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ApsTrRACT. Lomg Range (Lofla) with chirp spread spectrum (CS5) modulation techmigue

has been widely developed on the Internel of Things. In this stady, we Lested the LoRa per-
formuanee af other Lollo wsers with addifiee white Ganssian noise [AWEGN) and Bayleigh

Sfading characteristics where the distracting wser was nof aligned with the chip or phase
unfh the desired sigmal. I oddifron. thies study also proves that two symmetries in the
wlerfering signal and low requirements can significantly reduce symbol computation and
error rale compared to complete erpresstons, This peper focuses an LoRe performence by
constdering e error vale in the C98 modulation system, This study ¢ baged on coherent
and noncoherent deteciion using binary fregquency shift keyamg (BESK ). The methed wsed

we this study 45 comparafive analybic with siswlobtion resulls showing that the erpression
of bt error vale {BER), symibol error rate (SER ), and packel error rale (PER), using co-
herend and noncohercnt defechion, estrmales generate precese numbers for SF = 7, BER

= (L5 agoinst B, Ny = 1 dB, SER = 1.8 against ELNy = 1 dB, and PER = 1 against
sugnal-to-noise ratio (SNK) 1 dB. In this stedy, coherence detection, AWGN channel,

and numertcal approach con reduce the required ermor rale in the communication sysiem.,

Keywords: Lola, Frror rate, AWGN, Rayleigh, BFSK

1. Introduction. The LoRa (Long Range) communication svstem has hecome excellent
an the research community and commercial nsers becanse of its advantages in transmitting

ta over long distances with relatively low energy costs. This study preseuts new resulis
for the bit error rate. svmbol error rate, and packet error rate performance of a Long Range
(LoRa) system operating in the presence of AWGN and Ravleigh channels. In detail. this
study proposes how to reduce the error rate to inerease the reliability of the communication
svstem, Thisstudy presents analytical and mumerical equation validation using orthogonal
signaling [1]. 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 [2. LoRa uses the chirp spread
spectrum {C55) modulation, created by Semtech. at the physical laver (PHY) of the
protocol stack as a form of communication 3-7]. The noise power added by the AWGN
hlock is connected to the sipnal power subsystem along with the display block to the input
of the AWCGN block, the output signal power of the channel, which will be the difference
between the swm of the input signal power and the noise power [8.9]. The contribution
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of this research is to produce an appropriate coherent and noncoherent detection model
nzed in the LoRa communication system to get the value of the BER to EyNy. SER to
£ Ny, and PER to ideal SNR using the AWGN and Rayleigh methods using MATLARB by
considering the parameters, the hest input parameter to get a low error value nsing BFSK
modulation technique. Section 2 gives a literature review, and in Section 3. this study
discusses the method using comparative analytical-munerical, where the authors compare
the analvtical and numerical ervor rate calenlations using AWGN and Ravleigh channels.
section 4 diseusses the results and discussion of the values of SF with BER againsi
EyNy, SER against E, Ny, and PER against SNR at 125 kHz bandwidth using coherent
and nomcoherent detection. Section 5 concludes by determining the correct detection and
channel for the LoRa communication system nsing the SX1276 transceiver analvtically
and mumerically.

2. Literature Review. BER sitmmlationg are presented by a researcher and evaluated
nsing 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 per-
lormance was mvestigated using numerical results — the relationship between the energy
per bit and the noise power spectral density { BNy ). According to the numerical results,
these estimations vield accurate values for SF = 7, BER values of 107" equal to 0.15, and
SNR = —10 dB with a coding rate of 4/5 [10]. A researcher tested the error probahility
performance of a LoRa communication system by proposing an accurate cstimate for the
hit error prohability of U855 modulation in an AZAGN channel. BER performance of LoRa
systems uses uneoded and coded transmission™ith coherent and noncoherent detection
for Hamming-coded LoRa signals with decoded and eoherent (or noncoherent) detection.
both 1n the AWGHN channel. System performance has been simulated on multipath chan
nels, utilizing a sunplified equalizer on the receiving end. The SN value in this study is
up to 1 dB [11). Other researchers have proposed that multicarrier modulation schemes
such as orthogonal frequency division multiplexing {OFDM) provide an efficient solution
to this problem. This rescarcher performs gravscale image processing using the least mean
square [(LMS) algonthm with a wavelet based OFDM system using a quadrature phase
shift keving (QPSK) modulation scheme on AWGN and Ravleigh channels in the single
input single output (SI50) environment. The results are compared with a conventional
adaptive OFDM system based on Fast Fourier Trapsform (FFT) [12,13]. Another re-
sparcher tested LoHa performance in the presence of AWGN and interference from other
LoHRa users by extending the existing interference model, which assumes perfect alignment
of the desired signal and existing harmonized interference overestimating the effect of in-
terference at an error rate of 1 dB |14]. This study also features numerical simulations
to strengthen the theoretical analv=is to verily the acceuracy of the proposed estimates
[15]. Other researchers measnred the SER of AWGN and Rayleigh fading chamnels. The
accuracy ol the [orecast was confirmed by comparing the estimates obiained with the
numerical data and discussing the sensitivity ol the receiver and the associated coverage
range in an AWGN-type environment using the SX1272 transceiver with a sensitivity of
PR = =137 dBm [16], whereas, in this paper, the authors use the SX1276 transeeiver
with a sen=itivity of FPHr = —148 dBm. The comparison to the numerical results con-
hrms a relatively acenrate estimate of the presented analysiz. The results for the Ravleigh
fading environment show that LoRa cannot sustain long-distance communication in an
urban environment with Ravleigh fading characteristics [17-19 .

Researchers [10] suggest adopting a low CIR to reduce the BER value, we have done
the same thing, but it does not signilicantly redoace the BEIR value. so il is oplimized
in the BFSK modulation process to reduce noise. Researchers [11-16] focus on the value
of S¥NH = 1 dB. Table 2 shows the same weight but in more detail, calculating other
parameters such as BER, SER, and PER values. Researchers’ statements [17-19] have
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been proven in this study and contribute to the right communication system unsed in

urhan environments by comparing Ravleigh and AWGN channels nsing coherent and
noncoherent detection for SNR values of 1 dB and reducing BER, SER and PER values.

3. Proposed Method. The authors analvze the error rate calenlation in the LoBRa com-
munication svstem using AWGN and Ravleigh channels analvtically and numerically in a
comparative method. AWGN 15 one tyvpe of noise in communication systems, commonly
called thermal noise, The AWGN channel 15 a universal channel model [or analvzing mod-
wlation schemes, In this model. the AWGN channel is added to the signal passige through
it using coherent and noncoberent detection. This indicates that the :1|1:1nneﬁ|11[:ﬁturlrl
[requency response is flat, and the phase response s linear for all frequencies. The mod-
nlation passes through it without amplitude, phase loss, or distortion of the frequency
components, In this study, the code desipned on the AWGN channel serves to optimize
its inherent diversity. The performance of the communication system on Ravleigh fading
can also be seen from the characteristics of BER. which theoretically has one path.

A message seul o binary data [rom the SM (smart mwetering) s modulated oo the Lolia
transmilter 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 requency shifter, which creates a modulated signal. Figure
I shows a fowchart of the Lora comumunication system on the transceiver {transmilter
and recerver).

N
A
b s Show Iramsitession power,
Inthialization of SF, B & Power spectrogram. and bandwidts
Hacerved magnal

LoRa x(iv, SF, BW, Fe, Fefo)

Enter nsessage details
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Enter sampling data Fe, &
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Interference signnl l‘
- (=)
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F1GURE 1. Flowehart of the LoRa commumnication svstem on the transceiver

In Figure 1, the LoRa communication system begins with imitializing the input value
SF =75, BW =125 kHz. f. =915 MHz, and transmit power of 14 dBm. The message is
sent from the transmitter to the receiver as a messare with 79 characters. The message
15 coded, and the input data sampling is F, and [.. Lolla transmitter sends imformation
to the receiver; this process is the same as the transmitter process in general, but what
15 different is on the receiver side. This study wses an unlicensed spectrum so that the
interference on the channel will be substantial and requires special handling [20,21]. At
the receiving end, LoRa receives the fx, §F, BW, F,, and F.-f. signals the same as
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those emitted. On the receiving side, research was developed to produce coherent and
noncoherent detection models appropriate for LoRa communication svstems nsing the
AWGN and Rayleigh methods to obtain low error values by modulating BFSK using
MATLAB.

The signal modulation procedure has been examined and verified using MATLAB uti-
lizing messages corresponding to the data sent [22]. 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 F, = BW; otherwise, it will be transmitted to the
frequency modulation process using BFSK and fltered uwsing LPF. In contrast to tradi
tional frequency modulation. BFSK i3 a constant-envelope version of angle modulation
where the modulating signal alternates between two discrete voltage levels (1 and Q) in-
stead 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 svetem’s reliability [18. A BER svstem can
be used to evaluate the effectiveness of communication systems [23-25|. It is possible to
see Lhe power spectral density of the random signal by looking at the time domain signal
i the baseband. produced by the information bit sent from the transmitter to the receiver
in the communication svstem. Bit 1 denotes the transmission condition of the informa
tion from the transmitter to the receiver. To generate an independent noise sample and
a flat noise spectrum labeled Ny /2, which is two-sided such that the convenience factor
of twio 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 Equation (1) for the
binary case where M = 2" b =1 coherent (synchronous) detection:

o E2) o )

£, 15 an enerpy per svinbol, NV is a noise energy, and SNE, is an SNR in the RC (reference
channel). For noncoherent detection Equation (2) is as follows:

—F — SR /4 [‘_f."
: |
The binary case where M = 2%, b > 1 using coherent (svnchronous) detection in Equation

(3):

it

- o= [ awera] (3

M 15 a digit that indicates the number of conditions. levels. or coimbinations that can be
made for a specific number of hinary variables. M = 25F = Ts = BW = 128, Equation
(4) presents the guality of SNR.

gly) = QY (— 2y - wu.fmf,.,b) (4)

And for noncoherent detection it is presented in Equation (5):

LYyt (M) e W 5
i

T m<+1"

Therefore. the FSK cobierent signal’s bandwidth and bandwidth eficiency can be ex-
pressed as the following Eguations (G) and (7):

R, (M +3)Ry/log, M
Beon,rsk = 2R, + (M —1) 7" = L + 3] é-t-f %

Hy 2log, M (7)
Beow vsi M+3
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The receiver's sensitivity (5) is described in the following Equation (8):
5= —148 + 10log,| B)+ NF + 5NR (])

where (—14%) is the result Uﬂmﬂljﬂl noise at the receiver i 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 varving 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 symhbol rate ( By) is caleulated using the following Equation (9):

BW R
35F | 98F 19)

iy 12-'3,1211]{!,-"2" = 976 symhol/sec. To offer functionality for ACK packets, PER mea-
surement typically requires temporal dynamic of register configuration. interrupt handling
(to verify valid finvalid packets), and switching between Ty and By modes. Bit error prob-
ability can be calculated as the [ollowing Equation {10):

JE?—#;:)

a2 + Np/2

R.(svmbol {sec) =

ﬂ.:sﬂ,axc;( (10)

Fy is a bit probability, Q) 15 the Gaussian Q-function in a standard normal distribution
or the same as a tail distribution, and N, is a noise density (watts/Hz) |[11.27 28]

As a pecessary form indicates the precise likelibood ol error lor sinplex signals in
AWGN, which can be laborious to compute. shorter arrangements are of interest. Cal-
culate simplex signals’” error probabilities in AWGN. Coherent quaternary frequency-shift
keving (FSK) and pulse-position modulation are two orthogonal sets that can easily be
ineluded in the new boundaries [29]. A simple radio signal merely indicates that the traws-
mitter is still turned on. Signals need to be modibied in some way hefore they can transter
data. There are numerous ways to accomplish this. The most common technigques involve
changing the frequency and amplitude |30]. In this study, the frequency is modified using
BFSK. Tahle 1 shows the input parameters nsed in this study.

TABLE 1. LoRa parameters [11,31]

Parameter Value
Bandwidth (£2W) 125 kHz
Spreading factor (SF) T
Frequency sampling ([ ) 10 M Hz
Frequency carrier | F, ) 921.5 MHz
Transmit power in decibels [ Fr) 14 dBm
Frequency center (f.) 915 MHz
MNumber of conditions (M) 12¥
Maodulation technigue C55
Digital modulation BFSK
Noise channels AWGN, Rayleigh
SNR 30 : 30
Time duration (T) (1,949

This study uses 5F = 7. the lowest spreading factor that increases the data rate,
leading to [aster trapsmission thne and boosting energy Lo the signal more resilient 1o
remote deplovments.

The simulation loop method creates a Gaussian distributed random number design
array. Parameters are utibized in communication to control the communication syvstem's
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error. Here, the digital modulation technigue nses the BER and SNR parameters.
SNR=T
o EfTe B
Ny BW N 25F
E. is the power spectral density of signal energy, Ny 15 the noise energy, and T, 1s the
time of signal energy,

(11)

4. Simulation Result and Discussion. erformance of BI'SK detection coherent and
noncoherent [eatures, such as known [requency and phase, known [requency and unknown
phase, and unknown frequency and phase, are present. When the frequency or phase
of the received signal is unknown, noncoherent detection should e used according to
thiz knowledge- based characteristic of the received signal. With the®nown frequency and
mmknown phase, the theoretical loss of incoherent BESK detection performancgeds reduced
by around 0.9 dB at F,, = 1077 relative to coherent BFSK detection. The™heoretical
loss of coherently detected BFSIK close to antipodal signaling is 3 dB for all bit error
situations. Howewver, when the frequency and phase are unknown, the loss depends on
the frequency uncertainty range, with a loss of 17 dB at P, = 107° 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 analyvtical
and numerical approach to wircless communication svstems are covered in this chapter's
portion, which alzo considers AWGN and Ravleigh fading. Figure 2 shows the test results
as the hit energy ratio to noise power spectral density (F,/V,) and BER.

BER and Ey Ny, SER and E, N, PER. and SNR simulation results are shown in Table

2.

Figure 2 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 (.03 and an E,Np 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 bhit rate, lengthening
the transmission time, which i1s especially problematic if the subseriber 15 far from the
hase station, LoRa operates on a 125 kHz fixed bandwidth channel, offering a trade-off
hetween sensitivity and data rate |32 . LoRa also uses an orthogonal dispersion factor,
This higher dispersion lactor provides mmcreased processing pain and greater reception
sensitivity. After being simmilated on AWGN and Ravleigh channels. BER analyvsis shows
that the LoRa modem performs well, with a BER value of 0.5 and an Ey Ny value of
up to 20 dB. Figure 2 shows the test results as the bit energy ratio to nose power
spectral density (Ey/Ny). BER displayvs the energy per symbol to noise power spectral
density (E.Ng) and SER ratios. The optimal value for the noncoherent AWGN channel
1% discussed in this simulation, which uses MATLAB software to analvze and numerically
maodel wireless communication syvstems while considering AWGK and Ravleigh [ading.

The nuwmerical method emploving the AWGN channel and coherent detection of the
svimbol error rate value, namely an SER of (0.8 and an E.N; of 1 dB, is shown to be the
best for LoRa communication svstems. Assuming one LoRa device has 30000 symbaols,
Figure 2 depicts the symbol error rate versus the £, for 5SF = 7 in the LoRa network's
performance. With fewer iterations and numerical calenlations, the symhal error rate
cmploving coherence detection on the AWGN channel ecan significantly lower the E.N;
number. Figure 2 and Table 2 demonstrate that the numerieal method using the AWGN
channel and coherent detection for packet error rate is the best for LoBa communication
systems with PER O and an SNIR equal to 1 dB. The packel error rate curve is used
for LoRa. specifically on AWGN or Rayleigh channels, to forecast the performance of the
communication system [33]. The LoRa Semtech transceiver supplied SNR to caleunlate the
whole curve using measurements, empirical representations, and closed-form estimation
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Ficurg 2. (a) Bit error probability, (b) symbal error probability, and (c)
packel error prebabdity with coberent and noncolberent demodulation using
AWGN and Rayleigh

TapLe 2. Simulation result of BER against E,Ng, SER against E; Ny, and
PER against SNIU

Method Channel Detection BER ‘?;*]"3? SER ﬁ;*g]“ PER ?fﬂﬂ}
Numerical AWGN Coherent (L0 1 (1.8 1 () 1
AWGN  Noncoherent (.08 1 0.9 1 () 1
Rayleich  Coherent (.1 1 (1.8 1 0.2 1
Rayleigh Noncoherent (0.2 1 (.9 1 (1.3 |

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 Lolla performance, 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 [33].
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5. Conclusions. The performance of the LoRa network demonstrates that coherent de-
tection on the AWGN channel effectively reduces noize valunes at SNRE = 1 d3. Thiz
research’s contribution has been verified to accurately compare analyvtical and numerical
calculations with coherent and noncoherent detection uging AWGN and Rayleigh channels

successfully simulated in MATLAB. The ccherent detection with the AWCGN channel is
the appropriate model in this study when considering the best input parameters, In the
future, the anthors will implement this regearch on a smart grid communication svstem
with a security svstem to produce high reliability.
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