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Abstract

Wireless communications is emerging as the largest sectors of telecommunications industry. It is the one
area that promises a lot of prospects for growth in the coming century. The major challenges for the future research
and study in this field include utilizing the limited available spectrum efficiently and improved link reliability
between communicating equipment. The environment in which the communication equipments are required to be
operating suffers from fading and interference from other users. Frequency selective fading channels can model such
hostile conditions that exist in the environment. The Orthogonal Frequency Division Multiplexing (OFDM)
technique that is a multi-carrier technique for data transmission is best suited for such channel models. OFDM is
thus characterized by the presence of many sub-carriers. These sub-carriers among the different users bear an
orthogonal relation with each other. Here the user spectrums have the flexibility to overlap thereby leading to an
enhanced spectrum efficiency of the system. This flexibility is provided by this orthogonal relationship between the
sub-carriers as it is necessary in overcoming deteriorating effects such as ICI or Inter-Carrier Interference which is
responsible for reducing the BER (Bit Error Rate) performance of the system. Here, it is observed that for the
traditional OFDM system the SNR of 55 dB is achieved as compared to the simulated result (involving RC (Raised
Cosine) window and Equalization techniques) of an SNR value of 31 dB; for the bit error rate value of 102 under
Rician channel. So, an improvement of 24 dB is achieved with the proposed OFDM system. Thus, the BER
performance of the system shows improvement.

Keywords: OFDM, Rician, Equalization, RC Windowing.

Introduction

OFDM (Orthogonal Frequency Division carriers have with respect to each other thus avoiding
Multiplexing) which is a modulation method based adjacent channel interference. The performance of
on multiple carriers provides us with a considerably multi-carrier communication systems such as OFDM
high efficiency of spectral usage, tolerance against is calculated by finding the relationship between BER
multipath delay spread, immunity against frequency (bit error rate) and the SNR (signal-to-noise ratio).
selective fading channels and efficiency of power. Accurate simulation of the considered channels is
Due to such benefits OFDM is being implemented in very important in the evaluation of the system
applications that require very high data rate performance and the design process for the
communications, Digital Video Broadcasting (DVB) communications equipment and other related
and mobile communications [1]. OFDM has been systems. Fading or loss of signals is a very important
adopted in the next generation of wireless phenomenon that leads the design engineers to define
communications, 4G for its abilities to fight large and fading models that try and describe the patterns of
small scale fading with low implementation fading in different types of environments. Though no
complexity of the system. OFDM has better spectrum model can precisely describe an environment, still
utilization efficiency as compared to Frequency they strive to achieve as much precision as possible.
Division Multiplexing (FDM). This is the result of The better the ability of a channel model to describe a
the orthogonal relationship that the multiple sub- fading environment, the better the said channel is
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compensated with other signals so that on the
receiving side the signal is as close to being error free
as possible. This would mean better clarity of the
received signal with high accuracy of the transmitted
data or lower Bit Error Rate (BER).

Multipath fading is a cause for major
concern for the design process of communicating
equipment. It causes severe noise at the receiver thus
undermining the integrity of the communication
system. The Rician fading channel is observed in a
system with Line of sight (LOS) propagation and
scattering. The Rician fading channel correctly
models the environment that our communication
equipment has to operate in. The Rician fading
channel model is quite similar to Rayleigh model,
with one exception that the Rician model is
characterized with the presence of a dominant
component which has a strong presence in the
received signal. This component which is the
dominant part of the received signal is the LoS or the
line of sight component [2].

In this paper, a Rician fading channel model
is considered while calculating the BER versus SNR
results for OFDM system using 16QAM modulation
scheme. A windowing technique namely the Raised
Cosine (RC) windowing technique is applied apart
from equalization operation at the receiver. High
frequency spectral noise is generated due to
transitions in the time waveform that are very fast.
This operation is done to mitigate the effects of ISI to
decrease the probability of error that would occur
otherwise. Zero forcing (ZF) equalization is also
utilized in conjunction with the windowing
technique.

OFDM System Fundamentals
OFDM

OFDM (Orthogonal Frequency Division
Multiplexing) is a method to modulate and multiplex
simultaneously. ~ OFDM  operates on  the
orthogonalization of the sub-channels. For lower
complexity in achieving the orthogonality property,
Fast Fourier Transform (FFT) is preferred. As the
high data rates are transmitted in serial form, they are
converted into many parallel lower data rates using
different modulation techniques for each sub-
channel. The signals that are generated may be taken
from different sources. These signals which
ultimately form a sub-sets for one composite signal
are multiplexed together. These signals that split-up
into channels are then modulated and then
multiplexing is performed to achieve the final signal
that is transmitted. However, a separation still exists
in the frequency domain. In order for the
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maintenance of exclusivity a sufficient separation is
maintained between these sub-carriers. The guard
intervals are also provided which also lead to the
poor spectral efficiency. But the orthogonality
principle is used in order to boost the spectrum
utilization. The orthogonality principle is very
important for the success of the OFDM system
performance.

Figure 1:

OFDM Spectrum showing Orthogonal Sub-Carriers

The carriers bear an orthogonal relationship
to one another. Due to this property, for the channel
that is frequency selective various issues such as the
Inter Symbol Interference are reduced. The rate of
transmission increases due to the minimal spectral
requirements; which is the result of the overlapped
sub-channels. The OFDM system block diagram is
shown below.

Figure 2:
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OFDM System Block Diagram

Several methods of coding or encrypting the
message are also employed that further enhance the
system robustness. Another issue that is commonly
encountered is the ICI (Inter Carrier Interference).
This problem arises due to the sensitivity that the
system bears to the carrier frequency offset. The
orthogonal relation between the various sub-carriers
leads to a reduction in this problem as well.

Mathematical Analysis

Mathematically, each carrier in the OFDM
composite signal might be approached as a wave in
complex form.

S.(t) = Ac(t)eliwc®t ec®] o

The real signal forms the real part. ¢.(t) & A.(t)
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represent the phase and amplitude of the carrier
which generally are variable depending on the
symbol. The values of the parameters remain uniform
for the entire symbol period (t) duration. Due to the
presence of several different carriers, the composite
OFDM signal becomes,
S.(t) = 2 Ay eUon®+en®)]
s N N
Where, w, = wy + nlw.
This signal is continuous. Considering each
component for the duration of a single symbol, the
amplitude and phase variables take up uniform values
which depend on the particular carrier frequency.
Now, sampling the signal using sampling frequency
of 1/T, the resulting signal becomes,
Ss(kt) — 11‘1/:-(} ANe[f(wo+nAw)kT+ Pn(t)] )
Now, it being very easy for sampling over one data
symbol period hence, the time over which the signal
is analyzed is restricted to N samples. Therefore, we
have,
t=N.T @)
Ss(kt) = 11\11;& ANe[i(nAw)kT+ on(8)] )

Equation (5) is considered for comparison with the
Inverse Fourier Transform general form equation.

21

g(kT) = SIhZ3G (3) e ©

In equation (6), the function (4ye’¢n) is more of
a frequency domain signal definition and the time
domain definition being, S(kT).

Equations (5) and (6) bear some equivalence if the

following condition is met,
Aw 1 1

Af === @)

This condition is the same as the orthogonality

condition [3]. Thus, one advantage of the orthogonal

relationship between the sub-carriers is that the

composite OFDM signal could be defined using the

Fourier Transform procedures.

@

Fading and Multipath

Fading is defined as the signal distortion
experienced while traversing through various media
or channels. In communications, the multipath
propagation is the prime reason for the fading
phenomenon. In order to understand fading, we must
understand the concept of multipath propagation.
Multipath is that phenomenon that entails the radio
signal as is sent from the transmitter, reaches its
destination of the receiver traversing two or more
different ways or paths. It is caused by reflection,
both ionospheric and terrestrial, refraction and
atmospheric ducting. Multipath causes phase shifting
of the signal and interference that is both constructive
and destructive. The signal distortion that results due
to the multipath effects is known as fading.
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Additional paths for propagation of radio waves that
are beyond the line of sight also arise due to various
phenomenon such as Diffraction, reflection and
scattering.

Fading Channel Models

The amplitude and the phase of the signal
fluctuates due to multipath fading as a consequence of
the vector addition of several signals that arrive
bearing different phases at the receiving station. This
phase difference is due to the different paths that are
taken by the signal. As the phases change rapidly, the
amplitude of the signal that is received at the receiver
varies rapidly. These variations are modeled with a
particular distribution as a random variable. Rayleigh
distribution is the most common for multipath fading.
The Rayleigh Fading probability density function
(PDF) is [4],

2

fRayleigh(r) = éexp (_ ;7) ,r 20 ®)

Here, we assume that similar attenuation afflicts
all signals however they all have different phases
when they arrive at the receiver. Corresponding to the
amplitude of the signal, the random variable is ‘r’.
The quadrature and in-phase variance is ‘c?’. The
received signal has a complex envelope which is
considered to be distributed uniformly in [0,27].

When a strong signal component that is also the
line of sight (LOS) component exists, the distribution
is Rician. The probability density function (PDF) of
such function is,

2 2
frician(T) = %exp( (T26+2A )

)Io(g),rzo,Azo

©
Here, the quadrature and in-phase variance is ‘o2’
The dominant path signal amplitude is given by ‘A’,
and the Bessel function which is modified and of the
zero-order is given by, ‘I;’. In general, the depth of
the fading is predominantly reduced by the dominant
path and a superior performance is achieved by the
Rician Fading as compared to Rayleigh Fading in
terms of the Bit Error Rate (BER). Here, the size of
the cell determines the probability of having a strong
line of sight (LOS) component. The smaller is the size
of the cell, the higher is the probability of having LOS
path. The Rician PDF is reduced to Rayleigh PDF in
the absence of any dominant path. When the value of
A is large compared to o, the distribution is
approximately  Gaussian. Thus, since Rician
distribution covers the Gaussian as well as Rayleigh
distributions; mathematically the Rician fading
channel can be considered to be the general case [5].
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Rician Fading Channel

A Rician Fading model is applied in
simulating the environments that produce the
multipath components of the signal and have a
dominant component which is the LOS component
amongst signals that are received at the receiver [6].
This dominant component is a stationary or a non-
fading signal.

Another name for the dominant line of sight
component is the ‘specular component’ and for the
multipath component is the ‘scatter component’ or the
‘random component’. The mean of the amplitude
distribution for the former component is non-zero and
for the latter component is zero.

Representation of the signal as is received through
the Rician distribution is,

s, = 7,.ej(a)()t+9) + aej(uot — pej(w0t+<p) 10)

Where, a represents the amplitude of the signal in
its attenuated form, where the random value for phase
is ‘@’. The marginal value for the Probability Density

Function would be (fp(p)), which is named Rician,

with the random value of the amplitude p is [7],
2 a2 a,

f®) = e (= 555) 1 (32)

We define the main component power as, ‘p;’, p

as the instantaneous received power, the scattered

components power as, ‘P = o2’, the mean of the

received power as ‘p = p; + ps’ and the Rician factor

(11)

is taken as K,
<
Pa =D =7 i 12)
—Pd_Pd 2 _ P
K_p_s o2’ 1+K 3)

Applying the Jacobian to equation (11)

D, ! - 4K
fr@lp ) = Zrexp (=) e <\Ja_2p> (19

Equation (14) gives the probability density
function (PDF) of power and is also known as “non-
central Chi-square pdf” [8].

Windowing

The pulse shaping or windowing
technique is used to reduce the sensitivity to linear
distortion at the transmitter side. At the transmitter,
after IFFT modulation, the OFDM signal is cyclically
extended and then the applied window function
shapes the CP part keeping the original part of the
signal unchanged. The basic purpose of the
windowing technique is to make the spectrum go
down rapidly, such as the amplitude of the OFDM
symbol goes smoothly to zero at the symbol
boundaries. If the windowing technique is not used,
then the spectrum that is out-of-band decreases rather
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slowly due to a phase transition that is sharp at the
symbol boundaries [9].

Conventional Windowing Techniques

Consider an OFDM symbol with | available
sub-carriers. ‘Jcp’ as the size of the cyclic prefix, ‘ts’
as the duration of the symbol, and we assume the
guard carriers as ‘J;’. As is observed in traditional
techniques for windowing, for the OFDM system
between the two consecutive symbols the transition is
smoothened for side-lobe suppression. An additional
window time is thus placed between two adjacent
symbols for smoother transitions. During this interval
the sub-carriers of the past symbol fade. This
transition which is smooth is facilitated by
multiplying the window function with the modulated
symbols. These are further extended with the post-fix
and the pre-fix. For the orthogonality to be
maintained, overlapping happens between ‘Jy,’
samples from the ending part of the symbol that has
past and the ‘J,” samples from inception of the next
OFDM symbol. As the symbol duration for the
windowed OFDM symbol is windowed is (J + J-p +
Jw), the traditional windowing technique leads to a
decrease in the efficiency of the spectrum that
depends upon Jy;,’. Also, as the data and the cyclic
prefix of the composite OFDM still remain, the issues
like the Inter Symbol Interference which result from
the delay spread caused due to multipath is avoided.
Now, filtering technique can also be used as an
alternative to OFDM windowing in order to tailor the
spectrum roll-off but, it is not as windowing technique
can be carefully controlled [10]. In the filtering
technique rippling effects (that may lead to symbol
distortion in the OFDM symbol which in turn results
in reduced immunity for the delay spread) in the
region of the symbol known as the roll-off region are
produced. Efforts should be made to avoid them.

Raised Cosine Windowing
Consider The Raised Cosine window is so
known because its individual function has a raised
value of the cosine function. Therefore, the nil mark is
just touched by the negative peaks of the window. The
RC window is also known as the Hanning window.
The mathematical representation of this window is,
w(t) =
0.5+ 0.5 cos (7 + ”t/(ﬁTr)) , 0<t<pT,
BT, <t<T,

T, <t<1+pT,

1.0,

k 0.5 + 0.5 cos ((t - Tr)”/(ﬁTr)) ,

Here, the symbol interval is represented by, ‘T, .
Now, its value is so chosen that it is of shorter
duration as compared to the symbol duration for

(15)
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OFDM. The roll-off region of the RC Window allows
the possibility of partial overlap. The windowed
OFDM symbol could be represented as,

R(t) = 2 Re{w(t) XN-¢ d,e/?™HT} for 0<t <T (1)

Equalization

Equalization is a process of adding a
digital filter at the receiving section that would
approximate the inverse of the channel frequency
response. Equalization is utilized to reduce the
deteriorating issue of ISI (Inter Symbol Interference)
to decrease the probability of errors that occurs
otherwise. The primary cause of ISl is multipath
fading that distorts the transmitted composite
Orthogonal ~ Frequency  Division  Multiplexing
(OFDM) signal which also results in the production
of bit errors at the receiving section [11]. Thus, in
order to minimize this error or disparity between the
desired output and the actual output, the technique of
channel equalization is used. The filter coefficients
are constantly updated in the equalization process. It
must be kept in mind that this reduction of ISl has to
be balanced with the prevention of an increase in the
noise power.

Equalization is a filtering approach that can be
accomplished both in the frequency and the time
domain. The frequency domain equalization is
preferred over that in the time domain due to its
simplicity in application. The equalization process is
categorized as liner or non-linear. This distinction
depends upon the use of the output of the equalizer.
Another filter design concept would be the number of
taps. The number of taps in the equalizer is limited by
the maximum amount of delay that the channel
offers. Now, the delay intervals that are equalized
have a value that is less than or equal to the
maximum amount of delay that the structure of the
filter presents. One of the most useful equalization
algorithms is the Zero Forcing (ZF) equalization.

Zero Forcing Equalizer
Consider In the ZF (Zero Forcing)
Equalization process, the coefficients [12] are so
chosen that the combined channel samples are forced
to zero, along with the impulse response of the
equalizer. These zero values are obtained at all but
one of the sampled points in the delay line that is
tapped. With the equalization process the channel
response satisfies the first criterion of Nyquist i.e.,
HCH(f)HEQ H=1 17
The zero forcing equalizer that is designed using
the above equation is not capable of removing all ISI
due to the finite length of the filter. This method has
some demerits that include large inversion of gain for
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some of the sub-carriers when their value is low
which leads to amplification of noise in the sub-
carriers. Thus, in this work the concept of windowing
is used in conjunction with the equalization process so
as to make possible betterment in the values of BER
for OFDM communication system.

Simulation and Results

BER for OFDM using Rician Fading Channel
Considering M-ary QAM mapping scheme in

Rician fading channel, the analytical expression for

bit error rate is given by the following expression,

’ K Eb/
BERRician = %erfcl ﬁ‘
0

Where, K - is the Rician factor. It is defined as the
ratio of the LOS signal component power to the
random signal component power.

(18)

m

K= (19)
Here, ‘m’ represents the non-zero mean and ‘2’

is the variance.

Results and Discussions

For simulating the results, 16-QAM mapped
OFDM system was considered along with RC
(Raised Cosine) Windowing and the Zero Forcing
Equalization technique using the Rician Fading
channel. Figure 3 depicts the BER value for the
traditional OFDM which is mapped using 16-QAM
scheme and using Rician Channel.

Figure 3:

BER versus SNR for OFDM with 16-QAM using Rician
Fading channel

In the figure 4, the bit error rate (BER) versus
signal-to-noise ratio (SNR) for OFDM using RC
window function and zero-forcing equalization in
Rician fading channel model is shown. This result is
compared with the bit error rate result for traditional
OFDM. For the traditional OFDM it is observed that
SNR of 55 dB is achieved as compared to the
simulated result (involving RC (Raised Cosine)
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window and Equalization techniques) of an SNR
value of 31 dB for the bit error rate value of 1072
under Rician channel. So, an improvement of 24 dB
is achieved with the proposed OFDM system.

Figure 4:

BER vs. SNR OFDM using 16-QAM with RC windowing
and equalization along with traditional OFDM system
using Rician Fading channel

Conclusion

We have shown the bit error rate versus signal-to-
noise ratio performance for the OFDM system of
communication for Rician Fading Channel. The BER
results for the traditional OFDM method was
compared with those of the OFDM method
implemented in conjunction with RC (raised cosine)
windowing method and ZF (zero forcing)
Equalization technique. By adding Raised Cosine
(RC) Window along with Equalization function in
OFDM system that is implemented using 16-QAM
modulation at the BER value of 10729 an
improvement of 24 dB is achieved in the SNR value
as compared to traditional OFDM system for Rician
Fading Channel.

References:

[1] E. Saberinia,J. Tang, A.H. Tewfik, and
K.K. Parhi, “Pulsed-OFDM Modulation for
Ultrawideband Communications,” IEEE
Transactions on Vehicular Technology, vol.
58, no. 2, pp. 720 — 726, 2008.

[2] J. Sanchez-Garcia and D.R. Smith, “Capture
Probability in Rician Fading Channels With
Power Control in the Transmitters,” IEEE
Transactions on Communications, vol.
50, no. 12, pp. 1889 — 1891, 2002.

[3] T.Y. Al-Naffouri, K.M.Z. Islam, N. Al-
Dhahir, and S. Lu, “A Model Reduction
Approach for OFDM Channel Estimation
under High Mobility Conditions,” IEEE
Transactions on Signal Processing, vol. 58,
no. 4, pp. 2181 — 2193, 2010.

ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 1.852

[4] Li-Chun Wang and Chin-Tau Lea, “Co-
Channel Interference Analysis of Shadowed
Rician Channels,” IEEE Communications
Letters, vol. 2, no. 3, pp. 67 — 69, 1998.

[5] Kaveh Pahlavan and Prashant Krishnamurty,
“Principles of Wireless Networks,” Prentice-
Hall of India Private Limited, 2002.

[6] Nuzhat Tasneem Awon, Md. Mizanur
Rahman, Md. Ashraful Islam, and A.Z.M.
Touhidul Islam, “Effect of AWGN &
Fading (Rayleigh & Rician) channels on

BER  performance of a  WiMax
Communication  System,” International
Journal of Computer Science and

Information Security, vol. 10, no. 8, 2012.

[7] J. Sanchez-Garcia, “MAC protocol for
Wireless ATM based on power priorities,”
PhD. Dissertation, George Washington
University, Washington DC, Jan. 2001.

[8] J.-P. Linnartz, “Narrowband Land-mobile
Radio Networks,” Norwood, MA, Artech
House, 1992.

[9] Akhilesh Chandra Bhatnagar, R.L. Sharma,
and Rajesh Kumar, “BER Improvement
Using Windowing Technique in OFDM
Systems,” International  Journal  of
Engineering and Innovative Technology,
vol. 2, no. 1, 2012.

[10]R. Zhang, T.T. Tjhung, H.J. Hu, and P. He.,
“Window Function and Interpolation
Algorithm for OFDM Frequency-Offset
Correction,” IEEE  Transactions on
Vehicular Technology, vol. 52, no. 3, pp.
654 — 670, 2003.

[11]Pei Xiao, R.A. Carrasco, and I.J. Wassell,
“Generalized  Equalization  Algorithm
Utilizing Improper ISI,” IEEE Transactions
on Vehicular Technology,
vol. 58, no. 2, pp. 788 — 799, 2009.

[12]Y. Ding, “Minimum BER Block Precoders
for Zero-Forcing Equalization,” |EEE
Transactions on Signal Processing, vol. 51,
no. 9, pp. 2410-2423, Sept. 2003.

http: // www.ijesrt.com (C) International Journal of Engineering Sciences & Research Technology

[491]


http://www.ijesrt.com/

[Bhardwaj, 3(8): August, 2014] ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 1.852

Author Biblography

Ankush Kansal

Ankush  Kansal received his
B.Tech. and M.Tech. degree in
Electronics and Communication
Engineering from PTU, Jalandhar.
He is currently pursuing Ph.D.
from Thapar University, Patiala in
the area of Wireless
Communication. He is currently
working as Assistant Professor in
Thapar University, Patiala. He has
published 10 research articles in
referred international  journals,
international ~ conference  and
national conference. He is a life
time member of ISTE. His research
interest  includes  Networking,
Wireless ~ Communication  and
Embedded Systems.

Email: akansal@thapar.edu

Nikhil Bhardwaj

Nikhil Bhardwaj received his
Diploma in  Electronics and
Communication Engineering from
Thapar  Polytechnic  Institute,
Patiala, Punjab, in 2006; B.Tech.
degree  in  Electronics and
Communication Engineering from
Chitkara Institute of Engineering
and Technology (PTU) Punjab, in
2009. He is currently pursuing his
M.E. degree in Electronics and
Communication Engineering from
Thapar University, Patiala under
the guidance of Mr. Ankush
Kansal. His current research
interests include wireless
communication, multi-carrier
communication and OFDM.

Email:
nikhil.bhardwaj493@gmail.com

http: // www.ijesrt.com (C) International Journal of Engineering Sciences & Research Technology
[492]


http://www.ijesrt.com/
mailto:akansal@thapar.edu
mailto:nikhil.bhardwaj493@gmail.com

