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Abstract - Orthogonal Frequency Division Multiplexing (OFDM)
is a high-data transmission technique for wireless applications.
However, due to multipath fading the error performance of the
OFDM system is condensed. Error controlling codes are used to
enhance the error performance under fading channel. In this
paper, Extended Hamming (EH) code is proposed to enhance the
error performance in OFDM transmission. The performance has
been evaluated for Additive white Gaussian Noise (AWGN)
channel and Rician channel with Quadrature Phase shift Keying
(QPSK) modulation. The simulation results confirm that the
error performance of the proposed coded OFDM system is
superior to that of un-coded OFDM system.

Index Terms - OFDM, QPSK, BER, EH Code, AWGN channel,
Rician channel.

1. INTRODUCTION

The OFDM has been employed in 4G wireless standards such
as IEEE 802.11a/g [1], HIPERLANZ2 [2], digital audio and
video broadcast (DAB/DVB) [3, 4]. OFDM has various
benefits such as high spectral efficiency, robustness in
frequency selective fading channels [5], immunity to Inter
Symbol Interference (ISI) and capability of handling Fast
Fourier Transform multipath fading.

OFDM makes use of competent spectrum utilization, in which
data sequence modulates multiple carriers called as sub-
carriers which are orthogonal to each other. However, owing
to various obstacles in the signal path, the signal endures a
multipath propagation, which sources several replicas of the
transmitted signal. Some of the frequencies even get
attenuated due to the reflections, diffraction and other such
effects called as selective frequency fading [5]. The signal
accompanied by its replicas is received at receiving antenna in
a scattered manner. When transmitter and receiver are in
motion the energy of the signal may vacillate, depend on the
relative movement, which is called Doppler shift and it is
mutually called as multipath fading [6]. When there is
foremost line of sight, Rician fading is more appropriate.
AWGN is every so often used as a channel model in which
the only deficiency is a linear addition of white noise with a
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constant spectral density and a Gaussian distribution of
amplitude [7-10]. So as to afford consistent communication,
modern wireless systems must be able to provide high error
performance [11].

In this paper, to enhance error performance in OFDM system
(8, 4) EH code has been employed as single bit error
correcting code. The performance is valued for both AWGN
and Rician channel conditions.

This paper is organised as follows: Section Il presents EH
code and its error correction capability. Section Il presents
the BER of AWGN and Rician channels. The results are
presented in section 1V and section V concludes the paper.

2. EXTENDED HAMMING CODE

Hamming Code is a simple error controlling code invented by
R. Hamming in 1950. The minimum Hamming distance is 3
and hence it can correct single bit error. For efficient Inverse
Fast Fourier Transform (IFFT) and Fast Fourier Transform
(FFT) implementation, code word length of 2" (n = any
integer greater than 2) is utmost preferred. Henceforth (8, 4)
EH code has been employed in this paper as channel coding
technique. The Generator matrix Ggy for (8, 4) EH Code is
given by [11]

1 0 0 01 1 11
. —|001 001101
EH
0O 01 01 0 11
0O 0010111
Then the code word [6]
[C]1X8 = [M]1X4- [GEH]4X8 €Y

Where [M],x, is the data matrix of length 4.

All possible code words are evaluated using equation (1) and
presented in Table 1.
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Table 1 EH Code words

Data sequence [M] Codeword [C]
ol |0 jojojoj0oj0o|0f{0O)0]0
o100 lLjojofoftr)joft]1]1
010 1 o(ofojr|jofrjof1|1
[ 1 lLjojojt{1)t1(1rjoj|ao
0 rjofojojrfofo)pr|trjo]1l
0 110 ljojt1jof1)1(oj]1]|a0
0 1 1 ofofrj1rjofoj1r|1{ao
0 1 1 Ljoj1(t1f{rjo(o0]jo]|1
1 ofo o (trfojojofr)tr|1f]1
1 00 1 j1jojof1|)1(ojoj|o0
1 0 1 o(tf(oj1rjofojr|ofa
1 0 1 1L j1rjoftrfryjoflo]j1]1
1 r1jofoj1rjtr|(ofojo)jof1]a0
1 1|0 L j1rj1(ofrjof1rjo]1
1 1 1 o(tf1rj1r|jofrjofloli1
1 1 1 1|11 (1111 ]1]a0

Error Correction
Let [M] =[1011]
From the above table [C]=[10110011]

Let us assume error is introduced in 1% position, which makes
the received code word, R =[00110011].

The parity check matrix for the Gy can be derived as

11 1 0 1 0 0 O
Hgy=111 0 1 0 1 0 O
1 01 1 0 O 1 O
11 1 1 0 0 0 1
Then
1 1 1 1]
1 1 O 1
Hgpy' = |1 o 1 2
o 1 1 1
1 (0] (@) (0]
(@) a1 (@) (0]
(@) (0] 1 (0]
O O O 1|
The syndrome for EH code is delineated as [6]
_ T
SEH—R.HEH (2)

Substituting R and HEHT in above equation, we get

SEH:[llll]
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It is observed that, vector [1 1 1 1] is at first row in HEHT,
hence the error position is admitted as first position.

BER for EH code is expressed as [6]
BER=1-[(1-p)®+8p(1 —p)’] ®3)

Where, p is BER without coding and presented in next
section.

3. ERROR PERFORMANCE UNDER DIFFERENT
CHANNELS

Figure 1 illustrates coded OFDM system architecture.

IFFT

QPsK QPsK
modulator demodulator

(8,4)
Hamming
Encoder

Hamming
Decoder

Binary

Source Destination

Transmitter Receiver

Figure 1 Coded OFDM system architecture

In OFDM system, N sub-carriers are employed to carry the
data sequence, which requires N high frequency oscillators.
Therefore, it necessitates huge computational complexity.
This issue can be handled by implementing OFDM system
with IFFT/FFT algorithms. The bandwidth performance of
QPSK is superior to that of PSK [6]. However, the error
performance point of view, QPSK is super to that of PSK.
Hence to accomplish bandwidth efficiency and error
performance simultaneously, a robust channel coding
technique, (8, 4) EH code has been recommended in this
paper. BER is a key metric to estimate error performance in
communication system. BER can be expressed under AWGN
channel and Raician channel, respectively as specified by [5,
6].

BER (AWGN) = p (AWGN) = erfc(VQ) 4)

aQ)

BER (Rici = Rici =1—- |——
(Rician) = p (Rician) 710

(5)

Where
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Bit Energy _E

~ Noise Power Spectral density N_O

a is the ratio between power in direct path to the power in
other scattered paths

4. SIMULATION RESULT

In this section the simulation results using MATLAB are
presented and the simulation has been done in order to
investigate the performance of coded OFDM over un-coded
OFDM. BER versus Q of the proposed system under AWGN
and Rician channel is presented in figure 2 and 3,
respectively, with QPSK modulation.
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Figure 2 BER plot under AWGN channel
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Figure 3 BER plot under Rician channel
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From Figure 2 and 3, it perceived that the BER performance
of the proposed system is superior to that of un-coded system.
For instance, from figure 2, when the channel is AWGN, at
BER = 10, Q of coded and un-coded system are 6.85 dB and
8.85 dB. In other words, over AWGN channel, the un-coded
OFDM system requires Q = 8.85 dB, while coded system
requires just 6.85 dB to attain BER of 10

The coding gain (G,5) of the system can be stated as
Gap = Qun—codgeain dB — Qcpgeqin dB (6)

Therefore, G4z in AWGN channel is 2.00 dB. Similarly, from
figure 3, G gunder Rician channel is 2.85 dB.

5. CONCLUSION

In this paper, we recommended (8, 4) EH code to enhance the
error performance in OFDM system. The error performance
of the recommended technique is evaluated under AWGN and
Rician channels with QPSK modulation. The simulation
results confirmed that BER performance of coded OFDM
system is superior to that of un-coded OFDM system. For
instance, at BER = 104, the coding gain of AWGN and Rician
channel is 2.00 dB and 2.85 dB, respectively.
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