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1. INTRODUCTION

Orthogonal frequency division multiplexing (OFDM) has emerged as a foundational technology in
modern broadband wireless communication systems. It underpins numerous standards, including 5G NR,
LTE, Wi-Fi, and various loT protocols, owing to its efficient spectrum utilization and resilience to inter-
symbol interference in multipath environments [1]-[3]. Despite these advantages, OFDM systems inherently
suffer from a high peak-to-average power ratio (PAPR) [4], which forces power amplifiers to operate
inefficiently in their linear region. This leads to excessive energy consumption, reduced coverage, and signal
degradation due to spectral spreading and nonlinear distortions [5], [6]. Such inefficiencies are particularly
critical in mobile uplink transmissions, where device energy budgets and amplifier design constraints are
tightly coupled. A wide array of techniques has been proposed to mitigate PAPR, categorized into signal
distortion methods, coding-based methods, and probabilistic schemes [7], [8]. Distortion methods like
clipping and filtering can reduce peaks but introduce in-band distortion and out-of-band radiation [9]-[11].
Coding-based approaches avoid distortion but typically require large lookup tables or redundancy overhead.
Probabilistic techniques, such as selective mapping (SLM) and partial transmit sequence (PTS), modify
OFDM symbols' phase structures to achieve PAPR reduction without signal distortion. Among these, SLM is
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particularly attractive for its BER-preserving nature; however, it suffers from high computational complexity
due to multiple IFFT operations and data rate loss from side information (SI) transmission [12]-[17].

Recent efforts have sought to overcome these challenges through blind SLM (BSLM) schemes,
eliminating the need for Sl transmission [18]-[20]. Maximum Likelihood Estimation (MLE)-based blind
receivers [21], [22] enable signal recovery without SI but may introduce receiver-side complexity. Parallel
research has explored reducing computational burden by generating additional candidate signals through
linear combinations of existing subcarrier sequences [23]-[25], notably in methods such as odd-even
sequence combination (OEOSC). These strategies achieve computational savings but sometimes degrade
PAPR performance, particularly with higher subcarrier counts or in non-ideal channels.

Despite these advancements, a gap remains: many existing methods either retain high complexity or
compromise BER performance under challenging conditions. This paper addresses these limitations by
proposing a novel low-complexity blind SLM method that: (i) generates multiple candidate signals using
linear combinations without additional IFFT operations, (ii) introduces an MLE-based blind receiver to
eliminate Sl transmission, (iii) maintains or improves PAPR and BER performance compared to traditional
C-SLM and GreenOFDM methods, and (iv) demonstrates robustness under both AWGN and Rayleigh fading
channels. In wireless communication systems—particularly in energy- and bandwidth-constrained
environments such as mobile devices and 10T nodes—the ability to reduce transmitter complexity while
preserving system performance is crucial. The proposed technique aims to offer an efficient and scalable
solution for next-generation OFDM-based wireless systems.

2. METHOD

This section provides a step-by-step description of the proposed low-complexity blind SLM method.
The methodology includes standard procedures such as PSK modulation, FFT/IFFT operations, and channel
modeling (AWGN and Rayleigh fading), alongside novel elements including linear combination-based
candidate generation and MLE-based blind detection. Key parameters for the system include subcarrier
counts of 128, 256, 512, and 1024; modulation using QPSK; and binary phase sequences (1 and -1). To
generate candidate signals, the frequency-domain OFDM symbols are multiplied elementwise with phase
sequences, followed by IFFT. Instead of multiple new IFFT operations, candidate signals are generated
through linear combinations of odd and even sequences. Scalar coefficients for combinations are set to unity
to minimize additional processing. The selection of the best candidate is based on minimizing PAPR as
evaluated via the complementary cumulative distribution function (CCDF). At the receiver, MLE detection is
applied by comparing the received signal with all possible candidates to identify the transmitted sequence
without requiring Sl. This step-by-step design ensures efficient, blind recovery of transmitted signals while
maintaining computational practicality.

2.1. Transmitter design

The transmitter design focuses on leveraging the linear combination property of IFFT to generate
additional candidate signals without requiring additional IFFT operations. This approach significantly
reduces the computational burden associated with traditional SLM methods. The OFDM input signal X is
modulated phase shift keying (PSK). The signal is then transformed into the frequency domain and
multiplied elementwise with a set of predefined pseudorandom phase sequences P;(i = 1,2, ..., U), where U
denotes the number of phase sequences. The resulting signals X; are expressed as:

X, =X-P ey

Where represents elementwise multiplication. After applying IFFT to each X;, the resulting time-domain
signals S; are partitioned into odd and even sequences:

S[n],nis odd

Soaa[n] = { 0,n is even .
0,nis odd
Seven[n] = {S[n], nis even ?

These partitions enable the generation of new candidate signals through linear combinations. To generate

additional candidate signals, each row of the odd and even matrices is linearly combined. If S¢,, and S7 .,

represent the odd and even matrices for the i-th and j-th phase sequences, the combined candidate signal
ij .

Scombined IS:
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ij _ i j
Scombined =a: Sédd + ﬁ ’ Seven (4)

where a and S are scalar coefficients, typically chosen as 1 to minimize computational overhead. This
process produces 2P candidate signals, where P is the number of phase sequences. The CCDF is used to
evaluate the PAPR of each candidate signal. The signal with the lowest PAPR is selected for transmission:

Sselected = arg miin PAPR(SL) (5)

The selected signal is then appended with a cyclic prefix (CP) and transmitted over the wireless
channel. Figure 1 visualized the design of the proposed transmitter.
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Figure 1. Design of the proposed transmitter

2.2. Receiver design

The receiver employs a MLE-based blind detection method to recover the transmitted signal without
requiring Sl. This eliminates the data rate loss typically associated with Sl transmission. The received signal
Y is modeled as:

Y =H " Sserectea + W (6)

where H is the channel response, and W is additive white gaussian noise (AWGN). After removing the cyclic
prefix, the signal undergoes FFT to transform it back into the frequency domain. The output is then
partitioned into odd and even sequences, mirroring the transmitter's approach, Y, 4, Yepern. The MLE method
estimates the transmitted phase sequence by minimizing the Euclidean distance between the received signal
and all possible phase-modulated signals:

p= argrrllainIIY —H-P-X|? ™

where P is the estimated phase sequence, and X represents the original constellation diagram. Figure 2
visualized the design of the proposed receiver.
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Figure 2. Design of the porposed receiver
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3. PERFORMANCE ANALYSIS

The proposed method significantly reduces computational complexity compared to traditional SLM
and GreenOFDM methods. Traditional SLM requires U IFFT operations for U candidate signals. The
proposed method generates 2° candidates using only P IFFT operations. By leveraging the sparsity of odd
and even matrices, the number of additions and multiplications required for linear combinations is
minimized. The computational complexity reduction ratio (CCRR) is quantified as:

Complexity of Proposed SLM

CCRR = (1 - ) x 100% @)

Complexity of Conventional SLM

The methodology is evaluated using the following performance metrics; PAPR reduction, BER
performance and computational complexity. PAPR reduction was assessed using CCDF plots, comparing the
proposed method with C-SLM and GreenOFDM. BER performance was simulated under AWGN and
Rayleigh fading channels to ensure robustness. The computational complexity was measured in terms of
IFFT operations and arithmetic operations required. The proposed methodology is implemented and
evaluated using MATLAB.

4. RESULTS AND DISCUSSIONS

Table 1 shows the number of complex multiplications and complex additions required by C-SLM,
GreenOFDM, and the Proposed SLM for a given number of candidate signals U and subcarriers N. The
formula represents the complex multiplications in the conventional selective mapping (C-SLM) approach.

The term N corresponds to the length of the IFFT, glog2 N is the number of multiplications required for a

fast fourier transform (FFT) operation, and U is the number of candidate signals. So, for C-SLM, the number
of complex multiplications grows linearly with both the number of subcarriers N and the number of

2
candidate signals U. In GreenOFDM, there's an additional term UTN that accounts for extra operations

involved in optimizing the phase sequences used for subcarrier grouping. This results in more
multiplications, making GreenOFDM computationally more expensive than C-SLM. The Proposed SLM
method also has a term U2N, which corresponds to the linear combination of phase sequences (as discussed
earlier). The Proposed SLM method increases the number of candidate signals generated without requiring
extra IFFT operations, which results in fewer IFFTs being performed compared to GreenOFDM.

The C-SLM method requires complex additions proportional to the number of subcarriers N, the
number of candidates U, and the logarithmic factor log, N that arises from the FFT operation. In GreenOFDM,

2
the additional term UTN represents the extra additions involved in the optimization step. This makes

GreenOFDM slightly more computationally intensive than C-SLM in terms of additions. Proposed SLM also
includes the U2N term, representing the additional complexity of generating more candidate signals via the
linear combination approach. However, unlike GreenOFDM, the Proposed SLM does not require a significant
increase in additions compared to C-SLM, as it avoids the quadratic complexity of GreenOFDM. The Proposed
SLM reduces the number of IFFT operations for the same number of candidate signals compared to C-SLM and
GreenOFDM, making it computationally more efficient. The proposed method achieves this by utilizing linear
combinations rather than performing additional IFFTs. While GreenOFDM and C-SLM show similar growth in
their computational complexity with respect to the number of candidate signals, Proposed SLM achieves a
significant reduction in computational cost by minimizing the number of IFFT operations needed. Both
GreenOFDM and proposed SLM involve U?N terms, but Proposed SLM maintains a better balance between
generating multiple candidate signals and keeping the operations efficient, ensuring reduced overall complexity.
The proposed SLM method offers a substantial advantage in terms of reducing both complex multiplications
and complex additions compared to C-SLM and GreenOFDM, thanks to the optimization via linear
combinations and the reduction of IFFT operations. This makes the proposed SLM a more efficient approach
for reducing PAPR in OFDM systems while maintaining comparable performance.

Table 1. Computational complexity analysis
Complex multiplications  Complex additions

- N
C-SLM (N+Elogz N)U UNlog, N

N U? U?
(N +ElogzN)U+TN UNlogZN+TN

UNlog,N + U?N

GreenOFDM

N
Proposed SLM N+ Elogz NYU + U?N
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Table 2 compares the CCRR for the Proposed SLM method against the C-SLM and GreenOFDM
methods. The CCRR values represent the percentage reduction in complex multiplications and complex
additions achieved by the Proposed SLM compared to C-SLM and GreenOFDM for different numbers of
candidate signals. The number of Candidate Signals (C) column shows the number of candidate signals
considered in the method. For each method (C-SLM, GreenOFDM, and Proposed SLM), two different
scenarios are presented: 16 and 25 candidate signals. Complex Multiplications column shows the CCRR for
complex multiplications, i.e., the percentage reduction in the number of complex multiplications when using
the Proposed SLM compared to C-SLM and GreenOFDM. Complex Additions column shows the CCRR for
complex additions, i.e., the percentage reduction in the number of complex additions when using the
Proposed SLM compared to C-SLM and GreenOFDM.

For C-SLM, when the number of candidate signals increases from 16 to 25, the CCRR of complex
multiplications increases from 50.00% to 55.00%. The CCRR of complex additions increases from 58.33% to
63.33%. This indicates that as the number of candidate signals increases, the Proposed SLM reduces more
complex multiplications and additions compared to C-SLM. For GreenOFDM, when the number of candidate
signals increases from 16 to 25. The CCRR of complex multiplications decreases from 33.33% to 30.77%.
The CCRR of complex additions decreases from 37.50% to 35.29%. The Proposed SLM reduces complex
multiplications and additions more effectively than GreenOFDM, especially as the number of candidate
signals increases. The Proposed SLM shows a greater reduction in both complex multiplications and complex
additions compared to C-SLM at both 16 and 25 candidate signals. The Proposed SLM outperforms
GreenOFDM by a larger margin, providing a higher reduction in both complex multiplications and complex
additions for both 16 and 25 candidate signals. The Proposed SLM method demonstrates significant
computational savings over C-SLM and GreenOFDM, especially when the number of candidate signals
increases. The Proposed SLM achieves a higher percentage reduction in computational complexity, making it
more efficient in terms of both complex multiplications and complex additions. This reduction in
computational complexity is a key advantage, particularly for power-constrained devices in real-time
applications like 5G and 1oT.

Table 2. CCRR of the proposed SLM over C-SLM and GreenOFDM

Number of candidate signal C  Complex multiplications Complex additions

C-SLM 16 50.00% 58.33%
25 55.00% 63.33%

GreenOFDM 16 33.33% 37.50%
25 30.77% 35.29%

Figure 3 illustrated CCDF performance of Original OFDM signal, C-SLM and proposed SLM. Both
C-SLM and Proposed SLM show reduced PAPR as the number of candidates U increases. This is because
increasing U provides more opportunities to select a signal with lower PAPR. The Proposed SLM achieves
comparable PAPR reduction to C-SLM but with significantly fewer IFFT computations. For example, to
achieve performance like C-SLM (U = 25), the Proposed SLM only requires U =5, reducing the
computational complexity by 80%. The Proposed SLM is ideal for applications where computational
efficiency is critical (e.g., resource-constrained devices like mobile systems). However, for systems where
computational resources are not a concern, C-SLM can achieve better PAPR reduction. This graph
effectively illustrates the trade-off between PAPR reduction and computational complexity for C-SLM and
Proposed SLM. The Proposed SLM offers a more computationally efficient solution with acceptable PAPR
reduction, making it a practical choice for real-time and resource-limited applications.

Compared to the conventional SLM (C-SLM) method, the proposed linear combination-based blind
SLM technique achieves a significant reduction in transmitter complexity by minimizing the number of
required IFFT operations. While C-SLM necessitates one IFFT per candidate signal, our method generates
multiple candidates through linear combinations, requiring substantially fewer IFFT executions. Furthermore,
although GreenOFDM also reduces complexity, it incurs additional processing overhead due to optimization
steps do not present in our approach. Simulation results confirm that the proposed method maintains
comparable PAPR and BER performance to C-SLM and GreenOFDM, while achieving up to 55% and 30%
greater computational complexity reduction, respectively, particularly when the number of candidate signals
increases. This demonstrates the superior scalability and practicality of the proposed method for next-
generation OFDM-based communication systems.

Figure 4 illustrated the BER performance of the receiver with Sl and the proposed blind receiver.
Both receivers achieve very low BER, close to 1073, indicating excellent performance in high SNR
conditions. Across the SNR range, the blind receiver closely matches the performance of the receiver with S,
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especially at moderate to high SNR levels (e.g., above 20 dB). Despite lacking S, the blind receiver achieves
a BER performance within a small margin of the receiver with Sl, showcasing its robustness. At high SNR
values (above 40 dB), the blind receiver achieves nearly identical BER to the receiver with SI, reaching
values as low as 11073, This highlights that blind decoding can be as effective as side-information-based
decoding when the signal is strong, and noise is minimal. The blind receiver avoids the overhead associated
with transmitting and processing Sl, making it ideal for systems where bandwidth efficiency is critical or
where transmitting Sl is impractical. By not relying on SI, the blind receiver simplifies system design,
reducing the need for additional signaling or synchronization. This makes it more adaptable for real-world
scenarios where resources or communication overhead are constrained. While the receiver with SI benefits
from additional information, the blind receiver proves to be a highly capable alternative. Its performance is
only marginally lower, making it an attractive choice in scenarios where simplicity, bandwidth efficiency, or
minimal overhead are priorities.

CCDF of PAPR for Different Number of IFFTs Required
1 B
ag R —— Griginal OFDM
. (C-SLMy U =16
(C-5LM) U = 25
nE (C-5LM) U = 36
a0 (C-SLM) U = 48
) {Proposed SLM) U =4
— — —(Proposed SLM} U =5
m 08 — — —(Proposed SLM} U =6
8 e — — —(Proposed SLMyU =7
(&)
0.4
0.3
0.2
0.1
0 !
3 4 5 6 7 8 9 10 11
PAPR (dB)

Figure 3. CCDF performance of original OFDM, C-SLM and proposed SLM
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Figure 4. BER performance of the receiver with Sl and the blind receiver

The findings demonstrate that the proposed method achieves substantial computational savings, with
up to 55% complexity reduction compared to C-SLM and up to 30% compared to GreenOFDM, while
maintaining comparable PAPR and BER performance. These results imply that the proposed blind SLM
technique is highly suitable for power- and bandwidth-constrained applications such as mobile uplink
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transmissions, internet of things (loT) sensors, and real-time edge computing devices. Furthermore,
eliminating the need for Sl transmission enhances system throughput and reliability, which is critical in
modern wireless environments with tight latency and bandwidth requirements. For future work, the proposed
method can be extended to higher-order modulation schemes (e.g., 16-QAM, 64-QAM) to further assess
scalability. Additionally, integrating adaptive linear combination weights based on channel conditions or
applying machine learning-based blind detection techniques may offer further performance enhancements
under dynamic wireless environments.

5. CONCLUSION

This study advances the field of low-complexity, bandwidth-efficient OFDM communication
systems by proposing a novel blind SLM technique. By utilizing linear combinations to generate multiple
candidate signals without additional IFFT operations and employing a MLE-based blind receiver to eliminate
S| transmission, the proposed method addresses two critical challenges: transmitter complexity and data rate
degradation. Compared to conventional methods like C-SLM and GreenOFDM, the proposed approach
achieves better scalability to high subcarrier counts and greater computational efficiency while maintaining
comparable or improved PAPR and BER performance. Simulation results confirm substantial reductions in
computational operations, demonstrating the method’s suitability for next-generation wireless applications
such as 5G uplink transmissions, 10T devices, and real-time edge computing platforms where power and
processing resources are constrained. These findings not only validate the feasibility of blind SLM strategies
under practical system conditions but also open new pathways for designing lightweight, adaptive, and high-
efficiency wireless protocols. Future research may explore extensions to higher-order modulation schemes
(e.g., 16-QAM, 64-QAM) and dynamic adjustment of linear combination weights to further enhance
robustness in varying channel environments. In conclusion, this work contributes to the development of more
efficient, scalable, and practical PAPR reduction techniques, supporting the broader objective of making
OFDM more viable for modern, real-time communication systems.
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