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Abstract — A comprehensive description of 4G system has been discussed in this paper. With the explosive demand for higher data rate
networks, OFDM has emerged as a key technology for 4G standards like 3GPP LTE, IEEE 802.16m WiMAX and |IEEE 802.11n WLAN. In
mobile radio communication, the fading channels generally exhibit both time-selectivity and frequency-selectivity. Orthogonal frequency-
division multiplexing has been proposed to combat the frequency-selectivity, but its performance is also affected by the time-selectivity. In
this paper, we investigate how various parameters, such as the number of carriers, the
guard time length, and the sampling offset between receiver and transmitter, affect the system performance. Further, we determine the
optimum values of the above parameters, which minimize the degradation of the signal-to-noise ratio at the input of the decision device.
With its robustness to frequency selective fading, high spectral efficiency and ease of implementation by means of Discrete Fourier
Transform (DFT), OFDM is a cutting edge technology for Broadband mobile wireless. Along with its compatibility with MIMO, OFDM is an
attractive air-interface solution to meet the demands of 4G networks. In mobile environment, channel is subject to both time and frequency
selective fading. Although OFDM is resistant to ISl resulting from frequency selective fades, but it is quite sensitive to time selective
multipath fading. This time selective fading causes ICI thus degrading system performance. For a satisfactory performance of OFDM, it is
imperative that the sub-carriers remain orthogonal to each other. The orthogonal behaviour of sub-carriers can be jeopardised due to two
effects namely Carrier frequency offset, and Doppler spread. This paper reviews the methods to mitigate the deleterious effect of time

selective multipath fading in 4G system.
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1 INTRODUCTION

Since the soonest times, man has found it essential to

communicate with others. To meet these requirements and to
ensure high quality of service to users, the innovative BWA
techniques being used today which connects Wi-Fi hotspots
with each other and to other part of internet. This standard is
based on multi carrier modulation (MCM) scheme. The
broadband services can be categorized into two types; Fixed
Wireless Broadband (FWB) and Mobile Broadband. The FWB
provides services offered by the fixed line broadband on
wireless platform and a competitive alternative to DSL or
cable modem. The mobile broadband offers mobility. Thus the
mobility is “the ability to keep ongoing connections engaged
and active while moving at vehicular speeds”.

The Wimax communication standard incorporates OFDM for
achieving better spectral efficiency and data rates which
includes the medium access control (MAC) and physical
(PHY) layers, of BWA. In OFDM, parallel narrow-band sub-
carriers are used for long distance transmission. It provides
good resistance to multipath and allows Wimax to operate in
NLOS condition. As OFDM follows principle of orthogonality
thus, serial-to-parallel transmitter converts the incoming high
data stream into low-data stream, and then transmits each low
data stream over an infrequent orthogonal carrier. The data
rate of each transmitted stream is effectively reduced by a
factor of N from the original data rate. By employing this
strategy, OFDM extremely reduces inter symbol interference
(ISI) by avoiding multipath in frequency-selective channels.
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Usually, wireless communication systems are subjected to
fading, there must be enormously high signal to noise ratios
are required to achieve reasonable error probability. A major
problem in such system is multipath fading in channels.
Basically, the fading attributes multipath interference, delay,
doppler spread and rapid fluctuations of amplitude, phases of
radio signals over short interval of time. There are several
parameters to objectively measure the performance of the
system and the influence of nonlinearities of signal.

Let, {s,x} with Elsnkl?=0? be the complex symbols to be
transmitted at the N OFDM block. The OFDM modulated
signal can be represented by equation (1).

Sy ®) =YW dsp et 0<t<Ts (1)

Here, Ts is the symbol duration, Af is sub channel space, and
N is the number of sub channels of OFDM.

At receiving end, to demodulate the OFDM signal the symbol
duration should be enough such that Ts*Af=1. It is also known
as orthogonal condition. Since, it makes e /2™A/t orthogonal
to each other for different value of k. Under orthogonal
condition, the transmitted symbols {s,,} can be detected at
the receiver by equation (2).

1 pTs _7
Sn= 7= Jo* Sa()e kS @)

Wireless communication is enjoying a fast growth period in
history which is supported by the technology advancement.
Such is the cellular concept developed by Bell Laboratories [1].
Mobile communication offers a full duplex communication
using a radio to connect portable device to a dedicated Base
station, which is then connected to a switching network and
hence providing facilities for voice call and data exchange. The
first generation of mobile communication, known as
Advanced Mobile Phone System
(AMPS), which was deployed in 1983 [1]. The second
generation (2G) of mobile communication is known as Global
System  for Mobile communication (GSM) was
deployed in the 1990s [1] provides 9.6kbps data rate. The
International Telecommunications Union (ITU) developed a
plan in 1995 [2] called International = Mobile
Telecommunication 2000 (IMT-2000) to implement a global
frequency band [1, 3]. The third Generation system(3G)
standard was deployed in 21st century (2000s)with data rate of

64kbps to 2Mbps. Soon after the launch of 3G, a
collaborative group of standards organisation and
telecommunication companies called Third Generation

Partnership Project (3GPP) was formed for enhanced versions
to the standard. Evolved from 3GPP standards in 2004 [4], is
the Release 8 version, which is known as Long Term Evolution
(LTE). 3GPP-LTE targets to support high data rate of 100Mbps
for the downlink and 50Mbps for the wuplink with
achievements of low delay, higher data rate,
flexible bandwidth and optimised radio access and cell

edge performance [5]. To achieve the above goals, data
access and modulation technologies’ having the popular
consideration is based on Frequency Division Multiple Access
(FDMA). For the Downlink, Orthogonal Frequency Division
Multiple Access (OFDMA) is considered while Single Carrier
Frequency Division Multiple Access (SCFDMA) is for the
Uplink .

2 CHARACTERISTICS WIRELESS CHANNEL

In the last few decades, communication over a distance is
focused and scalability of radio access technology is taken into
an account, thus provides a great flexibility in network
deployment options and offer better services. Due to use of
broadband system which has high quality features new
techniques emphasized with high transmission capability [1].

' reflected

Wireless channel is an unguided channel and signals not only
contain the direct Line of Sight waves but also a
number of signals as a result of diffraction, reflection and
scattering. This propagation type is termed Multipath [2]
degrades the performance of the channel.

3 Additive White Gaussian Noise Channel
(AWGN): The AWGN channel is a good model for the
physical reality of channel, as long as the thermal noise at the
receiver is the xonly source of disturbance [6]. The impairment
this channel caused to signal is the addition of Gaussian
distributed noise.

I. FADING CHANNELS
A. Nakagami-m channel

Rayleigh fading fails to describe long distance fading effect
with appropriate accuracy. Thus Nakagami observed this fact
and formulated a parametric gamma distribution-based
density function to describe the experimental data. Fading
occurs for multipath scattering with relatively larger time-
delay spreads, with different clusters of reflected waves. This
is the type of small scale fading. In any cluster reflected waves
phase occurs random but the time delays are almost equal for
all waves. As a conclusion the envelope of each cluster signal
is Rayleigh function. The average time delay is supposed to
differ between the clusters. ISI occurs by the clusters become
higher if the delay time is remarkably outreached the bit
period of digital data.

The PDF for this distribution is given by Nakagami (1960) as
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2
T'(m)
0 otherwise

Where, 2 is defined as 2 = E[X?]

sz
p() = i @™ T x>0 ()

and the parameter m is defined as the ratio of moments [12],
called the fading figure

m = Q?
T E(x2-0)?2]’

1D

1
mz=-
2

The mean and the variance for this random variable are given
by

g = D @

T'(m) “m
VAR[X] = Q (1 -1 <F(r::)%)> )

B. Lognormal channel

(12)

(13)

This channel implies the distribution suitable for modelling
the effect of shadowing of the signal due to large obstacles,
such as tall building, in mobile radio communications. Some
part of the signal lost due to absorption, reflection, diffraction,
and scattering, thus shadowed channel designed. Suppose
that a random variable Y is normally distributed with mean m
and variance 2. Let us define a new random variable X that is
related to Y through the transformation Y = In X (or X = e”).
Then the PDF of X is

1

(14)

—(Inx — m)?
p(x) — —Zn—o_er /20_2 x=0

0 otherwise

For this random variable mean and variance are

E[X] = ™3 (15)

4 Multi Path Fading Channels: An alternative class of
channel
communication system is fading channels because mobile
reception is harshly affected by multipath propagation which
results in Fading or Inter-symbol Interference (ISI). In a
wireless signals might
the receiver by two or more paths in phenomenon known as
multipath propagation. Multipath is caused by many factors
such as Atmospheric ducting, ionosphere reflection and
refraction. Phase shifting, destructive and Constructive
interference are possible in a multipath environment [5]. This
would result in Rayleigh Fading that affects the quality of the
received signal after causing errors. Broadly, the fading
phenomenon can be broadly classified into two different
types: 1) large-scale fading and 2) small-scale fading. This is
shown in Figure 2.

used to model

environment radio arrive to

Figure2..Classification of multipath fading channel

This paper focuses on investigating the effect of fading in
modern digital communication techniques such as orthogonal
frequency division multiplexing (OFDM). It is because OFDM
is most commonly used in modern mobile broadband wireless
communication systems such as mobile WiMAX and long-
term extension (LTE).

5 SIMULATION  ENVIRONMENT
PERFORMANCE METRICS

A. System Model

AND

Data Destination
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Converting

CP Insertion

CP Deletion

Communication
1 Channel(Nakagami,
Lognormal shadowing)

Serial to Parallel
converting

Parallel to Serial
Converting

Figure2..Schematic block diagram of OFDM Communication
System

B. Model description
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The proposed WiMAX system is as shown in Figure 2. The
input data sequence is generated and encoded using FEC
encoding technique such as BCH and Convolution code [12].
Then, modulation is performing with BPSK. The output of this
technique is real and imaginary value. Only real part is taken
into consideration and processed to serial to parallel
conversion block and after conversion data is sent to IFFT
block to transform spectrum into time domain signal. Cyclic
prefix is used to avoid inter symbol interference (ISI) which is
one of the major drawback in multicarrier transmission. Then,
data is converted parallel to serially and pass through
different fading channels. And at the receiver side vice-versa
process performs. The received data is then determined with
original data & BER and loss of bit is numerate.

6 CONCLUSION

An extensive demonstration of OFDM system has been
presented in this paper. The proposed system is tested under
Nakagami and Lognormal shadowing channel with different
coding techniques as BCH and Convolution code. It is
concluded from the simulation that the OFDM system
provides good reduced bit error rate, with BPSK modulation
technique. We have estimated that BPSK gives better
performance among the entire channels environment with
BCH coding. Among both the channels Lognormal Shadowing
channel using different coding technique under OFDM system
provide better performance as calculated. Finally we can say
that the performance of high signal to noise ratio channel is
best to achieve optimum utilization of bandwidth. This paper
reviews the methods to mitigate the deleterious effect of time
selective fading and compares the simulation result of high
Doppler spread with that of small Doppler spread.
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