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Abstract

Objectives. The article aims to investigate the authors’ developed peak-to-average power ratio (PAPR) reduction
method using an additional compensation signal in orthogonal frequency-division multiplexing (OFDM) systems,
employing polynomial regression for method parameter selection.

Methods. The study utilizes statistical radio technique methods and mathematical modeling to approximate the
relationship between bit error rate (BER) versus clipping threshold level and number of additional signals using
polynomial regression analysis.

Results. We developed an algorithm for parameter selection in the PAPR reduction method with an additional
compensation signal for OFDM systems using polynomial regression. This approach enables rapid system
performance evaluation without additional computational overhead for mathematical modeling. The method
significantly simplifies the optimization of clipping threshold and number of additional signals, eliminating the need
for complete simulation cycles for each configuration. Both simulation and analytical calculations confirm that
increasing the clipping threshold reduces BER, while increasing the number of additional signals improves clipping
accuracy at the cost of higher computational complexity. Optimal parameter selection achieves a compromise
between PAPR reduction and signal quality preservation. Furthermore, we established that for a fixed clipping
threshold, there exists an optimal number of additional signals providing the best trade-off between error probability
and peak value reduction.

Conclusions. An algorithm for selecting the parameters of the clipping method with an additional compensation
signal based on polynomial regression has been developed. This algorithm enables real-time evaluation of system
characteristics without additional computational costs associated with repeated mathematical modeling. The
proposed approach reduces calculation time by more than a factor of five, offering flexibility and adaptability in the
design of OFDM systems with PAPR reduction.
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Peslome

Llenu. Lenbio ctatbn aBASIETCA UCcnenoBaHne pa3paboTaHHOro aBTopamMm MeToaa OorpaHuyeHus nuk-gakropa
C OOMOJIHUTENbHBIM CUFHANIOM B CUCTEME CBSI3U C MYJIbTUMIEKCUPOBAHNEM C OPTOrOHaIbHLIM YaCTOTHbLIM pasae-
neHvem kaHanoB (orthogonal frequency division multiplexing, OFDM) npu ncnonb3oBaHnUU NOAVHOMUWANILHOM pe-
rpeccumn ansa BbiIbopa napamMeTpoB MeToAa.

MeTopabl. B paboTe ncnonb3oBaHbl METOALI CTATUCTUYECKON PAANOTEXHUKM, MATEMATUYECKOrO MOAENMPOBAHMS
L1591 annPOKCUMAaLMM 3aBUCUMOCTN BEPOSTHOCTY OUTOBOM OLLMOKN OT BENIMUYUHBI YPOBHS OrPaHMYEeHns 1 Ymcna ao-
MOJIHUTENbHbLIX CUTHANO0B NPU UCMOIb30BAHUM MOIMHOMUAJIbHOM PErpeccuin.

PesynbTatbl. PagpaboTtaH anroputMm Bbibopa napaMeTpoB METOAa OrpaHnUYyeHus nuk-gaktopa ¢ AOMOJHUTENb-
HbIM CUTHAJIOM B CUCTEME CBA3U C MYJIbTUMIEKCUPOBAHMEM C OPTOrOHAsNbHBIM YaCTOTHbLIM PasaefieHNeM KaHanoB
Ha OCHOBE MOJIMHOMUAJILHOW pPerpeccun, No3BONSIIOWNIA ONepPaTUBHO OLLEHUBATb XapaKTEPUCTUKN CUCTEMbI 6e3
LOMOJIHUTENbHbLIX 3aTPaT BPEMEHN HA MaTeEMATMYeCKOe MOAENNPOBaHNe. OTO 3HAYUTENBHO yNpoLLaeT BbIGOpP on-
TUMaNbHOrO YPOBHSI OFPAHUNYEHUS N YMCNa OOMOJIHUTENbHbBIX CUrHANIOB 0€3 BbINMOHEHWS MOMHOIO LMKIa MOAENM-
pOBaHWSA ONs Kaxaon KoHdurypaummn. MooenmpoBaHve 1 aHannTuyeckme pacyeTsl NOATBEPANIN, HTO YBENNYEHNE
YPOBHS OrpaHMyeHns CoCOOCTBYET CHUXEHUIO BEPOSTHOCTM GUTOBO OLUNOKM, @ YBENTMYEHNE YMCNA OOMONHUTENb-
HbIX CUIHANIOB Y/yYLLIAET TOYHOCTb OrPaHNYEHUSs], OJHAKO BbI3bIBAET POCT BbIHMCAUTENBHbIX 3aTpaT. ONTUManbHbIN
BbIOOP MapamMeTpoB NO3BONSIET AOCTUYb KOMMPOMUCCA MEXY CHUXEHMEM NNK-daKTopa 1 COXPaHEHNEM KavyecTBa
curHana. Takxe yCTaHOBEHO, YTO NPy GUKCUPOBAHHOM YPOBHE OrpaHUYeHns CyLLLEeCTBYET ONTUMASIbHOE 3HaYeHne
yncna AOMNOSIHUTENbHbLIX CUTHANOB, 00EeCneYmBaioLLee Haunyyliee COOTHOLLEHNE MeXAy BEPOATHOCTbIO OLUNMOKMK
1 CHUXXEHUEM MUKOBbIX 3HAYEHUA.

BbiBoAabl. MNpennoxeHHbI Noaxon No3BONSIET COKPATUTbL BpeMs pacyeToB 6onee 4em B 5 pas, obecneunsas rmb-
KOCTb M aAanTMBHOCTb Npu NpoekTupoBaHum OFDM-cuctem ¢ orpaHnyeHUEM MUKOBbIX 3HAYEHWIA.

KnioueBble cnoBa: MeTon OrpaHnNYeHns C AONOSHUTENBHBIM curHanom, OFDM-curHan, nuk-¢gakTop, MeTOA CHU-
XEeHUA NuK-dakTopa, NoAMHOMManbHas perpeccus
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npospatmocn: d)l/lHaHCOBOVI AeaTesibHOCTU: ABTOpr HEe MMeloT d)I/IHaHCOBOI‘/JI 3anHTEepPeCcoBaHHOCTW B npeacTaB/eH-

HbIX MaTepunanax nnm MmetTogax.

ABTOPbI 3a9BNSIOT 06 OTCYTCTBUM KOHGMIMKTA MHTEPECOB.

INTRODUCTION

In wireless communication systems, modulation
is an essential component for efficient information
transmission and reduced interference effects. The
orthogonal frequency division multiplexing (OFDM)
is a modern and widely used modulation method that
solves key problems in this area [1-5]. It provides high
data transfer rates, reduces the bit error rate (BER) [6, 7],
and utilizes bandwidth efficiently. However, one of the
main challenges of OFDM is its high peak-to-average
power ratio (PAPR), which can lead to performance
issues. The development of methods to reduce PAPR is
crucial for improving system performance and usability.
In order to address this problem, the present authors have
developed a method called MODS (modulation of the
peak factor with additional signals). The effectiveness of
this method, which involves limiting the peak factor of
an additional signal, depends on two main parameters:
the set clipping threshold C and the number of additional
signals m. Since these parameters affect the ability of
the method to reduce PAPR, their study and evaluation
are essential for the successful application of MODS in
specific situations.

The paper considers the selection of
MODS parameters when using polynomial regression.

OFDM SIGNAL

A discrete OFDM signal can be mathematically
expressed in the following way:

1 H-1 jzﬂgv
LOFDM(V):EZK(g)e H ,v=0,H-1, (1)
g=0

where H is the total number of subcarriers; K(g) represents
the information transmitted on the gth subcarrier; v is the
OFDM sample number; j stands for the imaginary unit.
For a discrete-time OFDM signal, the peak factor is
defined as the ratio of the maximum signal power to the
average power [8—12]. This can be expressed as follows:

B max { L%)FDM (V)‘}
Fovg {‘L%)FDM (V)‘} ’

PAPR(Loppy (V) = 2)

Lrom (v)‘} is the maximum power of the

where P, {

OFDM signal, F,,, {‘L%)FDM (v)‘} is the average power of

the OFDM signal, and |LOFDM (v)| represents the
amplitude of the vth sample of the OFDM signal.

When using this method, the amplitude of the
OFDM signal is limited to a certain threshold value
while maintaining the initial phase of each sample,
which can be expressed as follows:

Lip ) at |L;

nt

w|<c.

. 3)
Ce/tn at |L, (v)[>C,

Ly (v) =

where C'is the clipping threshold; |Lint (v)| is the amplitude
of the initial signal; ¢, is the phase angle of the initial
sample.

For the Lnyppy(v) signal, we search for those
positions (position numbers are denoted by ¢g) where
the signal amplitude is greater than the clipping
threshold C. When transmitting data with signal
clipping, information is lost at some of these positions.
To compensate for this loss, the transmitted L, signal
is supplemented with samples containing information
about position ¢ and the L 4,(¢) signals are added,
which is the difference between the initial and clipped
signals [13—-15]:

Lyga (@) = Ling (@) = Ly (9)- 4)

Thus, there are no samples in the transmitted signal L, 4
whose amplitude exceeds the threshold value C. However,
there is no information loss, as it is possible to reconstruct
the original samples using their numbers g and additional
data L _,,(q). The number of extra samples reserved for
transmitting the position numbers g and values of L _;4(q)
is denoted by m.

PARAMETER SELECTION
FOR POLYNOMIAL REGRESSION

In the MODS method, BER is influenced not only
by the signal-to-noise ratio (SNR) but also by specific
method parameters, such as the clipping threshold C and
the number of reserved additional samples m [16]. To
streamline the optimization of these parameters through

Russian Technological Journal. 2025;13(6):78-85

80


https://doi.org/10.32362/2500-316X-2025-13-6-78-85
https://www.elibrary.ru/GBSHAL

Method of peak factor reduction with compensation signal
in OFDM system using regression for parameter selection

Olga V. Tikhonova,
Anatoly |. Starikovskiy, Pham Thanh Tuan

mathematical modeling, the process can be simplified
by approximating simulation results using polynomial
curves derived from the previously obtained data.

The nth-degree polynomial regression is expressed
through the following equation [17]:

z=bh, +b1x+b2x2 +...+b,x", ®)

where by,b;,b,, ... b, are the regression coefficients that
need to be determined.

The process for finding these coefficients involves
several key steps:

Step 1. Generate the initial dataset by forming pairs of
points  (x;,2),(X5,25), .os (X;,2;) derived from the
graph created through mathematical modeling.

Step 2. Identify the degree of the polynomial n in
accordance with equation (5).

Step 3. Develop a system of equations.

The system of linear equations is created based on
the initial data to find the coefficients. Each data point
generates an equation in the following form:

2 n _

by +byxy +byx{ +...+ b, x{' =z,
2 n_

by +byxy +byx5 +..+ b, x5 =z,, ©)

2 n _
by +byx;. +b2xk +...+bnxk =z.

In matrix form, the system of equations can be
written as follows:

L. X (b Z
1 ... xI bl 2y

: ? S B PR ()
1 xl’g bn Zk

orG-b=z

Step 4. Solve the system of equations to determine
the coefficients by,b,b,, ... b,.

The solution can be found using the least squares
method:

b=(GTG)1GTz. (8)

The BER dependence on the clipping threshold C
for SNR = 10 dB and m = 16 is shown in Fig. 1, based
on simulation results.

The graph analysis shows a decrease in the
BER value with an increase in the clipping threshold C.

The BER curve and the data obtained using the
polynomial regression method are shown in Fig. 2:

p(C)=0.5609—0.0287 - C+6.1966-10~% . C2 —
—6.0957.1076.C3 +2.2886-1078 . C4.
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Fig. 1. Numerical values for the BER dependence
on the clipping threshold C for SNR =10 dB
and m = 16 (simulation)
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Fig. 2. Numerical values for the BER dependence
on the clipping threshold C (regression)

The analysis of Figs. 1 and 2 confirms the close
agreement between the simulation and approximation
results. The use of pre-computed coefficients for
polynomial regression significantly reduces the number of
computations required for analyzing MODS parameters.

CALCULATION RESULTS
A.SNRis5dB

The BER dependence on the clipping threshold C
at SNR = 5 dB for various m values obtained through
simulation is shown in Fig. 3.

The corresponding dependencies calculated using
the regression method are shown in Fig. 4.

The regression line equations for m = 4, §, and 16
are the following:

P (C)=0.4517-0.018-C+4.2528-1074-C2 —
—4.5383-1076 - C* +1.8219-1078 . C4,
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p,(C)=0.3818-0.0121-C+2.543-1074-C? -
—2.4828-1076-C3 +9.3811-10 - C4,

p;(C)=0.4517-0.018-C + 4.2528-1074-C2 -
—4.5383-1070-C3 +1.8219-1078 - C4.
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Fig. 3. BER dependence on the clipping
threshold C (simulation)
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Fig. 4. BER dependence on the clipping
threshold C (regression)

B. SNRis 10dB

The BER dependence on the clipping threshold C
at SNR = 10 dB for various m values obtained through
simulation is shown in Fig. 5.

The corresponding regression lines are shown
in Fig. 6.

The regression line equations for m = 4, 8, and 16
are the following:

p,(C)=0.741356—0.03974 - C + 8.8787-1074.C2 —
—-8.973-107¢.C3 +3.355-10°8 . C4,

p,(C)=0.67576—0.0348-C + 7.5598-107* - C2 -
—7.4855-1076 - C3 +2.8257-1078 - C4,

p3(C)=0.61-0.0289-C+5.701-107* - C? -
~5.1075-107-C3 +1.744-1078 . C4.
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Fig. 5. BER dependence on the clipping
threshold C (simulation)
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Fig. 6. BER dependence on the clipping
threshold C (regression)

C.SNRis 15dB

The BER dependencies for SNR = 15 dB obtained
by simulation and regression are shown in Figs. 7 and 8,
respectively.

Regression line equations are the following:

p,(C)=0.8899—0.0584 - C+0.0014 - C? —
—1.5618-1075-C3 +6.3155-1078 - C4,

p,(C)=0.859-0.0567-C+0.0014-C? —
—1.5295-1075-C3 +6.2075-1078 - C4,
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used to estimate and optimize the C and m parameters,
allowing for the approximation of curves without the
need for full-scale simulations. This method significantly
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Fig. 8. BER dependence on the clipping
threshold C (regression)
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