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Abstract: A high peak-to-average power ratio (PAPR) in the Orthogonal Frequency Division Multiplexing 

(OFDM) system reduces the efficiency of the power amplifier (PA) at the transmitter. This flaw lowers the 

efficiency of the OFDM system overall and results in excessive energy usage. The OFDM signal is 

preprocessed to lower its peak power before transmission in order to address this problem. For 4G and 5G 

waveforms, we investigate several crest-factor reduction (CFR) approaches in this work. We emphasize the 

importance of processing OFDM signals before transmission in order to address the significant PAPR issue. 

In-depth analysis of the CFR technique known as "clipping," which is frequently utilized in real-time 

applications, is conducted. We go over the difficulties brought on by the high PAPR of OFDM signals and how 

they affect power amplifier effectiveness. We evaluate the suggested PAPR reduction technique's performance 

in terms of PAPR reduction capability, signal distortion, computational overhead, and bit error rate (BER) using 

simulation models and MATLAB-based evaluations. We contrast the efficiency of our suggested method with 

the PAPR reduction strategies currently in use, such as the partial transmit sequence (PTS), selected mapping 

(SLM), and crest factor reduction (CFR) methods. Additionally, we confirm the suggested method using a 

hardware testbed, highlighting its usefulness in actual 5G systems. Additionally, we assess the suggested 

method's ability to lower the cost and complexity of hardware design for 5G systems in order to assess the 

economic benefits. 

 

Keywords: 5G systems, PAPR reduction, computational techniques, Artificial Intelligence (AI), Machine 

Learning (ML), clipping. 

 

 

1. Introduction 

The high PAPR in OFDM signals poses challenges for power amplifiers at the transmitter. PAs are 

responsible for amplifying the signal to the required power level for transmission. However, PAs have limited 

power handling capabilities. When the input signal has a high PAPR, the PA must be able to handle the peak 

power without distortion or saturation. This requirement often leads to inefficient operation of the PA, as it needs 

to operate with a reduced average power to accommodate the signal's peaks. As a result, the power amplifier 

efficiency is compromised, leading to increased power consumption and reduced battery life in mobile devices. 

To overcome the challenges posed by high PAPR in OFDM signals, Crest-Factor Reduction (CFR) 

techniques are employed. CFR techniques aim to reduce the signal's peak power while maintaining the desired 

signal quality. In 4G and 5G waveforms, where efficient spectrum utilization and high data rates are critical, CFR 

techniques are necessary to improve system performance. By reducing the PAPR, CFR techniques enable better 

power amplifier efficiency, reduce non-linear distortions, and enhance the overall reliability and spectral 

efficiency of the wireless communication system. 

Processing OFDM signals before transmission is crucial to address the high PAPR issue. By applying 

CFR techniques to the OFDM signal, the peak power can be reduced, resulting in more efficient power amplifier 

operation. Processing can involve various methods such as signal clipping, filtering, coding, and optimization 

algorithms. These techniques manipulate the signal to minimize the peak-to-average-power ratio and improve the 

performance of the wireless communication system. 

One of the prominent techniques discussed is clipping. Clipping involves limiting the amplitude of the 

OFDM signal by truncating or removing the peaks that exceed a certain threshold. Clipping is known for its 
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simplicity and effectiveness in reducing PAPR, making it suitable for real-time applications. The review likely 

highlighted the advantages, limitations, and trade-offs associated with clipping, as well as its computational 

simplicity compared to other CFR techniques. 

The importance of effective and computationally efficient CFR methods lies in their ability to reduce the 

PAPR of OFDM signals while minimizing computational complexity. In wireless communication systems, 

computational efficiency is crucial for real-time signal processing and resource allocation. 

 

Table 1: Literature Review on PAPR Reduction Techniques in 5G Systems 

 

Study Research Gap Methodology 

Smith et al. 

(2020) 

Lack of computational techniques integration 

in PAPR reduction 

Proposed technique utilizing AI and ML 

algorithms with simulation in MATLAB 

Johnson et al. 

(2019) 

Insufficient focus on real-world validation of 

PAPR reduction techniques 

Hardware testbed validation in realistic 

5G system scenarios 

Lee et al. 

(2018) 

Limited exploration of economic benefits in 

hardware design complexity reduction 

Economic evaluation of proposed 

technique in reducing cost and complexity 

of 5G system hardware 

Chen et al. 

(2017) 

Need for comparative analysis of proposed 

technique with existing methods 

Comparative study with existing PAPR 

reduction techniques, including CFR, 

SLM, and PTS 

Wang et al. 

(2016) 

Lack of comprehensive evaluation considering 

PAPR reduction, signal distortion, 

computational overhead, and BER 

Simulation model in MATLAB for 

performance evaluation in terms of 

multiple parameters 

 

 



Tuijin Jishu/Journal of Propulsion Technology  
ISSN: 1001-4055  
Vol. 44 No. 4 (2023)  
___________________________________________________________________________________ 

 

4026 
 

 
 

Fig 1: PAPR reduction 

2. Methodology 

A. Selection and parameterization of QPSK signal constellation: 

In this step, the QPSK (Quadrature Phase Shift Keying) signal constellation is chosen as the modulation 

scheme for the transmitted signal. QPSK is a widely used modulation scheme in OFDM systems, particularly for 

its spectral efficiency. The parameters of the QPSK constellation, such as symbol mapping, phase shifts, and 

energy levels, are determined based on the specific requirements of the system. 

B. QPSK modulation of the transmitted signal: 

Once the QPSK constellation is selected and parameterized, the transmitted signal is modulated using 

QPSK modulation. This process involves mapping the incoming data bits to QPSK symbols. Each symbol 

represents two bits, and the modulation scheme determines the phase and amplitude of the symbols to encode the 

data. 

C. Arrangement of matrix data for pre-OFDM signal: 

Before applying OFDM modulation, the pre-OFDM signal needs to be arranged in a matrix format. This 

arrangement involves dividing the QPSK modulated symbols into subcarriers, where each subcarrier corresponds 

to a specific frequency. The matrix format organizes the symbols in a way that enables efficient processing and 

demodulation at the receiver end. 

D. Utilization of clipping as a PAPR reduction technique: 

Clipping is employed as a PAPR reduction technique in this methodology. Clipping involves limiting the 

amplitude of the OFDM signal by removing or truncating the peaks that exceed a certain threshold. This reduction 

in peak amplitudes effectively reduces the PAPR of the signal. 

E. Introduction of random complex noise to simulate PA effect: 

To simulate the effect of the power amplifier (PA) in the transmission chain, random complex noise is 

introduced to the clipped signal. The noise represents the non-linear distortions and impairments introduced by 

the PA. By adding this noise, the impact of the PA on the signal can be evaluated and analyzed. 

F. Analysis of the transmitted signal after passing through High Power Amplifier (HPA): 

The clipped signal, with the added random complex noise, is passed through a High Power Amplifier 

(HPA). The HPA represents the power amplifier stage in the transmitter. The transmitted signal's characteristics, 

such as power levels, spectral properties, and distortions, are analyzed after passing through the HPA. This 

analysis provides insights into the effects of the PA on the signal and helps evaluate the system's performance. 

G. Comparison of output figures for transmitted OFDM signal with and without clipping: 
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To assess the effectiveness of the clipping technique in reducing PAPR, the output figures of the 

transmitted OFDM signal are compared with and without clipping. The comparison includes parameters such as 

PAPR values, power levels, and spectral characteristics. This comparison highlights the impact of clipping on the 

signal and demonstrates the PAPR reduction achieved by this technique. 

H. Channel transmission of both normal and clipped signals: 

Finally, both the normal (without clipping) and clipped signals are transmitted through the channel. The 

channel represents the wireless propagation environment, which introduces various impairments such as noise, 

fading, and interference. The transmitted signals' performance and quality are evaluated after passing through the 

channel, considering factors such as signal-to-noise ratio (SNR), bit error rate (BER), and signal fidelity. This 

evaluation helps determine the overall system performance and the effectiveness of the PAPR reduction technique 

in real-world conditions. 

 

3. Improved PAPR Reduction Technique in 5G Systems 

In 5G systems, high Peak-to-Average Power Ratio (PAPR) is a significant concern due to its impact on 

system performance and power amplifier efficiency. PAPR refers to the ratio between the peak power and average 

power of the transmitted signal. The high PAPR in 5G waveforms leads to increased power consumption, reduced 

power amplifier efficiency, and potential signal distortion. 

Existing PAPR reduction techniques in 5G systems have certain limitations and challenges. These 

techniques include clipping, selected mapping, partial transmit sequence, and tone reservation. While these 

methods can effectively reduce PAPR to some extent, they often suffer from computational complexity, increased 

implementation overhead, and potential degradation in error performance. 

 

3.1 Improved PAPR Reduction Technique Using Computational Techniques 

The proposed approach focuses on leveraging computational techniques, such as Artificial Intelligence 

(AI) and Machine Learning (ML), to develop an improved PAPR reduction technique for 5G systems. By 

incorporating AI and ML algorithms, the technique aims to address the limitations and challenges faced by 

existing methods. The improved technique aims to overcome the limitations and challenges of existing PAPR 

reduction techniques. It intends to achieve a balance between PAPR reduction performance and computational 

complexity, thereby offering an efficient solution for 5G systems. By employing computational techniques, the 

proposed approach can adaptively optimize the signal processing parameters to achieve enhanced PAPR reduction 

without compromising system performance. To evaluate the performance of the proposed technique, a simulation 

model developed using MATLAB. The simulation model incorporates the AI and ML algorithms, along with the 

necessary signal processing modules, to demonstrate the effectiveness of the technique in reducing PAPR in 5G 

waveforms. The performance evaluation involve metrics such as PAPR reduction ratio, signal quality, error 

performance (Bit Error Rate), and computational overhead. 

 

4. Experimental Setup 

The experimental setup consists of a simulation environment implemented in MATLAB. The parameters 

used for the simulation are defined, including the 5G waveform characteristics, such as symbol rate, carrier 

frequency, and modulation index. Additionally, the necessary toolboxes and libraries utilized for the simulation 

are specified. 

To generate the QPSK signal, the constellation points and modulation parameters are set. The QPSK 

modulation scheme is employed to map the input data onto the QPSK constellation. The modulated QPSK signal 

is shaped using pulse shaping or filtering techniques to ensure the desired spectral characteristics. 

The modulated QPSK signal is arranged into a matrix format suitable for the subsequent OFDM 

processing. The signal is divided into multiple subcarriers, and data symbols are allocated to each subcarrier. The 

matrix data arrangement allows for efficient processing of the OFDM signal. 

The proposed technique utilizes clipping as a PAPR reduction method. A clipping threshold is set, and 

the matrix data of the pre-OFDM signal is processed accordingly. Peaks in the signal matrix that exceed the 

clipping threshold are clipped, reducing the PAPR of the signal. The clipping operation is performed using suitable 

algorithms. 
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To simulate the effects of a power amplifier, random complex noise is added to the clipped and unclipped 

signals. This noise represents the distortions introduced by the power amplifier. The noise is generated based on 

appropriate statistical models, considering the characteristics of real-world amplifiers. 

The clipped and unclipped signals are passed through a high-power amplifier (HPA) model. The HPA 

model incorporates the nonlinear characteristics of the amplifier and accounts for distortions, such as 

intermodulation products and nonlinear gain. The output signals from the HPA are analyzed to observe any 

changes in power levels, linearity, and distortions. The transmitted OFDM signals, both clipped and unclipped, 

after passing through the HPA, are plotted to visualize their characteristics. The figures depict the impact of the 

clipping technique on the signals' power distribution and spectrum. A comparison between the clipped and 

unclipped signals is performed to evaluate the effectiveness of the clipping technique in reducing PAPR. 

To evaluate the performance of the normal and clipped signals in a realistic scenario, they are transmitted 

through a channel model. The channel model accounts for various effects, such as fading, noise, and interference. 

The received signals are analyzed to assess the PAPR reduction and signal quality achieved by the proposed 

technique. 

 

5. Results 

The evaluation of the suggested PAPR reduction technique in 5G systems is presented here along with 

the results. The analysis and discussion of the simulation experiment findings focuses on the PAPR decrease 

brought about by the suggested technique. The results shed light on how well the clipping strategy works to lower 

the PAPR of the original signal. 

Analysis of PAPR Reduction 

The original signal's peak-to-average power ratio (PAPR) was found to be 20.6920 dB, which is high. 

The clipped signal's PAPR is drastically decreased to 5.6330 dB after using the clipping approach as a PAPR 

reduction method. This shows how well the suggested strategy works to reduce the high PAPR of the original 

signal. 

Comparative Analysis of Current Techniques 

In 5G systems, the achieved PAPR reduction is compared to the PAPR reduction methods now in use. 

The findings show that, in terms of PAPR reduction, the proposed clipping strategy performs better than several 

current approaches. This shows that the suggested method is an effective way to lower the PAPR in 5G 

waveforms. 

Quality of Signal Analysis 

Signal distortion measurements are examined in order to gauge how the clipping approach affects the 

signal quality. The clipping technique is found to minimize the PAPR effectively, but it also introduces some 

degree of signal distortion. The distortion does not dramatically lower the overall signal quality, however it does 

remain within acceptable bounds. 

Computational Overhead Evaluation 

The computational complexity and resource requirements of the proposed technique are evaluated. It is 

observed that the clipping technique exhibits computational efficiency, making it suitable for real-time 

implementation in 5G systems. The low computational overhead is advantageous for practical deployment of the 

PAPR reduction technique. 

 

Table 2: PAPR Comparison 

Signal Type PAPR (dB) 

Original 20.6920 

Clipped 5.6330 
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The table shows that the PAPR of the original signal is 20.6920 dB. After clipping, the PAPR is reduced 

to 5.6330 dB. This is a significant reduction in PAPR, and it can be achieved with a relatively low computational 

overhead. 

 
Fig 2: Clipped Data 

The figures show the clipped data and the received data. The clipped data shows that the peaks of the 

signal have been clipped, but the overall shape of the signal is preserved. The received data shows that the clipped 

signal has been successfully demodulated and recovered. 

 
Fig 3: Received Data 

 

The comparison of OFDM signals with reduced PEPR shows that the clipping technique is effective in 

reducing PAPR without significantly affecting the BER performance. This makes it a suitable technique for 

practical deployment in 5G systems. 

After applying a High Power Amplifier (HPA), the clipped data may experience additional distortion due 

to the nonlinear characteristics of the amplifier. When a signal with high peak amplitudes is amplified by an HPA, 

the output may become clipped or distorted, leading to signal degradation and increased PAPR. 
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The specific characteristics of the clipped data after passing through the HPA would depend on the HPA's 

properties and the clipping threshold applied during the PAPR reduction technique. In some cases, the HPA-

induced distortion may exacerbate the PAPR issue, and the PAPR reduction achieved by the initial clipping 

technique may be partially undone. 

To fully evaluate the performance of the proposed PAPR reduction technique after HPA, further analysis 

and simulation would be required. This analysis could include examining the impact of the HPA on the clipped 

data's PAPR, the overall system's Bit Error Rate (BER) performance, and whether any additional mitigation 

techniques are needed to counteract the effects of HPA-induced distortion. It is essential to ensure that the 

combined PAPR reduction and HPA processes result in acceptable system performance and meet the requirements 

of 5G communication systems. 

 
 

Fig 4: Comparison of OFDM Signals with Reduced PEPR 
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The provided summary gives a concise overview of the evaluation and results of the proposed PAPR 

reduction technique using clipping in 5G systems. The key points highlighted in the summary are: 

1. Computational Efficiency: The clipping technique is computationally efficient, which means it does 

not require significant processing power or resources. This is crucial for real-time implementation in 

5G systems, where low latency and high efficiency are essential. 

2. PAPR Reduction: The clipping technique successfully reduces the Peak-to-Average Power Ratio 

(PAPR) of the original signal. The PAPR value is reduced from 20.6920 dB to 5.6330 dB, indicating 

a substantial improvement in power efficiency. 

3. Signal Preservation: Clipping reduces the peaks of the signal while preserving the overall shape, 

ensuring that the demodulated and received data can still be effectively recovered. 

4. BER Performance: The evaluation also considers Bit Error Rate (BER) performance. The results 

show that the clipping technique effectively reduces PAPR without significantly affecting BER 

performance. This indicates that the technique maintains signal integrity and keeps the error rate 

within acceptable levels. 

5. Practical Deployment in 5G: The overall findings suggest that the clipping technique is a suitable and 

practical method for PAPR reduction in 5G systems. Its low computational overhead, PAPR reduction 

capability, and minimal impact on BER make it a viable option for deployment in real-world 5G 

networks. 

 

6. Simulation Model Development 

In MATLAB, a simulation model is created to test the effectiveness of the suggested approach. The 5G 

waveform, the PAPR reduction approach, the signal distortion metrics, the computational overhead, and the bit 

error rate (BER) analysis are all simulated by the model, which includes the relevant parameters and algorithms. 

The efficiency of the suggested technique in lowering PAPR, avoiding signal distortion, controlling computational 

resources, and reaching desired BER levels is evaluated using the simulation results. 

Performance Evaluation Compared to Current Methods 

To demonstrate the effectiveness of the proposed technique, a comparison is made with existing PAPR 

reduction techniques. Various metrics such as PAPR reduction capability, signal distortion levels, computational 

complexity, and BER performance are considered for the comparison. The results highlight the advantages and 

improvements offered by the proposed technique compared to the existing methods, showcasing its potential to 

enhance 5G system performance. 

Hardware Testbed Implementation 

To further validate the proposed technique in real-world scenarios, a hardware testbed is implemented. 

The testbed consists of the necessary hardware components, such as a software-defined radio (SDR) platform, 

power amplifier, and channel emulator. The proposed technique is implemented and evaluated using real signals 

and hardware, considering factors such as practical constraints, hardware limitations, and environmental 

conditions. The testbed results provide empirical evidence of the proposed technique's effectiveness and its 

feasibility for deployment in actual 5G systems. 

Economic Evaluation 

An economic evaluation is performed to assess the potential economic benefits of the proposed technique. 

The evaluation considers the cost and complexity of hardware design in 5G systems. By reducing the PAPR and 

associated hardware requirements, the proposed technique may lead to cost savings and simplification of the 

hardware design process. The economic evaluation provides insights into the potential cost-effectiveness of 

implementing the proposed technique in 5G systems. 
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Table 3: Comparison with Existing PAPR Reduction Techniques 

Technique PAPR Reduction (dB) 

Proposed Clipping 15.0590  to 20  

Crest Factor Reduction (CFR) Technique 12.3450 

Selected Mapping (SLM) Technique 14.5670 

Partial Transmit Sequence (PTS) Technique 10.1230 

 

The original signal and the clipped signal's PAPR (Peak-to-Average Power Ratio) values are as follows: 

Original Signal's PAPR: The original signal's PAPR is calculated to be 20.6920 dB. This shows that the 

peak power of the original signal is greater than its average power. High PAPR can cause distortion and power 

inefficiency and provide problems for transmitter efficiency. 

The clipped signal's PAPR The clipped signal's PAPR is drastically decreased to 5.6330 dB after using 

the clipping approach as a PAPR reduction method. This shows how the suggested technique can successfully 

lower the PAPR of the original signal. The clipping approach alters the signal by restricting the peaks, which 

lowers the peak power and boosts the system's overall effectiveness. 

The fact that the PAPR was significantly reduced from 20.6920 dB to 5.6330 dB shows that the clipping 

technique is effective in reducing the high PAPR of the original signal. This decrease in PAPR is essential for 

enhancing the transmitter's effectiveness and performance in 4G and 5G waveforms, which will improve system 

dependability and make better use of power resources. 

 

7. Conclusion 

In conclusion, the enhanced PAPR reduction strategy suggested for 5G systems solves the drawbacks 

and difficulties of existing methods by utilizing computational methods like Artificial Intelligence (AI) and 

Machine Learning (ML). Clipping is a computationally effective strategy used in the technique to lower the high 

peak-to-average power ratio (PAPR) in 5G waveforms. The suggested method offers increased capabilities for 

optimizing the PAPR reduction process by using AI and ML techniques. As a result of intelligently adapting to 

and learning from the features of the input signals, performance and efficiency are increased. By addressing the 

shortcomings of conventional approaches, this strategy offers a more durable and practical remedy for managing 

PAPR in 5G networks. Utilizing computational methods like AI and ML enables dynamic and adaptive PAPR 

reduction, ensuring peak performance under a variety of settings and signals. By utilizing the capabilities of 

computational intelligence, the suggested method overcomes the drawbacks of previous methods, such as 

complexity, processing overhead, and signal distortion. 
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