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LoRa Background

• LPWAN technology

• LoRaWAN is on top of LoRa

• Based on PHY configurations

• Works on ISM frequency bands

CSS modulation + combination of 

Spreading Factor (SF) / Bandwidth 

(BW) / Coding Rate (CR)

Aims to collect data on large 

coverage

Defines network architecture + MAC 

layer

Europe: 433 and 868 MHz

North America: 915 MHz

China: 470 MHz
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LoRa 2.4 GHz: Advantages

Frequency bands are country-dependent → 

one hardware per region

Duty cycle between 0.1 and 10% depending 

on the frequency used

Low data rate (up to 12.5 kb/s) due to 

frequency band

Localization accuracy from 20 to 200 meters

All regional regulations for the 2.4 GHz ISM 

band have large intersections  design of a 

single hardware

No duty cycle constraints

Allow higher data rate (up to 253.91 kb/s) 

reduces latency and offers real-time 

applications opportunities

Improved localization accuracy (about 2 meters)

LoRa sub-GHz limitations LoRa 2.4 GHz solutions
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PHY Layer configurations in 2.4 GHz: what is 

new?

LoRa sub-GHz LoRa 2.4 GHz

Spreading Factor 7-12 5, 6-12

Bandwidth (in kHz) 125, 250, 500 203, 406, 812, 1625

Coding Rate 4/5, 4/6, 4/7, 4/8

Data Rate (in kb/s)
0.98 to 12.5 (uplink)

0.98 to 21.9 (downlink)
0.595 to 253.91

MAC Standardization LoRaWAN /
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Channel characterization: the 2.4 GHz ISM band 

The 2.4 GHz ISM band is widely used by wireless technologies

Figure 1 – Frequency channels and bandwidth of LoRa 2.4 GHz, BLE, and WiFi in the 2.4 GHz ISM band
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3 main categories in the state of the art:

• Spectrum occupancy [1]

• Coexistence:

• Without concurrent communications of others wireless technologies [2]

• Interference mitigation/detection [3]

• Cross-technology communication [4] [5]

3

Channel characterization: motivations

Objective: being able to characterize the environment in order to perform 

experiments in a known environment and observe the impact of a given 

technology on the performance of another technology and vice versa
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1) Spectrum occupancy at a given time  screenshot of the channel

2) Technology identification (this talk)

3) Percentage of channel occupancy per technology
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Channel characterization : steps
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Channel characterization: setup

Figure 2 – Setup for capturing and processing signals in the 2.4 GHz ISM band

• Capturing signals in the 2.4 GHz ISM band:

• 1 USRP connected to a laptop for 

sensing the environment

• GnuRadio software for signal 

visualization and recorded

• Post-processing data:

• Binary files containing complex float 

data

• Python programming

• JupyterLab software for signal 

processing

• Parameters:

• Capture duration approximately 1 

minute per file

• BW = 4 MHz

• Split the record BW into 20 sub 

channels  1 sub channel = 200 kHz

3
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Channel characterization: is it noise or signal?

Figure 3 – Diagram of the steps for signal processing
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3 Channel characterization: identification of a BLE 

advertisement



Copyright © 2020 Semtech Corporation. All rights reserved. 12semtech.com/LoRa

• Each line represents 250 µs

• Each rectangle represents 200 kHz

• 6 rectangles are detected to be a signal  6*200kHz = 1200 

kHz

• BT is 1 MHz bandwidth  we can associate this signal to BT

3 Channel characterization: identification of a BLE 

advertisement

Noise  energy < threshold

1*threshold ≤ Signal energy < 2*threshold

2*threshold ≤ Signal energy < 3*threshold

Signal energy ≥ 3*threshold
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• Each line represents 250 µs

• Each rectangle represents 200 kHz

• Spectral occupancy of common wireless 

technologies:

• LoRa 2.4 GHz = usually 812 kHz

• BT = 1 MHz

• BLE = 2 MHz

• Wi-Fi = usually 22 MHz

• All the 4 MHz of bandwidth is detected as signal 

 we can associate the signal to Wi-Fi

3

Noise  energy < threshold

1*threshold ≤ Signal energy < 2*threshold

2*threshold ≤ Signal energy < 3*threshold

Signal energy ≥ 3*threshold

Channel characterization: identification of a 

Wi-Fi signal
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Channel characterization: identification of a 
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• LoRa 2.4 GHz side:

• SX1280 provided by Semtech

• 2 fixed configurations (highest data rate and highest 

reliability)

• Varying PTx between 0 dBm and 13 dBm with a 3 

dBm step

• Evaluate the three current channels for LoRa 2.4 

GHz (2403, 2425 and 2479 MHz)

• Wi-Fi side:

• 2 Linux computer connected in Wi-Fi Direct

• Generate UDP traffic with iperf or mgen

• Varying PTx starting at 20 dBm and decreasing

• Varying channels depending of LoRa channel 

evaluated

• General parameters:

• Distance between devices is fixed

• For each packet (LoRa and Wi-Fi), we collect RSSI, 

SNR and PDR

• Experiments performed in anechoic chamber in 

order to avoid external interference

3

Figure 4 – Setup for coexistence study between LoRa 2.4 

GHz and Wi-Fi in anechoic chamber

Channel characterization for coexistence study
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Concluding remarks

• We propose an experimental scenario to study the impact of LoRa on Wi-Fi 

performance, and vice versa, in a controlled environment

• LoRa 2.4 GHz will take place in a very crowded frequency band 

coexistence, and more specifically interference mitigation/detection is one 

big challenge to investigate

• We propose a methodology to characterize the 2.4 GHz ISM band 

environment and associate a signal to a known wireless technology

4
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Perspectives: What’s next?

• Improve the technology identification method

• Improve the definition of the different power levels  make a gradient figure depending of the 

strength of the recorded signal

• Automatize the technology identification

• Future works:

• Run experiments on Wi-Fi and LoRa interference:

(1) In a controlled environment  anechoic chamber

(2) In an uncontrolled environment  using the channel characterization in a work building

• Improve coexistence base on previous results 

• Repeat experiments for other 2.4 GHz wireless technologies such as BT and BLE

4
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Q u e s t i o n s ?

T h a n k  Y o u

Gwendoline HOCHET DEREVIANCKINE | gwendoline.hochet-derevianckine@inria.fr
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SF SNR limit (in dB)

12 -20

11 -17,5

10 -15

9 -12,5

8 -10

7 -7,5

6 -5

5 -2,5

When the SF decreases, the sensitivity decreases too.
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SF-BW
Signal RSSI (in 

dBm)

Channel RSSI (in 

dBm)

LoRa sub-GHz

7-500 -116 -111

12-125 -137 -117

8-125 -127 -117

LoRa 2.4 GHz

5-1625 -99 -106

12-203 -130 -115

7-812 -112 -109

11-812 -123 -109
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Steps of the signal processing:

• FFT on binary file containing data

• Apply the Perceval theorem to compute energy (∑abs(z²) with z = I +Q) of each sample 

• Convert the 2D Matrix, containing energies, into a 1D vector and sort the resulting vector

• Compute a threshold

• If energy ≥ threshold  signal

• If energy < threshold  noise

• Convert the energy vector into a figure according to the compute threshold

• Associate a signal to a known wireless technology of the 2.4 GHz ISM band
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