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                                  Abstract 
OFDM (orthogonal-frequency-division multiplexing) is a 
promising technique that is able to provide high data rates 
over multipath fading channels. However, OFDM systems 
have the inherent problem of a high peak-to- average power 
ratio (PAPR), which causes poor power efficiency or 
serious performance degradation in the transmitted signal. 
The high peak-to-average (PAPR) is one of the serious 
problems in the application of OFDM technology. The 
com-panding transform approach is a very attractive 
technique to reduce PAPR, but large PAPR reduction leads 
to a high bit error rate (BER) by the available companding 
transform techniques. This paper analyzes the problem of 
PAPR in OFDM and FBMC and also discusses the various 
techniques that are used in OFDM-FBMC for reduce the 
PAPR. 
Keywords: Orthogonal frequency division 
multiplexing, Filter Bank Multicarrier System, PAPR, 
Clipping, Companding. 

I. Introduction 
Orthogonal frequency division multiplexing (OFDM) has 
been recently seen rising popularity in wireless 
applications. For wireless communications, an OFDM-
based system can provide greater immunity to multi-path 
fading and reduce the complexity of equalizers [1]. Now 
OFDM have been included in digital audio/video 
broadcasting (DAB/DVB) standard in Europe, and IEEE 
802.11, IEEE 802.16 wireless broadband access systems, 
etc [2].  
 
OFDM divides the total bandwidth into several orthogonal 
sub-bands overlapping in frequency, which significantly 
increase the bandwidth efficiency [3]. Moreover, OFDM 
can be efficiently implemented by fast Fourier transform 
(FFT) [4]. A filter bank multicarrier system (FBMC) uses 
transmit and receive prototype filters whose time duration 
is greater than the symbol duration [5]. (OFDM can be 
considered as using a prototype filter which is a rectangular 
pulse of the same length as the symbol length.) Therefore, 
in FBMC, the successive data symbols overlap in the time 
domain. By carefully choosing a prototype filter other than 
the rectangular pulse used in OFDM, the peak of the side 
lobes can be reduced. Because of this, FBMC provides 
better spectral shaping of the sub-bands [6]. Staggered 
multitone (SMT) and cosinemodulated multitone (CMT) 
are two proposed methods. Both are FBMC techniques 
with some similarities and differences [7]. 

One of the major problems of OFDM system is the high 
peak-to-average power ratio (PAPR), which may result in 
significant distortion when the transmitted signals passed 
through a nonlinear device such as the power amplifier. To 
deal with this problem, many PAPR reduction schemes 
have been proposed, such as block coding , clipping, 
companding transform schemes , selective mapping 
(SLM)],and partial transmit sequence (PTS)[8]. Although 
clipping performs very well with low modulation orders, 
clipping error becomes very significant with higher orders 
and seriously degrades performance , which makes 
companding more suitable for high data rates 
applications[9]. SLM is more advantageous than PTS if the 
amount of side information is limited, but the 
computational complexity of SLM is larger than that of 
PTS. In order to improve the PAPR reduction performance 
of SLM scheme, they have to increase the number of phase 
sequences. The computational complexity of SLM scheme 
linearly increases as the number of phase sequences 
increases, which corresponds to the number of IFFTs 
required to generate the alternative OFDM signals. Even if 
the SLM scheme is simple and distortion less, sometimes 
its computational complexity is burdensome. , they 
proposed a modified SLM scheme which has lower 
computational complexity with keeping the similar PAPR 
reduction performance compared with the conventional 
SLM scheme[10]. Among which, PTS is a distortion less 
phase optimization scheme that provides excellent PAPR 
reduction with a small amount of redundancy. In PTS, an 
input data sequence is divided into a number of disjoint Sub 
blocks, which are then weighted by a set of phase factors to 
create a set of candidate signals. Finally, the candidate with 
the lowest PAPR is chosen for transmission [8]. 

II. The PAPR Problem 
Multicarrier communication systems are competing well 
with single-carrier systems, but suffer from a serious 
drawback: the approximately Gaussian-distributed output 
samples cause a high peak-to-average power ratio (PAPR). 
The analog hardware at the transmitter requires an 
expensive highpower amplifier (HPA) to avoid clipping 
and/or soft thresholding that causes nonlinear output. The 
power consumption of a HPA depends largely on its peak 
power output rather than the average output power, and 
thus handling occasional large peaks leads to low power 
efficiency [10]. 
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An OFDM signal is the sum of N independent QAM 
signals modulated onto subchannels of equal bandwidth 
with frequency separation of 1/T between adjacent 
subcarriers, where T is the time duration of the OFDM 
symbol. An input bit stream is mapped into QAM symbols 
to create the mth complex-valued symbol vector�� =
���

�… . ��	

� �� , which is transformed into a discrete time 

signal  ���� = ���… . �	

� �� via an IDFT; i.e., 

���� = X� = ����
√� ∑ ��

��	

��� ������� �⁄ ,  (1) 

Where w[n] is a discrete-time rectangular window with 
amplitude 1 over the interval [0, N-1]. A cyclic prefix is 
then appended to minimize interblock interference and aid 
the frequency domain equalizer at the receiver. The signal 
could be oversampled to	�� ��⁄ , as well as undergo digital 
filtering to become��� �⁄ � = �� �⁄ � ∗ !�� �⁄ �. Digital-to-
analog (D/A) conversion and analog filtering are 
performed, the signal is modulated to some carrier 
frequency, and the signal is then fed to a high-powered 
amplifier (HPA) which drives the antenna load. In most 
systems, the majority of the total power consumption 
occurs in this final stage [10]. 

The root cause of the PAPR problem is a result of weighted 
sums (linear operators) of random variables (frequency-
domain QAM symbols) causing the time-domain samples 
x[n] to have a Gaussian-like distribution for large N. To 
transmit the large peaks at the tails of the distribution, the 
HPA must support a very large dynamic range, which is 
either impractical or expensive. Further complicating the 
PAPR problem is transmitting filtering and D/A 
conversion. Mathematically, the PAPR for a given OFDM 
block of digital samples can be written as:  

"#"$%& = ‖(‖)*
+�‖(‖**� �⁄    (2) 

 

III. PAPR Reduction Techniques  
PAPR reduction techniques can be broadly categorized into 
deterministic and probabilistic approaches [11]. 
Deterministic approaches guarantee that the PAPR of an 
OFDM signal does not exceed a predefined threshold, 
whereas the probabilistic approaches minimize the 
probability that the PAPR of an OFDM signal exceeds a 
predefined threshold [12].There are several solutions 
proposed in the literature that could be employed by the 
system. Most of these algorithms possess a high 
computational complexity, especially for a large number of 
subcarriers. Some of the reduction techniques will be 
discussed in the following sections. 
 
 
 

A. Clipping Technique  
In this approach, we can perform time-domain based 
clipping or frequency-domain based coding. The simplest 
approach for PAPR reduction is to deliberately clip the 

amplitude of the signal to a predefined value before 
amplification. However, there are several drawbacks of this 
approach, such as signal distortion and spectral re-growth. 
Hence simple clipping is not enough, we  
have to use coding techniques that are applied to OFDM 
signals in order to find technique works well only when the 
number of subcarriers is small, because at higher at higher 
subcarriers, the clipping ratio is to be very low which will 
lead to more distortion.[13,14]  
 

B. Subcarrier Phase Adjustment  
This technique involves computing subcarrier phase 
adjustments that leads to the coherent cancellation of 
subcarriers, thus reducing the PAPR with low 
computational complexity. Moreover, the computed phase 
adjustments consist of a discrete set of values in (0,2Π), 
resulting in lower transmission overhead. Knowing that the 
PAPR is large when the subcarriers sum together 
coherently, it is possible to reduce the PAPR by adjusting 
the phase of subcarrier k at time instant n by adding a phase 
offset βn,k. [15]  
 
 

C. Linear Combination  
This is a new technique, based on modifying the time 
domain signal after taking IFFT, such that the resulting 
PAPR is reduced. Using this algorithm, the maximum and 
minimum of the time domain signal is replaced by the 
linear combination of them. In this method, peak of the 
signal will be reduced while the average is kept constant. 
This method will require transmission of some extra 
information from transmitter to the receiver [14]. 
 

D. Phasing Schemes for PAPR Reduction  
Phasing schemes have been developed for producing lower 
PAPR in multicarrier transmissions. These are now briefly 
described.  
Newmann Phasing Scheme: 
 
Newmann phases are varied in a quadratic fashion as 
shown in (1). [16] 

,- = %�	
&*
�  (1) 

Here N is the number of subcarriers and k is the index of 
the particular subcarrier.  
 

E. Companding Technique  
In companding the OFDM signal is compressed at the 
transmitter and expanded at the receiver. Compression is 
performed according to the well known µ-Law viz. 
 

. = /
012	%
345

6&
012	%
34&   (2) 

 
Where V is the peak amplitude of the signal, and x is the 
instantaneous amplitude of the input signal. Decompression 
is simply the inverse of y. Compression improves the 
quantization resolution of small amplitude signals at the 
cost of lowering the resolution of large signals. This also 
introduces quantization noise however; the effect of the 
quantization noise due to reduction in resolution of the 
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peaks is relatively small as the peaks occur less frequently. 
The compression algorithm as described by (4) amplifies 
the signals of lower amplitude with the peaks remaining 
unchanged.[17] 
 

IV. Companding Transform 
In order to solve this problem, several PAPR reduction 
methods, which can be generally categorized into two 
groups, have been proposed. The first group is signal 
scrambling techniques, which includes all variations on 
how to scramble codes to decrease the PAPR, such as 
Selective Level Mapping (SLM) and Partial Transmit 
Sequences (PTS). Side information is usually required for 
signal scrambling techniques, by which redundancy is 
introduced and the effective throughput is reduced[3]. 
 
The second group of PAPR reduction techniques includes 
signal distortion which reduces high peaks by directly 
distorting the signal. Companding is considered in this 
paper because it may also take the PA nonlinearity into 
consideration. Among the companding based techniques, 
the µ-law companding scheme was first proposed and 
showed better performance than clipping schemes. 
 
A flexible trapezoidal design was introduced in [19], 
transforming the amplitude of the signals into a distribution 
of various trapezoidal shapes. Since that scheme is based 
on the assumption that all signals are purely real or 
imaginary, consequently, when the design is used in a 
complex system, the theoretically estimated PAPR would 
be different than the actual value. To the best of our 
knowledge, there isn’t an existing scheme that can 
significantly reduce the PAPR for a complex OFDM or 
FBMC system, is flexible enough to meet the requirements 
for various conditions (BER, out-of-band radiation, etc), 
and can explicitly provide a closed-form solution for a 
given expected PAPR value. 
 
In this section, we review companding techniques for the 
reduction of the PAPR in an OFDM signal. In this section 
we study a companding transform, in which compression is 
used at the transmit end after the IFFT process and is used 
expansion at the receiver end prior to the FFT (fast Fourier 
transform) process.  For the discrete OFDM signal,the 
companded signal s(n) can be given by[15]: 

7%�& = 87%�&9 = :;%�&

�%
3<&|;%�&| ln @1 + C

D |x%n&|F  

 
where v is the average amplitude of the signal and u is the 
companding parameter. Specifically, the companding 
transform should satisfy the following two conditions: 
G%|7%�&|�& ≈ G%|%�&|�& 
|7%�&| ≥ |%�&|, JKL	|%�& ≤ /|  
 
|7%�&| ≤ |%�&|, JKL	|%�& ≥ /|  
 
This transform reduces the PAPR of OFDM signal by 
amplifying the small signal and attenuating the period of 
high signal. On the receiver end, the receiver signal must be 
expanded by the inverse companding transform before it 

can be sent to the FFT processing unit. The expanded 
signal at the receiver is 

.%�& = N	
8L%�&9 = :O%�&
<|O%�&| P�� Q|O%�&|0R	%
3<&: S − 1U  

 
 

V. Conclusion 
Orthogonal frequency division multiplexing is a form of 
multi carrier modulation technique with high spectral 
efficiency, robustness to channel fading, uniform average 
spectral density capacity of handling very strong echoes 
and less non linear distortion. It has recently been used for 
both wireless and wired high rate digital data 
communications. Despite of its many advantages, like: high 
peak to average power ratio (PAPR) and frequency offset. 
High PAPR causes saturation in power amplifiers. 
Therefore, it is desirable to reduce the PAPR. Several 
techniques have been proposed such as clipping, tone 
reservation, tone injection, windowing, coding, pulse 
shaping, companding etc. 
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