class B efficiency for 

downlink traffic,” in 2020 16th International Conference on Wireless and Mobile Computing, Networking 

and Communications (WiMob), IEEE, Oct. 2020, pp. 105–110. doi: 10.1109/WiMob50308.2020.9253405. 

[13] J. Mhatre, A. Lee, H. Lee, and T. N. Nguyen, “DDPG_CAD: Intelligent Channel Activity Detection 

Scheduling in Massive IoT LoRaWAN,” in 2024 IEEE 10th International Conference on Network 

Softwarization (NetSoft), IEEE, Jun. 2024, pp. 248–252. doi: 10.1109/NetSoft60951.2024.10588888. 

[14] K. S. Abakar, I. Bennis, A. Abouaissa, and P. Lorenz, “A Hidden Parameter Study for Traffic-oriented 

LoRaWAN Deployment,” in 2024 International Wireless Communications and Mobile Computing (IWCMC), 

IEEE, May 2024, pp. 1376–1381. doi: 10.1109/IWCMC61514.2024.10592527. 

[15] T. Porselvi, S. G. CS, J. B, P. K, and S. B. S, “IoT Based Coal Mine Safety and Health Monitoring System 

using LoRaWAN,” in 2021 3rd International Conference on Signal Processing and Communication (ICPSC), 

IEEE, May 2021, pp. 49–53. doi: 10.1109/ICSPC51351.2021.9451673. 

[16] K. Z. Islam, D. Murray, D. Diepeveen, M. G. K. Jones, and F. Sohel, “LoRa-based outdoor localization and 

tracking using unsupervised symbolization,” Internet of Things, vol. 25, p. 101016, Apr. 2024, doi: 

10.1016/j.iot.2023.101016. 

[17] T. Mahjoub, A. Ben Mnaouer, M. Ben Said, and H. Boujemaa, “LoRa signal propagation and path loss 

prediction in Tunisian date palm oases,” Comput Electron Agric, vol. 222, p. 109027, Jul. 2024, doi: 

10.1016/j.compag.2024.109027. 

[18] R. R. Guerra, A. Vizziello, P. Savazzi, E. Goldoni, and P. Gamba, “Forecasting LoRaWAN RSSI using 

weather parameters: A comparative study of ARIMA, artificial intelligence and hybrid approaches,” 

Computer Networks, vol. 243, p. 110258, Apr. 2024, doi: 10.1016/j.comnet.2024.110258. 

[19] P. A. Barro, M. Zennaro, and E. Pietrosemoli, “TLTN – The local things network: on the design of a 

LoRaWAN gateway with autonomous servers for disconnected communities,” in 2019 Wireless Days (WD), 

IEEE, Apr. 2019, pp. 1–4. doi: 10.1109/WD.2019.8734239. 

https://doi.org/10.1016/j.iot.2024.101062
https://doi.org/10.1016/j.compeleceng.2023.109052
https://doi.org/10.1016/j.iot.2024.101347
https://doi.org/10.1016/j.rineng.2024.102844
https://doi.org/10.1016/j.iot.2023.101053
https://doi.org/10.32604/cmc.2024.052169
https://doi.org/10.1016/j.dib.2024.110120
https://doi.org/10.1109/HNICEM60674.2023.10589262
https://doi.org/10.1109/WiMob50308.2020.9253405
https://doi.org/10.1109/NetSoft60951.2024.10588888
https://doi.org/10.1109/IWCMC61514.2024.10592527
https://doi.org/10.1109/ICSPC51351.2021.9451673
https://doi.org/10.1016/j.iot.2023.101016
https://doi.org/10.1016/j.compag.2024.109027
https://doi.org/10.1016/j.comnet.2024.110258
https://doi.org/10.1109/WD.2019.8734239


E-ISSN 2548-7779 ILKOM Jurnal Ilmiah Vol. 16, No. 3, December 2024, pp. 255-270 269

  

 

 

 Yassir, et. al. (Performance Analysis of LoRaWAN Communication Utilizing the RFM96 Module) 

[20] I. Martinez, F. Nouvel, S. Lahoud, P. Tanguy, and M. El Helou, “On the Performance Evaluation of 

LoRaWAN with Re-transmissions under Jamming,” in 2020 IEEE Symposium on Computers and 

Communications (ISCC), IEEE, Jul. 2020, pp. 1–7. doi: 10.1109/ISCC50000.2020.9219644. 

[21] V. M and A. Giri, “Analysing the performance of 6LoWPAN- CoAP and RPL-CoAP on LoRaWAN in 

Constrained Environment,” in 2023 7th International Conference on Computation System and Information 

Technology for Sustainable Solutions (CSITSS), IEEE, Nov. 2023, pp. 1–6. doi: 

10.1109/CSITSS60515.2023.10334082. 

[22] A. Loubany, S. Lahoud, A. E. Samhat, and M. El Helou, “Throughput Improvement for LoRaWAN Networks 

Considering IoT Applications Priority,” in 2023 6th Conference on Cloud and Internet of Things (CIoT), 

IEEE, Mar. 2023, pp. 206–210. doi: 10.1109/CIoT57267.2023.10084887. 

[23] M. Chen, L. Mokdad, J. Ben Othman, and J.-M. Fourneau, “Probabilistic Model Checking for Unconfirmed 

Transmission in LoRaWAN on the MAC Layer,” in GLOBECOM 2023 - 2023 IEEE Global Communications 

Conference, IEEE, Dec. 2023, pp. 2457–2462. doi: 10.1109/GLOBECOM54140.2023.10437456. 

[24] A. S. Lutakamale, H. C. Myburgh, and A. de Freitas, “RSSI-based fingerprint localization in LoRaWAN 

networks using CNNs with squeeze and excitation blocks,” Ad Hoc Networks, vol. 159, p. 103486, Jun. 2024, 

doi: 10.1016/j.adhoc.2024.103486. 

[25] E. Sisinni, A. Flammini, M. Gaffurini, M. Pasetti, S. Rinaldi, and P. Ferrari, “LoRaWAN end device 

disaggregation and decomposition by means of lightweight virtualization,” Internet of Things, vol. 25, p. 

101033, Apr. 2024, doi: 10.1016/j.iot.2023.101033. 

[26] F. Z. Mardi, Y. Hadjadj-Aoul, M. Bagaa, and N. Benamar, “Resource Allocation for LoRaWAN Network 

Slicing: Multi-Armed Bandit-based Approaches,” Internet of Things, vol. 26, p. 101195, Jul. 2024, doi: 

10.1016/j.iot.2024.101195. 

[27] P. D. P. Adi and Y. Wahyu, “The error rate analyze and parameter measurement on LoRa communication for 

health monitoring,” Microprocess Microsyst, vol. 98, p. 104820, Apr. 2023, doi: 

10.1016/j.micpro.2023.104820. 

[28] M. Niswar et al., “Performance evaluation of ZigBee-based wireless sensor network for monitoring patients’ 

pulse status,” in 2013 International Conference on Information Technology and Electrical Engineering 

(ICITEE), IEEE, Oct. 2013, pp. 291–294. doi: 10.1109/ICITEED.2013.6676255. 

[29] P. D. P. Adi et al., “Performance Evaluation of LoRa RFM96 on IoT Telkom Indonesia,” in 2023 International 

Conference on Radar, Antenna, Microwave, Electronics, and Telecommunications (ICRAMET), IEEE, Nov. 

2023, pp. 313–319. doi: 10.1109/ICRAMET60171.2023.10366729. 

[30] P. D. P. Adi et al., “Performance of LoRaWAN in Multi-Node,” in 2023 IEEE 9th Information Technology 

International Seminar (ITIS), IEEE, Oct. 2023, pp. 1–6. doi: 10.1109/ITIS59651.2023.10420407. 

[31] R. V. Şenyuva, “Union bounds on the symbol error probability of LoRa modulation for flat Rician block 

fading channels,” Physical Communication, vol. 58, p. 102012, Jun. 2023, doi: 

10.1016/j.phycom.2023.102012. 

[32] Y. A. Liani et al., “The Broiler Chicken Coop Temperature Monitoring Use Fuzzy Logic and LoRAWAN,” 

in 2021 3rd International Conference on Electronics Representation and Algorithm (ICERA), IEEE, Jul. 2021, 

pp. 161–166. doi: 10.1109/ICERA53111.2021.9538771. 

[33] P. D. P. Adi et al., “Performance LoRa Technology for Autonomous Vehicles,” in 2023 International Seminar 

on Intelligent Technology and Its Applications (ISITIA), IEEE, Jul. 2023, pp. 703–709. doi: 

10.1109/ISITIA59021.2023.10221049. 

[34] N. Souli, M. Karatzia, C. Georgiades, P. Kolios, and G. Ellinas, “Mission-critical UAV swarm coordination 

and cooperative positioning using an integrated ROS-LoRa-based communications architecture,” Comput 

Commun, vol. 225, pp. 205–216, Sep. 2024, doi: 10.1016/j.comcom.2024.07.011. 

[35] Y.-T. Ting and K.-Y. Chan, “Optimising performances of LoRa based IoT enabled wireless sensor network 

for smart agriculture,” J Agric Food Res, vol. 16, p. 101093, Jun. 2024, doi: 10.1016/j.jafr.2024.101093. 

https://doi.org/10.1109/ISCC50000.2020.9219644
https://doi.org/10.1109/CSITSS60515.2023.10334082
https://doi.org/10.1109/CIoT57267.2023.10084887
https://doi.org/10.1109/GLOBECOM54140.2023.10437456
https://doi.org/10.1016/j.adhoc.2024.103486
https://doi.org/10.1016/j.iot.2023.101033
https://doi.org/10.1016/j.iot.2024.101195
https://doi.org/10.1016/j.micpro.2023.104820
https://doi.org/10.1109/ICITEED.2013.6676255
https://doi.org/10.1109/ICRAMET60171.2023.10366729
https://doi.org/10.1109/ITIS59651.2023.10420407
https://doi.org/10.1016/j.phycom.2023.102012
https://doi.org/10.1109/ICERA53111.2021.9538771
https://doi.org/10.1109/ISITIA59021.2023.10221049
https://doi.org/10.1016/j.comcom.2024.07.011
https://doi.org/10.1016/j.jafr.2024.101093


270 ILKOM Jurnal Ilmiah Vol. 16, No. 3, December 2024, pp.255-270 E-ISSN 2548-7779 
  

 

 

Yassir, et. al. (Performance Analysis of LoRaWAN Communication Utilizing the RFM96 Module) 

[36] M. A. A. Khan, H. Ma, A. Farhad, A. Mujeeb, I. K. Mirani, and M. Hamza, “When LoRa meets distributed 

machine learning to optimize the network connectivity for green and intelligent transportation system,” Green 

Energy and Intelligent Transportation, vol. 3, no. 3, p. 100204, Jun. 2024, doi: 10.1016/j.geits.2024.100204. 

[37] L. C. da Rocha Santos, S. M. Bruschi, P. S. L. de Souza, J. Ueyama, A. de Jesus dos Santos, and J. S. Barbosa, 

“Performance analysis of a Vehicular Ad Hoc network Using LoRa technology and IoT devices in Amazon 

Rivers,” Ad Hoc Networks, vol. 152, p. 103301, Jan. 2024, doi: 10.1016/j.adhoc.2023.103301. 

[38] H. Wang, X. Zhang, J. Liao, Y. Zhang, and H. Li, “An improved adaptive data rate algorithm of LoRaWAN 

for agricultural mobile sensor nodes,” Comput Electron Agric, vol. 219, p. 108773, Apr. 2024, doi: 

10.1016/j.compag.2024.108773. 

[39] F. Busacca, S. Mangione, S. Palazzo, F. Restuccia, and I. Tinnirello, “SDR-LoRa, an open-source, full-fledged 

implementation of LoRa on Software-Defined-Radios: Design and potential exploitation,” Computer 

Networks, vol. 241, p. 110194, Mar. 2024, doi: 10.1016/j.comnet.2024.110194. 

[40] E. Ossongo, M. Esseghir, and L. Merghem-Boulahia, “A multi-agent federated reinforcement learning-based 

optimization of quality of service in various LoRa network slices,” Comput Commun, vol. 213, pp. 320–330, 

Jan. 2024, doi: 10.1016/j.comcom.2023.11.015. 

  

https://doi.org/10.1016/j.geits.2024.100204
https://doi.org/10.1016/j.adhoc.2023.103301
https://doi.org/10.1016/j.compag.2024.108773
https://doi.org/10.1016/j.comnet.2024.110194
https://doi.org/10.1016/j.comcom.2023.11.015

