
 

Received Feb 16, 2022, revised March 14, 2022, accepted March 20, 2022, date of publication March 23, 2022. 
Digital Object Identifier 10.46470/03d8ffbd.b9df0f78 
 
 

 

Efficient PAPR Reduction Method for FBMC 
based Systems Using Isosceles Trapezoidal 
Distribution Transforms 
 
Imad Shaheen1, AND Abdelhalim Zekry2  

 
1 Department of Engineering Sciences, University College of Science and Technology, Gaza, Palestine 
2 Electronics and Communication Department, Faculty of Engineering, Ain Shams University, Cairo - Egypt  

 

*Corresponding author: Imad Shaheen (E-mail: imadshaheen@gmail.com)  

The codes used to generate the results in this paper can be found at Researcherstore.com 

 

ABSTRACT Filter Bank Multicarrier with Offset Quadrature Amplitude Modulation (FBMC/OQAM) has 

been one of the key proposed candidate methods for fifth-generation wireless communication and beyond 

systems (5G) due to its many attractive properties and features related to spectral confinement. However, the 

applicability of the FBMC/OQAM modulation method is limited mainly by its high peak to average power 

ratio (PAPR), which can significantly reduce system efficiency. In this paper, a new technique based on the 

Isosceles Trapezoidal Distribution Transform (ITDT) is proposed to reduce the PAPR of FBMC/OQAM 

transceiver by transforming original Gaussian distributed FBMC signals into an Isosceles Trapezoidal, while 

maintaining a constant average output power level. The general formulas of the proposed scheme are derived 

and the trade-off between PAPR reduction and BER performance is accomplished by properly choosing 

variable parameters which are required for controlling the nonlinearity of the Companding function used in 

the proposed technique. The presented simulation results demonstrate that the proposed scheme can offer 

substantially better overall performance for FBMC based systems in terms of PAPR reduction, BER 

performance, and bandwidth efficiency compared to the other competitive methods. 

INDEX TERMS:  FBMC, OQAM, 5G, PAPR, Isosceles Trapezoidal Distribution Transform 

(ITDT)  

I. INTRODUCTION 

 

Multicarrier techniques have been used in wireless 

communication systems for high data rates. Orthogonal 

frequency division multiplexing (OFDM) is one of the most 

famous modulation techniques used in many communication 

systems. The insertion of cyclic prefix (CP) in the OFDM 

transmission symbol reduces data rate and spectral 

efficiency.  

 

To overcome the disadvantage of OFDM systems, the filter 

bank multicarrier modulation with Offset Quadrature 

Amplitude Modulation (FBMC/OQAM) has been proposed 

as one of the most modulation methods used for the next 

wireless communication systems of the fifth generation. It 

can achieve a high data rate, and high spectrum efficiency in 

a multipath fading as well as good design flexibility [1-7].  

However, one of the major drawbacks of FBMC signals is 

the occasionally high peak to average power ratio, which 

causes a reduction in the power efficiency of the system.  

 

To solve the problem of high peak to average power ratio 

(PAPR) in FBMC/OQAM system, various PAPR techniques 

have been proposed by many researchers [8-9].   In [10], and 

[11], the authors proposed a scheme based on the sliding 

window tone reservation (SW-TR) technique employed to 

reduce the Peak tones of several consecutive data blocks. 

Partial transmit sequence PTS and selective mapping SLM 

schemes have been used for reduced PAPR of 

FBMC/OQAM in [12], [13] and [14], [15] respectively. 

 

Moreover, these techniques search for better candidates 

jointly over the multiple FBMC symbols in which the 

consecutive symbols are overlapped due to pulse shaping. 
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But these schemes have the drawback of Inter-symbol 

interference burden which reduces the efficiency of the 

system in addition to increased computation complexity.  

 

Active constellation extensions (ACE) with projection onto 

convex sets (POCS) and smart gradient projection (SGP) are 

proposed in [16] to reduce the PAPR in the FBMC system. 

But it increases the average power leading to a decrease in 

the power efficiency or degrading the bit error rate (BER 

performance. PAPR reduction schemes originated on active 

constellation extension (ACE) and tone reservation (TR) is 

presented in [17].  

 

The trellis-based SLM [18] and Multi-Block Joint 

Optimization technique [19] are found to be effective in 

PAPR reduction. But they require additional processing and 

often an increased implementation complexity of the system. 

Clipping and filtering techniques improve the PAPR, but 

they fail in BER [20] and require advanced noise cancellation 

techniques at the receiver.  

 

The nonlinear companding technique (NCT) is a well-known 

technique used for reduced PAPR in multicarrier 

communication (MCM) for its effectiveness and simplicity. 

The basic principle of the NCT is to compress large signals 

and expand small signals. Moreover, the NCT can be 

implemented without any restrictions on the system. 

Recently, many different nonlinear companding transform 

(NCT) techniques have been used for reducing PAPR of 

FBMC signal such as A-law algorithm, Mu-law algorithm 

[21],[22] but they are not effective enough in terms of PAPR 

reduction, BER, and power spectral density also the average 

power is increased after such a compression.  

The absolute Exponential companding (EC) was proposed in 

[23], which offers better performance in terms of PAPR 

reduction, BER, and PSD compared to Mu-law and A LAW 

companding.  

 

Trapezoidal companding (TC) was proposed to reduce the 

PAPR of Orthogonal frequency division multiplexing 

(OFDM) systems in [24], where it provides efficient PAPR 

reduction with low BER. This scheme is based on 

transforming the Gaussian distributed OFDM signals into 

Trapezoidal distribution by choosing variable parameters of 

the companding process.  

However, there is a need to invent new ways to give better 

performance to meet the requirement of fifth-generation 

wireless communication. 

 

In this paper, further motivated by our observation, we 

propose a new NCT scheme, which transforms the Gaussian 

distributed FBMC signal into a new desirable distribution 

form defined by an Isosceles Trapezoidal companding    

(ITC) function which is based on modified trapezoidal 

companding (TC).  Furthermore, compared to the previous 

methods, the ITC scheme can significantly offer an effective 

trade-off between the PAPR and BER performance by 

choosing proper transform parameters. In addition, our 

proposed scheme allows more flexibility and freedom in the 

companding form to satisfy various design requirements. 

 

At last, the presented analysis results are confirmed through 

extensive computer simulation. On the other hand, the main 

advantages of ITC over TC are the flexibility of controlling 

the nonlinearity of the companding function and flexibility of 

designing the companding function which provides a more 

effective tradeoff between PAPR reduction and a Bit error 

rate of the FBMC/OQAM system. 

 

       The remainder of this research is organized as follows. In 

section 2, we describe an FBMC/OQAM transceiver model 

with a proposed Isosceles Trapezoidal Distribution 

Transforms. Section 3 gives a brief introduction to the PAPR 

of the FBMC/OQAM signal. Section 4 introduces our 

proposed schemes associated with trapezoidal distribution. 

Section 5 presents the theoretical performance analysis of the 

complementary cumulative distribution function (CCDF) of 

the PAPR for the proposed scheme. Section 6 presents the 

simulation results of the CCDF of the PAPR, power 

spectrum density (PSD), and the BER over AWGN and 

Rician channels. It also describes and compares the results 

with the others method. Finally, section 7 concludes this 

work 

 

 

II. FBMC/OQAM Transceiver 
 

Figure 1 represents the conventional square outline of an 

FBMC/OQAM Transceiver framework utilizing a productive 

nonlinear Companding procedure dependent on Isosceles 

Trapezoidal Distribution for diminished PAPR decrease. The 

capacities performed by the transmitter and collector of the 

framework will be numerically demonstrated by the 

framework building blocks displayed in Figure 1. The FBMC 

signal is the amount of 𝑀 free subcarriers that are adjusted 

by Offset QAM. 

 

      The input binary data sequence is first converted into 

𝑁 parallel data streams and then these are mapped to the 

constellation points of the OQAM system to achieve the 

desired modulation on each subcarrier. After this, subcarrier 

modulation is performed using an IFFT block to obtain the 

discrete-time domain FBMC signal. The discrete-time 

domain FBMC signal is passed through the parallel to serial 

(S/P) converter and then applied to the Polyphase 

Filterbank for pulse shaping; finally, it passed to nonlinear 

companding transform to reduce PAPR before the signals 

are transmitted through the channel [25-27].  

 

     The main idea in FBMC/OQAM is to transmit offset 

QAM symbols, the complex data symbol at the transmitter  

sk,n  at rate F =  1/T by the kth substream, however, the 

symbols are divided into their in-phase (real part)  sk,n
I  and 

quadrature (imaginary part) sk,n
Q

Components.  



                                               Imad & Abdelhalim: Efficient PAPR Reduction For FBMC/OQAM Transceiver                                                                                                                                                                                                                                                                           
 

VOLUME 3, 2022 9 

 

                                 sk,n = sk,n
I + sk,n

Q
                                  (1) 

 

 
 

TABLE I 

List of symbols 

 x m
 

The discrete FBMC signal 

 s m
 

The companded FBMC transmitted signal 

k,n d
 

the transmitted symbols on the transmitter side 

 k,np m  the prototype filter 

[ ]y m
 

The received signals 

,k nr
 

The signal after the decompanding process 

[ ]w m
 

the AWGN noise 

L  overlapping factor  

M  total number of subcarriers 

0  
the threshold value of PAPR 

(.)h
 

Companding function 

1(.)h −

 
Decompanding function 

l  Upper bound of the peak value of FBMC signal 

,a b
 

Parameters of Trapezoidal distribution 

[ ]
( )

x m
f x

 
PDF of Trapezoidal distribution 

h  the height of the trapezoidal distribution 

G  
The transform gain 

[ ]
( )

x m
F x  The cumulative distribution function (CDF) of Trapezoidal 

distribution 
1( )F x −

 
the inverse function   of the CDF 


 attenuation factor 

2  Variance 

E  Mathematical Expectation 

2A  
the peak power of the conventional FBMC signals 

2M  
the average power of the conventional FBMC signals 

2

hA  
the peak power of the companded FBMC signals 

2

hM  
the average power of the companded FBMC signals 

pCCDF  
the CCDF of the proposed ITC scheme 

[ ]s mCCDF  
the CCDF of conventional FBMC signal 

 

Let us denote k,n d as the transmitter side symbols at 

the transmitter side, the 
Nt

2
 time instant, which is either real 

or the imaginary component of the input symbol. Let/means 

prototype filter with the filter length gL KM= , where K 

refers to overlapping factor and 𝑀 is the total number of 

subcarriers used in the FBMC/OQAM transceiver.  

The discrete-time baseband transmitted signal of the 

FBMC/OQAM transceiver can be written as [28] 

 

           
    k ,n

2πk DM 1 j m
jM 2

k,n 

k 0 n  

x m     d p m nM / 2   e  e






 − + − 
 

= = −

= −       (2) 

where p[m] is express the prototype filter, D is express the 

delay time which depends on  the length of the prototype 

filter " Lg "  as 

                        gD  L 1 KM 1 = − = −                                  (3)       

                      

The phase term k,n  is used for the phase shift  π / 2  

between transmitted symbols along the time and frequency 

axes and can be given by  

 

                          
( )k,n

π
n k πkn 

2
 = + −                          (4) 

The expression of the discrete-time baseband transmitted 

signal in FBMC/OQAM can be written in the reduced form 

as: 

                    
   

N 1

k,n  k,n

k 0 n  

x m          d p m




− +

= = −

=                         (5) 

 

where the prototype filter can be expressed as  

                      
   

2πk D
j m

M 2

k,np m   p m N / 2   e

 
− 

 = −             (6)                          

 

The prototype filter is designed using a square root raised 

cosine filter (SRRC). The frequency response of the SRRC 

is given by [29-30] 

 

 

( )

1
                                    ,   0 

2

1 1 1
1 cos ,   

2 2 2 2

1
0                              , 

2

r
T f

T

T T r r r
g f f f

r T T T

r
f

T

−
 


  −  − +  

= + −     
  

 +


       (7) 

 

Where T is the image period, with image rate f=1/T 

and r express the roll-off factor which lies somewhere in 

the range of 0 and 1. The variable r controls the power of 

the recurrence reaction. 

After sifting, the sign is gone through the nonlinear 

companding changes (NCT) block, where the signs are 

companded utilizing the companding capacity before they 

are changed over into simple waveform and enhanced by 

the powerful enhancer (HPA). The resulting signal after the 

companding capacity can be given by 

 

           
s[m] = ℎ(𝑥[m])       𝑓𝑜𝑟   0 ≤ 𝑘 ≤ 𝑀 − 1             (8) 

 

where (.)h is the proposed companding function that 

changes the amplitudes of the information signals. Finally, 

companded FBMC signals are sent into the radio channel. 

Considering an additive white Gaussian noise (AWGN) 

channel; the received signal [ ]y m after the analog to digital 

conversion can be given as 

 

         
 [ ] [ ] [ ] [ ] [ ]y m s m w m h x m w m= + = +      (9) 

 

where 𝑤[𝑚] is the AWGN signal.  

 



                                               Imad & Abdelhalim: Efficient PAPR Reduction For FBMC/OQAM Transceiver                                                                                                                                                                                                                                                                           
 

VOLUME 3, 2022 9 

The receives the transmitted signal defiled by the 

clamor and converse interaction it to extricate the 

communicated information at its result. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 
 

 

 

 

 

The principal backward interaction of the recipient is the 

de-companding capacity which can be communicated as: 

 

                           
( )1r[m] h y[m]−=                                (10) 

 

Where ( )1h .− denotes the de-companding function at the 

receiver side. 

 

III. PAPR analysis 
We assume that the input symbols [ ]X m  are statically 

independent and identically distributed (i.i.d). Based on the 

central limit theorem when the value of M is large

( . 64)e g M , the real and imaginary parts [ ]X m  became 

Gaussian random variables with zero mean and variance 2  

[31-34]. 

 

                   

2

2
[ ]

2

X m
E
  

=  
  

                                     (11) 

where .E  is the mathematical expectation and . denotes 

the modulus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The signal amplitude  mx  has a Gaussian random 

distribution, with probability distribution function (PDF) is 

written as 

                   

2

[ ] 2 2

2
( ) exp , 0

x m

x x
f x x

 

 
= −  

 
             (12) 

The corresponding cumulative distribution function (CDF) 

 x m is given by  

 

                     

 [ ]

2

2

( ) Pr [ ]

1 exp , 0

x m
F x ob x m x

x
x



= 

 
= − −  

 

               

(13) 

Where x is a random variable and 
2  mean the variance of 

the signal. The PAPR for the FBMC signals within a 

symbols frame can be defined as  

 
Symbol 

Mapper 
OQAM 

Modulation 
IFFT PNN S/P 

P

/

S 

FFT PNN P/S 
S/

P 
OQAM 

Demodulation 

 

O/P 

Channel 

 D/A 

HPA 

A/D 

    

NCT 

    De -           

NCT 

Figure 1. Transmitter and Receiver Structures of the FBMC/OQAM System with the Proposed Scheme 
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{0,1,..., 1}

2

2

maxk M

Peak Power
PAPR

Avergae Power

xE

x m

m

 −

=

=

                          (14) 

Note that the PAPR is a random variable and the maximum 

of  x m is equivalent to the crest factor. Thus, let  
max

x m

denotes the crest factor which is expressed as 

 

                   
   {0,1,max ..., 1}maxk Mx m x m −=                (15)  

 

In general, the performance of PAPR reduction for 

FBMC/OQAM signals is evaluated by the cumulative 

distribution function (CDF) of PAPR giving the  probability 

that the PAPR is below some threshold levels (γ) can be 

written as [9]: 

 

                   

( )  ( )( )

( )

0   

1

r

M

CDF P PAPR x m

e 

 

−

= 

= −

              (16) 

 

The complementary cumulative distribution function 

(CCDF) determined the  probability of the signal that the 

PAPR is over a few edge levels (γ) is given as 

                

( )  ( )( )

( )

r

M
γ

CCDF γ P PAPR γ   

1 1 e  

x m

−

= 

= − −

                      (17) 

 

IV. Proposed Companding Schemes 
 

In this section, we propose a novel Nonlinear companding 

technique (NCT) that transforms the originally distributed 

FBMC signal magnitude into Isosceles Trapezoidal 

Distribution to effectively reduce the PAPR and improve 

the BER performance by maintaining a constant average 

power through the companding operation before they are 

converted into an analog signal and then amplified by HPA 

 

We propose to transform the normal Gaussian distributed 

FBMC signal magnitude into Isosceles Trapezoidal 

Distribution function as shown in Fig. 2. 

 

Let the amplitude of the companded FBMC/OQAM signal 

have an Isosceles Trapezoidal Distribution , , ,a b l d and h

are a down hemline, the projections of the three 

hypotenuses on the down hemline, and the height of the 

trapezoidal distribution, respectively. Here 

, , ,a b l d and h  are the companding parameters [35-37]. 

In ITC, we can control the nonlinearity of the companding 

function by properly choosing the values of normalized 

projection of three hypotenuses ( , , , )a b d l on down 

hemline. Therefore, with an appropriate choice of these 

parameters, the scheme can be made less lossy to provide 

better BER performance for a given PAPR 

. 

      Let |𝑠[𝑚]| follows a uniform distribution. Therefore, 

the Probability Distribution Function (PDF) of Isosceles 

Trapezoidal Distribution can be expressed as 

 

    𝑓|𝑠[𝑚]|(𝑥) =

{
 
 

 
 

𝑥ℎ

𝑎𝑙
                                 , 𝑥 ≤ 𝑎𝑙

ℎ(𝑥−𝑎𝑙) 

(1−𝑎−𝑏)𝑙
                  , 𝑎𝑙 ≤ 𝑥 ≤ (1 − 𝑏)𝑙

ℎ   (
𝑥−𝑑

𝑎𝑙
)                  ,  (1 − 𝑏)𝑙 ≤ 𝑥 ≤ 𝑙

   (18) 

 

The parameters ( , , , )a b l d  are variables that can be used to 

find a proper companding profile by controlling the 

nonlinearity of the companding function. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
FIGURE 2.The desired PDF Profile of the Proposed ICT 
Scheme. 
     

However, controlling the average output power is based on 

the definition of PDF which is expressed as  

 

                                

( ) 1tf x dx



−

=                                 (19) 

 

Then, the height of the Isosceles Trapezoidal Distribution  

( )h can be found by using the following relationship 

 

                                ( )

2

2
h

l d b a
=

− − −
                      (20) 

the cumulative distribution function (CDF) of the ITC 

distribution function can be calculated by using the 

following relationship 

 

                                
[ ][ ]

( ) ( )
s m

x

s m
F x f x dx

−

=                 (21)     
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From (21) and (24), the CDF  s m  is given by  

 

 

2

[ ]

2

,
2

( ) , (1 )
2

( )
1 , (1 )

2 (1 )

s m

hx
x al

al

al
F x h x al x a b l

h al x
a b l x l

al a b l

 
  

 
  

= −   − −  
 
 −

− − −     − − −          

(22) 

 

Cleary, CDF is a strictly monotonic function, it has the 

inverse function 
1( )x F y−=  of the Isosceles Trapezoidal 

Distribution as follows 

 

[ ]

1

2
,

2

, 1 ( (1 ) )
( ) 2 2

2(1 ( (1 ) )
1

,1 ( (1 ) ) 1

s m

aly hal
y

h

al y hal
y al a b l

F y h

al a b l
bl y

h

al a b l y

−







+   − − − −
= 


− − − −
 − −

 − − − −  

   (23) 

 

To drive the Isosceles Trapezoidal companding function 

which is required to convert the original Gaussian 

distributed FBMC signals into the trapezoidal distribution. 

Let’s assume that ( )h . is a strictly monotonic increasing 

function, and then we can obtain the relationship  

 

 

                    

[ ]

[ ]

( ) Pr { [ ] }

Pr { ( [ ] ) ( )}

( ( ))

x m

s m

F x ob x m x

ob h x m h x

F h x

= 

= 

=
           

 (24) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      
The CDF of the original FBMC signal given by  

                                

2

2

x

x[n]
F (x) 1 e , x 0

 − 
 
  = − 

              (25) 

 

Considering the phase of the input signal, the companding 

function h(x) is given by 

 

       [ ]

1

[ ]
( ) sgn( ) ( ( ))

s m x m
h x x F F x−=                                 (26) 

Where sgn( )x means the sign capacity. Subsequently, the 

companding capacity is addressed as Eq. 27) (shown at the 

bottom of this page). 

 

At the receiver side, the compressed signal can be 

recuperated by the de-companding function addressed as 

(Eq. 28) (shown at the bottom of this page). 

 

Furthermore, to maintain an unchanged average power 

level by the companding operation in FBMC/OQAM 

system, we must keep a constant average power of FBMC 

signal before and after companding to be the same. 

Therefore, it can be represented as   

 

   
1

2 22 2 2

x[m] n s[m]

0 0

E x[m] x f (x)dx E y x f (x)dx



= = = =  
  

(29) 

Solving (29) is shown in appendix 1, once the companding 

parameters are chosen according to (20) and (29). The 

transfer curves of the proposed scheme are plotted in figure 

(3). As shown, this method can more effectively compress 

large signals while enhancing small ones simultaneously 

and it can realize more reduction in PAPR. 

   The function of the companding and decompanding 

process can be numerically performed through the lookup 

tables in practice to reduce the implementation complexity 

for FBMC/OQAM transceiver with proposed schemes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Companding Function is given by 

 

ℎ(𝑥)    =

{
  
 

  
 sgn(𝑥)ට

2𝑎𝑙

ℎ
൬1 − exp (

|𝑥|2

𝜎2
)൰                                                                                    ,    |𝑥| ≤ 𝜎ට𝐼𝑛 (

2

2−ℎ𝑎𝑙
)

sgn(𝑥) ቂ𝑎𝑙 +
1−2𝑎𝑙

ℎ
ቃටℎ (ℎ −

1

1−2𝑎𝑙
) ൬ℎ𝑎𝑙 − 2 − exp (

|𝑥|2

𝜎2
)൰       , 𝜎ට𝐼𝑛 (

2

2−ℎ𝑎𝑙
) ≤ |𝑥|  ≤  𝜎ට𝐼𝑛 (

2

2−ℎ𝑎𝑙(1−2𝑎𝑙)
)

sgn(𝑥) ቈ𝑙 − ට2𝑎𝑙ℎ(1 − 𝑎𝑙) + ൬1 − exp (
|𝑥|2

𝜎2
)൰                                             ,   |𝑥| ≤ 𝜎ට𝐼𝑛 (

2

2−ℎ𝑎𝑙(1−2𝑎𝑙)
)          

 

  (27)    

                                                                                                                  

The de-Companding Function is 

 

 

   ℎ−1(𝑦) =

{
  
 

  
 sgn(𝑦)𝜎ට𝐼𝑛 (1 +

2𝑎𝑙

2𝑎𝑙−ℎ|𝑦|2
)                                                                                ,    |𝑦| ≤ 𝑎𝑙 

        

sgn(𝑦)𝜎ට𝐼𝑛 (
2(1−𝑎𝑙)

2(ℎ𝑎𝑙+|𝑦|)(1−2𝑎𝑙)−ℎ(|𝑦|−𝑎𝑙)2
)                                     ,  𝑎𝑙 < |𝑦| ≤ (1 − 𝑏)𝑙

sgn(𝑦)𝜎ට𝐼𝑛 (
2𝑎𝑙

(2𝑎𝑙−ℎ(𝑎+𝑏)−ℎ(1−𝑎−𝑏)𝑎𝑙2−ℎ(1−|𝑦|)2
)                             ,  |𝑦| > (1 − 𝑏)𝑙

  

                                    (28)   
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V. Performance Evaluation 
 

In this section, the theoretical complementary cumulative 

distribution function (CCDF) of the PAPR for the FBMC 

system is derived. we evaluated the performance of the 

proposed Isosceles Trapezoidal companding scheme in 

terms of the transform gain.  

The transform gain G is defined as  

 

               

 

 

2
2

2

[ ]

[ ]h h h

PAPR x m A A
G

PAPR s m A A

 
= = =  

 
                  (30) 

 

Where  [ ]PAPR x m and   [ ]hPAPR s m represent the PAPR 

of unique FBMC signal and the PAPR of the companding 

plan separately. In the hypothetical examination of PAPR, 

the change gain should be controlled by registering the 

pinnacle and normal force of the companded FBMC 

signals. 

    Subsequently, PAPR of FBMC/OQAM sign can be 

diminished by expanding normal power, yet if there should 

be an occurrence of the straight area of the intensifier isn't 

pushed to oblige the got signal; the sign will cross the 

nonlinear locale bringing about twisting increment, SNR 

abatement, and BER execution corruption. So our 

inspiration is to diminish pinnacle power for a decrease of 

PAPR. 

                         𝐺 =
𝑃𝐴𝑃𝑅{𝑥[𝑚]}

𝑃𝐴𝑃𝑅ℎ{𝑠[𝑚]}
=

𝐴2 𝑀2⁄

𝐴ℎ
2 𝑀ℎ

2⁄
                  (31) 

 

       So, the transform gain G can be rewritten by the 

following expression, where 𝑃𝐴𝑃𝑅ℎ(. ) is the PAPR of the 

companded FBMC signal. 𝐴2and  𝑀2are the peak and 

average power of the conventional FBMC signals 

respectively. 𝐴ℎ
2   and 𝑀ℎ

2 are the peak and average power of 

the companded FBMC signals, respectively. 

 

       To maintain the BER performance of the 

FBMC/OQAM signal, we must keep the average power 

(𝑀ℎ
2) of companding technique same as the average power 

(𝑀2) of the original FBMC/OQAM signals, i.e 

 

 

 

 

 

 

                              
 

 

 

 

 

 

 

 

 

 

 

                            
2 2

hM M=                               (32) 

 

Then, the transform gain G becomes   

 

                                   𝐺 =
𝐴2

𝐴ℎ
2                                          (33) 

 

Let 𝛾𝑡ℎ denote the threshold value. Then, the CCDF of the 

PAPR of the proposed scheme can be expressed as 

 

2

2

2 2 2 2 2

2 2 2 2 2

2 2

2 2

( ) Pr( ( [ ]) )

Pr

Pr . .

Pr

 =  

 
=   
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p th th

h

h

h h h

h h h

h

CCDF PAPR s m

A

M

A A M A A

M M A M M

A A

M A

   
           (34) 

 

                          

2

[ ] 2
( ) . .

 
 =  

 
p th s m

h

A
CCDF CCDF

A
               (35) 

 

Where [ ] ( [ ])=s m h x m , pCCDF and [ ]s mCCDF  represent the 

CCDF of the proposed ITC scheme, and CCDF of the 

conventional FBMC signal, respectively.                                                     

The peak power of the companded FBMC signal 2A can be 

calculated by the equation represented as (36) shown at the 

bottom of this page. 

      The Power spectral density (PSD) of the discrete 

random process of FBMC signal [ ]s m is given by the 

following  

 

              
2

( ) ( )
2

M
s f P f A f

 
  

 
                                     (37) 

 

Where 𝐴 (
𝑀

2
𝑓)is the PSD of the signal, 𝑃(𝑓)is the Fourier 

transform of the prototype filter [ ]P m and f is the 

normalized frequency concerning the sampling frequency 

sf .
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VI. Simulation Results  
 

The overall performance of the FBMC/OQAM system with 

different schemes is evaluated in terms of the reduction in 

PAPR, power spectral density (PSD), and BER 

performance by performing Monto Carlo simulation using 

MATLAB simulations. We consider an un-coded FBMC 

system with the number of subcarriers M=1024 and the 

randomly generated bitstream is modulated by 64OQAM 

modulation throughout the simulations. The SRRC filter is 

used to implement the polyphase network with the 

overlapping factor L=4 and roll-off factor r=0.55, and we 

consider the transported signals through the additive white 

Gaussian noise (AWGN) channel and multipath fading 

channels.  

 
TABLE 2 

The Parameters of Proposed Isosceles trapezoidal schemes 

 

 

For comparison with other techniques, we consider four 

usual nonlinear companding schemes namely the Mu-law 

companding scheme (with MU= 255), A-law companding 

scheme (A= 70) [21-22], Exponential Companding (EC) 

scheme with d=1[23], Trapezoidal companding (TC) based 

on Ref. 24 with TC1 (a=0.2, b=0.7), TC2(a=0.9,b=0.1)[24], 

and our proposed Isosceles Trapezoidal companding 

transform (ITC) schemes for three cases, termed as ITC1, 

ITC2, and ITC3, respectively with their parameters 

presented in Table 2. Furthermore, the height of the 

Isosceles Trapezoidal Distribution ( )h can be calculated by  

  

                                    ℎ =
2

𝑙(2−𝑑−𝑏−𝑎)
                      (38) 

 

 

Where 0 ≤ 𝑎 ≤ 1  ,   0 ≤ 𝑏 ≤ 1,  0 ≤ 𝑑 ≤ 1, and (𝑎, 𝑏 , 𝑑, 𝑙)
 

are three variables used to define the companding function. 

 

Figure 3 presents the output versus input amplitude 

transform profiles of the companding functions with 

various parameters. As we can see, the proposed scheme 

compresses the large amplitude signal while partially 

enhancing the small one simultaneously. Besides, unlike the 

Mu-law, A-law, and EC companding and TC scheme, this 

scheme does not increase the output power. Thus, not only 

is the PAPR reduced most effectively but the immunity of 

small signal from the channel noise can be obtained 

 

 
Figure 3. Transform profiles of the proposed Isosceles Trapezoidal 

Distribution-based companding technique with different parameters. 

 

A.  PAPR Reduction Performance 

 

 
Figure 4. CCDF versus PAPR for proposed schemes with different 

parameters and the referred schemes. 

 
Figure 4 depicts the complementary cumulative distribution 

function (CCDF) of PAPR performance for conventional 

FBMC, A law companding, MU law companding, 

exponential companding (EC), Trapezoidal companding 

(TC) based on Ref. 24 with TC1 (a=0.2, b=0.7), 

TC2(a=0.9,b=0.1)  and our proposed Isosceles Trapezoidal 

companding with different choices of the transform 

parameters which refer to ITC1, ITC2, and ITC3 

respectively. At a clip rate of 10-4, the PAPR is 12.03, 

7.693, 6.594, 5.591, 4.594, 4.043, 3.527, 3.316, and 3.041 

Schemes Parameters of  Schemes 

 a  b  d  l  h  

ITC1(Proposed) 0.1 0.2 0.6 1.856 0.979 

ITC2(Proposed) 0.2 0.1 0.5 2.041 0.890 

ITC3(Proposed) 0.3 0.2 0.3 2.192 0.760 
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dB respectively, for the conventional FBMC, A scheme, 

MU scheme, EC scheme, Trapezoidal Companding TC1, 

Trapezoidal Companding TC2, ITC1, ITC2, and ITC3. 

From that, we can see that the ITC proposed scheme can 

reduce the PAPR significantly and it can achieve more 

PAPR reduction levels than the Trapezoidal companding 

(TC1, TC2), A-law, the Mu-law, and the EC schemes 

which mean that the ITC scheme is more flexible than other 

schemes. For instant, our proposed scheme ITC1 achieves 

the maximum reduction in PAPR where it reduced the 

PAPR by about 9.013 dB from the conventional FBMC.  

 
TABLE3 

Comparison of PAPR and BER performance using different 

companding schemes 

   Schemes Eb/No(dB), at BER (10-4) PAPR 

(dB) 

 AWGN Rician 

Conventional FBMC 13.07 12.11 12.03 

ITC1 (Proposed) 16.11 14.42 3.041 

ITC2 (Proposed) 15.08 13.08 3. 316 

ITC3 (Proposed) 14.01 13.22 3. 527 

TC1(Ref .24) 

TC2(Ref .24) 

18.99 

16.81 

16.43 

15.31 

4.043 

4.594 

EC     scheme   17.08 16.51 5.591 

Mu-Law 19.02 17.02 6.594 

A-Law 19.9 18 7.693 

 

B. BER Performance 

 

Fig 5 depicts the BER versus Eb/No curves of the 

conventional FBMC signal and various companded 

schemes applied to the transceiver over the AWGN 

channel. As shown in the curve of the conventional FBMC 

signal is an ideal performance bound while the Nonlinear 

companding schemes effectively reduce the PAPR, BER 

performance is degraded at the receiver side. The proposed 

scheme ITC achieves better BER performance compared 

with that of referred schemes (A law companding, MU law 

companding, and exponential compounding, Trapezoidal 

companding TC1, TC2. For example, at the BER level of 

10-4, the proposed ITC3 scheme with PAPR =3.332 dB, 

surpasses theTC1, TC2, EC, A, and Mu schemes by about 

3.07 dB, 4.01 dB, and 4.8 dB, respectively, under the 

AWGN environment. 

 

Figure 6 depicts the BER versus Eb/No curves of the 

conventional FBMC signal and various companded 

schemes applied to the transceiver over the Rician fading 

channel. As shown that our proposed schemes achieve 

better BER performance compared to other referred 

schemes. 

It can be seen from Table 3 that as l  increased, the 

proposed ITC scheme achieves better BER performance for 

all cases.  

 

 
Figure 5. BER performance of conventional FBMC/OQAM signal and 

various companded schemes over AWGN channel 
 

 
Figure 6. BER performances of conventional FBMC/OQAM signal and 

with various companded schemes over the Rician channel.  

 
C.  PSD Performance 

Conventional FBMC signals have a very acute rectangular-

shaped power spectrum. This shape has a good property is 

affected higher adjacent channel interference and causes 

more side lobes. However, the Isosceles Trapezoidal 

Distribution has no impact on the PSD. Thus the high 

spectral density efficiency remains unchanged. 

Figure 7 depicts the simulated spectral density (PSD) 

comparison among conventional signals and different 

companding schemes. we used the period  to achieve a clear 

PSD comparison for different companding schemes applied 

to the FBMC transceiver .as observed from the figure, the 
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proposed Isosceles Trapezoidal companding scheme with 

0.3 , 0.2, 0.3 2.192a b d and l= = = =

 

(ITC3) can 

achieve lower out of band radiation(OBR)  than other 

schemes.
 

 

 
    Figure 7. PSDs for proposed plans with various boundaries and the 
referred schemes. 

 

In summary, the simulation results above demonstrate that 

the proposed ITC scheme can offer better performances 

concerning PAPR reduction, BER performance, and out-of-

band radiation OBR. Also, we can observe that by adjusting 

the compression parameters ( , , , )a b d l , we can obtain more 

design flexibility to achieve better performance of proposed 

companding schemes. It is also clear that our ITC proposed 

companding scheme obtains lower BER as the companding 

parameter l increases and offers more efficient PAPR 

reduction as l  decreases. 

Accordingly, we can achieve a favorable trade-off between 

PAPR reduction, BER, and PSD performance for 

FBMC/OQAM transceiver system by choosing the 

appropriate parameters for the companding process as 

0.1 , 0.2, 0.6 1.856a b d and l= = = =  (ITC1). 

 

VII. Conclusion  
 

This research paper is proposed a new technique based on 

Isosceles Trapezoidal Distribution Transforms to obtain an 

efficient PAPR reduction of FBMC/OQAM transceiver. 

The proposed scheme transforms the original Gaussian 

distributed FBMC signals into a specific form defined by 

Isosceles Trapezoidal Distribution with variable control 

parameters. We derived the general formula for the 

proposed scheme that enables the desired performance to be 

achieved by controlling the parameters. 

The computer simulation results verified that the proposed 

ITC scheme offers more efficient PAPR reduction, better 

BER and PSD performances than the others referred 

schemes. Furthermore, we can make an effective trade-off 

between PAPR reduction and BER performance by 

carefully varying the transform parameter to satisfy various 

system requirements. 

 

APPENDIX 1 

 
We should keep the average power of the FBMC/OQAM 

signal before and after companding to be the same. 

Therefore, we have  
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2 22 2 2
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