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Abstract: In the wireless scenario, orthogonal frequency division 

multiplexing (OFDM) is the best spectrally effectual, strong 

transmission procedure presenting for communication systems 

and it can ease the difficulties of multipath environment. Owing 

to its leads in multipath fading channel like robust against Inter 

Symbol Interference, Inter Channel Interference and some other 

gains like best QoS for multiple users, competent treatment of 

bandwidth it is permitted to be the modulation scheme for 

mobile networks. Then along through all its rewards, there are 

specific drawbacks besides like High PAPR (Peak to Average 

Power Ratio) at the transmitter side and BER (Bit Error Rate) at 

the delivery side. OFDM is used in the downlink of Fourth -

Generation networks. To diminish the Peak average power of 

OFDM, several methods like SLM, PTS, Clipping and filtering, 

Coding, & Pre-coding and others are suggested. This Paper will 

deliberate numerous practices of PAPR & BER reduction, and 

their recompenses and shortcomings in detail.  

Index terms: PAPR, BER, OFDM, PAPR reduction techniques. 

1.  INTRODUCTION 

OFDM progression [1] can be separated into three chunks 

specifically, 1.Frequency Division Multiplexing (FDM) 

2.Multicarrier Communication (MC) 3.Orthogonal Frequency 

Division Multiplexing  

1. FDM is the thought of consuming different frequency 

channels to carry the information of different users. Each 

channel is accepted by the central frequency of transmission. 

To assure that the signal of one channel does not juncture 

with the signal from a neighbouring one, some gap or guard 

band is gone between different channels.  

2. Multicarrier (MC) is truly the concept of splitting a signal 

into a number of signals, modulating each of these new 

signals over its own frequency channels and multiplexing 

these different frequency channels together in an FDM 

manner.  

3. OFDM is resulting from the concept of MC where the 

different carriers are orthogonal to each other. Orthogonal in 

this respect resource that the signals are totally independent. It 

is achieved by guaranteeing that the carriers are placed 

exactly at the nulls in the modulation spectra of each other. 

OFDM is merely demarcated as an arrangement of multi-

carrier modulation where the carrier spacing is sensibly 

selected so that each subcarrier is orthogonal to the other 

subcarriers. When two signals are orthogonal then their dot 

product will resultant in zero. that is if we take two signals to 

multiply them together and if their integral over an interval is 

zero, then two signals are orthogonal in that interval. (This is 

furthermore a base for Fourier series where we are working to 

find a set of cosinusoidal signals components present in a 

signal). Orthogonality can be attained by wisely selecting 

carrier spacing, such as allowing the carrier arrangement to be 

equal to the reciprocal of the expedient symbol period. As the 

subcarriers are orthogonal, the spectrum of each carrier has a 

null at the centre frequency of each of the other carriers in the 

system. Due to its incredible advantages such as high spectral 

efficiency, immunity to inter-symbol interference (ISI) and 

robustness against channel fading [2], orthogonal frequency 

division multiplexing (OFDM) has been adopted as a standard 

technique in many high-rate data transmission systems, such 

as European Digital Audio Broadcasting (DAB) [3], Digital 

Video Broadcasting (DVB) [4], WLAN standards (802.11), 

Wi-Max (802.16) [5] and 3GPP Long Term Evolution (LTE). 

OFDM has numerous striking sorts which make it more 

profitable for high-speed data transmission over other data 

transmission techniques. These types include 

 (i) High Spectral Efficiency 

(ii) Robustness to channel fading 
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(iii) Flexibility 

(iv)  Easy equalization 

However, despite these profits, there are some weaknesses in 

using OFDM: 

 (i) OFDM signal reveals excessive Peak to Average Power 

Ratio (PAPR) 

 (ii) Very profound to frequency errors (Tx. & Rx. offset) 

(iii) Intercarrier Interference (ICI) among the subcarriers   
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Figure 1 Simple block diagram of OFDM system 

OFDM has got definite drawbacks [6] also. One of the 

foremost weaknesses of OFDM is high PAPR connected with 

the transmitted signal. Huge PAPR hints to both in-band 

distortion and out of band radiation. It similarly increases the 

complication of the analog-to-digital and the digital-to-analog 

converter and decreases the productivity of the Radio- 

Frequency (RF) power amplifier used. Consequently, it is 

useful to reduce the PAPR of the OFDM system. In this 

paper, we are reviewing unlike methods to reduce PAPR in 

OFDM system. 

2.  OFDM SYSTEM MODEL 

Occupancy a block of N symbols X={X
k 

, k=0,1,2,...N-1} is 

designed with every symbol modulating one of a set of 

subcarriers {f
k 

, k=0,1,2,...N-1} where N is the number of 

subcarriers. The N is picked to be orthogonal, that is, f
k
=kΔf, 

where Δf =1/NT and T is the original symbol period. 

Consequently, the complex envelope of the transmitted 

OFDM symbol signals can be engraved as: 

X (t) =    x (t) =
1

√𝑁
∑ 𝑋𝑘

𝑁−1
𝑘=0 𝑒𝑗2𝜋 𝑓𝑘 𝑡   𝑓𝑘 𝑡   , 0≤t≤NT      -- (1) 

Where j=√ (-1)  

The evaluation (1) explains the OFDM signal x (t) where N 

subcarriers are added together. If N is large adequate, then, 

grounded on central-limit theorem (CLT), the ensuing signal 

x(t) will be close to a complex Gaussian process. This means 

that both of its real and imaginary parts are Gaussian 

distributed and its envelope and power follow Rayleigh and 

exponential distributions respectively [7]. 

r1 r2

f(r)
Avarage Signal

Small Signal
Large Signal

A r

Probability Density function of OFDM

Figure 2 PDF of amplitude of OFDM Signals. [8] 

2.1  Definition of PAPR 

In general, the PAPR of OFDM signals x (t) is defined as the 

ratio between the maximum instantaneous power and its 

average power i.e., PAPR [x (t)] =   
max

0≤t≤NT   

Pave
[|x(t)|2 ]  --(2) 

Where P
ave 

is the average power of x(t) and it can be 

computed in the frequency domain because Inverse Fast 

Fourier Transform (IFFT) is a (scaled) unitary transformation 
[9].To enhanced estimated the PAPR of continuous-time 

OFDM signals, the OFDM signals samples are gotten by L 

times oversampling. L-times oversampled time-domain 

samples are LN-point IFFT of the data block with (L-1) N 

zero-padding. The PAPR considered from the L–times 

oversampled time domain OFDM signal samples can be 

demarcated as:    PAPR {x[n]} =    
max

0≤𝑡≤𝑁−1   

𝐸{|𝑥[𝑛]|2}
|𝑥[𝑛]|2  ----- (3)  

Where E {.} denotes the expectation operator. The most 

informative metric used for evaluating the PAPR is the 

complementary cumulative distribution function (CCDF). 

PAPR decrease proficiency is restrained by the aggregate of 

CCDF reduction attained. CCDF affords a suggestion of the 

probability of the OFDM signal’s envelope beyond a definite 

PAPR threshold within the OFDM symbol and is given by: 

CCDF {PAPR (xn (t))} = prob {PAPR (xn (t))>δ} ---------- (4) 

Where PAPR (x
n

(t)) is the PAPR of the n
th 

OFDM symbol and 

δ is certain inception. The probability of PAPR of the n
th 

OFDM symbol with N subcarriers beyond a threshold δ is 

stated by the CCDF as [10]:  

CCDF {PAPR (xn (t))} =1-(1-e - δ) LN ---------------------- (5) 

Where L is the oversampling factor. 

3.  PAPR REDUCTION TECHNIQUES 

An enormous PAPR would motivation PAs at the transmitter 

into saturation, constructing interference midst the subcarriers 

that reduce the BER show and contaminates the spectrum of 

the signal. To elude energetic the PA into saturation, the 

PAPR would be reduced and it is desirable to answer the 



International Journal of Emerging Technologies in Engineering Research (IJETER)   

Volume 6, Issue 11, November (2018)                                                                   www.ijeter.everscience.org  

  

 

 

ISSN: 2454-6410                                               ©EverScience Publications       50 

    

tricky of high PAPR by reducing the peak power of the signal 
[7]. PAPR reduction techniques are generally classified into 

two categories- Signal Scrambling Techniques and Signal 

Distortion Techniques. Signal scrambling techniques ascent 

the input data sequence using a number of dedicated 

scrambling sequences and the sequence which produces the 

deepest PAPR is recycled for transmission. Signal 

misrepresentation techniques lessen the PAPR by distorting 

the transmitted OFDM signal before passing it through the 

PA. These methods cause both in-band and out-of-band 

distortion which pointers to an increase in BER [11]. Fig.3 

shows the classification of PAPR reduction techniques. 
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Figure 3 PAPR reduction techniques 

3.1  Clipping and Filtering 

This method reduces the PAPR of OFDM symbols is to clip 

the parts of the signals that are outside the allowed region. A 

soft limiter is employed to clip the signal envelope to a 

predefined threshold level if the signal exceeds that level; 

otherwise, the limiter passes the signal without change [7,12]. 

The clipping function F(x[n]) =y (n) is defined as: 

𝑦(𝑛) = [
𝑥(𝑛)     𝑖𝑓 |𝑥(𝑛)| ≤ |𝐴𝑚𝑎𝑥|

|𝐴𝑚𝑎𝑥|𝑒𝑗𝜑𝑛   𝑖𝑓 |𝑥(𝑛)| > |𝐴𝑚𝑎𝑥|
  ----------- (6) 

Here x[n] is the set of OFDM signal, A is the clipping level 

and <x[n] is the angle of x[n]. The clipping ration γ is defined 

as: 

ᵧ =
𝐴

√𝑃𝑎𝑣𝑒
  ----------------------- (7)  

Where P
ave

is the average power of the signals before clipping.  

Clipping is a nonlinear process and causes both in-band 

distortion and out-of-band radiation into OFDM signals, 

which degrades the system performance including BER and 

spectral efficiency. Filtering after clipping can preserve the 

spectral efficiency and hence improve the BER performance 

but it can generate large time-domain peaks [13]. For this 

reason, to reduce the peak regrowth, a repeated clipping and 

filtering operation is used to approach the desired PAPR 

reduction. However, the iterative signal takes a long time and 

it will increase the computational complexity of an OFDM 

transmitter. As improved clipping methods, peak windowing 

schemes attempt to minimize the out of band radiation by 

using narrowband windows such as Gaussian window to 

attenuate peak signals [9]. 

3.2  Tone Reservation (TR) 

In this scheme, a small number of unused subcarriers called 

peak reduction carriers (PRC) are reserved to reduce the 

PAPR and the goal of the TR scheme is to find the optimal 

values of the PRCs that minimize the PAPR of the transmitted 

OFDM signal. Figure 4 describes the block diagram of the 

tone reservation (TR). The objective of the TR method is to 

find the time domain signal c to be added to the original time 

domain signal x to reduce the PAPR. If the added frequency 

vector is denoted as C, then the new OFDM signal is defined 

as [7]: 

x͂ = X + C = IFFT (X + C) ---------------- (8) 

To achieve distortion less data transmission, the data symbol 

vector X=[X
0 

X
0......

X
N-1

] and the reserved symbol vector C= 

[C
0 

C
0...... 

C
N-1

] are restricted to lie in the disjoint frequency 

sub-spaces, i.e. 

xn + cn = {
xn

 cn
      

n Є S
n Є  Sc  --------------- (9) 

PAPR Reducer

x

C

x~ 

 

Figure 4 Block diagram of Tone Reservation 

Where S denotes the index set of the data-bearing subcarriers 

and S
c 

represents the index set of the PRCs [14]. With this 

design approach, at the receiver the information symbols are 

simply recovered by selecting the outputs of the FFT with 

indices in the set, requiring no extra operation. In addition, no 

side information is required to be transmitted. The Tone 

Reservation is a simple algorithm, used at the transmitter of 

the OFDM system without any additional complexity at the 

receiver end. The reserved tones for PAPR reduction may 
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present a non-negligible fraction of the available bandwidth 

and result in a reduction in data rate. 

3.3 Tone Injection (TI) 

It is based on the additive method for PAPR reduction. Using 

the additive method achieves PAPR reduction of the 

multicarrier signal without any data rate loss. It uses a set of 

equivalent constellation points for an original. 

3.4  Peak Windowing 

Peak windowing reduces PAPRs at the cost of increasing the 

BER and out-of-band radiation. In peak windowing method 

we multiply large signal peak with a specific window, for 

example; Gaussian shaped window, cosine, Kaiser and 

Hamming window.  

3.5 Selective Linear Mapping (SLM) 

In the Selective Linear Mapping, a different set of OFDM 

symbols x
m

, 0≤m≤M-1, every one of length N, all expressive 

the same information as the original OFDM symbols are 

generated, and at that point the symbol with the minimum 

PAPR is transmitted. Statistically, the transmitted OFDM 

symbol x̃ is represented as: 

       x͂     =    [PAPR(0≤m≤N−1
argmin

xm)]   --------- (10) 

Here argmin [.] epitomize the argument of its value is 

diminished.  

A block diagram of the SLM technique is depicted in Fig.5. 

The original data block X=[X
1
, X

2 
.... X

N
] is multiplied 

element-by-element by M different phase sequences b
m
, each 

of length N, prior to performing IFFT. These phase sequences 

are represented as: 

    bm= [ejψ
m

,
1

 
     , ejψ

m
,
2

 
 ………ejψ

m
,
N ], 0≤m≤M-1 -----(11) 

Where ψ
m, k 

takes a value between 0 and 2π, excluding 2π, i.e., 

ψ
m, k 

є [0, 2π) for k=1,2...N. Therefore, the modified OFDM 

symbol x
m

, 0≤m≤M-1, is the IFFT of the element-by-element 

multiplication of X and b
m
. 

xm  = IFFT [ x1 ejψ
m

,
1

 
     , x2ejψ

m
,
2

 
   , xN ejψ

m
,
N ]  ------ (12) 

The facility of PAPR decrease in SLM depends on the 

number of produced phase sequences M and the design of 

these phase sequences. Information almost the selected phase 

sequence would be transmitted to the receiver as side 

information so as to the unique symbol sequence can be 

recovered at the receiver which reduces the data transmission 

rate. The SLM needs [log
2
M] bits as side information and 'M' 

IFFT operations for each data block [15]. The phase sequences 

essential to be deposited at both the transmitter and receiver. 

If the side information is perceived erroneously at the receiver 

then it roots the unfitting recovery of the entire OFDM 

symbol. Therefore, resilient protection of the side information 

is essential resulting in extra loss of data transmission rate. 
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Figure 5  Block diagram of SLM 
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Figure 6  The original OFDM with the performance of PAPR 

using SLM for N=64, L=4, M=4 

The process which is used to optimize and select the best 

output of M OFDM signals could turn out to be further 

computational if the size of the OFDM blocks is great and if 

the number of phase sequences M is improved, which is 

requisite to accomplish a substantial PAPR reduction. 

3.6 Partial Transmit Sequence (PTS) 

In PTS, the input data block, X=[X
1 

X
2
...... X

N
], is partitioned 

into V disjoint sub blocks, which are represented by the 

vectors {X
(m)

, m=0, 1,...., V-1} as shown in fig7. Therefore, 

we can get:    

 x= ∑ x(m)V−1
m=0   --------------------- (13) 

Where,  

X(m) =[ x0
(m) x1

(m) x2
(m) ……….XV-1

(m)],  0≤m≤V-1. ------- (14),  
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Generally, the sub-block separating can be complete in three 

behaviors: adjacent partition, interleaved partition and 

pseudorandom partition. Then, the IFFT for each sub-block, 

x
m

 where, 0≤m≤V-1, is computed and weighted by a phase 

factor   bm = ejψ
m ------------------ (15) 

where ψ
m
= [(0,2π), 0≤m≤V-1] The objective now is to select 

the set of phase factors, b
m

's that minimizes the PAPR of the 

combined time do-main signal x, where x is defined as: 

 X =∑ bm
M−1
m=0 xm   --------------- (16) 

Therefore, there are two important issues should be solved in 

PTS: high computational complexity for searching the 

optimal phase factors and the overhead of the original phase 

factors as side information needed to be transmitted to 

receiver for the correct decoding of the transmitted bit 

sequence [16]. 
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Assume there are W phase angles to be allowed, thus b
m 

can 

take W different values, b
m

=e[j2πk/W]  ----------(17), where 

k=0,1, ..., W-1.. The first phase factor b
1 

can be set to 1 

without any loss of performance; therefore, V-1 phase factors 

are to be found by an exhaustive search. Hence, W
V-1 

sets of 

phase factors are investigated to find the best one. The 

decrease of PAPR by PTS scheme is subject to on the value of 

V and W. Going on one influence, the higher is the number of 

sub blocks V, the more is the lessening in PAPR. On the other 

influence, the examination complexity is accumulative 

exponentially with V. Altogether, PTS needs V IFFT 

procedures for each data block and number of the obligatory 

side information bits is [V log
2
W], where [x] signifies the 

tiniest integer that does not surpass the value of x. 

3.7 Coding Techniques  

The focal story of coding procedures is that they have an 

inborn capability to provide error detection and correction; 

consequently they assist as more proximity methods for 

practical OFDM system scheme. The ultimate idea is that of 

all conceivable code words only those which have low peak 

power will be preferred for transmission. This can be finished 

by block coding the data such that the 3-bit data word is 

mapped onto a 4-bit code word such that the set of 

permissible sequences will not encompass those that outcome 

in high PAPR. Conversely, this methodology grieves from the 

need to perform an extensive search to find the best codes and 

to store large lookup tables for en-coding and decoding, 

especially for a large number of subcarriers and also this 

approach does not address the problem of error correction [17]. 

Large PAPR reduction can be achieved if the long 

information sequences are divided into sub-blocks, using sub-

block coding (SBC) scheme. In this method, an odd parity bit 

will be added to each sub-block and location of the added 

parity is elevated to additional reduce PAPR. Additionally as 

a substitute of one coding scheme, two coding schemes may 

be used to encode each sub-block, and the amalgamation of 

the coded sub-blocks can be augmented to lower PAPR. 

These two methods have need of the transmission of the side 

information to the receiver to designate the positions of the 

parity bits or the coding arrangements used to encode each 

sub-block. Which this work the bandwidth efficiency of the 

system will become further reduced [7]. 

3.8 Pre-coding 

In pre-coding method, modulated data is multiplied with 

shaping matrix before the formation of OFDM symbol. This 

type of technique utilizes the positive feature of the frequency 

selective multipath channel of OFDM system. In this first the 

input data is modulated in baseband using modulation scheme 

like M-PSK, M-QAM etc. The baseband-modulated data 
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stream is transformed by pre-coding matrix. Different 

methods like pulse shaping function, discrete cosine 

transformation (DCT) matrix, Hadamard matrix, zad off-chu 

sequence, generalized chirp like (GCL) sequence etc. are used 

to generate pre-coding matrix. After that these pre-coded data 

are transmitted through IFFT and generate OFDM symbols. 

Each element of pre coding matrix should be carefully 

designed, so that it can reduce the PAPR. Since, we are 

multiplying modulated data with predefined pre coding 

matrix; there is no need of handshake between transmitter and 

receiver. 

PAPR 

Reduction  

Method 

BER 

 

Increas

e 

Bit 

Rate 

 

Loss 

Implementatio

n  

Complexity 

Power  

Increase 

Clipping 

and 

Filtering 

 YES  NO  LOW NO 

Tone 

Rejection 

(TR) 

NO  YES HIGH YES 

Selective 

Linear 

Mapping 

(SLM) 

NO  YES HIGH NO 

Partial 

Transmit  

Sequence 

(PTS) 

NO  YES HIGH NO 

Coding  

techniques 
NO  YES LOW  NO 

Table 1 comparison of PAPR reduction techniques 

4. CONCLUSION 

OFDM is a pretty good multicarrier multimodulation system 

for wired and along with wireless transmissions of data, 

owing to its stoutness beside multipath fading, high data rates 

and spectral efficiency. The major weakness of OFDM 

system is its high PAPR due to which Power Amplifier drives 

into saturation region and roots to non-linear distortion and 

spectral spreading. There are numerous practices in literature 

to reduce PAPR which drop the PAPR substantively at the 

outflow of increased BER, amplified transmitted power, 

reduced bit rate, or improved complexity. In this paper, 

typical PAPR reduction methods are analyzed and their 

comparisons are completed on the base of BER performance, 

bit rate loss, implementation complexity and transmit signal 

power increase. We investigate that all the procedures can 

reduce PAPR suggestively but no single practice can provide 

best results under all circumstances. Therefore, a suitable 

practice should be nominated on the root of system desires 

and offered resources.                        
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