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ABSTRACT. Long Range (LoRa) with chirp spread spectrum (CSS) modulation technique
has been widely developed on the Internet of Things. In this study, we tested the LoRa
performance of other LoRa users with additive white gaussian noise (AWGN) and
Rayleigh fading characteristics where the distracting user was not aligned with the chip
or phase with the desired signal. In addition, this study also proves that two symmetries in
the interfering signal and low requirements can significantly reduce symbol computation
and error rate compared to complete expressions. This paper focuses on LoRa
performance by considering the error rate in the CSS modulation system. This study is
based on coherent and noncoherent detection using binary frequency shift keying (BFSK).
The method used in this study is comparative analytic with simulation results showing that
the expression of bit error rate (BER), symbol error rate (SER), and packet error rate
(PER) is based on analytical calculations obtained from 10,000 iterations. In contrast,
using coherent and noncoherent detection, the numerical method got 61 iterations. These
estimates generate precise numbers for SF =7, BER = 0.03 against EbN0=1dB,
SER=0.4 against EsSNO=6 dB, and PER=0 against SNR 1 dB. In this study, coherence
detection, AWGN channel, and numerical approach can reduce the required error rate in
the communication system. In the future, the authors will implement this research on a
smart grid communication system with a security system to produce high reliability.
Keywords: LoRa, Error rate, AWGN, Rayleigh, BFSK

1. Introduction. It has become essential to carry out our daily operations. For instance,
data centers are associated with commerce, education, business, social networking,
communication services, and others [1]. The LoRa (Long Range) communication system
has become excellent in the research community and commercial users because of its
advantages in transmittingéata over long distances with relatively low energy costs. This
study presents new results for the bit error rate, symbol error rate, and packet error rate



performance of a Long Range (LoRa) system operating in the presence of AWGN and
Rayleigh channels. In detail, this study proposes how to reduce the error rate to increase the
reliability of the communication system. This study presents analytical and numerical
equation validation wusing orthogonal signaling [2]. LoRa is an independent,
spectrum-license-free wireless system with low costs, low power requirements, and low bit
rates for long-distance communication. Users can create their network, gateway, and nodes
using LoRa [3]. LoRa uses the Chirp Spread Spectrum (CSS) modulation, created by
Semtech, at the Physical layer (PHY) of the protocol stack as a form of communication
[4]-[8]. The noise power added by the AWGN Block is connected to the Signal power
subsystem along with the Display Block to the input of the AWGN block, the output signal
power of the channel, which will be the difference between the sum of the input signal
power and the noise power [9], [10]. BER simulations are presented by a researcher and
evaluated using parameters of the LoRa modulation patterns, such as spreading factor, code
rate, symbol frequency, and SNR. The accuracy of the BER was described, and the LoRa
performance was investigated using numerical results. The relationship between the energy
per bit and the noise power spectral density (EbNO). According to the numerical results,
these estimations yield accurate values for SF=7, BER values of 0.15, and SNR=10 dB for
various variations of SNR, as well as multiple values of spread factor and coding speed [11].
A researcher tested the error probability performance of a LoRa communication system by
proposing an accurate estimate for the bit error probability of CSS modulation in an
AWGN changel. BER performance of LoRa systems uses both uncoded and coded
transmissionﬁith coherent and noncoherent detection for Hamming-coded LoRa signals
with decoded and coherent (or noncoherent) detection, both in the AWGN channel. System
performance has been simulated on multipath channels, utilizing a simplified equalizer on
the receiving end. The SNR value in this study is up to 1 dB [12]. Other researchers have
proposed that multicarrier modulation schemes such as orthogonal frequency division
multiplexing (OFDM) provide an efficient solution to this problem. This researcher
performs grayscale image processing using the least mean square (L algorithm with a
wavelet-based OFDM system using a quadrature phase shift keying YQPSK) modulation
scheme on AWGN and Rayleigh channels in the SISO environment, and the results are
compared with a conventional adaptive OFDM system based on Fast Fourier Transform
(FFT). The researcher compared the SNR and BER values which showed that the adaptive
discrete wavelet transform (DWT)-based OFDM system performed better than the
conventional adaptive FFT OFDM system [13], [14]. Another researcher tested LoRa
performance in the presence of AWGN and interference from other LoRa users by
extending the existing interference model, which assumes perfect alignment of the desired
signal and existing harmonized interference overestimating the effect of interference at an
error rate of 1 dB [15]. This researcher proves two symmetries in the disturbing signal and
formulates a low-complexity estimate that can significantly reduce computational symbol
complexity and frame error rate.

This study also features numerical simulations to strengthen the theoretical analysis to
verify the accusacy of the proposed estimates [16]. Other researchers measured the BER
performance o"AWGN and Rayleigh fading channels. The accuracy of the derived forecast
is confirmed by comparison against the numerical results. This study discusses the receiver



sensitivity and the associated coverage range in an AWGN-type environment. This study
uses the SX1272 transceiver with a sensitivity of PRx = -137 dBm, while in this paper, the
authors use the SX1276 transceiver with a sensitivity of -148 dBm [17]. The comparison to
the numerical results confirms a relatively accurate estimate of the presented analysis. The
results for the Rayleigh fading environment show that LoRa cannot sustain long-distance
communication in an urban environment with Rayleigh fading characteristics [18]—[20].

The contribution of this research is to produce an appropriate coherent and noncoherent
detection model used in the LoRa communication system to get the value of the BER to
EbNO, R to ESNO, and PER to ideal SNR using the AWGN and Rayleigh methods using
MATLAB by considering the parameters, the best input parameter to get a low error value
using binary frequency shift keying (BFSK) modulation technique. In section 2 discusses
the error rate namely BER, SER and PER. In section 3, this study discusses the method
used, comparative analytical-numerical, where the author compares the analytical and
numerical error rate calculations using AWGN and Rayleigh channels. Section 4.0
discusses the results and discussion of the values of SF with BER against EbNO, SER
against EsSNO, and PER against SNR at 125 kHz bandwidth using coherent and noncoherent
detection. In part 5.0, the conclusion is to determine the correct detection and channel for
the LoRa communication system using SX1276 analytically and numerically.

2. Proposed Method. The author analyzes the error rate calculation in the LoRa
communication system using AWGN and Rayleigh channels analytically and numerically
in a comparative method. AWGN jg one type of noise in communication systems,
commonly called thermal noise. The*AWGN channel is a universal channel model for
analyzing modulation schemes. In this model, the AWGN channel is added to the signal
passing through it using coherent and noncohegent detection. This indicates that the channel
amplitude frequency response is flat, and th ase response is linear for all frequencies.
The modulation passes through it without amplitude, phase loss, or distortion of the
frequency components. In this study, the code designed on the AWGN channel serves to
optimize its inherent diversity. The performance of the communication system on Rayleigh
fading can also be seen from the characteristics of BER, which theoretically has one path.

A message sent in binary data from the SM (smart metering) is modulated on the LoRa
transmitter and then encoded using additional input parameters. In this experiment, the
LoRa transmitter encodes the message before being sent as packets. The LoRa sends the
packet-modulated signal to the frequency shifter, which creates a modulated signal. Figure
1 is a flowchart of the Lora communication system on the transceiver (transmitter and
receiver).
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FIGURE 1. Flowchart of the LoRa communication system on the transceiver.

In Figure 1, the LoRa communication system begins with initializing the input value
SF=7, BW=125 kHz, fc=915 MHz, and transmit power of 14 dBm. The message is sent
from the transmitter to the receiver in the form of a message with 79 characters. The
message is coded, and the input data sampling is Fs and fc. LoRa transmitter sends
information to the receiver; this process is the same as the transmitter process in general,
but what is different is on the receiver side. This study uses an unlicensed spectrum so that
the interference on the channel will be substantial and requires special handling [21]. At the
receiving end, LoRa receives the tx, SF, BW, Fs, and Fc-fc signals the same as those
emitted. On the receiving side, research development was carried out to produce coherent
and noncoherent detection models that are appropriate for use in LoRa communication
systems using the AWGN and Rayleigh methods to obtain low error values by modulating
binary frequency shift keying (BFSK) using MATLAB.



Figure 2 presents a demodulation process model developed in this study to compare
channel optimization in reducing the effect of errors on LoRa communication channels.
The signal modulation procedure has been examined and verified using MATLAB utilizing
messages corresponding to the data sent [22].
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FIGURE 2. Demodulation process in the LoRa communication system.

The node will receive data from the transmitter on the receiver, which will then
recapitulate the SNR. AWGN or Rayleigh channels will be used if the value of Fs = BW;
otherwise, it will be transmitted to the frequency modulation process using binary FSK and
filtered using LPF. In contrast to traditional frequency modulation, binary FSK is a
constant-envelope version of angle modulation where the modulating signal alternates
between two discrete voltage levels (1 and 0) instead of a continually changing value like a
sine wave. Rayleigh or AWGN processes the following procedure due to signal
interference or interference in overlapping bands. This study sends messages repeatedly to
test the system's reliability [19]. A BER system can be used to evaluate the effectiveness of
communication systems [23]-[25]. It is possible to see the power spectral density of the
random signal by looking at the time domain signal in the baseband, produced by the
information bit sent from the transmitter to the receiver in the communication system. Bit 1
denotes the transmission condition of the information from the transmitter to the receiver.
To generate an independent noise sample and a flat noise spectrum labeled NO/2, which is
two-sided such that the convenience factor of two in labeling is two, the AWGN channel
also represents a Fourier transformation. The probability of bit error using BFSK can be
seen in the following (1) for the binary case where M=2b, b=1 coherent (synchronous)
detection:
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Es is an energy per symbol, No is a noise energy, and SNR; is an SNR in the RC (reference
channel). For noncoherent detection (2) is as follows.
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M is a digit that indicates the number of conditions, levels, or combinations that can be
made for a specific number of binary variables. M=25F=Ts*BW=128, (4) present the
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Therefore, the FSK coherent signal's bandwidth and bandwidth efficiency can be expressed
as follows (6) and (7):
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The receiver's sensitivity (S), is described in the following (8)

alﬂfﬁ—lologm(B)—NF—SNR (8)
where (-148) is the result oi*thermal noise at the receiver in a 1 Hz bandwidth, NF is the noise
figure at the receiver (specified for hardware configuration data), and SNR is the
signal-to-noise ratio necessary for modulation. The SER is evaluated while varying the SNR,
defined as the device's received power to the noise power [26]. The SER can be used to
determine the symbol error rate at the receiver and decoder performance evaluation. The
symbol rate (Rs) is calculated using the following equation (9):

bol/ BV _R
R, (symbol sec)—F =25 9)

Rs = 125.000/27 = 976 symbol/sec. To offer functionality for ACK packets, PER
measurement typically requires temporal dynamic of register configuration, interrupt



handling (to verify valid/invalid packets), and switching between TX and RX modes. Bit
Error Probability can be calculated as follows (10):

(E, 1.
P, ~0.5xQ [ ——2
p~o Q(UBH‘JDIZ)

(10)

Pb is a bit probability, Q (x) is the gaussian Q-function in a standard normal distribution or
same as a tail distribution, and NO is a noise density (watts/Hz) [12], [27], [28].

As a necessary form indicates the precise likelihood of error for simplex signals in
AWGN, which can be laborious tocompute, shorter arrangements are of interest. Calculate
simplex signals' error probabilities in AWGN. Coherent quaternary frequency-shift keying
(FSK) and pulse-position modulation are two orthogonal sets that can easily be included in
the new boundaries [29]. A simple radio signal merely indicates that the transmitter is still
turned on. Signals need to be modified in some way before they can transfer data. There are
numerous ways to accomplish this. The most common techniques involve modifying the
frequency and amplitude [30]. In this study, the frequency is modified using binary FSK.
Table 1 shows the input parameters used in this study.

TABLE 1. LoRa Parameters [12], [31]

Parameter Value
Bandwidth (BW) 125 kHz
Spreading Factor (SF) 7
Frequency sampling (Fs) 10 MHz
Frequency carrier (Fc) 921.5 MHz
Transmit power in decibels (Pt) 14 dBm
Frequency center (fc) 915 MHz
Number of conditions (M) 128
Modulation technique CSS
Digital Modulation Binary FSK
Noise channels AWGN, Rayleigh
SNR -30: 30
Time duration (Tq) 0.999

This study uses SF = 7, the lowest spreading factor that increases the data rate, leading
to faster transmission time and boosting energy to the signal more resilient to remote
deployments.

A Gaussian distributed random number design array is created via the simulation loop
method. To control the error of the communication system, parameters are utilized in
communication. Here, the digital modulation technique uses the BER and SNR parameters.

SNR=T

_EJT, K

BV N (1)
Es is the power spectral density of signal energy, No is the noise energy, and Ts is the time
of signal energy.



3. Simulation Result and Discussion. Performance of Binary FSK Detection coherent and
noncoherent features, such as known frequency and phase, known frequency and unknown
phase, and unknown frequency and phase, are present. When the frequency or phase of the
received signal is unknown, noncoherent detectiogmshould be used according to this
knowledge-based characteristic of the received signal™With known frequency and unknown
phase, the theoretical loss of incoherent BFSK detection perfgamance is reduced by around
0.9 dB at Pbe = 10-5 relative to coherent BFSK detection. Thé®theoretical loss of coherently
detected BFSK close to antipodal signaling is 3 dB for all bit error situations. However, when
the frequency and phase are unknown, the loss depends on the frequency uncertainty range,
with a loss of 17 dB at Pne = 10-5 compared to coherent detection for the bit rate uncertainty
range at a frequency of 104 times.

The results of a computer simulation program utilizing MATLAB using an analytical and
numerical approach to wireless communication systems are covered in this chapter's portion,
which also considers AWGN and Rayleigh Fading. Figure 3 shows the test results as the bit
energy ratio to noise power spectral density (E»/No) and BER.
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FIGURE 3. Bit error probability with coherent and noncoherent demodulation using
AWGN and Rayleigh channel

BER and EpNo simulation results are shown in Table 2.

TABLE 2. Simulation Result BER Against ExNo
Method Channel Detection  BER I(E(;’gl)o
Numerical  AWGN Coherent 3.102 1

AWGN NonCoherent 8.10-2 1
Rayleigh ~ Coherent 7.107 6
Rayleigh NonCoherent 9.102 6

Figure 3 and Table 2 show that the numerical technique using the AWGN channel and
coherent detection of the bit error rate value, namely a BER of 3.102 and an EpNo of 1 dB,
is optimal for the LoRa communication system. The greater the SF value, the more



sensitive the receiver is. However, it also accounts for the faster bit rate, lengthening the
transmission time, which is especially problematic if the subscriber is far from the base
station. LoRa operates on a 125 kHz fixed bandwidth channel and offers a trade-off
between sensitivity and data rate [32]. LoRa also uses an orthogonal dispersion factor. This
higher dispersion factor provides increased processing gain and greater reception sensitivity.
After being simulated on AWGN and Rayleigh channels, BER analysis shows that the
LoRa modem performs well, with a BER value of 0.5 and an ExNo value of up to 20 dB.
Figure 3 shows the test results as the bit energy ratio to noise power spectral density
(En/No) and BER Figure 4 displays the energy per symbol to noise power spectral density
(EsNo) and SER ratios. The optimal value for the noncoherent AWGN channel is discussed
in this simulation, which uses MATLAB software to analyze and numerically model
wireless communication systems while considering AWGN and Rayleigh Fading.
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FIGURE 4. Symbol error probability with coherent and non-coherent demodulation using
AWGN and Rayleigh channel

TABLE 3. Simulation Result SER Against EsNo
Method Channel Detection  SER I(E(;lgl;;
Numerical AWGN Coherent 4,10 6
AWGN NonCoherent 6.10* 6
Rayleigh ~ Coherent 5.101 6
Rayleigh NonCoherent 6.10! 6

The numerical method employing the AWGN channel and coherent detection of the
symbol error rate value, namely an SER of 4.102 and an EsNo of 6 dB, is shown to be the
best for LoRa communication systems in Figure 4 and Table 3. Assuming one LoRa device
has 30000 symbols, Figure 4 depicts the symbol error rate versus the EsNo for SF = 7 in the
LoRa network'’s performance. With fewer iterations and numerical calculations, the symbol
error rate employing coherence detection on the AWGN channel can significantly lower the
EsNo number. Figure 5 shows the power spectral density and PER ratios of the
signal-to-noise.
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AWGN and Rayleigh channel

Table 4 presents the outcomes of the simulations for PER and SNR.

TABLE 4. Simulation Result PER Against SNR

Method Channel Detection PER ?(;\IBFi
Numerical AWGN Coherent 0 1
AWGN  NonCoherent 0 1
Rayleigh ~ Coherent 2.101 1
Rayleigh NonCoherent 3.10! 1

Figure 5 and Table 4 demonstrate that the numerical method employing the AWGN
channel and coherent detection for packet error rate is the best for LoRa communication
systems with PER 0 and an SNR equal to 1 dB. The packet error rate curve is used for
LoRa, specifically on AWGN or Rayleigh channels, to forecast the performance of the
communication system [33]. SNR supplied by the LoRa Semtech transceiver to calculate
the whole curve using measurements, empirical representations, and closed-form estimation
assuming AWGN or Rayleigh fading channels, which serve as benchmarks. In addition to
considering interference effects and thinking of network-generated interference, this model
forecasts LoRa performance. The average interference and noise power are added linearly
to produce the SNR value. The typical LoRa SNR ranges from -20 dB to +10 dB. The
received signal is less distorted when the value is closer to +10 dB. LoRa can demodulate
signals between -7.5 dB and -20 dB below the noise level [34].

4. Conclusions. The performance of the LoRa network demonstrates that coherent
detection on the AWGN channel is very effective in lowering noise values with 61
numerical calculation iterations and 10,000 analytical calculation iterations. This research's
contribution has been demonstrated to accurately compare analytical and numerical



calculations with coherent and noncoherent detection using AWGN and Rayleigh channels
successfully simulated in MATLAB. The coherent detection with the AWGN channel is the
appropriate model in this study when considering the best input parameters.

Q\cknowledgment. This research is a part of the doctoral dissertation and granted with the
research scheme of Penelitian Disertasi Doktor (PDD) 2023, sponsored by the Ministry of
Education, Culture, Research, and Technology of the Republic of Indonesia.

[1]
[2]
[3]
[4]

[5]

[6]
[7]
[8]
[9]

[10]

[11]

[12]

[13]

[14]

REFERENCES

S. M. Martinez, J. E. Vera, J. A. Perez, and L. C. Salgado, “Modeling resource allocation for energy
efficiency in data centers on the smart grid,” J. Teknol., vol. 82, no. 3, pp. 13-23, 2020.

R. Hamdi, M. Qarage, and S. Althunibat, “Dynamic Spreading Factor Assignment in LoRa Wireless
Networks,” in IEEE International Conference on Communications, 2020, vol. June, pp. 5-9, 2020.

N. F. A. Rashid et al., “Development of Smart Campus Applications Based on Wireless Technologies
Using Open-Source Platforms,” J. Teknol., vol. 84, no. 3, pp. 173-184, 2022.

L. Lorawan, C. Milarokostas, D. Tsolkas, N. Passas, and L. Merakos, “A Comprehensive Study on
LPWANSs With a Focus on the A Comprehensive Study on LPWANs With a Focus on the Potential of
LoRa/LoRaWAN Systems,” pp. 0—38, 2021.

A. A. Tesfay, E. P. Simon, G. Ferre, and L. Clavier, “Serial interference cancellation for improving
uplink in LoRa-like networks,” IEEE Int. Symp. Pers. Indoor Mob. Radio Commun. PIMRC, vol.
August, 2020.

B. Reynders, W. Meert, and S. Pollin, “Range and coexistence analysis of long range unlicensed
communication,” in 2016 23rd International Conference on Telecommunications, ICT 2016, no. ¢, 2016.
S. Robson and A. Haddad, “A Chirp Spread Spectrum Modulation Scheme for Robust Power Line
Communication,” no. Mv, pp. 1-8, 2021, [Online]. Available: http://arxiv.org/abs/2106.13965

C. Lehong, B. Isong, F. Lugayizi, and A. Abu-mahfouz, “A Spreading Factor Congestion Status-Aware
Adaptive Data Rate Algorithm,” 2021.

J. K. Kim, M. Lee, K. I. Lee, K. W. Park, and K. S. Woo, MATLAB Simulink for Digital
Communication. 2009.

L. C. Hwang, C. S. Chen, T. T. Ku, and W. C. Shyu, “A bridge between the smart grid and the Internet
of Things: Theoretical and practical roles of LoRa,” Int. J. Electr. Power Energy Syst., vol. 113, no. May,
pp. 971-981, 2019.

H. Mroue, A. Nasser, B. Parrein, S. Hamrioui, E. Mona-Cruz, and G. Rouyer, “Analytical and
Simulation Study for LoRa Modulation,” in 2018 25th International Conference on Telecommunications,
ICT 2018, 2018, pp. 655-659.

G. Baruffa, L. Rugini, L. Germani, and F. Frescura, “Error probability performance of chirp modulation
in uncoded and coded LoRa systems,” in Digital Signal Processing: A Review Journal, vol. 106, p.
102828, 2020.

A. Mannan and A. Habib, “Adaptive processing of image using DWT and FFT OFDM in AWGN and
Rayleigh channel,” Proc. 2017 Int. Conf. Commun. Comput. Digit. Syst. C-CODE 2017, pp. 346-350,
2017.

S. A. Arnomo, Yulia, and N. Ibrahim, “Comparison of wireless adapters interference based on
differences of floor position,” J. Teknol., vol. 83, no. 4, pp. 151-157, 2021.



[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]
[29]
[30]
[31]
[32]

[33]

[34]

G. Shyam Kishore and H. Rallapalli, “Performance assessment of M-ary ASK, FSK, PSK, QAM and
FQAM in AWGN channel,” in Proceedings of the 2019 IEEE International Conference on
Communication and Signal Processing, ICCSP 2019, pp. 273-277, 2019.

O. Afisiadis, M. Cotting, A. Burg, and A. Balatsoukas-Stimming, “On the Error Rate of the LoRa
Modulation with Interference,” IEEE Trans. Wirel. Commun., vol. 19, no. 2, pp. 1292-1304, 2020.
Semtech, “LoRa SX1276,” in Semtech Corporation, no. SX1276/77/78/79, pp. 1-132, 2016.

T. Elshabrawy and J. Robert, “Closed-Form Approximation of LoRa Modulation BER Performance,”
IEEE Commun. Lett., vol. 22, no. 9, pp. 1778-1781, 2018.

I.-R. M.1225, “Guidelines for Evaluation of Radio Transmission Technologies for IMT-2000,” vol.
2000. pp. 1-3, 2015.

N. T. Awon, M. A. Islam, M. M. Rahman, and A. Z. M. T. Islam, “Effect of AWGN & Fading (Raleigh
& Rician) channels on BER performance of a WiMAX communication System,” vol. 10, no. 8, pp.
11-17, 2012.

K. M. G. Bassel Al Homssi, Akram Al-Hourani, Kagiso Magowe, James Delaney, Neil Tom, Joan Ying,
Hans Wolf, Simon Maselli, Sithamparanathan Kandeepan, Ke Wang, “A Framework for the Design and
Deployment of Large-Scale LPWAN Networks for Smart Cities Applications,” IEEE Internet of Things
Magazine, vol. March, Australia, pp. 53-59, 2021.

A. A I. Isminarti, S. Syafaruddin, I. Amil Ahmad, “Modeling and Simulation of Long Range ( LoRa )
Communication System on Smart Grid,” in 2022 Seventh International Conference on Informatics and
Computing (ICIC), pp. 14-19, 2022.

L. Vangelista, “Frequency Shift Chirp Modulation: The LoRa Modulation,” IEEE Signal Process. Lett.,
vol. 24, no. 12, pp. 1818-1821, 2017.

S. Bharati, M. A. Rahman, and P. Podder, “Implementation of ASK, FSK and PSK with BER vs. SNR
comparison over AWGN channel,” arXiv, vol. 3, pp. 2-6, 2020.

D. Borovina, M. Zajc, A. Mujcic, A. Tonello, and N. Suljanovic, “Error performance analysis and
modeling of narrow-band PLC technology enabling smart metering systems,” Int. J. Electr. Power
Energy Syst., vol. 116, 2020.

R. Hamdi, M. Qaraqe, and S. Althunibat, “Dynamic Spreading Factor Assignment in LoRa Wireless
Networks,” IEEE Int. Conf. Commun., vol. 2020-June, pp. 5-9, 2020.

T. Elshabrawy and J. Robert, “Analysis of BER and Coverage Performance of LoRa Modulation under
Same Spreading Factor Interference,” IEEE Int. Symp. Pers. Indoor Mob. Radio Commun. PIMRC, vol.
Sept, 2018.

J. Courjault et al.,, “Accurate LoRa Performance evaluation using Marcum function,” in IEEE
International conference on Global Communications (Globecom), 2019.

L. Rugini, “Tight upper bounds on the probability of error of quaternary simplex signals,” IEEE
Commun. Lett., vol. 19, no. 6, pp. 1001-1004, 2015.

P. Seneviratne, Begining LoRa Radio Networks with Arduino. 2019.

L. Alliance and S. Ramon, “LoRaWAN 1.1 Regional Parameters,” 2017.

A. Singh and A. A. Kherani, “Designing LoRaWAN Network For Unbiased Communication Between
Nodes and Gateway,” pp. 0-11, 2021.

B. Al Homssi, K. Dakic, S. Maselli, H. Wolf, S. Kandeepan, and A. Al-Hourani, “IoT Network Design
Using Open-Source LoRa Coverage Emulator,” IEEE Access, vol. 9, pp. 53636-53646, 2021.

A. Akhbari, M. Allegretti, and L. Matekovits, “LoRa applications and validations in complex urban

environment,” 2021.



Z'l—_l turnitin Similarity Report ID. 0id:25211:35467953

® 6% Overall Similarity
Top sources found in the following databases:

* 4% Internet database * 6% Publications database

» Crossref database » Crossref Posted Content database
* 0% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

Richard W. Middlestead. "Digital Communications with Emphasis on D...

1%

Crossref
Isminarti, Syafaruddin, Amil Ahmad Ilham, Ardiaty Arief. "Modeling an... 1%
Crossref °
researchgate.net <1%

Internet
H. Mroue, A. Nasser, B. Parrein, S. Hamrioui, E. Mona-Cruz, G. Rouyer. "...<1 o
Crossref °
pt.scribd.com <1%

Internet
Giuseppe Baruffa, Luca Rugini, Lorenzo Germani, Fabrizio Frescura. "Er... <1%
(o]

Crossref
Abdul Mannan, Aamir Habib. "Adaptive processing of image using DW... <1%
(o]

Crossref
diva-portal.org <1%

Internet

Sources overview


https://doi.org/10.1002/9781119011866
https://doi.org/10.1109/ICIC56845.2022.10006938
https://www.researchgate.net/publication/325934880_Closed_Form_Approximation_of_LoRa_Modulation_BER_Performance
https://doi.org/10.1109/ICT.2018.8464879
https://pt.scribd.com/document/85801853/fsk
https://doi.org/10.1016/j.dsp.2020.102828
https://doi.org/10.1109/C-CODE.2017.7918955
https://www.diva-portal.org/smash/get/diva2:830550/FULLTEXT01.pdf

	ST_jurnal2
	D053201010_icicelb turnitin

