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ABSTRACT

In Cognitive Radio Networks (CRNs), Peak-to-Average-Power-Ratio (PAPR) reduction is crucial for mitigating
distortion in signals while optimizing spectral efficiency. This work offers a novel strategy for effectively reducing
that PAPR in CRN systems, especially when secondary users are incorporated, by utilizing VLSI (Very-Large-
Scale Integration) design approaches. The proposed strategy investigates VLSI methods for PAPR reduction, such
as Partial-Transmit-Sequence (PTS) techniques. The system is appropriate for CRN applications because it can
accomplish real-time PAPR reduction while preserving low power consumption and compact size by implementing
these approaches in VLSI hardware. This could entail particular strategies for controlling PAPR with secondary
users, such as joint PAPR and spectrum sensing approaches, dynamic power allocation, or user scheduling algorithms.
Utilizing the predetermined values of pilot tones, the suggested decoder investigates every possible combination
of weighting variables to determine which combination the transmitter has chosen and employed. There appears
to be no data rate loss with the proposed decoder since it does not require any more pilot tones. This study next
gives a digital execution of the described PTS decoder and illustrates its low power qualities, as well as the design
and the encoder required at the transmitter to operate the suggested system is being developed using VLSI. The
suggested architecture makes it easier for SUs to integrate with CRNs seamlessly. It allows SUs to effectively take
advantage of available spectrum opportunities while complying with CRN restrictions and reducing interference with
primary users by tackling PAPR and spectrum sensing concurrently. Furthermore, the study discusses the difficulties
of incorporating secondary users into CRNs while retaining PAPR management.
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1. INTRODUCTION

In OFDM, a single data stream is sent over several lower rate
subcarriers, a special kind of multicarrier transmission. The
primary benefits of OFDM consist in its enhanced resilience
to frequency selective fading and narrowband interference,
furthermore to its effective utilization of available bandwidth.
The increase in PAPR and high susceptibility of time and fre-

quency synchronization problems are two of OFDM systems’
main disadvantages. When a high PAPR signal is pushed
through nonlinear equipment, like a Power Amplifier (PA), it
distorts and becomes out-of-band noisy. Using linear Power
Amplifiers (PA) with adequate back off can help solve this
issue. Nevertheless, the drawback of this technique is its
excessive power consumption.

Consequently, it is important to utilise a PAPR reducing strat-
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egy, such as intentional clipping [1], suitable block coding
[2], or nonlinear pre-distortion of the broadcast signal [3].
The Partial-Transmit-Sequence strategy and the Selective
Mapping method [4] are two viable, distortion-free methods
for enhancing the PAPR’s statistics.

In situations of practical interest, system-level low-power use
of SIMM can be used to accomplish operation and PTS-based
PAPR reduction. Through that use of constant weighting
variables to phase shift signal sub blocks, the PTS method
creates S different visualizations for the signal that have to be
sent. To be the sender is the smin th sequence (1 ≤ smin ≤
S) with the lower PAPR. The related decoder at the end user
[5, 8] must know the weighting factors that the transmitter
uses. The value of s could be sent as side information (SI).
Cimini and Solleenberger [9] provided an integrated SI 1
transmission system that uses a marking algorithm at the
point of sending and a decision statistical at the point of
reception. The signal transmitted by the marking algorithm
includes the SI. Feng et al. [10] have proposed improved
embedded SI broadcast algorithms for the PSK and the QAM
signs.

According to Muller and Huber [11], weighting variables
can be discussed in the receiver by assigning multiple pilots
to the transmitter. To achieve reduced complexity, Feng et
al. [12] executed the OFDM modulated of encoded SI in this
of data separately. Assuming that the total power transferred
is limited, Lei et al. investigate the effects of several power
allocation techniques between information and SI [13].

Jayalath and Tellambura [14] have presented a maximum
likelihood (ML) decoding requiring side information in an
SLM then PTS based PAPR minimization techniques. The
SLM as well as the PTS decoding methods, which were pro-
posed in do not lose capacity because of side information
issues, nor do they worsen bit-error rate (BER). These bene-
fits are offset by reduced throughput and increased receiver
complexity due to the pilot tones required for estimations of
channel.

OFDM is being investigated for today’s communication tech-
nology that demands high data rates and increased resilience
to interference because of its advantage of withstanding harsh
channel conditions. Optimising the signal-to-noise ratio and
getting rid of Inter Symbol Interface (ISI) are critical for long-
distance communications. However, employing the OFDM
approach output with a large PAPR liability that impairs the
power amplifier’s performance.

We present a PTS-based method that makes uses in pilot tones
with this paper. No new pilot tones required to be developed
because the transmitter’s PTS scheme has been suitably up-
dated. All that is needed are the current pilot tones, which are
utilised for synchronisation. Thus, the recommended tech-
nique implies no loss in datarate. Furthermore, presuming
uncoded OFDM symbols and transmission across an AWGN
channel, when QPSK signals modify the carrier element of
the OFDM representation, there is no decline in bit-error-rate
in comparison to OFDM networks without PAPR reduction.
In both cases, the recommended strategy significantly reduces
PAPR.

The suggested decoding scheme’s use is assessed for the
802.11a [15] OFDM system, which is currently in use. The

VLSI architecture of the circuits needed for PTS application
in transmitter and the PTS decoding in receiver is shown of
the paper. When taking into consideration the power con-
sumption of the recommended PTS decoder, the power de-
mand of the circuit using PTS in the sending device, and the
reduction in PA power consumption due to PAPR reduction,
the total power consumption can be lowered by over 18%. It
should be highlighted that PAPR reduction also lowers the
power usage of the Analog to Digital (ADC) and the Digital
to Analog (DAC) translators utilised by the transmitter as
well as the receiver, respectively [16]. Nevertheless, these
impacts are not investigated in this research.

The remaining section in the paper is organised by: Section
II covers the fundamentals of OFDM transmission, provides
an explanation of PAPR, and presents the PTS methodology.
The suggested technique for decoding PTS is demonstrated
in Section Ill, and the digital deployment of PTS on the
transmitter and its decoder on the receiver for a particular
OFDM standard is outlined in Section IV. The efficacy of
the recommended strategy and the decrease in overall power
consumption are covered in Section V. Section VI and VII
covers conclusions and future scope in the end.

1.1 Existing System

Peak-to-Average Power Ratio (PAPR) reduction in communi-
cation systems, particularly in multicarrier modulation like
OFDM, employ techniques such as Clipping and Filtering
(simple but distorts signals), Selected Mapping (SLM) and
Partial Transmit Sequence (PTS) (effective but computation-
ally intensive and require side information), and Tone Reser-
vation (TR) or Tone Injection (TI) (trading spectral efficiency
for reduced PAPR). Other methods include Active Constella-
tion Extension (ACE), Companding Techniques (like µ-law),
Coding Schemes, and Digital Predistortion (DPD) to miti-
gate amplifier non-linearity. Emerging approaches, like deep
learning-based methods and hybrid techniques, offer adaptive
solutions, while trade-offs exist between complexity, spectral
efficiency, and performance.

1.2 Basic Notation

The bits of input data that are binary are initially translated
into QPSK or QAM symbols. The resultant symbol sequence
is modulated/demodulated using an IFFT/FFT pair. The se-
quence of N point IFFT result is,

xk =
1
N

N−1

∑
n=0

Xne j2πnk/N . (1)

Where, Xn is the sequence of sent symbol and N is the block
size.

The signal’s PAPR can be expressed as the square root of
the ratio between the signal’s average power and peak power
magnitude. i.e.,

PAPR =
maxk |xk|2

E{|xk|2}
. (2)

Where, E is the operator for expected value.

The PTS technique divides the input data-vector X =
[X0,X1, . . . ,XN−1] into V equal-sized a pair-wise chaotic sub-
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blocks, each of which has a distinct collection of subcarriers.
PTS creates vectors Yυ , υ = 1, . . . ,V , such that X = ∑

V
υ=1 Yυ ,

which encode V partial-transmit-sequences of length N. Ev-
ery exploited subcarrier that uses the basic OFDM sign has
a separate PTS. Each PTS sets the element positions corre-
sponding to the subcarriers Xi that reside in another PTS to
nought.

Forming a weighted set in the V subblocks is the objective of
the PTS technique Yυ as follows,

Ys =
V

∑
υ=1

b(s)υ Yυ . (3)

where bω , ω = 1,2, . . . ,W , are weighting factors which have
been suitably chosen to lower the PAPR of ys,: = IFFTYs,, s
= 1, 2,..., Vw.

The following describes the way the IFFT’s linearity is used
to determine ys,:

ys = IFFT

{
V

∑
υ=1

b(s)υ Yυ

}
=

V

∑
υ=1

b(s)υ yυ . (4)

where yυ = IFFT{Yυ}.

A vector that fulfils this condition corresponds to weighting
factors b, that produce the signal with a small PAPR

b = {b1,b2, . . . ,bW}= arg min
b1,b2,...,bW

(max |ys|) . (5)

1.3 Proposed Side Information Retrieval

For OFDM system, a set of ys, of (4) is received by the
receiver in the lack of a noise source. Z = FFTys, resultant
OFDM demodulation is calculated using an FFT. Block Z is
then divided into the V blocks in the equal manner as in the
sender, so that Z = ∑

V
ν=1 Zν ,. If the recipient knows b, we

need to multiply Z by the vector b’ so that

b⊙b′ = {1,1, . . . ,1}. (6)

Where denotes the element-wise multiplication.

Hence,

Z =
V

∑
υ=1

b′υ Z′
υ . (7)

Z =
V

∑
υ=1

b′υ FFT{z′υ}. (8)

Z = FFT

{
V

∑
υ=1

b′υ z′υ

}
. (9)

Since zυ ′= bω yυ , it is given as below

Z = FFT

{
V

∑
υ=1

yυ

}
=

V

∑
υ=1

FFT{yυ}. (10)

Z =
V

∑
υ=1

Yυ . (11)

Z = X . (12)

Consequently, the initial OFDM sign occurs properly.

When the suggested PTS decoder is employed, the end user
no need to be conscious of b. It is possible that the receiver
understands of all allowable weighting factors and how the
original OFDM symbol was partitioned. We suggest that the
transmitter enforce the present of precisely one pilot tone
each subblock in order to aid in PTS decoding. It should be
mentioned that in this case, the modulation of pilot tones is
done by a constant known value rather than by the index of
b, that would correspond to the component of b that yields
the low PAPR as suggested by Feng et al. [12]. By utilizing
the obtained data in the ith pilot tone, which is the pilot tone
present in subblock i, the suggested decoder can determine
the factor bi that multiplies subblock i at the transmitter.

Figure 1. BER performance for the OFDM system with 256 subcar-
riers.

Taken the received values following FFT demodulation are
given as [r1,r2,..., rw], and that the datavalues of the pilot
tones in the sender side prior to IFFT modulation are [a1,
a2,. . . , aw]. The minimal distance detection decision rule
[17, 18], BER on AWGN channel, identifies the estimated
set of weighting components, bt = [b1t, b2t, . . . .., bWt], that
have been employed in the transmitter as follows:

b̂ =
[

argmin
b′1

|a1 −b′1r1|, argmin
b′2

|a2 −b′2r2|, . . . ,

argmin
b′W

|aW −b′W rW |
]
.

(13)

Where the norm |.| denotes that square of the Euclidean dis-
tance and

[
b′1,b

′
2, . . . ,b

′
W
]
=

[
1
b1

,
1
b2

, . . . ,
1

bW

]
. (14)

where, each bi is able to take any potential weighting factor
value.

Stated otherwise PTS in decoder multiplies the received data
of the ith pilot tone by all the allowed values ofbi’, and then
chooses the value that minimises of the Euclidean distance to
the existing predetermined value in the ith pilot tone.

The receiving value for the specific pilot tone, r, the constant
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data of the pilot tone, a, and the weighting factor, b’, in the
general case, are complex numbers, ar + jai, br’+jbi’, and rr
+ jri, respectively. By extending (13’s) distance metric, we
obtain

|a−b′r|2 = |ar +b′iri −b′rrr + j(ai +b′rri −b′irr)|2

= (ar +b′iri −b′rrr)
2 +(ai +b′rri −b′irr)

2.
(15)

Weighting factors b are chosen such that b = ejθ . Hence
br’2+bi’2=1,

|a−b′r|2 = a2
i +a2

r + r2
i + r2

r −2ai(b′rri +b′irr)

+2ar(b′iri −b′rrr).
(16)

The terms ai2, ar2, ri2 and rr2 are common to all distance
metrics, so they are disregarded in the computations. Addi-
tionally, the unchanged value of the specific pilot tone can be
interpreted as a real number without compromising perfor-
mance; that is, the following streamlined ai =0 which be used
in place of (15):

|a−b′r|2 = 2ar(b′iri −b′rrr). (17)

Let us suppose that the primary OFDM signal has been split
into four sub blocks based on the IFFT structure, and that 1, j
are potential weighting factors. As predetermined value one
is transmitted every each of the primary four carriers in the
OFDM sign, or the initial carrier per sub block, which are
designated as pilot tones.

The received values are utilized by the suggested PTS decode
in the reception device related to the specific four subcarri-
ers to determine the appropriate combination of weighting
elements. As per (14), for the specific PTS scheme, b’ ∈
1, —j. Considering that ar = 1, to find the smallest distance
of (17), the real and imaginary components that make up
the obtained signal of each pilot tone are simply compared.
Stated differently, four tests are sufficient to ascertain the
mix of weighting parameters used in the transmission process
without communicating any further data.

The effectiveness in the described decoder is show in Fig-
ure 1 for a 256-carrier OFDM system using QPSK signals
modulating each carrier [19, 20]. The described decoder’s
performance, measured in bits per second, or BER, is con-
trasted with the OFDM sign in which the user knows the
pair of weighting factors, b, that were chosen by the sender
using the PTS technique. An AWGN-channel which can
be used to transmit the OFDM signal. The BER obtained
by the recommended the PTS decoding in QPSK-modulated
OFDM systems is found to be nearly identical to the BER in
situations when the user receiver known of the transmitter’s
weighting factor combination. When using 16-QAM modula-
tion, the BER functionality of OFDM systems deteriorates.
Comparable outcomes are achieved for OFDM networks that
have various carrier counts.

In this work, we propose that there is no need for further
pilot frequencies as of yet. Instead, the pilot tones that are in
use now are used. The paragraph that follows evaluates the
results of the suggested approach with a real OFDM system,

namely 802.1 la.

2. PROPOSED METHODOLOGY

By integrating spectrum sensing and Peak-to-Average-Power-
Ratio (PAPR) reduction into a single VLSI (Very-Large-Scale
Integration) chip made especially for secondary users, the
recommended method addresses a crucial issue in Cognitive
Radio Networks (CRNs) [21, 22]. Through the use of pro-
posed models such as clipping or commanding, this VLSI
approach can enable secondary users to properly sense spec-
trum that is available while lowering the power fluctuations of
their own signal, potentially improving both user integration
and spectrum utilization. To prevent adding signal distortion
or placing undue computational strain on the system, the de-
sign must carefully balance the cut-off in between with PAPR
reduction and preserving accurate spectrum sensing.

Figure 2. Proposed block diagram.

The combination that outputs for the largest PAPR reduction
is referred to as "optimal" in this context. Techniques for
reducing PAPR vary depending on the requirements of the
framework and are subject to several variables. Before im-
plementing a PAPR-reduction techniques of the system, a lot
numbers of issues are considered, including the capacity for
PAPR reduces, that increase in transmit power, the loss of
data rate, the difficulties of the computation, and the rise in
bit-error rate at the reception end.

By merging Partial-Transmit-sequences, Muller and Huber’s
research offers an efficient and adaptable peak-power reduc-
tion technology for OFDM signs. That the fundamental con-
cept in the system is to rotate each non-overlapping sub block
of the block of data using a statistically independent rotation
factor. As side information, the rotation factor is also sent
to the receiver, producing the domain in time value with the
smallest peak amplitude. It is represented in figure 3.

Figure 3. PTS block diagram.
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In Partial-Transmit-Sequence (PTS) strategy is a method for
enhancing a multicarrier signal’s statistics. The fundamental
principle in Partial-transmit-sequences method is to split the
produced OFDM sequence divides into many subsequences,
multiplying each subsequence by various weights until the
best possible result is obtained.

In this method, input data block X is separating partitioned
with the M disjoint sub blocks is

Xm = [Xm,0,Xm,1,Xm,2, . . . ,Xm,N−1]
T . (18)

Where m=0,1,2, ..., M-1; such that

M

∑
m=1

Xm = X .

gives Xm=X and sub blocks are combined to minimize PAPR
in time domain. Here, S moments An over-sampled time
domain signal of Xm (m=0,1,2....m-1) can be generated by
concatenating (S-1)N Zeros with the IDFT length of NS on
Xm.

Each sub-block vector in the frequency domain X has the
same size N, and that given data is divided into V non-
overlapping sub-blocks. Hence, N/V nonzero components
make up each and every sub-block, with the remaining por-
tion being set to zero. Presume here is that without space
between any of these sub-blocks and that they are all the same
size. Given is the sub-block vector.

X =
V

∑
ν=1

bν Xν . (19)

2.1 The PTS encoder

The OFDM symbol is divided into four sub blocks in accor-
dance with the IFFT structure in order to apply PTS. By using
the specific partitioning strategy, the V parallel IFFTs’ im-
plementation complexity is lowered to that of classic OFDM,
or OFDM without user in PTS. The statistical distribution
for PAPR is given as the characteristic with OFDM transmis-
sion. In this reason, the following uses that complementary
cumulative-distribution-function, the CCDF = Pr(PAPR > PA-
PRO). The likelihood that the PAPR of an OFDM symbol will
be greater than a specific PAPR value is expressed by CCDF.
To get the CCDF, 100000 random OFDM symbols—each
carrier of which has been modulated by QPSK—were cre-
ated in the conducted trials. A four-fold oversampling of the
transmission signal is applied to increase the approximation
of the continuous-time PAPR.

2.2 The PTS decoder

The proposed PTS decoder uses carrier −7’s pilot tone, des-
ignated as c, to identify b1, and carrier −21’s pilot tone,
designated as d, for b2. Initial declaring that the noise char-
acteristics are the same for every transmitted carrier, the de-
coder’s performance remains unaffected by the selected pilot
tone. Based on (17) and the knowledge that b1 ∈ {1,− j}, the
choice for b1 is as follows:

b′1 =

{
1, −Rc <−Ic or Rc > Ic,

− j, otherwise.
(20)

where Rc and Ic denote the real and the imaginary part of c
respectively. The decision for b2, is derived from Table 1.

Table 1. Decision rule for b2.

Minimum value Rd −Rd Id −Id

b2 1 −1 − j j

The BER usefulness has been determined that the suggested
PTS decoder in the instance when the receiver knows of the
transmitter’s weighting factors. A lot of varieties of SNR
levels and an AWGN channel are used to assess the BER.
The suggested decoder performs nearly identically with the
case says that the receiver is conscious of the employed b for
the QPSK modulated OFDM signals. There is zero data loss
rate when the advised decoder is used because no extra side
information is sent. In addition, the extra circuit needed for
the PTS decoding which received is inexpensive to design
and quite basic.

2.3 Signal-to-Noise Ratio

The signal-to-noise ratio, often known as SNR or S/N, is a
metric used in engineering and research to express how much
noise has distorted a signal. The ratio of the power of signal
to noise power destroying signal is known as the signal-to-
noise ratio, or SNR. Greater signal to noise is indicated by a
ratio greater than 1:1.

SNR =
Psignal

Pnoise
. (21)

where Psignal is the signal power and Pnoise is the noise power.

2.4 Bit Error Rate

The recipient side of the bits error rate (BER) of a communi-
cation system can be impacted by an array of variables such
as wireless multipath fading, attenuation, interference, dis-
tortion, transmission channel noise, and bit synchronization
concerns. Bit error rate (BER) can be lowered by employing
a channel coding scheme, line coding scheme, sluggish and
consistent modulation approach, or great signal quality.

Figure 4. Comparison analysis for the PTS technique.
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Figure 4 represents the comparison analysis for PTS Tech-
nique. The two other crucial metrics that produced to be
computed for an initial Orthogonal-Frequency-Division Mul-
tiplexing (OFDM) signal are the Signal-to-Noise Ratio (SNR)
and Bit-Error-rate (BER). The Additive-White-Gaussian-
Noise (AWGN) channel, which adds noise or an undesired
signal to the original OFDM signal, allows the SNR and BER
to be easily measured.

3. RESULTS AND DISCUSSIONS

Taking into account that this is the mean DC input power
sufficient to generate an amount of output power utilizing an
PAPR mitigation technology is applied to lower the PAPR
value from the value ξ to the value ξ ’,

P′
inAVG =

ξ ′

ξ
PinAVG (22)

Pan = PinAVG − ξ ′

ξ
PinAVG (23)

Pan =
∆ξ

ξ
PinAVG (24)

where ∆ξ = ξ −ξ ′ is the achieved PAPR reduction.

The digital components of both sender and the receiving must
undergo additional processing subsequently of the PTS PAPR
reduction method’s deployment. Assume that Ptran is the
additional power gain produced by the transmitter While the
PTS process is employed digitally, Prec reflects the extra
power that the receiver uses whenever using PTS parser is
advised. Therefore,

Pg = Pan −Ptran −Prec. (25)

Where Pan is determined by (24) and Ptran and Prec are the
approximate numbers generated after all the distinct circuits
have been synthesised; they indicate the transmitting device’s
entire power gain. It is important to remain in consideration
that the power utilization of the transmitter unit’s DAC and
the receiving unit’s ADC decreases in conjunction with the
delivered signal’s PAPR.

Techniques for reducing PAPR vary depending on the require-
ments within framework and are subject to several variables.
Before implementing a PAPR reduction technique for the
system, a number of issues are considered, including the ca-
pacity for PAPR reduction, the increase in transmit power, the
loss of data rate, the complexity of the computation, and the
rise in bit-error rate at the receiver end. An OFDM system’s
PAPR is typically 11 dB. In OFDM systems, the utilization
of several subcarriers results in a high PAPR.

Table 2. Comparison analysis for the PTS technique.

Method K = 256 K = 128 K = 64
Original PAPR 10.95 dB 10.75 dB 10.25 dB
PTS (V = 4) 9.12 dB 8.42 dB 8.12 dB
PTS (V = 6) 7.56 dB 7.21 dB 6.65 dB

The relationship between a sample’s greatest power in a trans-

mitted OFDM symbol and its average power is known as
PAPR,

PAPR = 10log10

(
Ppeak

Paverage

)
dB. (26)

where Ppeak and Paverage are the peak and average powers of a
particular OFDM symbol.

4. CONCLUSION AND FUTURE SCOPE

This work suggests a novel PTS-based PAPR-reduction
method, together with the related hardware implementation
challenges, that lacks in transmission side for extra side in-
formation. For cognitive radio networks (CRNs), simulta-
neous PAPR reduces and spectrum sensing present advan-
tages, but current methods have drawbacks such as com-
plexity, restricted applicability, and higher computing cost.
Application-specific integrated circuit design, or VLSI-based
methodologies, may yield a more optimal solution. Our VLSI
tackle is capable of spectrum recognition and PAPR reduc-
tions concurrently, while incorporating real-world deadlines
and physical constraints. The specific PTS technique reduces
the transmitted signal’s PAPR, which produces output in a
20% reduction in PA power consumption. To ensure that this
VLSI-based strategy is workable, standardized, and broadly
applicable for the seamless incorporation of secondary users
in CRNs, further study is necessary.

The future of VLSI (Very-Large-Scale Integration) based de-
signs for smooth secondary user integration holds the key
to combined PAPR reduction and the spectrum sensing in
Cognitive-Radio-Networks (CRNs). By integrating effective
algorithms into specially designed hardware, this technique
has the potential to overcome constraints by decreasing com-
plexity, increasing processing speed, and possibly even lower-
ing power consumption. CRNs can provide higher spectrum
utilization, increased signal fidelity, and provide the way for
broader deployment of cognitive radio technology by opti-
mizing both the PAPR reduction and the spectrum sensing on
a single VLSI chip.
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