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ABSTRACT 

OFDM (Orthogonal Frequency Division Multiplexing) has been raised a new modulation technique. Due 

to its advantages in multipath fading channel e.g. robust against ISI, ICI and some other advantages like 

best QoS  for multiple users, efficient usage of bandwidth it is suggested to be the modulation technique for 

next generation 4G networks e.g. LTE. But along with all its advantages there are some disadvantages also 

e.g. High PAPR (Peak to Average Power Ratio) at the transmitter end and BER (Bit Error Rate) at the 

receiving end. Since OFDM is only used in the downlink of 4G networks. To reduce the problems of OFDM 

some techniques e.g. SLM, PTS, Clipping, Coding, & Pre-coding etc are suggested but none of them is 

reduce the PAPR and BER to an acceptable value. This Paper will discuss some techniques of PAPR & 

BER reduction, and their advantages and disadvantages in detail. 

 

Keywords: Orthogonal Frequency Division Multiplexing (OFDM), Peak-to-Average Power Ratio (PAPR), 

Power Amplifiers (PAs), Selected Mapping (SLM), Complementary Cumulative Distribution Function 

(CCDF). 

 

1. Introduction 

 
New techniques for digital transmission have developed to meet the increasing demand for higher data rates 

in communications which can be used in both wired and wireless environments. To meet out the high 

spectral efficiency and high data rate, an efficient modulation scheme is to be employed [1].A promising 

modulation technique that is increasingly being adopted in the telecommunication field is Orthogonal 

Frequency Division Multiplexing (OFDM). Orthogonal Frequency Division Multiplexing (OFDM) is a 

Multi-Carrier Modulation technique in which a single high rate data-stream is divided into multiple low 

rate data-streams and is modulated using subcarriers which are orthogonal to each other [2]. OFDM is a 
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“Multi-Carrier Transmission Scheme.”ODFM is a good solution for high speed digital communications. In 

this the data to be transmitted is spread over a large number of orthogonal carriers, each being modulated at 

a low rate[3].The carriers can be made orthogonal by appropriately choosing the frequency spacing 

between them. Orthogonal frequency division multiplexing (OFDM) is a widely used modulation and 

multiplexing technology, which has become the basis of many telecommunications fields. Therefore 

OFDM is an advanced modulation technique which is suitable for high-speed data transmission due to its 

advantages in dealing with the multipath propagation problem, high data rate and bandwidth efficiency. [4] 

OFDM have several attractive features which make it more advantageous for high speed data transmission 

over other data transmission techniques. These features includes [5,6] 

 

(i) High Spectral Efficiency 

(ii) Robustness to channel fading 

(iii) Immunity to impulse interferences 

(iv)Flexibility 

(v) Easy equalization 

 

But inspire of these benefits there are some obstacles in using OFDM: 

(i) OFDM signal exhibits very high Peak to Average Power Ratio (PAPR) 

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

(iii) Inter-carrier Interference (ICI) between the subcarriers 

 

In this paper we will discuss the problem of high PAPR associated in OFDM. We will discuss what is 

PAPR, how it causes problem in existing OFDM & its effect and give a review of several techniques for 

sorting out this problem. 

 

2. Peak to Average Power Ratio 

 
The PAPR is the relation between the maximum powers of a sample in a given OFDM transmit symbol 

divided by the average power of that OFDM symbol. PAPR occurs when in a multicarrier system the 

different sub-carriers are out of phase with each other. At each instant they are different with respect to 

each other at different phase values. When all the points achieve the maximum value simultaneously; this 

will cause the output envelope to suddenly shoot up which causes a 'peak' in the output envelope. Due to 

presence of large number of independently modulated subcarriers in an OFDM system, the peak value of 

the system can be very high as compared to the average of the whole system. This ratio of the peak to 

average power value is termed as Peak-to-Average Power Ratio [11]. An OFDM signal consists of a 

number of independently modulated sub-carriers which can give a large PAPR when added up coherently. 

Let the data block of length N be represented by a vector. � = {��	, ��	, …… . . �
��}. Duration of any 

symbol Xk in the set X is T and represents one of the sub – carriers { fn, n = 0,1,…, N-1 } set. As the N 

subcarriers chosen to transmit the signal are orthogonal to each other, so it can be fn = n∆f   where n∆f = 

1/NT and NT is the duration of the OFDM data block X. The complex data block for the OFDM signal to be 

transmitted is given by 

 

                                   x�t� = 	 �√� 	∑ X������� e��π�∆��                                               (1) 

The PAPR of the transmitted signal is defined as 

                                   ��� = !"#|#�%�|&'()* |#�%�|&()+                                                             (2)                 

Reducing  ,-.|.�/�| is the principle goal of PARP reduction techniques. Since, discrete- time signals are 

dealt with in most systems, many PAPR techniques are implemented to deal with amplitudes of various 

samples of x (t). Due to symbol spaced output in the 1.3 equation find some of the peaks missing which can 

be compensated by oversampling the equation by some factor to give the true PAPR value. Expressing in 

decibels, 
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                                            papr34 = 10 log���papr�                                              (3) 

3. PAPR reduction techniques 

OFDM is found as a key multicarrier modulation technique. It offers numerous advantages such as high 

spectral efficiency, low implementation complexity, less vulnerability to echoes and non–linear distortion. 

Due to these advantages, OFDM technology is vastly used in various communication systems. However, it 

has few limitations. A high PAPR increases the complexity of involved analog–to–digital and digital–to–

analog converters and also reduces the efficiency of the radio frequency (RF) high power amplifiers. There 

are a number of techniques to deal with the problem of PAPR. The key technologies includes: amplitude 

clipping, clipping and filtering, coding, partial transmit sequence, selected mapping and interleaving. A 

review of these key PAPR reduction techniques is mentioned below. 

• Active Constellation Extension (ACE) Technique: This technique for PAPR reduction is similar to 

Tone Injection technique. According to this technique, some of the outer signal constellation points in 

the data block are dynamically extended towards the outside of original constellation such that PAPR of 

the data block is reduced. In this case also there will be increase of transmitted power [12]. 

• Coding: The coding technique is used to select a set of codeword that minimizes or reduces the PAPR 

It causes no distortion and creates no out-of-band radiation, but it suffers from bandwidth efficiency as 

the code rate is reduced. It also suffers from complexity of finding the best codes and to store large 

lookup tables for encoding and decoding, especially for a large number of sub carriers. 

• Clipping and Filtering: This is the simplest technique used for PAPR reduction. Clipping means the 

amplitude clipping which limits the peak envelope of the input signal to a predetermined value. Let x[n] 

denotes the pass band signal and xc[n] denotes the clipped version of x[n],which can be expressed as 

.:[<] = > −�													.[<] ≤ −�								.[<]|.[<]| < �												�																.[<] ≥ 	�													 
(4) 

Where, A is the pre-defined clipping level. However this technique has several drawbacks, such as 

clipping causes in-band signal distortion, resulting in Bit Error Rate performance degradation. It also 

causes out-of-band radiation, which imposes out-of-band interference signals to adjacent channels. This 

out-of-band radiation can be reduced by filtering. This filtering of the clipped signal further leads to the 

peak. Re-growth which means the signal after filtering operation may exceed the clipping level 

specified for the clipping operation [15]. 

• Tone Reservation: According to this technique, the transmitter does not send data on a small subset of 

subcarriers that are optimized for PAPR reduction. Here the objective is to find the time domain signal 

to be added to the original time domain signal such that the PAPR is reduced. In this case, the data rate 

loss may also take place . 

• Tone Injection Technique: The principle of this technique is to increase the constellation size so that 

each symbol in the data block can be mapped into one of the several equivalent constellation points; 

whereas, the extra degrees of freedom can be exploited for PAPR reduction. In this case, the transmitted 

power increases . 

• Selected Mapping: The main objective of this technique is to generate a set of data blocks at the 

transmitter end which represents the original information and then to choose the most favorable block 

among these for transmission. To better understand, consider an OFDM system with N orthogonal sub-

carriers. A data block is a vector X= (Xn) composed of N complex symbols; each of these representing 

modulation symbol transmitted over a sub–carrier. X is multiplied element by element with U vector 

Bu= (bu,n)N  composed of N complex number bu,n, where u∈{0,1, ….,n – 1}; bu,n = 1, where 

.denotes the modulus operator. Each resulting vector xu = (xu,n)N, where xu,n = bu,n-xn, produces after 

IDFT, a corresponding OFDM signal su (t) given by 
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CD�/� = 1√EF .D,GHI�JG∆K% ,
��
G��

0 ≤ / ≤ L 

(5) 

Where T is the OFDM signal duration and ∆f = 1/T is the sub–carrier spacing. Among the modified data 

blocks, the one with the lowest PAPR is selected for transmission. 

The amount of PAPR reduction for SLM depends on the number of phase sequences U and the design of 

the phase sequences [19]. 

• Partial Transmit Sequence: In the PTS technique, input data block X is partitioned into M disjoint 

sub–blocks Xm = [Xm,0, Xm,1,…..,Xm,N-1]
T

,m = 1,2,….,M and the sub-blocks are combined to minimize the 

PAPR in time domain. The L times oversampled time domain signal of Xm, m = 1,2,..M, is obtained by 

taking the IDFT of length NL on Xm concatenated with (L-1) N zeros. These are called the partial 

transmit sequences. Complex phase factors are introduced to combine the PTS sequences. The set of 

phase factors is denoted as a vector b = [b1, b2, …,bm]
T
. The time domain signal after combining is given 

by 

.�M�N = F M!. .!!
!��

 
(6) 

 

Where x'(b) = [x'0(b), x'1(b),…..x'NL-1(b)]
T
. The objective is to find the set of phase factors that minimizes 

the PAPR. A comparison of these techniques is done in table 1.2 the PTS is one of the most attractive 

schemes because of high-quality PAPR reduction performance with no restrictions to the number of 

subcarriers [23]. However, it involves a large number of complex calculations. This dissertation attempts to 

reduce these numbers of calculations, as explained below 

• Coding Techniques: Coding techniques are popular techniques for PAPR reduction as these 

techniques does not initiate any radiation and IB distortion. These techniques are described in 

papers .The disadvantages of coding techniques are increased complexity in case subcarrier 

increased; and also if the code rate is reduced, these techniques suffer from bandwidth efficiency. 

• Pre-Coding Techniques :The most popular and attractive techniques for PAPR reduction in 

OFDM are defined in papers is Precoding based techniques include: WHT (Walsh Hadamard 

Transform),DHT, DCT (Discrete Cosine Transform), ZCT (Zadoff Cho Transform) etc. the 

description of these techniques are described in the below section. 

• Zadoff-Chu Transform: ZCT is a ploy phase sequence with optimal periodic autocorrelation and 

constant magnitudes. ZC sequences are defined in Pre-coding  or post-coding based techniques are 

merged with scrambling techniques, clipping techniques, ACE etc to get best performance 

 

Table1.1: Performance comparison between the PAPR reduction techniques. 

Techniques Distortion Power Increase Data Rate Loss 

Clipping and Filtering Yes No No 

Coding No No Yes 

Partial Transmit Sequence No No Yes 

Tone Reservation No Yes Yes 

Tone Injection No Yes No 

ACE No Yes No 
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Selected Mapping No No Yes 

 

 

4. Conclusion 

 
In this paper, a survey on PAPR reduction technique PAPR reduction in OFDM based system are 

constraints e.g. bandwidth expansion, OOB radiation, IB distortion, reduction of efficiency, BER reduction, 

high peak power, high average power, and overall system complexity. This is concluded that Scrambling 

techniques give good performance but it needs side information for receiver to recover original data block, 

also it in based techniques results good with no need of side information and works with less complexity. 

Hybrid techniques Pre-coding plus other give best result for PAPR reduction. 
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