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Abstract: This paper deals with the study of coexistence between LoRa and Wi-Fi systems in the 

non-licensed 2.4 GHz RF bands. An appropriate laboratory measurement workplace is realized to 

measure the performance of LoRa on physical (PHY) layer level in terms of packet error ratio (PER). 

The functionality of the proposed concept is verified by a set of experimental measurements, where 

different coexistence scenarios are considered.   
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1 INTRODUCTION 

Interest about the Low Power Wide Area Networks (LPWANs) in the field of industry is rapidly 

increasing [1]. Technology Long-Range (LoRa) [2] is one of the flagships of LPWANs, which can 

fulfill the main requirements of the Internet of Things (IoT) applications, closely connected with 

LPWAN. LoRa, originally developed for sub-1 GHz radio frequency (RF) bands, allows to realize 

reliable long-range communication link with low data rate and low received power. In 2017, the 

Semtech Company has released new transceivers with a support of LoRa technology. It enables to 

realize long-range point-to-point data rate communication in the 2.4 GHz Industry, Scientific and 

Medical (ISM) bands [3]. Currently, this unlicensed RF band is dominantly utilized by Wireless 

Local Area Networks (WLANs), also known as Wi-Fi. Hence, in the future, a massive presence of 

LoRa-based devices in the 2.4 GHz RF bands can cause unwanted coexistence scenarios for WLAN-

based devices and vice versa.  

In this work, performance of the LoRa system influenced by WLAN using IEEE 802.11b technology 

on physical (PHY) layer level is studied. For this purpose, an appropriate laboratory measurement 

workplace is proposed and realized. Evaluation of the influence of the interfering Wi-Fi signal on 

the LoRa signal, thanks to the adopted measurement methodology, is possible in terms of packet 

error ratio (PER) [4] .                          

2 COEXISTENCE OF LORA AND WI-FI 

Depending on the channel bandwidth and working frequencies of the LoRa and Wi-Fi RF signals, 

three kinds of coexistence scenarios can be defined: co-channel, in-band and adjacent channel [4]. 

All these scenarios are illustrated in Fig. 1. Co-channel scenario represents the worst-case scenario, 

when working frequencies of the interfering and interfered RF signals are the same. In the case of 

in-band scenarios, services of both wireless systems are provided at different frequencies, but the 

interfered RF signal can be fully or partly overlapped with the interfering one. The distance between 

the RF signals is called frequency offset (in this work marked as ∆f). Finally, when a guard band 

(GB) [5] with a small width is available between the RF spectra (interfering and interfered), then 

adjacent (sometimes called out-band) coexistence scenario can occur.  

In this work, the attention is devoted to co-channel and in-band coexistence scenarios. All the pre-

sented results are the preliminary outputs of the master thesis.          
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Figure 1: Possible coexistence scenarios between LoRa and Wi-Fi services in the 2.4 GHz ISM 

bands (In this work, it is assumed that the Wi-Fi signal has a fixed working frequency.) 

3 MEASUREMENT SETUP 

Block diagram of the laboratory measurement setup, realized to measure performance of LoRa af-

fected by the interfering Wi-Fi signal, is depicted in Fig. 2. Its basic concept is originating from [5]. 

The 2.4 GHz LoRa RF signal is generated by the LoRa SK-iM282A Long Range radio starter kit. It 

consists of two modules (transmitter-TX and receiver-RX) and both of them are connected with a 

personal computer (PC). It has an installation of application WiMOD LR Studio for easy set of system 

parameters (etc. frequency, bandwidth, spreading factor (SF) and signal level) and control of both 

LoRa modules. The IEEE 802.11b/n-based Wi-Fi signal, according to the considered system param-

eters, is generated by the Rohde & Schwarz (R&S) SMU 200A arbitrary signal generator. In this 

work, the power level of RF signals is marked as C (LoRa signal) and I (Wi-Fi signal), respectively. 

An attenuator is used to control the value of C (the used application allows to select values only 

between -18 and 8 dBm). In the next step, both RF signals are combined in using a Wilkinson power 

combiner (the additional loss is around 8 dB) and then split into two paths. First path is led to the 

R&S FSQ spectrum analyzer used to control the value of Δf and measure the exact values of C and 

I in the considered channel bandwidth. The second one is led to the LoRa RX. It is connected with 

the PC, in which application WiMOD LR Studio allows to monitor parameter packet error ratio (PER) 

used to evaluate the performance of LoRa system.                    

 MEASUREMENT METHODOLOGY 

The Wi-Fi immunity of LoRa is evaluated in terms of PER related to the protection ratio (PR) for 

LoRa [5]. Parameter PR is calculated as PR [dB] = C [dBm] – I [dBm]. In this work, we consider 

C = -85 dBm, measured at RX, for all measurements. The value of I from -100 dBm is gradually 

increasing until a value, where threshold of 10% PER is achieved. Such PER value is the limit for a 

reliable LoRa communication link [4]. At this point, the PR is calculated. The whole measurement 

is repeated for various LoRa/Wi-Fi system configurations as well as for different Δf values.  
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Figure 2: Block diagram of the laboratory measurement setup to measure LoRa/Wi-Fi  

coexistence 

4 EXPERIMENTAL RESULTS  

Results from the experimental measurements are shown in Figure 3, where Δf = 0 MHz 

and Δf > 0 MHz denote co-channel and in-band coexistence scenarios, respectively. From the trend 

of PR curves is obvious that the increasing values of Δf results in lower PR values. The overall results 

show that the LoRa signal with a configuration of high SF and low bandwidth (BW) has the highest 

resistance against interferences while a configuration of low SF and high BW has the lowest re-

sistance against the interfering Wi-Fi signal.      
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Figure 3: Co-channel and in-band coexistence scenarios: dependence of PR and Δf for different 

configurations of the LoRa (bandwidth of {200, 400, 1600} kHz; SF values of {5, 7, 10, 12}; code 

rate of 4/5) and Wi-Fi systems (IEEE 802.11b, code rate of 1/2; DBPSK modulation; bandwidth of 

22 MHz).   

5 CONCLUSION 

This short paper focused on the coexistence issues that can occur between LoRa and Wi-Fi systems 

in the 2.4 GHz ISM bands. For the PHY-based performance measurement of the LoRa signal influ-

enced by Wi-Fi, a laboratory measurement workplace was proposed and realized. Its functionality 

was proved by a set of measurements. 

Work on the master thesis will continue with the performance study of LoRa interfered 

by IEEE 802.11n-based Wi-Fi signal at all the presented coexistence scenarios.  
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