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Abstract- Filter bank-based multicarrier modulation (FBMC) using offset quadrature amplitude modulation (OQAM), 
known as FBMC/OQAM (or OFDM/OQAM), provides an attractive alternative to the conventional cyclic prefix-based 
orthogonal frequency division multiplexing (CP-OFDM), especially in terms of increased robustness to frequency offset and 
Doppler spread,  and high bandwidth efficiency. It suffers, from an inherent (intrinsic) imaginary intercarrier interference 
and inter-symbol interference that complicates signal processing tasks such as Channel Estimation (CE). Recently, 
Interference Approximation Method (IAM) was proposed for preamble-based CE. It relies on the knowledge of the pilot's 
neighborhood to approximate this interference and constructively exploit it in simplifying CE and improving its 
performance. The IAM preamble with nulls at the neighboring time instants, and extended version of it, which can provide 
significant improvement through an appropriate exploitation of the interfering symbols from neighboring time instants that 
results in CE performance was recently reported. In this paper, we present Interference Approximation Method (IAM-C) 
preamble design and apply it to identify the optimal IAM preamble sequence which results in a higher gain. 
 
Keywords- FBMC/OQAM, Channel Estimation (CE), Interference Approximation Method (IAM), Extended IAM-C (E-
IAM-C). 
 
 
I. INTRODUCTION 
 
Orthogonal frequency division multiplexing (OFDM) 
has become quite well-liked in each wired and 
wireless communications, in the main owing to its 
immunity to multipath attenuation, which allows a 
significant increase in the transmission rate. using the 
cyclic prefix  (CP) as a guard interval, OFDM 
manages to show a frequency selective channel into a 
set of parallel flat channels with independent noises. 
This greatly simplifies each the estimation of the 
channel and the recovery of the transmitted data at 
the receiver. However, these advantages come at the 
cost of an enhanced sensitivity to frequency offset 
and Doppler spread. this can be as a result of the  fact 
that, although the subcarrier functions are perfectly 
localized in time, they suffer from spectral leak in the 
frequency domain and hence inter-carrier interference 
(ICI) results. Moreover, the inclusion of the CP 
entails a waste in transmitted power further as in 
spectral efficiency, which, in practical systems, can 
go up to twenty five percent.  Filter bank-based 
multicarrier modulation (FBMC) using offset 
quadrature AM (OQAM), known as FBMC/OQAM 
or OFDM/OQAM, provides an alternative to CP-
OFDM that can mitigate these drawbacks. 
FBMC/OQAM employs pulse shaping via an 
IFFT/FFT based efficient filter bank, and staggered 
OQAM symbols, i.e., real symbols at doubly the 
symbol rate of OFDM/QAM, are loaded on the 
subcarriers. this allows for the pulses to be well 
localized in each the time and the frequency domains 
while still keeping most spectral efficiency. As a 
consequence, the system's robustness to frequency 
offsets and Doppler effects is enhanced and at the 
same time an enhanced spectral containment, for 

information measure sensitive applications (e.g., 
cognitive radio), is offered. Moreover, 
FBMC/OQAM doesn't need the inclusion of a CP, 
which may result in even higher transmission rates.  
However, the subcarrier functions are now only 
orthogonal in the real field, which means that there's 
perpetually an intrinsic imaginary interference among 
(neighboring) subcarriers and symbols. As a 
consequence, the simplicity of the channel estimation  
(CE) in CP-OFDM is lost in FBMC/OQAM systems, 
because the real-valued pilots also are polluted” by 
this imaginary-valued contribution of their 
neighbours. a number of training schemes and 
associated channel estimation  methods that take this 
under consideration have recently appeared in the 
literature, together with each preamble-based (e.g.,) 
and scattered pilots-based (e.g., [7,10,3]) ones. These 
can be roughly characterised as aiming at cancelling 
the unwanted interference or constructively 
exploiting it to boost the estimation performance. The 
latter approach depends on the fact that the 
interference to a pilot symbol is principally 
contributed to by its first-order neighbors, and hence 
it may be approximated if these neighbours also carry 
known symbols, a not uncommon situation within a 
preamble. This has been known as the Interference 
Approximation method (IAM). The idea is to 
combine the real-valued pilot with the interference 
approximation into a complex-valued pseudo-pilot 
and performing channel estimation as in CP-OFDM, 
beneath the idea of a locally constant channel 
frequency response. As the pseudo pilot divides the 
noise components, its magnitude should be as large as 
possible. This way, the interference turns into a 
benefit for the channel estimation task and hence the 
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neighboring pilots should be therefore chosen on 
maximize its effect.  
A number of variants of IAM have been suggested, 
corresponding to different alternatives for the 
preamble structure. Those that have obtained most of 
the attention comprise three FBMC/OQAM symbols 
(i.e., 1.5 complex OFDM/QAM symbols), with the 
edge ones being all zeros.  this is often to safeguard 
the center vector of pilots from being interfered by 
the unknown knowledge components of the previous 
and current frames  the center pilot symbols are then 
chosen therefore on maximize the interference 
contributions from neighboring subcarriers. Recently, 
such a preamble structure with imaginary pilots was 
suggested in and individually in and shown to be the 
optimum alternative inside this kind of preambles. It 
was called IAM-C to signify the presence of complex 
(imaginary) pilots, in analogy with IAM-R, the 
optimum real-valued preamble. IAM-C advances 
upon IAM-I, a preceding IAM variant furthermore 
employing invented pilots, by maximizing the 
magnitude of all pseudo-pilots rather than of only one 
third of them as in IAM-I.   
Motivated by the standard of IAM-C method and 
awareness of the nature of the three IAM methods in,  
we have in this paper formulated a general theoretical 
structure for IAM preamble design. As a outcome the 
optimal preamble IAM sequence has been recognized 
which results in a higher performance gain. The 
effectiveness of the theoretical framework and the 
superiority of proposed preamble has thereafter been 
verified by numerical simulation. The rest of the 
paper is organized as pursues: In part II, the discrete-
time baseband equivalent model for the 
FBMC/OQAM scheme is recounted. part III 
reconsiders the three major preamble structures that 
encompass edge none guard symbols, IAM-R and 
IAM-C. The suggested optimal preamble is 
developed and considered in part IV. Replication 
outcomes are described in part V. Part VI concludes 
the paper.  
  
II. SYSTEM MODEL  
 
The (QAM or OQAM based) OFDM modulator 
output is transmitted through a channel of length h L , 
which is assumed to be invariant in the duration of 
the preamble. At the receiver front-end, noise is 
added, which is assumed Gaussian with zero mean 
and variance 2σ. For CP-OFDM, the classical 
Configuration is assumed. The discrete-time signal at 
the output of an FBMC/OQAM synthesis filter bank 
(SFB) is given by 
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III. IAM PREAMBLES WITH GUARD 

SYMBOLS  
 
One can see from (9) that the preamble should be so 
organized as to result in pseudo-pilots of maximum 
magnitude. Therefore, the training symbols 
surrounding the pilot , p q d should be such that all 
terms in (8) have the same sign so that they add 
together. Moreover, this should occur for all 
frequencies p.   
 

 
 

 

i.   IAM-R 

 
 

 
 
iii.   IAM-C EXTENDED(E IAM-C)  
It was shown in [6] that the pseudo-pilots generated 
by IAM-C are of the maximum possible magnitude. 
However, this optimality is constrained to the 3-
symbol preambles with nulls at their sides. The 
property mentioned at the end of Section 2 suggests 
that an alternative           
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Fig3: BER vs. SNR with QPSK modulation .Rayleigh channels 
were assumed, with (a)  Filter banks with 

M=512,K=4(overlapping factor), (b) Filter banks with M=1024, 
K=4(overlapping factor) and (c) Filter 

banks with M=2048, K=4(overlapping factor). 
 

 
 

 
 

 
Fig 4: Estimation (NMSE) performance of preamble based 
methods .Rayleigh channels were assumed, with (a)  Filter 

banks with M=512,K=4(overlapping factor), (b) Filter banks 
with M=1024, K=4(overlapping factor) and (c) Filter banks 

with M=2048, K=4(overlapping factor). 
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IV. SIMULATION RESULTS 
 

 
 
Fig. 4 shows the MSE performance of the methods 
under study for M = 512, 1024 & 2048 subcarriers 
with an overlapping factor of K = 4 are considered in 
Figs. 4(a),(b) and (c), respectively. Observe that in 
three cases E-IAM-C outperforms the other schemes 
in the whole SNR range considered. Fig. 3 shows the 
BER performance of the methods under study for 
M=512, 1024 & 2048 subcarriers with an overlapping 
factor of K=4 are considered in Figs. 3(a), (b) and (c), 
respectively. Observed that in all the cases E-IAM-C 
outperforms IAM-C.  
  
CONCLUSION:  
  
The problem of preamble-based CE in 
FBMC/OQAM systems was revisited in this paper, 
with a aim on the interference approximation idea. 
The three most well renowned and efficient IAM 
variants, IAM-R and IAM-C, were reconsidered 
along with their associated preamble structures. 
Emphasis was put on IAM-C and its optimality 
within the class of 3- symbol preambles with all zeros 
side FBMC symbols. The possible gains from resting 
the last mentioned constraints of all zeros at the sides 
were investigated, on the basis of fully exploiting the 
symmetries in the interference weights of the first-
order FT neighbours. A innovative preamble structure 
of this kind, E-IAM-C, was developed and shown to 
result in pseudo-pilots of significantly larger 
magnitude. The superiority of E-IAM-C was 
demonstrated via results of simulation in a realistic 
(including interference from data) and fair scenario.  
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