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BER ratio was computed by changing E;, /Ny from 1 to 25. In the simulation results, the red slope
represents the uncoded signal (LoS). The black and the black with stars slopes represent the LoS which
is encoded by using codes where t = 1, and t = 2, respectively. The blue slope represents the combining
of the coded LoS with two coded NLoS, where LoS and NLoS are encoded by using codes where ¢ = 1.

Figures 6 and 7 show that the BCH and RS codes in a multipath transmission consistently perform
better than the BCH and RS codes without CWMC in AWGN and Rayleigh channels under a binary
environment. It can be seen that combining three, five, and seven coded paths result in a better slope
than solely the coded LoS. The absolute BER performance of BCH and RS codes is improved by
approximately 3 dB and between 8 and 9 dB over AWGN and Rayleigh channels, respectively, for
three combining paths. The combining of five paths improved the BER performance by approximately
4 dBm and from 11 to 12 dB over AWGN and Rayleigh channels. The combining of seven paths
improved the performance of BER more than the combining of three or five paths. The improvement
was 6 dB over the AWGN channel and between 13 and 14 dB over the Rayleigh channel at a BER
of 1072,

Figure 6. BER vs. SNR of the BCH (15,11) code with and without CWMC. (a) The AWGN channel; and
(b) the Rayleigh channel.
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Figure 7. BER vs. SNR of the RS (15,13) code with and without CWMC. (a) Over the AWGN channel;
and (b) over the Rayleigh channel.

BCH (15,11), BCH (127,120), and BCH (255,247) codes have an error correction capability t; =1,
while the error correction capability of BCH (15,7), BCH (127,113), and BCH (255,239) codes is t, = 2.
Figures 8-10, show that the combining of three paths improved the performance of BCH (15,11), BCH
(127,120), and BCH (255,247) codes. The performance is improved by approximately 3 dB, 2.8 dB, and
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2.75 dB, respectively, over the AWGN channel, and 7 dB, 10 dB, and 11.5 dB, respectively, over the
Rayleigh channel at a BER of 10-3. Furthermore, their performance is better than BCH (15,7), BCH
(127,113), and BCH (255,239) codes by approximately 0.75 dB, 0.85 dB, and 1 dB, respectively, over the
AWGN channel, and 2 dB, 6.2 dB, and 7.5 dB, respectively, over the Rayleigh channel at a BER of 10-3.

Similarly, the RS (15,13), RS (127,125), and RS (255,253) codes have error correction capability
t; =1 and, for RS (15,11), RS (127,123), and RS (255,251) codes, t, = 2. Figures 11-13 show that the
combining of three paths improved the performance of RS (15,13), RS (127,123), and RS (255,251)
codes. The performance is improved by approximately 2 dB, 2.5 dB, and 2.6 dB, respectively, over
the AWGN channel, and 9 dB, 12 dB, and 13.5 dB, respectively, over the Rayleigh channel at a BER of
10~3. Furthermore, their performance is better than RS(15,11), RS(127,123), and RS(255,251) codes by
approximately 0.5 dB, 0.75 dB, and 1.5 Db, respectively, over the AWGN channel, and 5 dB, 10 dB, and
11.5 dB, respectively, over the Rayleigh channel at a BER of 1073.
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Figure 8. BER vs. SNR of the BCH (15,11) code with and without CWMC vs. the BCH (15,7) code
without CWMC, where 3P represents the three paths that were combined to improve the error correction
capability of the BCH(15,11) code. (a) The AWGN channel; and (b) the Rayleigh channel.

Coded signal with BCH code, BPSK over Rayleigh channel

" Coded signal with BCH code, BPSK over AWGN channel

10

—— Coherent BPSK
——BCH(127,120)
—*—BCH(127,113)
—— 3P with BCH(127,120)

—— Coherent BPSK

——BCH(127,120)
—+—BCH(127,113)
——3P with BCH(127,120)|

<

Bit Error Rate ---->

S

Bit Error Rate —-->
S

10 10+

10% 10
0 5 10 15 20 25 0 5 10 15 20 25
SNR(AB) —-> SNR(dB) —>

(a) (b)

Figure 9. BER vs. SNR of the BCH (127,120) code with and without CWMC vs. the BCH(127,113)
code CWMC, where 3P represents the three paths that were combined to improve the error correction
capability of the BCH(127,120) code. (a) The AWGN channel; and (b) the Rayleigh channel.
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Figure 10. BER vs. SNR of the BCH (255,247) code with and without CWMC vs. the BCH (255,239)
code without CWMC, where 3P represents the three paths that were combined to improve the error
correction capability of the BCH (255,247) code. (a) The AWGN channel; and (b) the Rayleigh channel.
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Figure 11. BER vs. SNR of the RS (15,13) code with and without CWMC vs. the RS (15,11) code without
CWMC, where 3P represents the three paths that were combined to improve the error correction
capability of the RS (15,13) code. (a) The AWGN channel; and (b) the Rayleigh channel.
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Figure 12. BER vs. SNR of the RS (127,125) code with and without CWMC vs. the RS (127,123)
code without CWMC, where 3P represents the three paths that were combined to improve the error
correction capability of the RS (127,125) code. (a) The AWGN channel; and (b) the Rayleigh channel.
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Figure 13. BER vs. SNR of the RS (255,253) code with and without CWMC vs. the RS (255,251)
code without CWMC, where 3P represents the three paths that were combined to improve the error
correction capability of the RS (255,253) code. (a) The AWGN channel; and (b) the Rayleigh channel.

8. Conclusions

This paper shows that the performance of FEC codes can be improved in order to enhance BER
performance. Furthermore, it demonstrates that a FEC with low redundancy and low error correction
capability can perform better than ones with higher redundancy and higher error correction capability.
This is achieved through utilising an existing phenomenon in wireless communication called multipath
propagation and proposing a new combiner known as CWMC with low complexity. Additionally, the
improvement in the performance of FEC increased by increasing the number of combined paths.

The CWMC combiner improved BER performance, and it can be enhanced by increasing the
number of the combining paths, as shown in the simulation results. Additionally, the improvement
of BER performance depends on the error correction capability of the FEC codes. Furthermore,
the BER performance can be improved by increasing the error correction capability (t). In other
words, increasing the redundancy will improve the BER performance, while it will reduce the gross
transmission rate. It is shown in the simulations that the BCH and RS codes with n =15, k = 7, and
t=2,and n =15, k =11, and = 2, respectively, improved the performance of BER more than when
n=15k=11,and t =1, and n = 15, k = 13, and t = 1, respectively. In contrast, the results show that
BCH and RS codes with f = 1 can be improved to enhance BER performance more than BCH and RS
codes with ¢ = 2 by using CWMC, and the transmission rate is increased. Moreover, the simulation
shows that the CWMC improved BCH performance more than RS over the AWGN channel. However,
the CWMC improved RS performance more than BCH over the Rayleigh channel, because the RS
codes are correcting burst errors.

In possible future work, this research could be extended by analysing and evaluating the
performance of FEC techniques with high modulation schemes, multiple-input multiple-output
(MIMO) systems, and over different wireless channel models. As open research topics, it is
recommended to further investigate the following:

e  The performance of FEC codes which utilise the multipath phenomenon can be compared with
turbo code performance.

e  The performance of LDPC code can be compared with the performance of FEC codes which
employ the multipath phenomenon.

e  The performance analysis can be extended to codewords with different lengths.

e Analyse the overall system and compare it with turbo and LDPC codes in term of complexity
and overhead.
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Abbreviations

The following abbreviations are used in this manuscript:

FEC Forward Error Correction

BER Bit Error Rate

BCH Bose, Ray—Chaudhuri and Hocquenghem

RS Reed-Solomon

CcC Convolutional Code

BPSK Binary Phase-Shift Keying

QPsK Quadrature Phase-Shift Keying

AWGN Additive White Gaussian Noise

PSK Phase-Shift Keying

SNR Signal-Noise-Ratio

ISI Inter-Symbol Interference

LDPC Low-Density Parity-Check

LoS Line of Sight

NLoS Non-Line of Sight

WCDMA Wideband Code Division Multiple Access

CWMC Column Weight Multipath Combiner
Nomenclature

K Length of uncodedword

N Length of codedword

K-N Number of redundant bits/symbols

X Data

mi(x) Uncodeword polynomial

g(x) Generator polynomial

7(x) Remainder polynomial

C(x) Codeword polynomial

my Any positive integer greater than or equal to 3

t Number or errors that can be corrected in a codeword
d Hamming distance

my Number of bits per symbol

q(x) Quotient polynomial

TL Path length (the travelling distance needs between paths)
T Delay time for NLoS

L Number of selective NLoS

Lc Represents the matrix of selective NLoS with L rows and N columns
Cij Represents the bits of each codeword received from NLoS and LoS paths
wy, Hamming weight

Yij Represents the combiner output for each column

m Codeword length for BCH code

1y Codeword length for RS code

k11, k12 Number of uncoded bits used for BCH codes

ko1, koo Number of uncoded symbols used for RS codes
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