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Abstract: In this paper error performance of block coding such as systematic block coding and cyclic coding over a-u

fading channel is analyzed. In wireless channel error burst can be removed with the help of interleaver hence
performance of random interleaver is also analyzed. Improvement in bit error rate (BER) performance after systematic

block coding and cyclic coding with and without random interleaving, have been shown with simulation results.
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I. INTRODUCTION

In wireless system error correction coding is applied to
reduce the probability of bit or block error. The error
correction enhances the performance on the cost of
decrease in data rate or increase in signal bandwidth. In
[6] design of coding schemes is considered for a channel
affected by flat, slow fading and additive noise.
Specifically, by using the block-fading channel model, the
delay constraints have been taken into account. Optimum
coding schemes for this channel model lead to the
development of new criteria for code design, considering
the minimum hamming distance. In [7] the problem of
transmitting a Gaussian source on a slowly fading
Gaussian channel, subject to the mean squared error
distortion measure is discussed. Performance of reliable
communication over non-coherent slow-fading multiple-
input multiple-output channel at high signal-to-noise ratio
is captured as a trade off between diversity and
multiplexing gains. The problem of designing codes that
optimally trade off the diversity and multiplexing gains
have been studied in (8).

The paper is organized as follows. In Section 2, the alpha-
mu fading model and its Probability density function is
briefly discussed. In Section 3, block coding is discussed,
systematic block coding and cyclic coding is explained. In
Section 4, random interleaving technique is described.
Monte-Carlo simulation results for BER performance for
coded a-u fading channel in different o and pu condition
are presented in Section 5. The paper is concluded by
Section 6.

Il. THE o-p FADING MODEL

The multipath fading in wireless communication is
modelled by several distribution such as Rayleigh, Rician,
Weibull, Nakagami. In the recent past alpha-mu (o-p)
fading model [1] has been proposed to describe the mobile
radio signal considering two important phenomenon of
radio propagation non-linearity and clustering. The a-p
represents a generalized fading distribution for small-scale
variation of the fading signal in a non line-of-sight fading
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condition. As given in its name, alpha-mu distribution is
written in terms of two physical parameters, namely o and
K. The power parameter (a > 0) is related to the non-
linearity of the environment i.e. propagation medium,
whereas the parameter (1 > 0) is associated to the number
of multipath clusters.

Table-1: Algorithm for generation of a-u distributed
random variable

Procedure  a-u  random

generation

o. < Channel Parameter

1 < Channel Parameter

n < Number of random variables

m < Mean

o° — Variance

H <« zero matrix of order 1xn

fori< ltoudo

H = H + matrix of order 1xn having

complex Gaussian random variable i.e.

N(m, 6°) +j N(m, ¢%)

end for

Fading envelope « H*

end procedure

=

variable
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In [1, 2] the a-p fading distribution and its probability
density function has been described. In the o-u
distribution, it is considered that a signal is composed of
clusters of multipath waves. In any one of the cluster, the
phases of the scattered waves are random and have similar
delay times. Further, the delay-time spreads of different
clusters is generally relatively large. As a result, the
obtained envelope, is a non-linear function of the modulus
of the sum of the multipath components.

The a-p probability density function (PDF), fz(r) of

envelope R is given as
au -1 ra
EXp| —4 pe

Y23
foy=241
=(1) £ T (1)

(€]

165



IJARCCE

where a > 0 is the power parameter,
and a-root mean value of R is given as

F =4 E(R*) =4/2uc?

where 1 > 0, is the inverse of the normalized variance of
a-u envelope R and
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)= _|'tZ le'dt  is the Gamma function.
0

Algorithm given in Table.1 is used for generation of a-u
distributed random variable in the simulation work
reported in this paper. Analytical and simulated results for
PDF of fading envelope of a-p fading channel defined by
eqg. (1), are shown in Fig.1. It is verified that both the
analytical and simulated results are matching.

Matching of analytical and simulated results for fading envelop
0.5 T T T T T T T

I simulation

Analytical

a=7/4, p=3

a

Probability Density Function f (o)

0.1

0 1 2 3 4 5 6 7 8
Fading envelope (o)

Fig.1. Matching of analytical and simulated results
for a-p fading envelope

111.BLOCK CODING

The increasing practical usage of digital communication
systems has led of late to a great deal of work devoted to
coding for fading channels. Coding in digital
communication, allows bit errors introduced by
transmission of a modulated signal through a wireless
channel to be either detected or corrected by a decoder in
the receiver. The general idea for achieving error detection
and correction is to add some redundancy i.e. some extra
data known as parity bits to a message, which receivers
can use to check correctness of the transmitted data and to
recover the same. The data bits along with the parity bits
form a code word. The parity data are derived from the
data bits by some deterministic algorithm. For error
detection, a receiver can simply apply the same algorithm
to the received data bits and compare its output with the
received check bits, if the values do not match, an error
has occurred at some point during the transmission.

A. Systematic Block Coding:

In systematic block codes one of the M=2* messages, each
having binary sequence of length k, called message bits or
information sequence, is mapped to a binary sequence of
length n, called the codeword, where n > k. In an (n, k)
binary block code, the rate of code is given as R, = k/n
information bits per codeword symbol. If the codeword
symbols are transmitted across the channel at a rate of R,
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symbols per second, then information rate associated with
an (n, k) block code is R, = R Ry = (k/n)R; bits per second.
Thus the block coding reduces the data rate.

In a linear systematic block code, the codewords are
generated from information bits with help of the generator
matrix. A generator matrix is of the form given in eq.(2)

G=[1|P]
10 0| Pu P Pi(n-x

_ 01 0| P» Pz P2(n-k) )
0 0 1 Pa Py Py n-k)

Where Iy isthe k x k identity matrix and P isa k x (n-k)
matrix that determines the redundant, or parity, bits to be
used for error detection and correction.

The codeword output from encoder is of the form of eq.(3)
C, =UG=U,[L,|P]

=[Upgs e Uy, Pyseveeos Py | )
Where C represents the codeword, U the message and G
the generator matrix. In eq. (3) the first k bits of the
codeword are the original information bits and the last (n-
k) bits of the codeword are the parity bits.

B. Cyclic Coding:

Cyclic codes are a subclass of linear block codes in which
all codewords in a given code are cyclic shifts of one
another. The cyclic nature of cyclic codes creates a
structure that allows their encoding and decoding
functions to be simpler than the matrix multiplications
associated with encoding and decoding for systematic
block codes. The cyclic codes is extensively used in
practice. Cyclic codes are generated via a generator
polynomial instead of a generator matrix. The generator
polynomial g(X) for an (n, k) cyclic code has degree n-k
and is of the form of eq.(4)

4)

The codeword associated with a given k-bit information
sequence is obtained from the polynomial coefficients of
the generator polynomial multiplied by the message
polynomial, thus the codeword is obtained from

g(X)=9,+09, X +...... +9, X"

c(X)=u(X)g(X)=c, +Cc,X +......+C,, X" (5)

As in systematic block codes, the first k codeword
symbols equal to information bits and the remaining
codeword symbols equal to parity bits, similarly a cyclic
code can be put in the form of polynomial as shown in eq.
(6), the first k bits as message bits from the polynomial,
and the last n-k bits in the codeword as parity bits.

p0+ plx +o+ pnikilx n—k—l+u0X n-k +U1X n—k—l+m+uk71X n-1 (6)

166



Vol. 4, Issue 8, August 2015

-
IV.RANDOM INTERLEAVING

Unlike wireline AWGN, in wireless due to multipath and
fading, channel may exhibits bursty error characteristic,
that is signal fading due to multipath propagation often
causes the signal to fall below the noise level, resulting in
large number of errors i.e. burst errors. Such error clusters
are not usually corrected by codes designed for
statistically independent errors. Suppose a burst of errors
of length b has occurred which means a sequence of b-bit
in errors. Then, the burst error correction capability of a
systematic (n, k) code, which has (n-k) parity check bits,
isb < [%(n - K)].

An effective method to improve performance of coding in
fading channels for dealing with burst error channels is to
interleave the coded data in such a way that the bursty
channel is transformed to a channel having independent
errors. Thus coding is typically combined with
interleaving to mitigate the effect of error bursts.

The encoded data are processed by the interleaver and
transmitted over the channel. At the receiver, the
deinterleaver puts the data in proper sequence and passes
them to the decoder. As a result of the
interleaving/deinterleaving, error bursts are spread out in
time so that errors within a code word appear to be
independent. In a random interleaver, a block of N input
bits are written in the interleaver in the same order in
which they are received. Then, they are read out in a
random manner. A random interleaver is a random
permutation m. The interleaver has a corresponding de-
interleaver (r™%) that acts on the interleaved data sequence
and restores it to the original order.

If the input data sequence is U = [uy, Uy,........ ,un], then
permuted data sequence is UxP, where P being the
interleaving matrix with single 1, which is randomly
located in each row and column, all other entries being
zero. The de-interleaving matrix (P is transpose of the
interleaving matrix (P).
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V. SIMULATIONS AND RESULTS

BER performance for systematic block coding, cyclic
coding, and interleaving techniques over a-u fading
channel is obtained by Monte-Carlo simulation. The
communication system shown in Fig.2 has been
considered in this simulation. Results for different a and p
values are shown in Fig. 3 to Fig.10. In these simulation
500000 bits have been considered for a particular a and p
combination. The codeword n = 7, and each message is
having binary sequence of length k = 4. The a-p fading
channel is assumed to be stationary for each codeword and
changes independently for different codewords. In
systematic block coding, generator matrix given in eq.(7)
is used by encoder for generating codewords.

100 0110
0100011

Gn= (1)
0010101
000 1111

In cyclic coding generator polynomial corresponding to
matrix of eq. (8) is considered by encoder for generating
codewords.

g, = [1 01 1] (8)
In Fig.3 the BER performance for a=7/4, p=2 is shown. It
is noticed that BER performance for a given SNR
improves after coding and further improves after
interleaving. At 5 dB SNR, the uncoded BER is 0.2x107%,
it improves after block/ cyclic coding to 4.5x107, and
furt3her after interleaving in both the coding it is nearly
107,

Generator Interleaver Modulator
> Matrix (Gp,) g g
Tx. Message A 4
o-p
Fading
Channel
Rx. Message ;
g Parity Deinterleaver Demodulator
<« Check < <
Matrix (H)

Fig. 2. Block coded communication system considered for simulation
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Fig. 3. BER after coding over a-p fading for a=7/4, u=2
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Fig. 5. BER after coding over a-p fading for a=1, p=3
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Fig. 7. BER after coding over a-u fading for 0=3, p=1
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Fig. 9. BER after coding over a-p fading for a=3, p=3
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Fig. 4. BER after coding over a-u fading for o=1, p=1
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Fig. 6. BER after coding over a-u fading for o=1, p=7
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Fig. 8. BER after coding over a-p fading for 0=7, p=1
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Fig. 10. BER after coding over a-p fading for a=7, u=7
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In Fig.4 the BER performance for o=1, p=1 is plotted.
Here, it is observed, at 10 dB SNR, the uncoded BER is
6.0x10, it improves after block/ cyclic coding to 5.0x10°
2 and further improvements of 2.5x107 is obtained after
interleaving in both the coding. Fig.5 shows the BER
performance for a=1 and p=3, it is found that for 0 dB
SNR, the uncoded BER is 9.0x10 it improves after
block/ cyclic coding to 4.0x10% and further after
interleaving in both the coding it is 6.0x10™. Similar,
interpretation can be made from Fig.6, for a=1, p=7, but
since W has increased, as anticipated improvement in BER
can be observed than Fig. 5.  Further, in Fig.7 the BER
performance for a=3, p=1 is given. It is observed, at 10
dB SNR, the uncoded BER is 1.2x107?, it improves after
block/ cyclic coding to 4.5x10%, and further after
interleaving in both the coding it is 1.4x107. Similarly it is
found that in Fig.8, for a=7, p=1, now since o has
increased, there is again improvement in BER observed
than Fig. 7.

In Fig.9 the BER performance for =3 and p=3 is shown.
It is found that for 5 dB SNR, the uncoded BER is 3.5x10°
® it improves after block/ cyclic coding to 4.0x10™*, and
further after interleaving in both the coding it is 1.7x10™.
Also, in Fig.10 the BER performance for o=7, p=7 is
given, where it is noticed, at 5 dB SNR, the uncoded BER
is 5.0x103, it improves after block/ cyclic coding and
interleaving to nearly 2.0x10™*. From the simulation results
of Fig.4 and Fig.10, we find that in Fig. 10 where o and p
values are higher, the BER performance has significantly
improved, due to high power and large number of
multipath clusters.
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VI1.CONCLUSION

In this paper a-u fading channel has been briefly
introduced. BER performance of systematic block coding
& cyclic coding, random interleaving are analysed. The
simulated results of BER performance over a-u fading for
systematic block coding, cyclic coding with and without
random interleaving schemes have been illustrated. The
effect of a and p parameters on BER performance is
brought out. It is seen that the block coded wireless link
outperform uncoded wireless link with a large margin.
Link performance is further enhanced with the help of
random interleaver. The improvement in performance due
to coding is at the cost of reduced information data rate.
The result shown in this paper will be helpful to explore
further the multi-antenna and correlation over block coded
a-u fading channel.

ACKNOWLEDGMENT

This work is supported by Defence Research &
Development Organisation (DRDO), Ministry of Defence,
Government of India. The support is gratefully
acknowledged.

REFERENCES

1. Yacoub Michel Daoud, 2002,“The a-p Distribution: A General
Fading Distribution”, IEEE International Symposium on Personal,
Indoor and Mobile Radio Communication PIMRC 2002, vol.2, pp.
629-633.

Copyright to IJARCCE

DOI 10.17148/IJARCCE.2015.4834

ISSN (Online) 2278-1021
ISSN (Print) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

N

Yacoub M.D., 2007, “The a-p Distribution: A Physical Fading
Model for the Stacy Distribution”, IEEE Transactions on Vehicular
Technology, vol. 56, no. 1, pp. 27-34.

3. Simon M.K., and Alouini M.S., 2005, “Digital Communications
over Fading Channels”, 2" ed. Hoboken: Wiley.

4. Goldsmith Andrea, 2005, “Wireless Communication”, 1% South
Asian ed., Cambridge University Press India Pvt. Ltd., New Delhi.

5. Proakis John G., Salehi Masoud, 2014, “Digital Communication”,
5" ed., McGraw Hill Education (India) Private Limited.

6.  Biglieri Ezio, Caire Giuseppe, Taricco Giorgio, 2000, “Coding for
Fading Channels — A Survey” Elsevier, Signal Processing, 80, pp.
1135-1148.

7. Tian C., Steiner A., Shamai S., and Diggavi S., Nov 2008 “Joint
Source Channel Coding for Fading Channel: The Broadcast
Approach-Expected Distortion, Gaussian Source and Channel”
Israel Institute of Technology, Haifa, Israel, Dept. of Electrical
Engg. Report No. 709.

8. Tavildar Saurabha and Viswanath Pramod, Jul 2007,

“Approximately Universal Code Over Slow-Fading Channels”

IEEE Transactions on Information Theory, vol. 52, no. 7.

BIOGRAPHIES

Dharmraj, Working as Joint Director,

Scientist ‘E’, in Defence R&D Orgn

(DRDO), CEMILAC, Ministry of

Defence, Govt of India, at RCMA,

| . Lucknow. 1985-1995: worked in Indian

Air Force, 1995-1999: faculty at Naval College of Engg,

Lonavala. 1999 onwards: carrying out airworthiness

certification for accessories of Military Aircraft and

Helicopters. Received AMIE degree in Electronics and

Telecomn Engg, M.E. in Control Systems, M.B.A. in

Operations Research and persuing Ph. D. in Wireless
Communication.

Himanshu Katiyar received his B.E.
degree in Electronics and
Communication Engineering in 2001,
M.Tech degree from Madan Mohan
Malviya Engineering College,
Gorakhpur India in 2004 and Ph.D.
degree in wireless communication at the Indian Institute
of Technology (1IT), Guwahati, in 2011. At present he is
Associate Professor of the Electronics and Communication
Engineering Dept at BBDNIIT, Lucknow, Uttar Pradesh,
India. He was awarded IETE research fellowship and was
project investigator (from September, 2009 to December,
2010) of an IETE sponsored project.

169



	B. Cyclic Coding:

