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Review: Fading Channels and its Mitigation
Techniques
C. Padmaja and Dr.B.L. Malleswari
Abstract--- MIMO systems have multiple antennas both at
the transmitter and at the receiver. The input data from all
elements are transmitted at once and the receiver solves a
linear equation system to demodulate the data. MIMO systems
have many advantages in terms of capacity improvement,
higher bit rate, smaller bit error rate and reliability. Also
provides good throughput and spectral efficiency with the
same amount of transmit power and bandwidth as required in
case of conventional single antenna system.
The fundamental goal of this paper is analyze
environmental factors that affect performance which include
channel complexity, external interferences, and channel
estimation errors.

The phenomenon is described as the constructive and /or
destructive interference between signals arriving at the same
antenna via different paths, and hence with different delays
and phases, resulting in random fluctuations of the signal
strength at the receiver. When destructive interference occurs,
the signal power can be significantly reduced and the
phenomenon is called as fading.
Deep fades that may occur at particular time or frequency
or in space result in severe degradation of the quality of the
signal at the receiver making it sometimes impossible to
decode or detect. Multipath fading arises due to the noncoherent combination of signals arriving at the receiver
antenna.

Furthermore, this article provides a review of the diversity
combining technique and explains how such benefits can be
achieved using this technological breakthrough.
Keywords--- Diversity, Fading Channels, Combining
Techniques, Capacity

I.

INTRODUCTION

T

HE performance of wireless devices can be evaluated by
considering the transmission characteristics, wireless
channel parameters and device structure.

There are there basic propagation mechanisms such as
reflection, diffraction and scattering, which impact the
electromagnetic waves in realistic environment.
The received signal consists of multiple variations of
transmitted signal with different time delays and phases. The
superposition of these signals may cause interference between
the signals, called Inter Symbol Interference (ISI). As the
receiver moves, the surrounding environment also changes,
which changes the received signal amplitude and phase.
The severe changes in amplitude variations over small
distances are called fading. The fading is caused by number of
following factors namely time variant Multipath
characteristics of channel, relative motion between transmitter
and receiver, turbulence of Ionosphere, Ionosphere height
variations with time and atmospheric absorption and rain
effects.
Fading is main problem in wireless communication but
MIMO channels use the fading to increase the capacity. The
manifestation of fading channels is shown below.
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Fig. 1: Types of Fading
Large scale fading occur when the signal comes across
large buildings, hills and trees results in path loss or
attenuation in its power.
Small scale fading is due to nearby trees and buildings i.e.,
variation occurs due to short distance.
The channel fading distorts the received signal to an extent
where the signal may become garbled.
There are several probability distributions that can be
considered to model the statistical characteristics of the fading
channel.
Table 1: Small Scale Fading
Flat fading

Frequency
selective
fading
Flat fading
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symbol duration

Frequency
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fading

Maximum delay>
symbol duration

Fast fading

time
>
symbol
duration
Coherence
time
<
symbol
duration

The rest of the paper is organized as follows. In section 2,
statistical fading channels models are described. In section 3,
the mitigation of fading is explained. In section 4, diversity
and its combining techniques are discussed. In section 5,
concluded the paper.
II.

STATISTICAL FADING CHANNELS MODELS

A. Rayleigh Fading Channel: Rayleigh fading describes
the received signal envelope distribution where all the
components are non-line of sight[5],[6].
The basic model of Rayleigh fading assumes a received
multipath signal with (theoretically infinitely) large number of
reflected waves with independent and identically distributed
(i.i.d) in phase and quadrature amplitudes [8]. The mobile or
indoor radio channel is characterized by multipath reception.
The signal offered to the receiver contains not only a direct
line-of-sight (LOS) radio wave, but also a large number of
reflected radio waves. In urban centers, the LOS is often
blocked by obstacles, and a collection of differently delayed
waves is received by a mobile antenna. These reflected waves
interfere with the direct wave, which causes significant
degradation of the performance of the link. Additionally, if the
antenna moves, the channel varies with location and time,
because the relative phases of the reflected waves change.
A wireless system has to be designed in such way that the
adverse effect of multipath fading is minimized [8].The
random variable R following Rayleigh fading has the
probability density function (PDF) is given by,

B. Ricean Fading Channel:
The Ricean model fading is similar to that for Rayleigh
fading, except that in Ricean fading a strong dominant LOS
component is present. A refined Ricean model also considers
the following:
•The dominant wave can be a phasor sum of two or more
dominant signals, e.g. the line-of-sight, plus a ground
reflection. This combined signal is then mostly treated as a
deterministic (fully predictable) process, and
•The dominant wave can also be subject to shadow
attenuation. This is a popular assumption in the modeling of
satellite channels. Besides the dominant component, the
mobile antenna receives a large number of reflected and
scattered waves as well. As stated, the Ricean distribution
results when, in addition to the multipath components, there
exists a direct path between the transmitter and the receiver.
The envelope in this case has a Ricean density function is
given by,
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Where I0(.) is the 0th order Bessel function of the first kind,
constant Kd determines the strength of the direct component.
The factor K is usually expressed in decibel units as

C. Nakagami Fading Channel: Nakagami fading occurs
for multipath scattering with relatively large delay-time
spreads, with different clusters of reflected waves.
Within any one cluster, the phases of individual reflected
waves are random, but the delay times are approximately
equal for all waves. As a result the envelope of each
cumulated cluster signal is Rayleigh distributed.
The average time delay is assumed to differ significantly
between clusters. When the delay times also significantly
exceed the bit duration of a digital link, the different clusters
produce serious inter-symbol interference (ISI), and thus the
multipath self-interference then approximates the case of cochannel interference by multiple incoherent Rayleigh-fading
signals.
•If the envelope is Nakagami distributed, the
corresponding instantaneous power is Gamma distributed.
•The parameter ’m’ is called the 'shape factor' of the
Nakagami or the Gamma distribution.

III.

TECHNIQUES TO MITIGATE FADING EFFECTS

The channel impairments of wireless mobile
communication systems can be improved by mitigating the
fading using the following techniques.
• Equalization,
• diversity and
• channel coding
An equalizer is a filter at the mobile receiver whose
impulse response is the reciprocal (inverse) of the channel
impulse response. As such equalizers find their use in
frequency selective fading channels. If the channel impulse
response be Hc (f), the equalizer should have the transfer
function given by

Channel coding improves the performance of mobile
communication link by adding redundant data bits in
transmitted message. Channel Coding is used to correct deep
fading or spectral null [11].
Diversity is another technique used to compensate fast
fading and is usually implemented using two or more
receiving antennas. It is based on the fact that individual
channels experience different levels of fading and

ISBN 978-93-83459-63-6 © 2014 Bonfring

Proceedings of Third National Conference on Latest Trends in Signal Processing, VLSI and Embedded Systems

interference. Multiple versions (or replicas) of the same signal
may be transmitted and/or received and combined in the
receiver. It is usually employed to reduce the depths and
duration of the fades experienced by a receiver in a fading
channel [3].
IV.

DIVERSITY TECHNIQUES

Diversity is a powerful communication receiver technique
to transfer different samples of same signal (that is replica of
same signal) over essentially independent channels. There are
several approaches to implement diversity in wireless
transmission.
Diversity exploits the random nature of radio propagation
by finding independent signal paths for communication. As
there is more than one path to select, both the instantaneous
and average SNRs at receiver may be optimized significantly.
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SSD scheme combined with receiver MRC in order to
achieve more diversity gain in fading environments. Rotation
diversity makes use of an interleaver and de-interleaver pair
with in-phase and quadrature components of the received
signals being affected by independent channel fading
coefficients. These fading coefficients called channel state
information (CSI) are assumed known at the receiver. Error
performance has been studied by many researchers for rotated
signal constellation [24]-[29].
Several copies of the transmitted signal undergo
independent fading and are combined at the receiver in a way
to increase overall received power.
Different types of diversity call for different combining
methods. Here, we review several common diversity
combining methods.
Selection Combining (SC):

Diversity decisions are usually made by receiver. Unlike
equalization, diversity requires no training overhead as a
training sequence. Note that if the distance between two
receivers is a multiple of λ/2, there might be a destructive
interference between the two signals, where λ is the
wavelength of the carrier.
The receivers in diversity technique are used in such a way
that the signal received by one is independent of other.
The antenna diversity techniques are used to convert an
unstable time-varying wireless fading channel into a Stable
AWGN-like channel without significant instantaneous fading,
thereby steepening the BER versus SNR curve.
Among many different types of antenna diversity
techniques, transmit diversity techniques have been used to
reduce the processing complexity of the receiver. Furthermore,
it requires multiple antennas only on the transmitter side. The
space-time coding techniques that are used for achieving the
antenna diversity gain.
There are various ways of realizing diversity gain. Time
frequency and spatial diversity techniques. In time diversity,
data is transmitted over multiple time slots. In frequency
diversity, the same data is transmitted at multiple spectral
bands to achieve diversity gain.
Space diversity is a method of transmission or reception, or
both, in which the effects of fading are minimized by the
simultaneous use of two or more physically separated antennas,
ideally separated by one half or more wavelengths. Signals
received from spatially separated antennas have uncorrelated
envelopes.
Modulation diversity (MD) is also known as signal space
diversity (SSD); this scheme can improve system performance
without requiring additional bandwidth and power [24]. The
principle underlying the modulation diversity is based on the
rotation of multi-dimensional signal constellation in which the
components of the signal constellation points are sent over
independent fading channels. In2D signal constellation, the
components are sent as in phase and quadrature phase for
baseband transmission.

The algorithm for selective diversity combining is based
on the principle that at the receiver end, one selects the best
signal among all of the signals received from different
branches.
Maximum Ratio Combining:
In MRC, all the branches are taken into consideration
simultaneously. Each of the branch signals is weighted with a
gain factor proportional to its own SNR. The MRC scheme
requires that the signals be added up after bringing them to the
same phase [34].

Equal Gain Combining:
It is a co-phase combining that brings all phases to a
common point and combines them. The combined signal is the
sum of the instantaneous fading envelopes of the individual
branches.
Thus co-phasing and summing is done on the branches
which are received directly i.e. g s i ' of the MRC scheme are
made equal to 1, for all = 1, 2, 3, … . . . The performance of
the Equal Gain Combining is worse than the MRC [39].
The combined signal envelop is given by
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V.

CONCLUSION

The survey has provided a comprehensive idea on fading
effects and its mitigation techniques.
REFERENCES
[1]

[2]
[3]

[4]
[5]
[6]

[7]

[8]
[9]
[10]
[11]
[12]

[13]

[14]
[15]

[16]

[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]

[25]

[26]

[27]

Antonis Phasouliotis and Daniel K.C, “Performance analysis and
comparison of downlink MIMO MC-CDMA and MIMO-OFDMA
systems”, IEEE Communication Surveys &Tutorials, Vol.11, No.2,
Second Quarter 2009.
A.Moulisch, Wireless Communication. Wiley-IEEE Press, 2005.
D.G. Brennan, ”Linear Diversity Combining Techniques”, Proc. IRE,
vol. 47, pp.1075-1102, June 1959, Reprint: Proc. IEEE, vol. 91, no. 2,
pp. 331-356, Feb. 2003.
T. S. Rapp port, Wireless Communications: Principles and Practice, 2nd
ed. Singapore: Pearson Education, Inc., 2002.
Alamounti, S.M. (1998) A simple transmit diversity scheme for wireless
communications. IEEE J. Select. Areas Commun., 16(8), 1451–1458.
Tarokh, V., Jafrakhani, H., and Calderbank, A.R. (1999) Space-time
block codes from orthogonal designs. IEEE Trans. Inform. Theory,
45(5), 1456–1467.
Jan Mietzner, et.al, “Multiple-Antenna Techniques for Wireless
Communication -A Comprehensive Literature Survey”, IEEE
Communication Surveys &Tutorials, Vol.11, No.2, Second Quarter
2009.
Thesis of Eric Lawrey on OFDM modulation technique for wireless
radio applications, submitted on October 1997.
Wikipedia, free encyclopedia, article on multi propagation of a
telecommunication signal http://en.wikipedia.org/wiki/Multipath
Sanhdu, S. and Paulraj, A. (2000) Space-time block codes: a capacity
perspective. IEEE Commun. Letters, 4(12), 384–386.
Telatar, I. (1999) Capacity of multi-antenna Gaussian channels.
European Trans. Tel., 10(6), 585–595.
Traveset, J.V., Caire, G., Biglieri, E., and Taricco, G. (1997) Impact of
diversity reception on fading channels with coded modulation–Part I:
coherent detection. IEEE Trans. Commun., 45(5), 563–572.
Tarokh, V., Seshadri, N., and Calderbank, A.R. (1998) Space-time codes
for high data rate wireless communication: performance criterion and
code construction. IEEE Trans. Inform. Theory, 44(2), 744–765.
Hughes, B.L. (2000) Differential space-time modulation. IEEE Trans.
Info. Theory, 46(7), 2567–2578.
O. Edfors et al., “OFDM Channel Estimation by Singular Value
Decomposition,” IEEE Trans. Communications, vol. 46, pp. 931-939,
July 1998.
M. –H. Hsieh and C. –H. Wei, “Channel Estimation for OFDM Systems
Based on Comb-Type Pilot Arrangement in Frequency Selective Fading
Channels,” IEEE Trans. Consumer Electronics, pp. 217-225, Feb. 1998.
Simon Haykin and Michael Moher, Modern Wireless Communications.
B. Vucetic and J. Yuan, Space-Time Coding, John Wiley, 2003.
P. Stoica and E. Larson, Space-Time Block Coding for Wireless
Communications, Cambridge University Press, 2003.
A. Paulraj, R. Nabar, D., Introduction to Space-Time Wireless
Communications, Cambridge University Press, 2003.
D. Gespert, et. Al.,”From theory to practice: An overview of MIMO
Space-Time Coded Wireless Systems, IEEE JSAC, Vol. 21, April 2003.
Tarokh, V.; Jafarkhani, H., A differential detection scheme for transmit
diversity, Selected Areas in Communications, IEEE JSAC ,Vol. 18 ,July
2000 .
Tarokh, V.; Jafarkhani, H.; Calderbank, A.R.; Space-time block coding
for wireless communications: performance results, IEEE JSAC, Vol.17,
March 1999.
Bolcskei H., Borgmann M., and Paulraj A. J., “Space-frequency coded
MIMO-OFDM with variable multiplexing-diversity tradeoff,” in Proc.
IEEE Int. Conf. Commun., vol. 4, May. 11-15, 2003, pp. 2837-2841.
Fortune P.M., Hanzo L., and Steele R., “on the computation of 16-QAM
and 64-QAM performance in Rayleigh-fading channels”, Inst. Electron.
Commun. Eng. Trans. Commun., vol. E75-B, pp. 466-475, June 1992.
Goldsmith A. and Chua S.G., “Variable-rate and Variable-power MQAM for fading channels”, IEEE Trans. Commun., vol. 45, pp. 12181230, Oct.1997.
Gong Y. And Letaief K. B., “An efficient space-frequency coded OFDM
system for broadband wireless communications,” IEEE Trans.
Commun., vol. 51, no. 11, pp. 2019-2029, Nov. 2003.

28

[28] Jagannadha Rao D.R.V., Shashidhar V., Khan Z.A., and Rajan B.S.,
“Low complexity, full-diversity space-time-frequency block codes for
MIMO-OFDM,” in Proc. IEEE Global Telecommun. Conf., vol. 1,
Nov.29- Dec. 3, 2004, pp. 204-208.
[29] Orlandos Grigoriadis, Srikanth Kamath H., Member, IAENG, “BER
Calculation Using Matlab Simulation for OFDM Transmission”, Proc.
Of International Multi Conference of Engineers and Computer Scientists
2008, vol. 2, IMECS 2008, 19-21 March 2008,Hong Kong.
[30] PAN Pei-sheng, ZHENG Bao-yu, Channel estimation in space and
frequency domain for MIMO-OFDM systems ELSEVIER Journal of
China Universities of Posts and Telecommunications, vol. 16, No. 3,
June 2009, Pages 40-44.
[31] W.C. Jakes, Microwave mobile communications. New York: Wiley,
1974A.
[32] Theodore S. Rappaport, “Wireless communications”, second edition,
Prentice Hall of India 2002.
[33] Liu Z., Xin Y., and Giannakis G.B., “Space-time-frequency coded
OFDM over frequency-selective fading channels,” IEEE Trans. Signal
Processing, vol. 50, no. 10, pp. 2465-2476, Oct. 2002.

ISBN 978-93-83459-63-6 © 2014 Bonfring

