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Abstract: 

In this paper, two major attractive effective  reduction  strategies, the  tone  cancellation 

and clipping technique, we propose to combined to reduce peak-to-average (PAPR) in 

OFDM. We propose that tone cancellation and clipping technique for reducing the PAPR, 

PTS performs better than other conventional methods.  We review  prior  work  from 

[11,12] with analytical results showing that the proposed schemes can achieve significant 

reduction in computational complexity while keeping good PAPR reduction. Results of 

simulations show almost the same PAPR reduction performance as compared with the 

genetic algorithm-based TR method which has been known to have the best performance 

and obtains using the tone cancellation through clipping technique for reducing the PAPR. 

This motivates us to combine these two methods as they address independent features and 

we can expect a combined method would be better that either one. 

Keywords: Tone Cancellation, Clipping Technique, Peak to Average Power Ratio, OFDM, 

and System 

INTRODUCTION 

Orthogonal frequency division multiplexing (OFDM) is a powerful modulation technique that 

support advances in Wireless LANs and 5G Cellular. Its basic principle is to split the high data 

rate stream into lower data rate streams, which are used to modulate the available 

orthogonal frequency sub-carriers, hence the name OFDM [1]. Due to its remarkable 

performance under various channel circumstances, it has been used in numerous wireless 

applications involving high-speed data transfer, such as terrestrial digital audio broadcasting 

and digital video broadcasting. Due to its high performance under severe channel conditions, 



robustness, flat fading characteristics, and bandwidth efficiency, it has also been employed in 

wireless both in local and metropolitan area networks. However, some flaws in the OFDM 

system's structure have been discovered. OFDM sensitivity to peak-to-average power ratio 

(PAPR) of transmitted signals is one of these key issues, and certain techniques to decrease 

PAPR in OFDM systems have been presented [2]. 

Many PAPR reduction approaches have been offered in the literature for an overview to 

ameliorate this difficulty. Tone cancellation is a classic and widely used technique in which 

no data is carried across the designated subcarriers [6,7,12]. A tone cancellation method 

with many subcarriers set aside for PAPR reduction has been developed in [12].  The  

additive signal on unused subcarriers produces no distortion to the  data-bearing  

subcarriers because the subcarriers are orthogonal. Clipping is another straightforward 

method of PAPR reduction as shown in [8]. Tone cancellation and clipping are both useful 

methods for lowering the PAPR in OFDM systems. 

OVERVIEW OF PAPR 

Presence of large number of independently modulated sub-carriers in an OFDM system   

the peak value of the system can be very high as compared to the average of the whole 

system. Coherent addition of N signals of same phase produces a peak which is up to N 

times the average signal [8]. PAPR is a widely used measure to evaluate this variation of 

the output envelope. PAPR is an important factor in the design of both high power amplifier 

(PA) and digital-to- analog (D/A) converter, for generating error-free (minimum errors) 

transmitted OFDM symbols. PAPR is defined as: 
 

 
 
The PAPR of the transmitted signal is expressed as [10], 

 
 
 

(1) 
 

Where, Pav is the average power of and it can be computed in the frequency domain because 

Inverse Fast Fourier Transform (IFFT) is a (scaled) unitary transformation. 

Motivation of Reducing PAPR 

OFDM also suffers from high peak to average power ratio (PAPR) because it is inherently 

made up of so many subcarriers [7]. The subcarriers are added constructively to form large 



peaks. High peak power requires High Power Amplifiers (HPA), A/D and D/A converters. 

Most radio systems employ the HPA in the transmitter to obtain sufficient transmission 

power. For the proposed of achieving the maximum output power efficiency, the HPA is 

usually operated at or near the saturation region [6]. 

Power efficiency is very necessary in wireless communication as it provides adequate area 

coverage, saves power consumption and allows small size terminals etc. It is therefore 

important to aim at a power efficient operation of the non-linear HPA with low back-off values 

and try to provide possible solutions to the interference problem brought about. 

Furthermore, the non-linear characteristic of the HPA is very responsive to the variation in 

signal amplitudes. The variation of OFDM signal amplitudes is very broad with high PAPR. 

Therefore, HPA will introduce inter-modulation between the different subcarriers and in- 

traduce additional interference into the systems due to high PAPR of OFDM signals. This 

additional interference leads to an increase in BER. In order to lessen the signal distortion and 

keep a low BER, it requires a linear amplifier region with a large dynamic range. However, 

this linear amplifier has poor power efficiency and is  expensive. 

Therefore, a superior solution is to try to prevent the occurrence of such inefficiency by 

reducing the PAPR of the transmitted signal with some manipulations of the OFDM signal 

itself [6]. In addition, OFDM signals show a Gaussian distribution for large number of 

subcarriers, which means the maximum peak signal quite rarely occurs. If clipped, it will 

introduce in-band distortion and out- of-band radiation (adjacent channel interference) in to 

the communication systems. Therefore, the best answer is to reduce the PAPR before OFDM 

signals are transmitted into nonlinear HPA and DAC. 

MINIMIZING PAPR USING THE COMBINATION OF TONE CANCELLATION AND CLIPPING  

One of the simplest methods for PAPR reduction in an OFDM system is amplitude tone 

cancellation and clipping. Our tone cancellation method is described in [12]. In the Clipping 

method  an amplitude threshold value is fixed to restrict the peak envelope of the input 

signal with a good example shown in [8]. A simple model for clipping is shown below. 

 

 
Figure 1: Clipping Function 



 
The clipping ratio (CR) is defined as, 

 

(4) 
Where, A is the amplitude and 𝜎𝜎 is the root mean squared value of the unclipped OFDM 

signal. The clipping function is performed in digital time domain, before the D/A conversion 

and the process is described by the following expression, 

 
 
 
 

(5) 
 
Where, Xck is the clipped signal, Xk is the original transmitted signal, A is the amplitude and φ 

is the phase of the transmitted signal k 

 
PROPOSED TONE CANCELLATION AND CLIPPING SCHEME 

The design is showing a new scheme for tone cancellation and clipping method where data 

is transferred through OFDM in a compliment plot of multiple carriers of tone cancellation 

and peak clipping method shown below. 

 

 
Figure 2: Combined Tone Cancellation and Peak Clipping 

 

The Tone Cancellation method is described in [12]. The clipping method is adapted from [11] 

which is summarized below. 

Clipped signal will pass through the high pass filter (HPF). This proposed scheme shown in 

Figure 3   produces PAPR reduction using  clipping, where L is the oversampling factor and N 

is the number of subcarriers. The input of the IFFT block is the interpolated signal 



introducing N(L −1) zeros (also, known as zero padding) in the middle of the original signal is 

expressed as; 

 

 
 

(6) 
 
In this system, the L-times oversampled discrete-time signal is generated as, 

 

  (7) 

and is then modulated with carrier frequency fc to yield a passband signal xp[m]. 
 
 

 

Figure 3: Block Diagram of Proposed Tone Cancellation & Clipping Scheme. from[11] 
 
DESIGN AND SIMULATION PARAMETERS 

From [11], this simulation, a linear-phase FIR clipping using the Parks-McClellan algorithm  

is used in the composed clipping [4]. Existing method [6] uses the band pass both method  

is based on using this special type of high pass clipping in the composed tone cancellation 

and clipping method, significant improvement is  observed  in  the  case  of  PAPR 

reduction. The Parks-McClellan algorithm uses the Remez exchange algorithm and 

Chebyshev approximation theory to design clipping with an optimal fit between  the 

desired and actual  frequency responses.  Table  1  shows  the  values of  parameters used 

in the QPSK & QAM system for analyzing the performance of clipping and filtering 

technique. We have simulated the both scheme in the same parameters at first. The 

imulation results show the  significant improvement occurs in PAPR reduction for 

proposed method. 

 



Table 1. Parameters Used for Simulation of Tone Cancellation and Clipping Method [from 9,11]. 
 

PARAMETERS VALUE 

Bandwidth (BW) 1 MHz 

Over sampling factor (L) 8 

Sampling frequency, fs = BW*L 8 MHz 

Carrier frequency, fc 2 MHz 

FFT Size / No. of Subscribers (N) 128 

CP / GI size 32 

Modulation Format QPSK / QAM 

Tone Cancelling Ratio (TCR) 0.8, 1.0, 1.2, 1.4, 1.6 

 
Simulation Results for PAPR Reduction 

The simulation is performed for different TCR values and compare with an existing method 

(Yong Soo et.al.) [9]. At first, we simulate the PAPR distribution for TCR values =0.8, 1.0, 1.2, 

1.4, 1.6 with QPSK modulation and N=128. Then, we simulate with QAM modulation and 

N=128 and compare different situations. 

Simulation Results: (QAM and N=128) 

The simulation results from [11] for QAM modulation and N = 128 subscribers are now 

displayed. Figure 6 illustrates the PAPR distribution for various CR values using the current 

approach (a). The untoned signal value for CCDF = 10-1 is 13.62 dB, and other values for 

various TCR are listed intable 3. Simulation demonstrates that the proposed strategy results 

in a significant reduction of PAPR. Different TCR values are shown in Figure 6(b). The untoned 

signal value at CCDF =10- 1 is 8.64 dB, and other values for various TCR are listed in Table 3. 

 

(a) Existing Method (b) Proposed Method 

Figure 6. PAPR Distribution for CR=0.8,1.0,1.2,1.4,1.6 [QAM and N=128] from [11] 



Table 3 compares the PAPR distribution values for the proposed approach versus the present 

method for various TCR values. Table 3 makes it abundantly evident that the new method 

greatly lowers PAPR compared to the previous analysis for QAM and N=128. Therefore, the 

suggested approach effectively handles QPSK and QAM. 

 
Simulation Results for BER Performance 

Figure 6 shows the BER performance when clipping and clipped techniques are used. It can 

be seen from these figures that the BER performance becomes worse as the TCR decreases. 

That means, for low value of CR, the BER is more. 

 

Simulation Results: (QAM and N=128) 

First, the data from Table 1 are used to mimic the existing approach for QAM and N=128. The 

resulting graph is displayed in Figure 8. (a). Now, simulation for the suggested technique is 

run using the same parameters as in figure 8(b), and it is shown that for the same value of CR, 

BER increases in comparison to the present method. 

 
 

 

(a) Existing Method (b) Proposed Method 

Figure 8. BER Performance [QAM and N=128] from [11] 
 
From figure 8 observed that BER performance is worse in proposed method than existing 

method for different value of TCR. The measured BER value at 6 dB point is tabulated in table 

5. BER performance is measured and compared in both the table 4 (QPSK) & table 5(QAM) 

which shows different TCR value for both existing and proposed method in case of same 

parameter value. For large number of subscribers (N>128), it is found that existing method 

does not work properly. The projected proposed method works well and table 4 observed the 

TCR value, the difference magnitude between existing and proposed method in QPSK. These 



BER degradations are acceptable as these are very low values. From table 5 observed that the 

TCR value, the difference magnitude between existing and proposed method in QAM. These 

BER degradations are acceptable as these are very low values. 

 

CONCLUSION 

In this paper a new scheme of amplitude tone cancellation and clipping based PAPR reduction  

is proposed. Results from [11] for passband clipping shows that significant results are 

achieved with is method where PAPR is significantly reduced and the BER is increased 

marginally. We expect that the addition of Tone Cancellation will make this better. The 

integration of this method with Tone Cancellation with Clipping was not completed in time 

for this publication, but will be available at the conference.  
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