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Introduction 

The orthogonal frequency-division multiplexing 
(OFDM) is a favorable modulation technique 
fundamentally because of its strength against 
frequency-selective fading channels. The primary 
idea behind the OFDM is to partition a broadband 
frequency-specific channel into various sub-channels. 
In OFDM system, a guard interval is important, since 
there is always a possibility of inter-symbol 
interference (ISI) and inter-carrier interference (ICI). 
This guard interval is obliged to be of length 
equivalent to or more than the channel's impulse 
response (CIR). Utilizing a cyclic prefix (CP) as the 
guard interval is a straightforward approach to battle 
the ISI and ICI. Hence the embedding of cyclic prefix 
(CP) before transmission avoids the inter-symbol 
interference (ISI) and maintains the orthogonality 
among subcarriers. However the expense is a 
diminishing in limit, particularly for the rural sloping 
environment that has the long CIR. 1As the ISI is 
avoided by insertion CP the simple distortion 
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brought on by the channel impact can be adjusted 
only by equalizer on each subcarrier. The robustness 
against frequency-specific channel makes OFDM a 
key wireless technology for present day wireless 
communication systems, for example, digital video 
broadcasting (DVB), Long Term Evolution Advanced 
(LTE-A), and wireless local area networks. 

The remainder of this paper is organized as follows. 
Section II presents a brief review of related 
literatures. The Section III, introduces the system 
model followed by channel models in section IV. 
Next, in Section V, presents the simulation results. 
Finally, conclusions are drawn in Section VI by 
analyzing the results in detail. 

Literature Review 

To battle the ICI impact caused by non-ideal channel, 
various ICI alleviation techniques were proposed [2]. 
In [4], direct equalizers in view of least mean-square-
slip and minimum squares (LS) criteria were 
proposed. In [9], techniques in view of progressive 
interference cancelation were proposed to further 
enhance the execution. A most extreme from the 
earlier/greatest probability based joint channel 
incline estimation and information identification 
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system utilizing a desire amplification calculation was 
proposed in [3]. Choice criticism equalizers were 
proposed in [6]. In [11], a system that uses a Q-tap 
equalizer rather than a conventional one-tap 
equalizer to stifle the ICI force was proposed. In [5], 
channel estimation and ICI relief routines that use CP 
or adjoining OFDM symbols were proposed. In [7], 
time-area windowing strategies for amassing ICI into 
its principle band were proposed. This system is 
additionally called an ICI shortening method, and it 
can collaborate with other evening out procedures, 
for example, in [8]. In [10], low-multifaceted nature 
joint evening out and channel coding calculations 
were proposed. In [1] author proposed a pioneer 
work by expanding the length of a CP. He proposed 
a novel ICI self-cancelation plot and demonstrated 
that if the length of a CP is broadened sufficiently 
long so that the length of sans isi tests in the CP is 
equivalent to the length of the OFDM symbol, the ICI 
impact can be totally uprooted with direct time-
differing channel suspicion. (This suspicion is by and 
large legitimate at sensible vehicular velocity [7].) 
Since it needs to alter the transmit signal 
arrangements, this strategy is not versatile to all the 
present day remote correspondence systems. 
Practically speaking, there are just constrained sans 
isi tests in a CP, whose length is much shorter than 
the OFDM symbol length. In this circumstance, the 
work in [2] recommended to set the joining weights 
consistently, yet this is obviously a suboptimum 
arrangement in the feeling of ICI minimization. A 
while later, in [3], heuristic calculations were 
proposed to pick better consolidating weights to 
enhance the execution of [10]. In a parallel work [11], 
a designing instinct that Frank capacity window may 
be the ideal consolidating window was shown. 

The OFDM System Model 

Orthogonal Frequency Division Multiplexing (OFDM) 
is a multicarrier transmission strategy, which divides 
the transfer speed into numerous carriers; everyone 
is adjusted by a low rate information stream. In term 
of various access procedures, OFDM is like FDMA in 
that the numerous client accesses is accomplished by 
subdividing the accessible data transfer capacity into 
different channels that are then distributed to clients. 
On the other hand, OFDM utilizes the spectrum more 
efficiently by separating the channels much closer 
together. This is accomplished by making every one 
of the carriers orthogonal to each other, avoiding 
interference between the firmly separated carriers.  

 

Figure 1: Bandwidth division comparison for FDM 
and OFDM. 

The figure demonstrates the contrast between the 
ordinary non-covering multicarrier system and 
covering multicarrier modulation strategy. Utilizing 
the covering multicarrier modulation system, we 
spare just about half of data transmission. To 
understand the covering multicarrier system, then 
again we have to diminish crosstalk between 
subcarriers, which implies that we need orthogonality 
between the distinctive regulated carriers. 

OFDM Signal Model 

The baseband system model of an OFDM system in 
the presence of phase noise is illustrated in Fig. 2.  

 

Figure 2. Block diagram of the OFDM transceiver 
system model.  

 

 is used to represent the transmit information 
symbol vector, where  is the OFDM symbol length. 
Each entry of  is independently drawn from a finite 
alphabet . Without loss of 
generality, we normalize the average transmit power 
to unity; hence, . To generate an ordinary 
OFDM symbol, the information symbol vector s is 
transformed into time domain via an N-point Inverse 
Fast Fourier Transform (IFFT) operation, and then a 
CP with size  is inserted to prevent ISI. The time-

domain baseband transmitter output 
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 be 
mathematically described as 

 

Where  is the CP-inserting matrix define as: 

 

And  is the matrix collecting the last  rows of 
the identity matrix  . The transmitted signal  is 
then passed through the multipath channel whose 
channel impulse response  is mathematically define 
as  where  is the 
maximum path delay. We assume that the CP length 
is longer than the maximum multipath delay, that 
is, , we define 

as 
the convolution of the transmitted signal and 
channel impulse response.  

The Channel Model 

In a multipath domain, a transmitted symbol takes 
distinctive times to achieve the beneficiary through 
diverse engendering ways. From the receiver’s 
perspective, the channel presents time scattering in 
which the length of time of the got symbol is 
extended. Expanding the symbol length of time 
causes the current got symbol to cover past got 
symbols and results in intersymbol interference (ISI) 
[9]. In OFDM, ISI normally alludes as interference of 
an OFDM symbol by past OFDM symbols. 

Additive White Gaussian Noise (AWGN) 

Zero-mean white Gaussian Noise (WGN) has the 
same power spectral density for all frequencies. The 
descriptive word "white" is utilized as a part of the 
feeling that white light contains equivalent measures 
of all frequencies inside of the noticeable band of 
electromagnetic radiation. The frequency spectrum 
of WGN has a Gaussian probability distribution.  

Rayleigh Fading 

Rayleigh fading is a statistical model for the impact 
of a propagation situation on a radio signal, for 
example, that utilized by wireless gadgets. Rayleigh 
fading models accept that the magnitude of a signal 
that has gone through such a transmission medium 
(likewise called a communications channel) will shift 

arbitrarily, or blur, as indicated by a Rayleigh 
dissemination — the spiral segment of the aggregate 
of two uncorrelated Gaussian arbitrary variables. 
Rayleigh fading is seen as a sensible model for 
tropospheric and ionospheric signal propagation and 
in addition the impact of intensely based up urban 
situations on radio signals.[1][2] Rayleigh fading is 
most appropriate when there is no prevailing 
propagation along an observable pathway between 
the transmitter and receiver.  

Rayleigh fading is a sensible model when there are 
numerous obstacles in the environment that diffuse 
the radio signal before it lands at the receiver. As far 
as possible hypothesis holds that, if there is 
adequately much diffuse, the channel drive reaction 
will be very much modeled as a Gaussian prepare 
regardless of the singular's conveyance parts. On the 
off chance that there is no predominant segment, 
then such a procedure will have zero mean and stage 
equally appropriated somewhere around 0 and 2π 
radians. The channel's envelope reaction will in this 
way be Rayleigh appropriated. Calling this random 
variable R, it will have a probability density function: 
[1] 

 

 

Generally, the gain and stage components of a 
channel's mutilation are helpfully spoken to as an 
unpredictable number. For this situation, Rayleigh 
fading is shown by the suspicion that the genuine 
and fanciful parts of the reaction are modeled by free 
and indistinguishably conveyed zero-mean Gaussian 
processes so that the amplitude of the response is 
the sum of two such processes. 

Simulation Results 

The discussed system is simulated under Mat lab 
environment and the configuration of system is 
presented in table 1 

Table 1: The model configuration 

Parameter Value 

Number of Frames 1000 

Number of Sub-Carriers 128 

Number of Pilot Carriers 4 
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SNR (Min.) 0 dB 

SNR (Max.) 20 dB 

Number of Paths 4 

Doppler Shift 0 

 

Table 2: Path Characteristics 

Path Gain Path Delay 

0 0 

-1 0.001 

-2 0.0350 

-3 0.0120 

 

 

Figure 3: BER performance for 2-PSK-OFDM for 
different CP-lengths. 

 

Figure 4: BER performance for 2-QAM-OFDM for 
different CP-lengths. 

 

Figure 5: BER performance for 2-PAM-OFDM for 
different CP-lengths. 

 

Figure 6: BER performance for PSK-OFDM for 
different Bits/Symbol. 

 

Figure 7: BER performance for QAM-OFDM for 
different Bits/Symbol. 
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Figure 8: BER performance for PAM-OFDM for 
different Bits/Symbol. 

Conclusion 

We compared M-ary, PSK, QAM and PAM based 
OFDM system for different CP lengths under fading 
environment. For that we modeled a simulation 
environment under Mat lab computing software to 
combine the effect of all parameters/variables. The 
simulation result shows that OFDM, CP length 
displays the same sensitivity to some parameters, 
such as noise and modulation technique. However, 
the length of CP drastically increases the BER 
performance, while preserving the data rate. 
Therefore, we can conclude that length of CP is a 
very good candidate with low complexity to improve 
the performance instead of experimenting with 
modulation techniques and other parameters. 
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