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Abstract— Orthogonal Frequency Division Multiplexing
(OFDM) is one of the recent year’s equalization approaches
used in order to reduce the inter-symbol interference
introduced by the frequency selectivity of the radio channels.
The circular extension of the data symbol, commonly referred
to as cyclic prefix is one of the key elements in an OFDM
transmission scheme. The influence of the cyclic prefix duration
on the BER performance of an OFDM system with in-frame
DBPSK modulation is evaluated by means of computer
simulation in a multipath fading channel.

Index Terms— OFDM, BER, DBPSK modulation, Fast Fourier
transform (FFT), QAM.

I. INTRODUCTION
Mobile radio communication systems are increasingly
required to offer a variety of services and qualities for
mobile users. As the radio channel is far from
transmission medium, exhibiting both frequency
selectivity and time variant character [1]. In this context,
one of the most challenging issues in a radio
communication system is to overcome the inter-symbol
interference introduced by the multipath propagation of
the signal between the transmitter and the receiver’s
antennas.
The use of the adaptive equalization to the receiver could
be the solution for avoiding this unwanted phenomenon,
but this complex equalization technique proves
oftentimes unsuited for being used in real-time
applications, at data rates of tens of Mbps in an
unfriendly dispersive radio channel environment
because of its important computational complexity.
OFDM is an optimal version of multicarrier modulation
techniques, which mitigates the effect of the ISI
phenomenon keeping a relatively reduced complexity of
the equalization process. Indeed, intuitively one can
assume that the frequency selectivity of the channel can
be mitigated if, instead of transmitting a single high rate
serial data stream, the transmission is performed
simultaneously using several narrow-band subchannels
(with a different carrier corresponding to each
subchannel), on which the frequency response of the
channel seems ―flat‖.
Hence, for a given overall data rate, increasing the
number of carriers reduces the data rate that each
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individual carrier must convey, therefore lengthening the
duration of the symbol that modulates each individual
subcarrier [2]. Slow data rate (and long symbol duration)
on each subchannel means that the effects of ISI are
severely reduced. In addition, a cyclic prefix is inserted
in front of each OFDM symbol. The circular extension is
discarded on the receiver side, is obtained by copying a
number of samples from the end of the OFDM symbol in
front of it in order to prevent two consecutive frames to
interfere each other as a result of the time dispersion
caused by the multipath propagation. This way the
receiver can independently process each frame, in order
to estimate the transmitted information. Furthermore, the
equalization process is facilitated by this operation of
cyclic prefix insertion and extraction. In this paper, we
had focused on the influence of the cyclic prefix duration
on the BER performance of an OFDM system with
in-frame DBPSK modulation. The performance
evaluation in Rice fading conditions is done by means of
computer simulation.

II. BLOCK-DIAGRAM OF OFDM TRANSMISSION
SCHEME
In the figure 1, a classical OFDM transmission scheme using
FFT (Fast Fourier Transform) is illustrated. The input data
sequence is base-band modulated, using a digital modulation
scheme. Various modulation schemes could generally be
employed such as BPSK, QPSK (also with their differential
form) and QAM with several different signal constellations.
In our system, DBPSK method is chosen in order to encode
the binary information. Data is encoded ―in-frame‖ (the
baseband signal modulation is performed on the serial data,
which is inside a ―DFT frame‖, or equivalently an OFDM
symbol). The data symbols are parallelized in N different
substreams. Each substream will modulate a separate carrier
through the IFFT modulation block, which actually generates
the OFDM symbol, performing the multicarrier modulation.
A cyclic prefix is inserted in order to eliminate the
inter-symbol and inter-block interference (IBI) [3]. The data
are back-serial converted, forming an OFDM symbol that
will modulate a high-frequency carrier before its
transmission through the channel. The radio channel is
generally referred to as a linear time-variant system. To the
receiver, the inverse operations are performed in order to
estimate the transmitted symbols.
III. CYCLIC PREFIX AND EQUALIZATION
PROCESS
OFDM symbol transmits data in blocks in any type of a
non-ideal transmission channel such as a multipath channel
38
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in mobile communication systems, or a classical dispersive
channel as in wired transmissions will ―spread‖ the OFDM
symbol, causing the blocks of signal to interfere one another.

Figure 1: Block Diagram of OFDM Transmission system
This type of interference is called Inter-Block Interference.
IBI could lead to inter-symbol interference, since two
adjacent blocks will overlap, causing the distortion of the
samples affected by overlapping. In order to combat this
interference, cyclic prefix (CP) can be used at the beginning
of each symbol. The interference caused by the time
dispersion of the previous transmitted block is entirely
absorbed by the prefix samples that are discarded to the
receiver, if cyclic prefix spans more than the multipath
channel impulse response. The last L samples of the OFDM
symbol are copied in front of the data block to form cyclic
prefix [4], as it can be seen in figure 2. Generally, the radio
channel exhibits both time variant and frequency selective
characteristics. Considering that the channel parameters
remain constant during the transmission of an OFDM
symbol, the way that the transmission medium distorts each
particular frame is similar to the distortion caused by an
electronic filter [1],[5]. The equivalent discrete response of
the channel which is considered as a linear FIR filter of order
L, on the basis of this assumption, the equation can be written
as:
L

C ( z )   c[n].z n

(1)

The equivalent base-band signal at the channel output can be
obtained by the operation of convolution, as follows:

ycp[n]  xcp[n] * c[n]

(2)

Discarding the L CP samples from the received sequence, the
remaining (useful) signal can be expressed as:

y[n]  x[n]  c[n]
(3)
where  denotes the circular convolutional operator [6]. It

can be seen from equation 3 that the temporal support of the
signal is preserved by the circular convolution. In our case, N
transmitted signal samples convolved with L+1 channel
impulse response samples will conduce to a received symbol
of length N. These received samples of length N will be used
in the demodulation process. Since the circular convolution
will not ―spread‖ the signal, the receiver can independently
process each data block. The interference from the previous
transmitted blocks is totally eliminated through this operation
of
CP
insertion/extraction.
Furthermore,
since
x[n]  IDFT{ X [k ]} and taking into account the effect of
the DFT demodulator, the received symbols Y[k] can be
expressed as:

Y [k ]  DFT {IDFT { X [ K ]}  c[n]}, k  0,1.......N  1
(4)

n 0

Since the DFT of a circular convolution of two discrete time
signals is equivalent to spectral multiplication equation 4 can
be re-written as:
Y [k ]  DFT {IDFT { X [k ]}}.DFT {c[n]}
 X [k ].C[k ], k  0,1,..........N  1
(5)

where C[k] represents the sampled frequency response of the
equivalent base-band discrete channel, corresponding to the
frequencies  k  k (2 / N ) . The crucial consequence of

Figure 2: Cyclic Prefix insertion

the relation above is that each modulation symbol X[k] could
be recovered at the receiver by a simple point-wise division
operation, also known as ―one-tap frequency domain
equalizer‖, as can be seen from the equation (6).


X [k ]  Y [k ].C 1 [k ], k  0,1,........., N  1
(6)
39
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Thus, the CP theoretically eliminates both inter-block
interference (IBI) and inter-carrier interference (ICI). IBI and
ICI are eliminated because each block preserves its temporal
support and each serial symbol received on the kth carrier will
depend only on the corresponding kth carrier transmitted

Considering the effect of the cyclic prefix duration on the
BER performance of an OFDM system using inter-frame
DBPSK modulation has been simulated. Two multipath
delayed components with respective delays τ1 and τ2 and one
deterministic line-of-sight (LOS) path has been considered in
a three-ray Rice fading channel. In these simulations τ1 was
taken as zero and τ2 as normalized delay using relation τ2N=
τ2/LCP. Where, LCP represents the cyclic prefix duration
expressed as the number of serial samples. For the Rice
fading channel K=PLOS/PD, which is the ratio between the
signal power carried by the LOS path (PLOS) and the total
power of the two multipath components (PS=P1+P2). Equal
power for the two multipath components was considered
during the simulations. A white Gaussian noise is added to
the signal at the output of the Rice fading channel. The time
interval between the moments in which the first and the last

symbol, not being affected by the adjacent carriers
respectively.
IV.

SIMULATION RESULTS

significant component of the multipath signal arrives to the
receiver is referred to as maximum excess delay (TM) and it is
expressed in number of serial samples.
Another parameter of the simulation is the number of
subcarriers N that equals the number of serial samples
composing an OFDM symbol.
The time variant character of the radio channel is quantified
by the maximum Doppler shift parameter, fD. The value of
this parameter is also expressed in a normalized manner, as
fD*TS, TS denoting the OFDM symbol duration. A robust
differential modulation scheme such as DBPSK was chosen
for encoding the binary information. No channel estimation
techniques are employed and consequently no further
equalization is done to the receiver.

Figure 3: The influence of the cyclic prefix duration on BER performance for DBPSK-OFDM system, Rice fading channel,
K=3dB, SNR=30dB, N=64, fD*TS=0.001

V. CONCLUSIONS
The performance of an OFDM system is influenced by the
cyclic prefix duration, even by taking the unknown explicit
form of the channel impulse response that cannot be used in
the equalization process. The transmission is sensitive to the

parameter obtained as the multipath delay of the channel
normalized by the cyclic prefix duration. The improved BER
performance is obtained in all cases by an increase in the
OFDM symbol length.
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