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1. Introduction ¢

The introduction of wireless communications in varied scenarios, such as
agriculture, oceanography, and the rise of Smart City solutions have led to
the development of long-range wireless technologies, such as LoRa.

The official site of The Things Network advertises record LoRaWAN
distances of 832 km. Although this distance is obtained for specific LoRa
settings, the advertised LoRa maximum distance is up to 15 km in line-of-
sight deployments and up to 5 km in urban environments.

However, the few existing coverage studies are limited and do not reach
the advertised distances.

In this paper, we expand the knowledge on effective LoRa coverage by
studying the coverage of LoRa low-cost nodes considering different
frequency bands, SF, and antennas.
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2. Related Work ¢

Although more coverage studies of LoRa devices are necessary, there are
some studies that have evaluated the performance of LoRa
communications in urban environments and in line-or sight conditions
obtaining distances up to 10 km.

The interference LoRa devices cause to each other in multi-hop network
deployments was evaluated by Guibing Zhu et al. The results showed that
the higher the SF, the higher the immunity to collisions for both
transmissions with the same SF and transmissions with different SF.

Lastly, other uses for LoRa include deploying the devices on drones or
floating structures.

Albeit there are some LoRa coverage tests, the available studies do not
compare the results for different SF values, do not indicate the utilized
devices, or use a very high placement of the emitter antenna.

ALLSENSORS 2021



3. Testbed description

ALLSENSORS 2021



3. Testbed description

The utilized devices were Heltec LoRa/WiFi 32
characteristics presented on the table.

nodes with the

Tx Power 17 dB

Frequency 433 MHz and 868 MHz
SF 7,8,9,10,11,12

Signal Bandwidth 125 KHz

Coding rate 4/5

Preamble length 8 Symbols

Height of the antenna | 1.57 m

DOeoeeessssssseson
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3. Testbed description

« Three different types of antennas were utilized.

A

Frequency band: 433 MHz  Frequency band: 433 MHz  Frequency band: 868 MHz
Antenna gain: 3dBi Antenna gain: 5dBi Antenna gain: 3dBi
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3. Testbed description

« The tests were performed on a wide street with buildings on one side and
fields on the other side.

« The emitter was placed at the beginning of the street and the receiver
moved to different measuring points in line-of-sight conditions.

 The RSSI was obtained for each of the measuring points.

« Moreover, the test was repeated for each of the antennas and each of the
SF for the corresponding frequency band.
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4. Results ¢

868 MHz frequency band and 3 dBi antenna

 The RSSI values presented fluctuations for all the SF even in the absence of obstacles.
The SF 7 was the one with the better signal at close distances. However, as the
distance increased, other SF configurations presented better results. The SF 11 was
the one with the overall worst RSSI values. The rest of the SF configurations have
obtained similar RSSI values. Therefore, for this frequency band and this type of
antenna, the selection of the SF does not seem to have a significant impact o the
quality of the signal. So, other aspects should be considered for the selection of the
best SF.

SF12

RSSI{dBm)

Distance (m)
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4. Results ¢

433 MHz frequency band and 3 dBi antenna

* In this case, it is more evident that the SF 7 configuration leads to better signal quality.
Although for the last measuring point, the RSSI values of SF 7 are similar to those of
the rest of the SF configurations. The SF 10 is the second-best configuration, with the
other SF configurations having lower signal quality. Moreover, SF 11 would be the SF
with the worst RSSI values. As the difference between SF configurations is more
evident for this antenna, the selection of the SF should be considered when designing a
LoRa network with these devices. However, it would apply mostly for the SF 7
configuration, as the other SF present fewer differences.

SF11 ——SF12

RSS1{dBm)
oL,

Distance (m)
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4. Results ¢

433 MHz frequency band and 5 dBi antenna

« SF 7 and SF 10 have the best signal quality. However, there is not a clear difference
between SF configurations as in the case of Figure 8. On the other hand, SF 11 and 12
present the worst signal quality, with little difference between both configurations. The
rest of the SF configurations present similar results to those of SF7 ad SF 10. As in the
case of the 868 MHz frequency band, there is no highly noticeable difference between
the different SF values, therefore, other aspects should be considered when selecting
the best configuration.

S5F11 SF12

SF8 S5F9 5F 10

RSS1(dBm)

Distance (m)
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4. Results ¢

Comparison

« The average values of all SF values for each frequency band and antenna are shown in
the following figure. The two antennas for the 433 MHz frequency band have similar
results. However, the average shows better results for the 3 dBi antenna due to the
less noticeable difference between the results for each SF. Regarding the 868 MHz
frequency band, the average of the RSSI values shows a lower image quality than that
of transmitting with 433 MHz.

=868 MHz - 3 dBi antenna 433 MHz- 3 dBi antenna

RSSI({dBmi)

L) 1 154 250 311 3752 430 489 5895 643 Sl Sbb B33 96

Distance (m)
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5. Conclusion and Future Work
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5. Conclusion and Future Work

* Although the expected distances range from 10 to 40 km depending on the
obstructions in the area, low-cost LoRa devices do not reach those expectations.
Therefore, in this paper, we have performed coverage tests with cost-effective LoRa
devices and antennas.

*The results show that the selection of different SF may not affect the quality of the
received signal, such as for the 868 MHz frequency band.

*Furthermore, the combination of low-cost LoRa devices and low-cost antennas does
not provide coverage greater than 1 km.

*Other solutions, such as multi-hop LoRa networks should be implemented when
there is an interest in deploying low-cost devices.

*For future work, we will perform tests with LoRa devices and antennas in the medium
price range. Furthermore, tests will be performed with different types of content, such
as data from sensors or images so as to assess the performance of LoRa and the
devices with different traffic demands.
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