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Abstract: Peak-to-Average Power Ratio (PAPR) is an important parameter for the analysis of Orthogonal 

frequency division multiplexing (OFDM) signals. CCDF curves are known to have great importance in the 

study of signal performance on the basis of power level. This paper presents the CCDF performance of the 

OFDM signal with different number of carriers. Simulation is used to implement the CDF equation and its 

accuracy is checked on the results. Theoretical results and simulation results are compared. 
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I.       Introduction 
OFDM systems are known to have a high PAPR (Peak-to-Average Power Ratio) because the transmit 

signals in an OFDM system can have high peak values in the time domain since many subcarrier components 
are added via an IFFT operation. Decreasing the SQNR (Signal-to-Quantization Noise Ratio) of ADC (Analog-

to-Digital converter) and DAC (Digital-to-Analog Converter) while degrading the efficiency of the power 

amplifier in the transmitter the high PAPR is considered one of the most detrimental aspects in the OFDM 

system. In the uplink the efficiency of power amplifier is critical due to the limited battery power in a mobile 

terminal hence the PAPR problem is more important.[1] A non linear distortion is imposed in linear amplifiers 

on their outputs due to their saturation characteristics caused by an input much larger than its nominal value. 

The input-output characteristics of high power amplifier (HPA) in terms of the input power inP
 and the output 

power outP
 in figure 1. The maximum possible output is limited by 

max

inP
when the corresponding input power 

is given by 
max

outP
 due to the aforementioned saturation characteristic of the amplifier. The input power must be 

backed off so as to operate in the linear region as illustrated in Figure 1, describing the nonlinear region by Input 

Back-Off (IBO) or Output Back-Off (OBO) [2]: 

 
Fig.1 Input- Output characteristic of an HPA 
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II.       CCDF PLOTS 
A CCDF curve shows how much time the signal spends at or above a given power level. The power 

level is expressed in dB relative to the average power. A CCDF curve is basically a plot of relative power levels 
versus probability. [5,6]  Mathematically CCDF can be explained with a set of data having the probability 

density function (PDF). To obtain the Cumulative Distribution Function (CDF), the integral of the PDF is 

computed. Then inverting the CDF results in the CCDF. It concludes that the CCDF is the complement of the 

CDF or CCDF = 1 – CDF. 
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III.        MATHEMATICAL ANALYSIS OF PAPR USING CCDF 
PAPR is the ratio between the maximum power and the average power of the complex pass band signal 

( )s t  [7], that is,  

2
2

2
2

max Re( ( )
{ ( )}

{ Re( ( ) }

c

c

j f t

I

I
j f t

I

s t e
PAPR s t

E s t e










                                                                                                                                                                                                             

  

2

2

max ( )
{ ( )}

{ ( ) }

I

I

I

s t
PAPR s t

E s t






                          (2)                                 

The above power characteristics can also be described in terms of their magnitudes (not power) by defining the 

crest factor (CF) [4] as 

Pass band condition: CF PAPR                                                                                         

Baseband condition: CF PMEPR                                                                                                       

In order to find the probability that the signal power is out of the linear range of the HPA, the 

distribution of output signals for IFFT in the OFDM system is considered first. It is assumed that the real and 

imaginary parts of the time-domain complex OFDM signal ( )s t , at the transmitter after IFFT, have 

asymptotically Gaussian distributions for a sufficiently large number of subcarriers by the central limit theorem, 

at the same time as the input signals of N-point IFFT have the independent and finite magnitudes which are 

uniformly distributed for QPSK and QAM. After that the amplitude of the OFDM signal ( )s t  follows a 

Rayleigh distribution. Let { }nZ  be the magnitudes of complex samples   1

0{ / }N

s ns nT N 

  . It is assumed that 

the average power of ( )s t  is equal to one, that is, 
2

{ ( ) } 1IE s t  , then { }nZ  are the i.i.d. Rayleigh random 

variables normalized with its own average power, which has the following probability density function: 
2
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(3)                                                                            

The maximum of nZ  is equivalent to the crest factor (CF) defined in Equation (3). Let maxZ  denote the crest 

factor (i.e., 
max 0,1,... 1maxn N nZ Z   Now, the cumulative distribution function (CDF) of maxZ  is given as 

max max( ) ( )Fz z P Z z                    

1 1( ). ( )..... ( )o NP Z z P Z z P Z z         (4) 

 
2

(1 )z Ne                                                               

                 

where 
0

( ) ( ) , 0,1,2,... 1
z

n nP Z z fz x dx n N    . 

 In order to find the probability that the crest factor (CF) exceeds z, we consider the following complementary 
CDF (CCDF): 

max max( ) ( )Fz z P Z z   

                  max1 ( )P Z z                      (5) 

                   max1 ( )Fz z                                                                                                      

                  
2

1 (1 )z Ne     

The following simplified CDF will be used as it is difficult to derive the exact CDF for the oversampled signals, 
2

( ) (1 )z N

ZF z e                                         (6)                                                                                                             

where   has to be determined by fitting the theoretical CDF into the actual one [3]. 
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IV.       Simulation Results 
Simulation has been done for different number of carriers using MATLAB. In fig.2 the theoretical and 

simulated CCDFs of OFDM signals are shown with N = 64, 128, 256, 512, 1024. It also provides with   = 2.8 

as an appropriate value for sufficiently large value of N. The PAPR values for different number of carriers are 

obtained for theoretical as well as simulation perspectives. 

 
Fig 2 CCDFs of OFDM signal with N=64,128,256,512 and 1024 

 

V.      Conclusions 
The simulation results help to formulate the conclusion that the simulated values of CCDFs deviate 

from the theoretical ones as N becomes small. With the increasing values of N the deviation is increasing. 

CCDF plots provide an efficient method for the analysis of the PAPR of the OFDM signal. The equation for the 

CDF of the signals is accurate only when N is sufficiently large. 
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