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ABSTRACT 

 Multi carrier systems are most prevalent modern wireless 
communication systems which are employed for high data 
rate transmission. At present, FBMC (Filter bank multi 
carrier) with OQAM (Offset-QAM) has drawing attention 
for many researchers to implement new physical layers and 
wireless protocols. As in the case of multi carrier system, 
this FBMC also suffers from high PAPR, so this paper 
presents a PAPR reduction approach with ant bee colony 
(ABC) optimization. ABC algorithm functionality is similar 
to honey mining where the labor is shared for nectar source 
and hence find out the optimal solution. Experimental 
results shows that the proposed approach could able to attain 
considerable improvement in decreasing the PAPR when 
compared against the conventional FBMC and SLM 
(selective mapping method) based FBMC approaches.  

Key words: FBMC, SLM, PAPR reduction, Ant bee 
Colony optimization  

1. INTRODUCTION 

Many improvements in the physical layer technologies were 
witnessed and their implementations in wireless 
communication system during the past decade. With this 
rapid growth and advancements in the wireless technologies 
and personal wireless equipment’s the physical layer 
implementation may go beyond 5G in future days. OFDM 
(orthogonal frequency division multiplexing) provides high 
power efficiency of the physical layer apart from providing 
tolerance towards the multipath delay spread and frequency 
selective fading channels. In certain cases, like in IEEE 
802.11a, this approach provides a high data rate of about 
54Mbps operating in 20MHz channel [1]. There are few 
limitations with this approach as it is more open to phase 
noise and frequency offset. On other hand there is a 
decrease in the power efficiency of the system due to high 
PAPR, therefore these limitation has to be overcome if the 

approach has to be implemented in high data rate wireless 
communication systems. 

Filter band Multi carrier (FBMC), reduces the out of band 
interference (OBI) by selecting pulse shaping filter for each 
subcarrier so that multiple sub carriers can be 
accommodated in the limited frequency band. To achieve 
this, Saltzberg [2] proposed a method of shifting half of the 
In-phase (I) and Quadrature Phase (Q) components of IQ 
modulated symbols. This analysis makes it possible to 
achieve a high baud rate between the adjacent sub carriers 
and also can recover the information symbols there by 
reducing the impact of Inter symbol interference (ISI) and 
inter carrier interference (ICI) [3]. The major difference 
between OFDM and FBMC lies in spectral efficiency which 
is clearly depicted in Figure 1, it can be observed that the 
frequency response of the OFDM do possess side lobe 
leaking that reduces the orthogonality between the sub 
carriers. On other hand FBMC has negligible side leakage in 
the frequency response, with this property low spectral 
leakage low adjacent channel interference and high 
spectrum resolution can be achieved. 

 

Figure 1: Spectral response comparison between OFDM 
and FBMC 

Like all other Multi carrier modulation schemes (MCM) this 
approach also suffers from high peak –to – average – power 
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ratio (PAPR) and this causes a decrease in the potency of 
high power amplifier (HPA).To avoid clipping that arises 
due to the non-linearity of HPA, the amplifiers are made to 
be operated in linear region with large input back off (IBO), 
however these amplifiers are driven into saturation resulting 
in band and out of band distortions. These distortions may 
lead to high adjacent channel power ratio (ACPR) [4]. The 
main attractive attribute of FBMC is low ACPR and side 
lode distortions which are destroyed with the introduction of 
this clipping. When the PAPR is decreased, the HPA 
efficiency increase and also ACPR is lowered. This paper 
focuses on providing a solution to treat and mitigate the 
high PAPR with ant bee optimization approach. 

2. RELATED WORKS 

Several authors have proposed different approaches to 
mitigate the PAPR and increase the efficiency of the FBMC 
systems, few works that are related to the current research 
work were presented in this section. 

Maharaj et.al [5], proposed active constellation extension 
(ACE) approach for mitigating PAPR in FBMC systems; in 
this method the authors presented clipping and filtering 
scheme in addition with ACE and maintained a minimum 
distance between the constellation points. In this method 
they observed that PAPR reduction comes at the expense of 
BER similar to the case in OFDM however, the method 
outperforms that several overlapping structures that were 
proposed before this. 

Kollar et.al [6] presented an iterative clipping based 
approach; this approach relies on Buss gang theorem and 
can be applied at the transmitter side without of generality 
and properties of the FBMC system. In this paper the 
authors have proposed a gain metric that is used to 
determine the optimal number of iterations required to 
achieve the lowest possible PAPR. 

Horvath and others presented a lower bound approach for 
selecting the optimal and suitable approach. The authors 
have proposed an optimization approach to attain a 
significant low PAPR for short FBMC frames of symbols. 
In this approach the authors have employed both tone 
reservation and active constellations as the extension of it, 
thereby achieving a considerable low PAPR. The 
experimental results depict a low bound PAPR when 
compared with solo traditional methods however, the 
complexity has increased making it riskier in selecting the 
parameters  

Skrzypczak et.al [8] proposed, a modified SLM technique 
that can employ in FBMC system. This technique thereafter 
termed as OSLM (Orthogonal- SLM)approach. In this 
technique, a search is performed for longer intervals to 
capture the overlapping properties of the FBMC system. So, 
this results in modulating the continuous symbols to achieve 
the non-overlapping nature of FBMC. In this work, the 
authors have mainly focused on PAPR problem and 
proposed a modified SLM approach that finds an optimal 
solution for low complex FBMC system. 

The authors in [9] and [15] have proposed a Sliding 
Window based Tone reservation (SW-TR) approach. Unlike 
the method in [8], this method is a clipping based approach 
that utilizes the full sub carriers to suppress the peaks in the 
FBMC signal. This approach also employs a sliding 
window, so that the clipping can be performed in each 
individual frame of the FMBC signal. Though this 
technique could able to achieve lower PAPR, this method 
also suffers from the similar limitations as of Tone 
reservation of attaining high BER. This rise of BER is due 
to the addition of non-data carrying sub-carriers due to 
which a lower throughput is retained causing a rise in Error 
Rate. 

Lu et al [10], uses dynamic programming (DP) based 
optimization approach for conventional Partial transmit 
sequence (PTS) method. The DP employed in this work 
used to find the most optimal phase rotation factors that may 
yield the lower PAPR of the signal. From the experimental 
analysis it was observed that this approach is attaining better 
results than OSLM based FBC approach. However, even 
this approach also suffers from the limitations like 
conventional PTS scheme of increase in the computational 
complexity exponentially with the increase in the proto type 
filter length and number of phase factors. Ant bee colony 
optimization approach for the reduction of PAPR in OFDM 
system was proposed by cheng et. al [11]. In this method 
they adopted SLM (selective mapping) concept to mitigate 
the PAPR and shown a good reduction in PAPR with 
controlled computations. So, from the above discussions it 
is evident that there is always a scope for new approach that 
can be used to minimize PAPR in FBMC/OQAM systems.  

3. PAPR ANALYSIS IN FBMC SYSTEMS 

The traditional approaches of PAPR reduction schemes may 
not be applied for FBMC systems because of its overlapping 
structure. In order to apply a PAPR reduction approach first 
one need to know the working model and mathematical 
analysis of the FBMC system. 
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Due to high spectrum efficiency, the FBMC system has 
drawn much interest in research for developing novel high 
data rate communication system protocols. In this system 
the resultant signal is obtaining by adding ‘M’, time shifted 
OFDM/OQAM symbols which are obtained by passing the 
modulated QAM symbols through prototype filter [12]. 

The above figure 2 depicts the OFDM/OQAM structure that 
consists of ‘N’ number of sub –carriers. It was observed that 
after the symbols undergo QAM modulation they are 
converted into parallel form which are represented in 
equation (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ܺ = [ܺ଴,ܺଵ, … … … … ,ܺெିଵ](1) 

In the above equation (1) the term ‘M’ is the number of data 
blocks, Xm is the mth data block which is defined as  

ܺ௠ = [ܺ଴௠ , ଵܺ
௠ … … … . .ܺேିଵ௠ ]் , Where ‘N’ represents the 

number of subcarriers then ܺ௡௠ = ܿ௡௠ + ݆݀௡௠      (2) 

Where ‘c’ and ‘d’ represents the real and imaginary parts of 
ܺ௡௠. The real and imaginary parts of ܺ௡௠ are staggered by 
T/2 and passed through the prototype filter to obtain  

(ݐ)௡௠ݔ = ܿ௡௠ℎ(ݐ −݉ܶ) + ݆݀௡௠(ݐ − ்
ଶ
−݉ܶ)(3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where h(t) is the response of the prototype filter. Here in 
this paper the prototype filter coefficients represented below 
[13 

ℎ(ݐ) = (0)ܿ)ߙ + 2∑ (−1)௜ܿ(݅)cos	(ଶ௜గ
௄ே

௄ିଵ((ݐ
௜ୀଵ (4) 
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Figure 2: Block diagram of FBMC/OQAM system 
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Where ߙ is the normalization factor and c(i),i=0,1……K-1 
are given as  c(0)=1 ,c(1)=0.97195 c(2)=0.7071 
c(3)=0.23514 

The modulated symbols in N orthogonal sub carriers is 
represented as 

ܵ௡௠(ݐ) = {ܿ௡௠ℎ(ݐ −݉ܶ) + ݆݀௡௠(ݐ − ்
ଶ
−݉ܶ)}݁௝௡(మഏ೅ ௧ା

ഏ
భ)(5) 

For K=0, 1, 2….N-1. Then ܵ௡௠(ݐ) on all the N sub carriers 
are added up together to obtain 

ܵ௠(ݐ) = ∑ ேିଵ(ݐ)௡௠ݏ
௡ୀ଴                    (6) 

The desired FBMC/OQAM signal is represented as  

(ݐ)ݏ = ∑ ܵ௠(ݐ)ெିଵ
௠ୀ଴                 (7) 

 For 0 ≤ ݐ ≤ ቀܯ + ܰ − ଵ
ଶ
ቁܶ  . Finally, the PAPR for the 

system is represented as  

ܴܲܣܲ = )10݃݋10݈
୫ୟ୶

೛೅ರ೟ರቀ೛శభమቁ೅
|௦(௧)|మ

௉௔௩௘
)  (8) 

Where Pave: is the average power of S(t). The spectral 
magnitude response of FBMC system is depicted below in 
figure 3, it can be observed thatas the K value increases the 
side lobe response is considerable negotiable and very 
minute; this is the advantage of FBMC for large number of 
sub carriers. 

 

Figure 3: Spectral magnitude response FBMC at different 
K values 

4. PROPOSED WORK  

The block diagram of the proposed approach is depicted in 
figure 4. 

The output obtained with equation (7) is processed for IFFT 
operation, thus obtained symbols are convolved with phase 
factors and the one sub carrier which attains low PAPR is 

selected. However, in our approach the phase optimization 
is performed with ABC algorithm.  

On other hand, the Ant Bee Colony (ABC) is a swarm based 
optimization approach that mainly operates similar to the 
behavior of honey bees. This algorithm mainly consists of 
three phases namely, employed bees, scout bees and 
onlooker bees.  In this algorithm the position of the nectar 
and the amount of food available represent a possible 
solution. This solution makes us to help in find the optimal 
phase factor Pu. This optimal phase factor and fitness value 
is the key for obtaining low PAPR. So to retain the best 
rotation phase factor is to find the optimal food source that 
has maximum fitness value. 

At first, the phase factors are randomly generated Pu and the 
fitness value of each factor is calculated using the equation 
(10) 

)ݐ݂݅ ௜ܲ
௎) = ଵ

ଵା௙(௉೔
ೠ)

    

  (10) 

From the above equation (1) it is evident that lower PAPR 
can be achieved with higher fitness value function. 
Employed bees move for new food sources aiming to find 
the best qualified sources within the neighborhood of the 
present source which is given by equation (11) 

௜ܲ
௨ᇱ = ௜ܲ

௨ + ∅௜( ௜ܲ
௨ − ௞ܲ

௨)    
 (11) 

In the above equation (11) ௞ܲ
௨  is an optimal solution 

obtained within the neighborhood of ௜ܲ
௨and ∅௜  is a random 

number in the range [-1 , 1]. The updated fitness value ௜ܲ
௨ᇱ 

is calculated by equation (10) (11)  and in case when 
)ݐ݂݅ ௜ܲ

௨ᇱ) > )ݐ݂݅ ௜ܲ
௨) then the bee marks the current position 

as new position  ( ௜ܲ
௨ᇱ)  and discards the earlier position 

( ௜ܲ
௨). When all the bees complete the search process, the 

nectar is accumulated and the position information is 
updated to onlooker bees. These onlooker bees move to new 
position for food which can be represented mathematically 
as in equation (12) . 
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௜݌ = ௙௜௧൫௉೔
ೠ൯

∑ ௙௜௧൫௉೔
ೠ൯ೄಿ

೔సభ
   (12) 

In the above equation (12) the term ‘SN’ is the population 
size which is total number of employed and onlooker bees.  
When the fitness value is not improved within the limit 
value even after the employed and onlooker bees 
completing the job then the scout bees look for new sources 
which here can be treated for optimal rotation phase factor 
from randomly generated factors. This can be represented 
mathematically as shown in equation (13). 
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௨ᇱ = ݉݅݊( ௜ܲ

௨) + .(1)݀݊ܽݎ (max( ௜ܲ
௨)−݉݅݊( ௜ܲ

௨)) (13) 

5. EXPERIMENTAL RESULTS 

The performance assessment is conducted with N=512 sub 
carriers with 4,16 QAM modulation schemes. The proposed 
approach is evaluated and compared against the methods 
discussed as FBMC SLM [8] [14].  CCDF (Complementary 
cumulative distribution Function), PSD (Power spectral 
density) are the parameters that were used to evaluate the 
performances. 
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Figure 4: Proposed ABC based phase optimization approach for FBMC 
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Figure 5: Computational complexity comparison for 
OFDM and FBMC at different K values 

 

Figure 6: CCDF Vs PAPR for the proposed approach and 
its comparison with FBMC –SLM [8], N=512, 4-QAM 
modulation 

The analysis is made with different varying parameters like 
number of sub carriers, modulation schemes. It can be 
observed from the experimental results that the proposed 
approach could able to reduce the PAPR by 3.8dB on 
average when compared with original FBMC PAPR and 
2.2dB when compared against the traditional FBMC-SLM 
approach which is quite significant achievement. This is 
slightly increased by 0.8 dB when the number of sub 
carriers are increased from 512 to 1024, however the 
approach outperforms than the existing approaches. 

 

 

Figure 7: CCDF Vs PAPR for the proposed approach and 
its comparison with FBMC–SLM for 4,16 QAM 

 

Figure 8: CCDF Vs PAPR for the proposed approach and 
its comparison with FBMC–SLM for N=512,1024 with 16-
QAM modulation 

6. CONCLUSIONS 

This paper proposes an optimization approach for phase 
factors in conventional SLM method that is applied to 
FBMC system. The problem of optimization is solved with 
the help of ABC algorithm with which the PAPR could be 
able to decrease by 2~2.3dB on average when compared 
against the original FBMC PAPR. However, the method 
computations are higher than the traditional approaches 
which consumes more time for processing than earlier 
methods.  From above all discussions it can be concluded 
that this method able to achieve the objective of the work by 
mitigating the PAPR for considerable amount and thereby 
can be used for high performance FBMC. 
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