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ABSTRACT

Localized Single Carrier Frequency Division Multiple Access (LFDMA) has emerged as a
preferred multiple access technique for uplink transmission in modern broadband wireless
communication systems such as Long Term Evolution (LTE) due to its inherent advantages of
lower Peak-to-Average Power Ratio (PAPR) compared to Orthogonal Frequency Division
Multiplexing (OFDM). Despite this advantage, practical LFDMA systems continue to suffer
from residual PAPR and Bit Error Rate (BER) degradation, particularly in the presence of
nonlinear power amplifiers, high-order modulation schemes, and frequency-selective fading
channels. This research presents a comprehensive investigation into simultaneous PAPR and
BER reduction techniques for LFDMA systems. Through mathematical modeling, algorithm
development, and extensive MATLAB simulations under various channel conditions, we
demonstrate that hybrid approaches combining transform-based methods with optimized
equalization achieve significant PAPR reduction while maintaining or improving BER
performance compared to conventional systems.

Keywords: LFDMA, PAPR reduction, Bit Error Rate, wireless communications, power
amplifier efficiency, frequency division multiple access, uplink transmission

1. INTRODUCTION

The explosive growth of mobile data traffic and the proliferation of bandwidth-intensive
applications have pushed wireless communication systems toward increasingly sophisticated
transmission techniques. Fourth-generation systems like Long Term Evolution and emerging
fifth-generation networks demand high spectral efficiency, improved power consumption, and
reliable data transmission across diverse channel conditions. These requirements have made
the selection of appropriate multiple access schemes critically important for system
performance.

Orthogonal Frequency Division Multiple Access gained significant attention for its resilience
against multipath fading and ability to support high data rates. However, OFDM suffers from
a fundamental limitation—extremely high Peak-to-Average Power Ratio. When multiple
subcarriers combine constructively, the resulting signal exhibits large amplitude variations that
stress power amplifiers. These amplifiers must operate with significant backoff to avoid
nonlinear distortion, drastically reducing power efficiency. For mobile terminals with limited
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battery capacity, this inefficiency becomes particularly problematic (Kumar and Hassan,
2023).

Single Carrier Frequency Division Multiple Access emerged as an attractive alternative,
particularly for uplink communications where mobile device power efficiency matters most.
SC-FDMA maintains OFDM's advantages of frequency domain equalization and resistance to
multipath fading while substantially reducing PAPR through its single-carrier nature. Within
SC-FDMA variants, Localized FDMA assigns consecutive subcarriers to individual users,
providing frequency diversity benefits and simplified implementation compared to distributed
mapping approaches (Zhang et al., 2022).

Despite LFDMA's inherent PAPR advantages over OFDM, practical systems still experience
problematic peak power levels. High-order modulation schemes like 64-QAM, necessary for
achieving high spectral efficiency, generate signals with amplitude variations that create PAPR
issues. When these signals pass through nonlinear power amplifiers operating near saturation
for efficiency, spectral regrowth and in-band distortion occur. The distortion manifests as both
increased out-of-band emissions violating spectral masks and elevated Bit Error Rates
degrading transmission reliability (Patel and Chen, 2024).

The challenge becomes more complex because PAPR reduction techniques often negatively
impact BER performance. Clipping techniques that limit peak amplitudes introduce distortion
that increases error rates. Coding approaches that reduce PAPR through codeword selection
sacrifice spectral efficiency. Transform-based methods add computational complexity. The
research problem therefore requires simultaneous optimization—reducing PAPR sufficiently
to improve power amplifier efficiency while maintaining BER performance that meets quality-
of-service requirements.

Current literature addresses PAPR reduction and BER improvement largely as separate
problems. PAPR reduction research focuses on minimizing peak power without thoroughly
evaluating error rate implications. BER studies concentrate on channel coding and equalization
without considering interactions with PAPR characteristics. This fragmented approach leaves
a critical gap in understanding how to jointly optimize both metrics for practical LFDMA
implementations (Thompson and Rodriguez, 2023).

This research systematically investigates PAPR and BER reduction for LFDMA systems
through integrated approaches that consider their interdependencies. We develop
comprehensive analytical models characterizing LFDMA signal properties, examine multiple
PAPR reduction techniques adapted specifically for localized subcarrier mapping, and
incorporate BER enhancement strategies that complement rather than conflict with PAPR
reduction. The work contributes both theoretical understanding through mathematical analysis
and practical solutions validated through extensive simulations.

The significance extends beyond academic interest. Mobile network operators seek ways to
improve uplink capacity and coverage while reducing mobile device power consumption.
Equipment manufacturers need techniques that enhance power amplifier efficiency without
compromising transmission quality. Standards bodies require methods compatible with
existing specifications. Our research addresses these practical needs through solutions
balancing performance, complexity, and compatibility.
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2. OBJECTIVES

The research pursues the following specific objectives:

e Primary Objective: Develop and validate hybrid techniques that simultaneously
reduce PAPR and maintain acceptable BER performance in LFDMA systems operating
under realistic channel conditions and power amplifier nonlinearities.

e Objective 2: Establish comprehensive analytical models characterizing PAPR statistics
and BER performance in LFDMA systems with localized subcarrier mapping under
various modulation schemes.

e Objective 3: Evaluate and compare multiple PAPR reduction approaches including
selective mapping, partial transmit sequence, and transform-based methods adapted
specifically for LFDMA architecture.

e Objective 4: Design joint optimization frameworks that balance PAPR reduction
against BER degradation, identifying optimal operating points for practical system
deployment.

e Objective 5: Validate proposed techniques through extensive simulations using
realistic channel models and quantify performance improvements against conventional
LFDMA implementations.

3. SCOPE OF STUDY
This research encompasses the following scope:

e System Scope: Investigation focuses on LFDMA with localized subcarrier mapping
for uplink transmission, consistent with LTE specifications and representative of
practical implementations.

o Technical Scope: Analysis covers PAPR reduction techniques applicable without side
information transmission and BER enhancement methods compatible with standard
channel coding schemes.

e Performance Metrics: Primary evaluation uses PAPR characterized through CCDF
analysis and BER measured across SNR ranges under AWGN and frequency-selective
fading channels.

e Modulation Schemes: Research examines QPSK, 16-QAM, and 64-QAM modulation
representing practical wireless system configurations.

o Limitations: The study does not address distributed FDMA, multi-antenna MIMO
extensions, or real-time hardware implementations, focusing instead on fundamental
single-antenna LFDMA systems.

4. LITERATURE REVIEW
4.1 LFDMA System Fundamentals

Localized Frequency Division Multiple Access evolved from SC-FDMA as specified in 3GPP
LTE standards for uplink transmission. The fundamental principle involves dividing available
bandwidth into multiple subcarriers and allocating contiguous subcarrier blocks to individual
users. Unlike OFDM where data directly modulates subcarriers, LFDMA first applies DFT
precoding to input symbols before subcarrier mapping (Kumar and Hassan, 2023).
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The transmission process begins with M input symbols that undergo M-point DFT
transformation. The resulting frequency-domain samples then map to N contiguous subcarriers
within a larger N-point IFFT, where N typically exceeds M by a factor of Q called the
bandwidth expansion factor. This mapping concentrates user energy within a localized
frequency band, providing implementation advantages and enabling frequency-selective
scheduling. After IFFT transformation and cyclic prefix insertion, the transmitted signal
maintains single-carrier characteristics that inherently reduce PAPR compared to OFDM
(Zhang et al., 2022).

Research demonstrates that LFDMA PAPR depends critically on the bandwidth expansion
factor Q and subcarrier mapping position. Larger Q values reduce PAPR by spreading signal
energy across more IFFT points, though with diminishing returns. The localized nature means
PAPR varies with frequency allocation, with certain subcarrier positions exhibiting lower
peaks than others. These characteristics make LFDMA particularly suitable for power-limited
mobile devices (Lee and Park, 2023).

4.2 PAPR Problem in Wireless Systems

Peak-to-Average Power Ratio quantifies the ratio between maximum instantaneous power and
average power in transmitted signals. High PAPR forces power amplifiers to operate with large
input backoff to maintain linearity, drastically reducing power-added efficiency. For mobile
terminals where battery life directly impacts user experience, this inefficiency becomes critical.
Typical OFDM signals exhibit PAPR exceeding 10 dB, requiring amplifiers to operate at 20-
30% efficiency rather than potential 60-70% efficiency at saturation (Patel and Chen, 2024).

When amplifiers operate near saturation to improve efficiency, nonlinear distortion occurs. The
nonlinearity clips signal peaks, generating both in-band distortion that increases BER and out-
of-band spectral regrowth that interferes with adjacent channels. The relationship between
PAPR, amplifier backoff, and distortion creates fundamental tradeoffs that wireless system
designers must carefully navigate. Understanding these tradeoffs mathematically enables
optimization of system parameters (Thompson and Rodriguez, 2023).

Various statistical measures characterize PAPR. The instantaneous PAPR varies for each
transmitted symbol block. The complementary cumulative distribution function describes the
probability that PAPR exceeds specific thresholds, providing insight into worst-case behavior.
Typical wireless specifications require PAPR below certain values with high probability, such
as 7 dB for 99.9% of transmitted blocks. Meeting these requirements while maintaining spectral
efficiency challenges system designers.

4.3 PAPR Reduction Techniques

Researchers have developed numerous PAPR reduction approaches, broadly categorized into
signal distortion, coding, and probabilistic methods. Clipping represents the simplest distortion
technique—hard limiting peak amplitudes above thresholds. While effective at PAPR
reduction, clipping introduces both in-band distortion increasing BER and out-of-band
emissions requiring filtering. Iterative clipping and filtering partially addresses spectral
regrowth but increases complexity (Anderson et al., 2024).

Coding approaches select transmission codewords exhibiting low PAPR. Block coding maps
input bits to codewords with favorable PAPR characteristics, though at reduced spectral
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efficiency. Trellis shaping uses convolutional codes with PAPR-aware path metrics. These
methods avoid distortion but sacrifice data rate or require complex sequence searches. The
tradeoff between PAPR reduction and rate loss limits practical applicability (Martinez and
Wong, 2023).

Selective mapping generates multiple candidate signals for each data block through different
phase rotations or scrambling sequences, then transmits the candidate with lowest PAPR. This
probabilistic approach achieves significant PAPR reduction without distortion. However,
receivers need side information identifying which candidate was transmitted, reducing spectral
efficiency and creating reliability concerns if side information errors occur. Recent research
explores embedding side information into the signal structure to eliminate explicit overhead
(Gupta and Sharma, 2024).

Partial transmit sequence divides input data into sub-blocks, independently phase rotates each
sub-block, and searches for optimal phase combinations minimizing PAPR. Like selective
mapping, PTS achieves good PAPR reduction probabilistically but requires side information.
The computational complexity of exhaustively searching phase combinations becomes
prohibitive for many sub-blocks, motivating suboptimal search algorithms. Extensions to
LFDMA must carefully consider how sub-block division interacts with DFT precoding
(Williams et al., 2023).

4.4 BER Performance in Fading Channels

Bit Error Rate quantifies transmission reliability, representing the probability that received bits
differ from transmitted bits. In additive white Gaussian noise channels, BER depends on signal-
to-noise ratio and modulation scheme. Higher-order modulations like 64-QAM achieve greater
spectral efficiency but exhibit elevated BER for given SNR due to reduced Euclidean distance
between constellation points (Lee and Park, 2023).

Wireless channels introduce frequency-selective fading where different frequency components
experience independent amplitude and phase distortions. LFDMA's frequency-domain
equalization addresses this fading effectively—the receiver applies inverse channel response
to received subcarriers, compensating for fading. Perfect channel knowledge enables zero-
forcing or minimum mean square error equalization that substantially improves BER.
However, practical systems face channel estimation errors that degrade equalization
effectiveness and elevate BER (Kumar and Hassan, 2023).

Power amplifier nonlinearity creates additional BER degradation beyond channel effects. The
amplitude-to-amplitude and amplitude-to-phase distortions introduce both constellation
compression and rotation that increase symbol detection errors. For QPSK's constant envelope,
nonlinearity causes primarily phase distortion with modest BER impact. Higher-order QAM
with amplitude variation suffers severe degradation. Predistortion techniques that pre-
compensate for amplifier characteristics can partially mitigate this degradation (Thompson and
Rodriguez, 2023).

4.5 Joint PAPR and BER Optimization
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Recent research recognizes that PAPR reduction and BER performance interact significantly
and require joint consideration. Clipping-based PAPR reduction introduces controlled
distortion; optimizing clip thresholds requires balancing PAPR reduction benefits against BER
degradation costs. Mathematical frameworks modeling this tradeoff enable identifying optimal
operating points (Patel and Chen, 2024).

Some approaches adaptively adjust PAPR reduction aggressiveness based on channel
conditions. In favorable channel states with high SNR, aggressive PAPR reduction with
associated distortion remains tolerable. Poor channel conditions demand conservative PAPR
reduction preserving BER performance. This adaptive strategy optimizes overall system
performance accounting for varying channel quality (Anderson et al., 2024).

Another research direction combines PAPR reduction with forward error correction coding.
Carefully designed codes can simultaneously provide error correction capability and favorable
PAPR characteristics. The coding gain partially compensates for distortion from other PAPR
reduction techniques. However, finding codes meeting both requirements presents significant
design challenges (Martinez and Wong, 2023).

4.6 Research Gaps

Existing literature leaves several important gaps. First, most PAPR reduction research focuses
on OFDM with limited attention to LFDMA''s specific characteristics. Techniques effective for
OFDM may perform differently with LFDMA's DFT precoding and localized mapping.
Second, BER impacts of PAPR reduction often receive insufficient analysis. Studies
demonstrate PAPR reduction effectiveness but inadequately quantify error rate degradation
under realistic conditions.

Third, few works jointly optimize both metrics from first principles. Most research treats PAPR
reduction and BER as separate problems, missing opportunities for integrated solutions that
balance both requirements optimally. Fourth, practical complexity considerations often receive
inadequate attention. Many proposed techniques require exhaustive searches or iterative
processing unsuitable for real-time implementations in power-constrained mobile devices.

This research addresses these gaps through comprehensive analysis of LFDMA-specific PAPR
and BER characteristics, development of joint optimization frameworks, and validation under
realistic conditions including channel fading and amplifier nonlinearities.

S. RESEARCH METHODOLOGY

5.1 System Model Development

The research begins with detailed mathematical modeling of LFDMA transmission and
reception. The transmitter model includes symbol generation, DFT precoding, subcarrier
mapping, IFFT transformation, cyclic prefix insertion, and power amplifier characteristics.
Each processing block is characterized mathematically to enable analytical PAPR and BER
prediction.

For PAPR analysis, we derive probability distributions of instantaneous PAPR values and
construct complementary cumulative distribution functions. The analysis considers how
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system parameters including modulation order, DFT size M, FFT size N, and subcarrier
allocation impact PAPR statistics. This analytical foundation guides subsequent technique
development.

BER modeling incorporates channel effects including AWGN and frequency-selective
Rayleigh fading, equalization at the receiver, and amplifier nonlinearity impacts. We develop
analytical expressions relating SNR, channel characteristics, and amplifier operating point to
expected BER for various modulation schemes.

5.2 PAPR Reduction Technique Adaptation

Building on the analytical foundation, we adapt several PAPR reduction approaches
specifically for LFDMA architecture. Selective mapping is modified to work with DFT-
precoded signals, generating candidate sequences through phase rotation applied before or after
DFT operations. The approach that maintains low complexity while achieving good PAPR
reduction is identified through comparative analysis.

Partial transmit sequence adaptation for LFDMA considers optimal sub-block partitioning that
respects the localized subcarrier structure. Different partition strategies are evaluated for their
PAPR reduction effectiveness and computational requirements. Simplified search algorithms
that avoid exhaustive phase combination testing are developed to reduce complexity.

Transform-based approaches including discrete cosine transform and wavelet transforms are
examined as alternatives to DFT precoding. The tradeoff between PAPR reduction and system
compatibility with existing standards is carefully evaluated.

5.3 BER Enhancement Integration

Parallel to PAPR reduction development, we investigate BER enhancement techniques
compatible with reduced PAPR operation. Equalization algorithms are optimized for LFDMA's
frequency-domain structure, considering both zero-forcing and MMSE approaches. The
robustness of each approach to channel estimation errors is quantified.

Forward error correction coding is integrated into the system model. Convolutional and turbo
coding schemes are evaluated for their ability to provide coding gain that compensates for
distortion introduced by PAPR reduction. The joint optimization identifies coding rates that
balance error protection against spectral efficiency.

5.4 Simulation Framework

Extensive simulations are conducted using MATLAB to validate analytical models and
evaluate technique performance. The simulation framework implements complete LFDMA
transceivers including all signal processing blocks. Multiple scenarios are simulated spanning
different modulation schemes (QPSK, 16-QAM, 64-QAM), channel models (AWGN,
Rayleigh fading), and amplifier characteristics.

PAPR performance is evaluated using CCDF analysis showing the probability that PAPR
exceeds various thresholds. Statistical significance is ensured through simulating sufficient
symbol blocks to achieve smooth CCDF curves. BER performance is measured across SNR
ranges from 0 to 30 dB, identifying required operating points for target error rates like 10"-3.
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Monte Carlo simulations generate thousands of random data blocks for each configuration,
computing PAPR and BER statistics. Results are averaged to obtain reliable performance
metrics with confidence intervals.

5.5 Comparative Performance Analysis

Performance of proposed techniques is compared against conventional LFDMA without PAPR
reduction and against existing methods from literature. Fair comparisons ensure identical
system parameters, channel conditions, and simulation frameworks. Metrics include PAPR at
specific CCDF probability levels, SNR required to achieve target BER, and computational
complexity measured in arithmetic operations.

The analysis identifies techniques offering superior performance-complexity tradeoffs.
Sensitivity analysis examines robustness to parameter variations and channel estimation errors.
These insights guide recommendations for practical system deployment.

6. LFDMA SYSTEM ANALYSIS

6.1 Signal Characteristics

The LFDMA transmitted signal exhibits specific characteristics distinguishing it from OFDM.
After DFT precoding, the M frequency-domain samples spread the energy of input symbols
across multiple frequencies. This spreading contrasts with OFDM where each symbol
independently modulates a subcarrier. The localized subcarrier mapping concentrates all user
energy within a contiguous frequency band.

The time-domain signal after IFFT maintains approximate single-carrier properties,
particularly when the bandwidth expansion factor Q is small. This single-carrier nature
inherently reduces PAPR compared to OFDM's multi-carrier structure. However, residual
PAPR still reaches levels of 6-8 dB for typical configurations, requiring additional reduction
for optimal amplifier efficiency (Zhang et al., 2022).
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Figure 1: LFDMA System Block Diagram
6.2 PAPR Statistics

Mathematical analysis reveals that LFDMA PAPR depends on several factors. For a given
symbol block, instantaneous PAPR equals the ratio of maximum power to average power
across all time-domain samples. The maximum often occurs during constructive interference
of multiple frequency components. The CCDF characterizes worst-case behavior—in a system
requiring PAPR below 8 dB with 99.9% probability, only 0.1% of transmitted blocks can
exceed this threshold.

Larger bandwidth expansion factors Q reduce average PAPR by spreading energy across more
IFFT points, reducing the likelihood of extreme peaks. However, increasing Q beyond certain
values yields diminishing returns while increasing IFFT complexity. Optimal Q values
typically range from 2 to 4 for practical systems.

Table 1: PAPR Statistics for Different LFDMA Configurations

Configuration|Modulation g/ilze) (DFT l?ac tor 1(\(/;]e;;n PAPR ﬁﬁ;),R at 107-3 CCDF
Config 1 lopsk |64 2 5.8 8.2 |
Config 2 lQPSK |64 4 5.2 7.5 |
Config 3 [16-QAM |64 2 6.4 9.1 |
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Configuration|Modulation g/i[ze) (DFT l?ac tor 1(\(’1[le;;n PAPR gﬁ;))R at107-3 CCDF
(Config 4 [16-QAM |64 4 5.9 8.4 |
(Config 5 l64-QAM |64 2 7.1 9.8 |
Config 6 l64-QAM |64 14 6.5 9.2 |

6.3 BER Performance Baseline

Baseline BER performance without PAPR reduction provides reference for evaluating
technique impacts. In AWGN channels, theoretical BER curves match well with simulation
results, validating the system model. QPSK achieves 10"-3 BER at approximately 7 dB SNR,
while 16-QAM requires 13 dB and 64-QAM needs 19 dB, reflecting the fundamental tradeoff
between spectral efficiency and error resilience (Kumar and Hassan, 2023).

Frequency-selective Rayleigh fading substantially degrades BER compared to AWGN. The
channel frequency response varies across subcarriers, causing some to experience deep fades.
Effective equalization partially compensates, though residual errors remain especially in
rapidly varying channels where estimation accuracy degrades. BER floors appear at high SNR
when channel estimation errors dominate noise.

7. PAPR REDUCTION TECHNIQUES

7.1 Modified Selective Mapping

Our adapted selective mapping approach generates U candidate signal representations through
phase rotation sequences applied to DFT outputs before subcarrier mapping. Each candidate
uses a different phase rotation vector, creating variations in time-domain peak characteristics
after IFFT. The transmitter computes PAPR for all candidates and selects the one with
minimum PAPR for actual transmission.

The key innovation involves designing phase rotation sequences that maintain orthogonality
properties required for efficient detection. Rather than random phases, we use structured
sequences derived from Walsh-Hadamard matrices. This structure enables implicit side
information recovery at the receiver through correlation detection, eliminating explicit
overhead bits (Gupta and Sharma, 2024).

Simulation results demonstrate that modified SLM reduces PAPR by 2-3 dB at 10*-3 CCDF
probability compared to conventional LFDMA. With U=16 candidate sequences, PAPR
decreases from 8.2 dB to 5.7 dB for QPSK modulation. The BER penalty remains minimal—
less than 0.3 dB SNR degradation—when side information detection operates reliably.

7.2 Adaptive Partial Transmit Sequence

The PTS adaptation divides DFT output into V sub-blocks and independently rotates each sub-
block's phase before subcarrier mapping. Unlike exhaustive search testing all phase
combinations, we employ iterative algorithms that sequentially optimize each sub-block's
phase while holding others constant. This approach reduces complexity from exponential to
linear in the number of sub-blocks.
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Sub-block partitioning strategy significantly impacts performance. Consecutive grouping
where adjacent DFT outputs form sub-blocks works well for LFDMA's localized structure.
With V=4 sub-blocks and iterative optimization, PAPR reduces by approximately 2 dB with
minimal computational overhead beyond conventional transmission.

7.3 Transform Domain Processing

As an alternative to DFT precoding, discrete cosine transform and discrete wavelet transform
are evaluated. DCT provides similar frequency-domain representation as DFT but with
different energy concentration properties that affect PAPR. DWT offers multi-resolution
analysis enabling frequency-selective processing.

Results show DCT achieving slightly better PAPR performance than DFT—approximately 0.5
dB improvement—while maintaining compatibility with frequency-domain equalization. The
BER performance remains essentially identical, making DCT an attractive simple alternative.
However, DCT lacks the standardization and existing implementation base that DFT enjoys in
LTE systems (Williams et al., 2023).

8. JOINT OPTIMIZATION FRAMEWORK
8.1 PAPR-BER Tradeoff Analysis

Joint optimization requires quantifying the fundamental tradeoff between PAPR reduction and
BER degradation. We develop a cost function combining both metrics with weighting factors
reflecting system priorities. For power-critical applications, the weight favors PAPR reduction.
Reliability-critical scenarios emphasize BER performance.

The optimization searches parameter spaces including clip threshold levels, number of SLM
candidates, PTS sub-blocks, and coding rates. Evolutionary algorithms efficiently explore
these multi-dimensional spaces, identifying Pareto-optimal configurations that cannot
simultaneously improve both metrics.
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Figure 2: PAPR-BER Performance Tradeoff
8.2 Adaptive Implementation

The framework supports adaptive operation where PAPR reduction aggressiveness adjusts
based on instantaneous channel conditions. A controller monitors channel quality indicator
including SNR and channel estimation accuracy. In high-quality channels with SNR exceeding
20 dB, aggressive PAPR reduction applies since the system operates with substantial margin
over target BER. Channels near the performance boundary use conservative PAPR reduction
to preserve error rates.

This adaptive approach requires minimal overhead—the controller uses existing channel
measurements without additional signaling. Simulations show adaptive implementation
improves average power efficiency by 15% compared to fixed PAPR reduction while
maintaining constant BER performance (Anderson et al., 2024).

9. SIMULATION RESULTS AND DISCUSSION
9.1 PAPR Reduction Performance

Comprehensive simulations validate the proposed techniques across multiple scenarios. Figure
3 presents CCDF curves comparing PAPR performance. The conventional LFDMA baseline
exhibits PAPR of 8.2 dB at 10"-3 probability for QPSK modulation with M=64 and Q=2.
Modified SLM with U=16 candidates reduces this to 5.7 dB, representing 2.5 dB improvement.
Adaptive PTS achieves 6.1 dB, slightly less reduction but with lower complexity.
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Higher-order modulation shows similar trends with slightly elevated absolute PAPR values.
For 64-QAM, baseline PAPR reaches 9.8 dB while modified SLM reduces it to 7.2 dB. The
consistent improvement across modulation schemes demonstrates technique robustness.

Figure 3; CCDF Comparison of PAPR Reduction Techniques
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Figure 3: CCDF Comparison of PAPR Reduction Techniques

9.2 BER Performance Evaluation

BER versus SNR curves demonstrate that proposed PAPR reduction maintains acceptable error
rates. In AWGN channels, modified SLM introduces less than 0.3 dB penalty at 10*-3 BER
compared to baseline. This minimal degradation results from effective side information
detection and low distortion from the selected candidate signals.

Frequency-selective fading channels show slightly larger BER penalties of 0.5 dB due to
interaction between fading and candidate selection. However, this remains acceptable given
the significant PAPR improvements. The joint optimization framework successfully balances
both metrics, operating near the Pareto frontier.

Table 2: BER Performance Comparison at 10*-3 Target

. AWGN  Required|Fading  Required|PAPR at 10"- .
Technique SNR (dB) SNR (dB) 3 (dB) Complexity
Baseline
LEDMA 7.0 12.2 8.2 Low
Modified SLM |7.3 112.7 5.7 Medium |

3273 Lekshmi R. Nair et al 3261-3275




Journal of Computational Analysis and Applications VOL. 33, NO. 5, 2024

10.48047/jocaaa.2024.33.05.50

. AWGN  Required|Fading  Required|PAPR at 10"- .
Technique SNR (dB) SNR (dB) 3 (dB) Complexity
|Adaptive PTS |7.2 12,5 l6.1 |Medium |
Joint Medium-
Optimization 74 12.8 39 High
Simple Clipping|8.5 [14.0 6.5 [Very Low |

9.3 Complexity Analysis

Computational complexity significantly impacts practical implementation feasibility. Modified
SLM requires generating and evaluating U candidate signals, increasing complexity
proportionally. With U=16, the complexity increases approximately 16-fold compared to
baseline transmission. However, this remains manageable for modern mobile processors,
particularly since PAPR computation involves simple peak detection rather than complex
signal processing.

Adaptive PTS with iterative optimization requires substantially lower complexity than
exhaustive search PTS while achieving comparable PAPR reduction. The iterative approach
scales linearly with sub-block count rather than exponentially, making it attractive for real-time
implementation.

Transform domain approaches using DCT have similar complexity to DFT precoding, offering
essentially free PAPR improvement without computational penalty. This makes DCT
particularly attractive despite lacking standardization.

9.4 Power Amplifier Efficiency Improvement

The practical significance of PAPR reduction manifests in improved power amplifier
efficiency. For a typical solid-state power amplifier with saturation output power, the required
input backoff scales with PAPR. Reducing PAPR from 8.2 dB to 5.7 dB enables decreasing
backoff by 2.5 dB, allowing the amplifier to operate closer to saturation.

This operational shift translates to approximately 40% improvement in power-added efficiency
based on typical amplifier characteristics. For a mobile device transmitting at 100 mW average
power, this efficiency gain reduces DC power consumption from 500 mW to 360 mW, directly
extending battery life. At system level, reduced power consumption enables longer talk times,
greater standby duration, or allocation of power budget to other functions (Patel and Chen,
2024).

10. CONCLUSION

This research comprehensively investigated PAPR and BER reduction techniques for LFDMA
systems, addressing the critical challenge of simultaneously optimizing both metrics for
practical wireless implementations. Through mathematical analysis, algorithm development,
and extensive simulation validation, we demonstrated that intelligent hybrid approaches
achieve substantial PAPR reduction while maintaining acceptable error rate performance.
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The key contributions include adapted selective mapping and partial transmit sequence
techniques specifically designed for LFDMA's localized subcarrier structure, joint optimization
frameworks that balance PAPR and BER according to system priorities, and comprehensive
performance characterization across diverse operating conditions. Modified SLM achieved 2.5
dB PAPR reduction with less than 0.3 dB BER penalty in AWGN channels, representing
significant improvement over conventional LFDMA systems.

The research demonstrates that PAPR and BER need not be separately optimized but rather
jointly considered from system design inception. Techniques developed here provide practical
solutions for next-generation wireless systems where both power efficiency and transmission
reliability critically impact user experience. The adaptive frameworks enable systems to
dynamically adjust operation based on channel conditions, maximizing efficiency while
meeting quality requirements.

Future research directions include extending these techniques to massive MIMO configurations
where multiple antennas create additional optimization dimensions, investigating machine
learning approaches for joint PAPR-BER optimization that adaptively learn optimal
configurations, and developing low-complexity hardware architectures suitable for real-time
implementation in power-constrained mobile devices. Additionally, integration with advanced
coding schemes like polar codes and LDPC codes warrants investigation for further
performance enhancement.

The findings contribute toward enabling next-generation wireless systems that efficiently
utilize scarce spectrum and power resources while delivering reliable high-speed connectivity
essential for emerging applications.
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