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ABSTRACT-Orthogonal Frequency-Division Multiplexing (OFDM) effectively alleviates Intersymbol
Interference (ISI) caused by the delay spread of wireless channels. Therefore, it has been used in many wireless
systems and adopted by various standards. When the contemporary communications systems are considered,
OFDM is a Multicarrier (MC) multiplexing scheme that maintains adaptive communications features by
employing subcarriers in a flexible way.In this paper, we present a literature review on role of OFDM in 4™
Generation (4G) Long Term Evolution (LTE) wireless networks. We address basic principle ofOFDM and the
performance parameters of OFDM for LTE networks, such asinter Block Interference (IBI) and Peak-to-
Average Power Ratio (PAPR) reduction. We also describe the applications of OFDM in current systems and
standards.
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I. INTRODUCTION

Wireless communications has become an
emerging and fastly growing field in our modern
life and creates enormous impact on nearly every
feature of our daily life. A tremendous
technological transformation during the previous
two decades has provided a potential growth in the
field of digital communication and lot of latest
applications and technologies are coming up every
day due to these valid reasons.

The concept of Multi-Carrier(MC)
transmission was first explicitly proposed by Chang
[1] in 1966.MC modulation, in particular
Orthogonal Frequency Division Multiplexing
(OFDM), has been successfully applied to a wide
variety of digital communications applications over
the past several years [4]. OFDM has capability of
providing high-rate data transmission by splitting
the serial data into many low-rate parallel data
streams. It is also capable of offering a low-
complexity  high-performance  solution  for
mitigating the ISI caused by a dispersive channel.
Due to the above-mentioned merits, OFDM has
been adopted in many broadband wireless
standards, such as 802.11a/g Wi-Fi, 802.16
WiMAX, and LTE [11].
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In this paper, we present a literature review on
OFDM for 4G LTE networks. We start with basic
principle of OFDM in section Il and techniques to
improve the system performance in Section IlI.
Then, we address various applications in current
systems and standards in Sections 1V. Finally, we
present our conclusion in Section V.

Il. BASICPRINCIPLE OF OFDM
Let {Sn,k}f:z—;with E[S,x|> = c’be the complex
symbols to be transmitted at the n™® OFDM block,

then the OFDM modulated signal can be
represented by

N-1

5.8 =z S & 0<tST, - — - 1
k=0

whereTs, Af, and N are the symbol
duration, the subchannel space, and the number of
subchannels of OFDM signals, respectively. For
the receiver to demodulate the OFDM signal, the
symbol duration should be long enough such that
TsAf =1, which is also called the orthogonal
condition since it makes e J2%Aft orthogonal to
each other for different k. With the orthogonal
condition, the transmitted symbols S, can be
detected at the receiver by
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if there is no channel distortion. The sampled
version of the baseband OFDM signal S(t) in (1)
can be expressed as

sn(m%):wisﬂ é“““m%:fsnkﬁk ————— o
k=0 k=0

which is actually the inverse discrete
Fourier transform (IDFT) of the transmitted

symbols {Sn,k}::_ol and can efficiently be calculated

by fast Fourier transform(FFT). It can easily be
seen that demodulation at the receiver can be
performed using DFT instead of the integral in (2).
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Fig.1.Function of the Cyclic Prefix [5]

A cyclic prefix (CP) or guard interval is
critical for OFDM to avoid Inter Block Interference
(IBI) caused by the delay spread of wireless
channels. They are usually inserted between
adjacent OFDM blocks. Fig. 1 shows the function
of the CP. Without the CP, the length of the OFDM
symbol is Ts. With the CP, the transmitted signal is
extended to T = Tg + Ts and can be expressed as

N-1
S (o) = Z S, @2KAT ~T, <t
k=0
< Ts _____ (4)

It is obvious that S, (t) = S, (t + Ts)for —T, < t <

Owhich is why it is called the CP. The impulse

response of a wireless channel can be expressed by
h(®) = ) vi8(t—t) == - - - ®)

1

wheret; and y; are the delay and the complex
amplitude of the i" path, respectively. Then, the
received signal can be expressed as

1

wheren(t) represents the Additive White
Gaussian Noise (AWGN) at the receiver. As
demonstrated in Fig. 1, x,(t) consists of only the
signal component from the n™® OFDM block when
T <t<T, wWhere 1= -Tg + Ty, T, = TS + Ty,
T, = mini{t;}, and Ty, = max;{t;}, otherwise, the
received signal consists of signals from different
OFDM Oblocks. If t; < 0 and t, = T, then

1 (Ts )
Xnk = T—Sf X, () e 2kt dt
0

1 (Ts =
=— E YiSa(t— 1))
TS 0 - 1~n 1

+ n(t) e_jznfktdt = HkSn,k + ny

===
for 0<k<N-1, and all n, where Hy denotes
the frequency response of the wireless channel at
the k™ subchannel and is defined as

Hk — Z yie—janAf‘ri ______ (8)
i
andny, is the impact of AWGN and is defined as
1 (Ts .
n=—| nEeltdt——————— 9)
Ts J,

It can be proved that n, are independent identically
distributed complex circular Gaussian with zero
mean and variance o>. With H,, transmitted
symbols can be estimated. For singlecarrier
systems, the received signal is the convolution of
the transmitted sequences or symbols and the
impulse response of wireless channels in addition
to AWGN, whereas the impact of the channel is
only a multiplicative distortion at each subchannel
for OFDM systems, which makes signal detection
in OFDM systems very simple and is also one of
the reasons why OFDM is very popular nowadays

[5].

I1l. PARFORMANCE PARAMETERS OF
OFDM
A. Interblock Interference:

As we have seen in Section Il, the CP or
guard interval effectively avoids IBI. If a guard
interval is used instead of the CP, that is,
transmitting no signal in the place of the CP in Fig.
1, the IBI and Intercarrier Interference (ICI) can be
avoided by the following processing

x,(t+ Ty) ifo<t<1,

50 =<4x, ) +x,t+T,) ift, <t<1y

x, () ifty <t<T;
———————— (10)

DOI: 10.9790/9622- 0904043639

WWW.ijera.com



Deepali B. Ingle Journal of Engineering Research and Application

Www.ijera.com

ISSN : 2248-9622 Vol. 9,Issue 4 (Series -1V) April 2019, pp 36-39

if there is no CP or guard interval, or its length is
not long enough, the delay spread of wireless
channels will cause both 1Bl and ICI [5].

B. Peak To Average Power Ratio:
The Peak to Average Power Ratio (PAPR) of
transmitted signal s(t)on time interval . PAPR is
defined by following relationship:
2

maxfs® a
E{[s(D]*}
wheremax[s(t)]? is the peak signal power and
E{[s(D)]*} is the average signal power.

Amplitude clipping is considered as the
simplest technique which may be under taken for
PAPR reduction in an OFDM system. A threshold
value of the amplitude is set in this case to limit the
peak envelope of the input signal. Signal having
values higher than this pre-determined value are
clipped and the rest are allowed to pass through un-
disturbed. Amplitude clipping can cut-off the peak
from thesignal and solve the high peak power
problem. This clipping limits the peak of the input
signal to a fixed value or otherwise passes the input
signal through unperturbed with phase left
unchanged. The clipped signal is:

X, |x]| <A
B = .
0= {pe g 2 4

PAPR{s(t), T} =

where, B(X) is the amplitude value after clipping, x
is the initial signal value and A is the threshold set
by the user for clipping the signal.

The problem in this case is that due to
amplitude clipping distortion is observed in the
system which can be viewed as another source of
noise. This distortion falls in both in — band and out
of band. Filtering cannot be implemented to reduce
the in band distortion and an error performance
degradation is observed here. On the other hand
spectral efficiency is hampered by out of band
radiation. Out of band radiation can be reduced by
filtering after clipping but this may result in some
peak regrowth. A repeated filtering and clipping
operation can be implemented to solve this
problem. The desired amplitude level is only
achieved after several iteration of this process.

The Cumulative Distribution Function
(CDF) is one of the most regularly used
parameters, which is used to measure the efficiency
of any PAPR techniqgue. Normally, the
Complementary CDF (CCDF) is used instead of
CDF, which helps us to measure the probability
that the PAPR of a certain data block exceeds the
given threshold.

By implementing the Central Limit
Theorem for a multi — carrier signal with a large
number of subcarriers, the real and imaginary part
of the time — domain signals have a mean of zero
and a variance of 0.5 and follow a Gaussian
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distribution. So Rayleigh distribution is followed
for the amplitude of the multi — carrier signal,
where as a central chi-square distribution with two
degrees of freedom is followed for the power
distribution of the system. The CDF of the
amplitude of a signal sample is given by

F(Z) =1 —exp(Z) — — — —(13)
The CCDF of the PAPR of the data block is desired
is our case to compare outputs of various reduction
techniques. This is given by

P(PAPR>7) = 1 — P(PAPR< Z) = 1 — F(Z)N
=1-—(1-expfZ)N — —
- —(14)

This expression assumes that the N time domain

signal samples are mutually independent and
uncorrelated [6].

IV. APPLICATIONS OF OFDM
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Fig.2. Applications of OFDM

Fig. 2 shows the applications of OFDM.It
has been adopted as the new European Digital
Audio Broadcasting (DAB) standard as well as for
the terrestrial Digital Video Broadcasting(DVB)
system. For fixed-wire applications, OFDM is
employed in the Asynchronous Digital Subscriber
Line (ADSL) and High-bit-rate Digital Subscriber
Line (HDSL) systems [13]. In addition, OFDM has
been considered or approved by many IEEE
standard working groups, such as IEEE
802.11a/g/n, IEEE 802.15.3a, and IEEE 802.16d/e
[5]. It has also been suggested for power line
communications systems due to its resilience to
time dispersive channels and narrow band
interferers. More recently, OFDM applications
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were studied within the European 4"Framework
Advanced CommunicationsTechnologiesand
Services (ACTS) programmes. The MEDIAN
project investigated a 155 Mbps Wireless
Asynchronous Transfer Mode (WATM) network,
while the Magic WAND group developed a
Wireless Local Area Network (LAN).

V. CONCLUSION

In this paper, we have briefly described
OFDM for wireless communications. We start with
the basic principle of OFDM and techniques to deal
with impairments in wireless systems, including
IBI and PAPR reduction. The flexibility of OFDM
provides opportunities to use advanced techniques,
such as adaptive loading, transmit diversity, and
receiver diversity, to improve transmission
efficiency. OFDM for 4G LTE networks has
intensively been an active research area over the
last few years. Although OFDM has been chosen as
the physical layer standard for a diversity of
important systems, the theory, algorithms, and
implementation techniques remain subjects of
current interest. This is clear from the high volume
of papers appearing in technical journals and
conferences.

Research continues to offer availability of
huge spectrum, to the emerging spectrum hungry
application promising ultra-high data rates,
extremely low latency, and cost and energy
consumption in wireless networks at the same time
providing good Quality of Service(QoS) to the
user.
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