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Abstract 
The well known problem in an orthogonal frequency division 
multiplexing (OFDM) system is its sensitivity to frequency offset. 
Most of the coherent OFDM systems transmit pilot symbols on 
some of the subcarriers to estimate channel attenuation and also 
add a cyclic prefix (CP) to avoid inter carrier interference 
and inter symbol interference. An estimation algorithm based 
on the redundancy of both cyclic prefix and pilot subcarriers is 
proposed for the correction of frequency offset. If the frame 
timing is synchronized in advance, by considering the two 
kinds of redundancy simultaneously, the performance of the 
proposed hybrid algorithm achieves significant improvement 
under low SNR and short CP. As to high SNR and long CP, 
the performance of the hybrid algorithm is almost identical to 
that of CP-based algorithm. Some comparative simulations are 
given to illustrate the advantages of the proposed hybrid 
estimation scheme 
. 
Keywords: OFDM, Cyclic Prefix, Subcarriers, Frequency offset 

1. Introduction 

The OFDM system is capable of coping with the 
frequency selective fading and narrowband noise because 
each subscriber in OFDM system is narrow band with 
respect to coherent bandwidth. Sensitivity to 
synchronization errors, including both frequency and time 
is one of the main problems in OFDM systems. Compared 
to single carrier modulation schemes, OFDM is very 
sensitive to frequency offset. Minor carrier frequency 
offset makes the subcarrier of OFDM system to lose its 
orthoganality because all the subcarriers in OFDM systems 
are overlapped and orthogonal to each other. Detection of 
carrier frequency and time offset is a difficult task in 
OFDM systems. Using of analogy of sample time offset in 
time domain causing Inter Symbol Interference (ISI), 

frequency offset significantly degrades the system 
performance and cause Inter Symbol Interference (ISI). 
Frequency and Time correction algorithms are classified 
into two types based on whether the additional data is 
required or not, if required what kind of additional data is 
be used. For the applications that require fast and reliable 
synchronization, data aided schemes are suitable because 
of the redundancy of the OFDM data frame. Two kinds of 
redundancy data which are usually used are training 
symbols (or pilot symbols) and pilot subcarriers. Training 
symbols are two or more consecutive and identical 
symbols, used to estimate frequency or time offset [1-3]. 
Pilot subcarriers are used to estimate channel attenuation 
in a single carrier system, as  pilot-symbol assisted 
modulation (PSAM).[4] In case of multicarrier systems 
pilot subcarriers are used,  to estimate frequency 
offset.[5,6]  Depending on nature structure of OFDM 
frames, non-data-aided schemes are used to estimate 
frequency offset. To obtain better performance null 
subcarriers are selected.[7] Based on the utilization of the 
correlation of received data samples, other blind methods 
are proposed. [8,9] which uses an adaptive algorithm to 
reduce mean square error of frequency offset. One of the 
most popular non-data-aided synchronization schemes is 
based on using the cyclostationarity properties of the 
OFDM signals because of the insertion of cyclic prefix. 
The cyclic prefix is a part of a transmitted symbol frames 
and pilots are always inserted in some specific subcarriers 
in the modern specification of OFDM systems, such as 
802.11a and HIPERLAN/2. An algorithm combining the 
two features, CP and pilot carriers, in one OFDM frame 
has good potential to provide better estimation 
performance. The presence of the cyclic prefix and the 
redundancy of the pilot sub carriers are considered in this 
paper. The hybrid maximum likelihood estimator for 
carrier frequency offset only is derived. As the frequency 
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