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ABSTRACT

The multipath phenomenon is a major factor that is continually affected negatively the performance of
wireless communication systems. Since the receiver gets different copies of the transmitted signal from
various paths at different times. Consequently, destructive or constructive interference can occur.
Therefore, the performance of wireless communication systems is poor in term of bit error rate. This
phenomenon can be taken as an advantage if the multiple — input — multiple — output antenna systems are
employed at both transmitter and receiver sides (antenna diversity) to improve the bit error rate
performance. This paper focuses on the combination of multipath forward error correction diversity
technique with vertical-Bell laboratories layered space-time coding. This will lead to enhance the bit error
rate in wireless communication systems. The proposed system used Rayleigh and additive white Gaussian
noise as two different channel models. The multipath forward error correction diversity technique treats
the multipath propagated signals as unessential copies, to utilise them to enhance the bit error rate
limitation in the multiple — input — multiple — output systems. The simulation results showed that the
performance of the proposed system can be gradually improved by increasing the number of utilised

multipath signals in the multipath forward error correction diversity technique.
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1. INTRODUCTION

t present, there is a noticeable

achievement in the development of
wireless communication systems field. This
development requires more efforts to provide
high communication reliability and improving
the data rate (Seferagic et al. 2020).
Subsequently, challenges in the industry of
communication are presented especially in
enhancing the performance of the wireless
communication system in term of quantity and
quality (Farzamnia et al. 2019).

In wireless communication, the transmitted
signals propagate via a wireless channel. These
signals can face a certain level of fading such as
shadowing, diffraction, reflection and noise.
Furthermore, the recipient will get a direct copy
(the original copy) of the transmitted signal Line
— of - Sight (LoS) path in addition to the other
copies that arrived from different paths Non —
Line — of — Sight (NLoS) at a slightly different
time (Jakborvornphan 2019). As a result, a signal
distortion or disruption and errors will have
occurred, and the original signal cannot be
retrieved at the receiver.

Diversity is one of the approaches used to
combat the effect of fading in wireless
communication systems (Khatoon and Chidar
2019). Diversity is a powerful and effective
technique which can overcome the multipath
fading channel effect and avoiding error bursts
(O. A et al. 2014). The idea of the diversity
techniques is to provide the receiver by
uncorrelated faded replicas of LoS signal. After
that, two or more copies of the received signal
are combined to raise the overall Signal — to —
Noise — Ratio (SNR). Diversity can be produced
and represented by several ways such as space
diversity, time diversity, frequency diversity,
polarisation diversity and angle diversity.
Moreover, different diversity technigues can be
combined to enhance the reliability and the
performance of the wireless communication
systems (Anbarasi et al. 2017). For instance,
antenna diversity can be concatenated with time
diversity that can be obtained by channel coding.

This paper is structured as follows: section (2)
covers the related work, while the principles of
diversity is explained in section (3). Section (4)
demonstrates the proposed diversity method.
While section (5) presents the research
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methodology. Section (6) discuss the obtained
results and finally, section (7) is the conclusion.

2. RELATED WORK

The multipath error correction scheme was
used to estimate each channel’s multipath profile
in the process of the mitigation of multipath
phenomena in the radio interferometric
positioning system (Cheng Zhang et al. 2017).
Authors proposed the scheme of multipath error
correction based on phase and amplitude of the
received signal. As a result, the estimated errors
during the transmission can be reduced
significantly under both moderate and severe
multipath conditions (Cheng Zhang et al. 2017).

The effects of multipath on the wvehicular
networks video streaming has also attracted the
attention of researchers. In (Aliyu et al. 2018),
the authors were concentrated on the use of FEC
as a link quality parameter for multipath video
streaming to minimize route coupling effect.
They implemented a simulation study upon
numerical formulations to show the presence of a
vehicle within the network as an angle area.
Their results showed that FEC in their proposed
simulation was able to improve the quality of
video streaming (Aliyu et al. 2018). In the same
context, the author of (Herrero 2017) presented a
mathematical model for the playback of media in
real-time communications under multipath
conditions. The author utilized both real-time
protocol (RTP) and FEC. W.ithin this
engagement, the proposed model could achieve
reliable communications (Herrero 2017).

The FEC can lower the loss at a cost of
increased throughput of the application layer in a
wireless environment (Herrero and Hernandez
2019). Increased throughput is a characteristic of
FEC that can play a major role in improving real-
time communication (RTC). The researchers in
(Herrero and Hernandez 2019) recommended to
investigate the using of more efficient higher rate
block codes and the data redundancy of WSN
can be explored utilizing alternative mechanisms
to improve the FEC. Moreover, the combination
of FEC with other technigues can show more
improvements in  multipath  environments.
(Agarwal and Mehta 2018) presented an
extensive study in which they ran a survey that
covered concatenated FEC techniques as efficient
approaches. The outcomes of their survey
showed that BER improvement in the multipath
environment can be achieved by a combination
of FEC techniques and space-time code (STC)

(Agarwal and Mehta 2018). Furthermore, they
demonstrated that the MIMO-OFDM system can
be considered as one of the most powerful
diversity techniques to support high data rate in
fading channel conditions.

Rely on the length of transmission between
the components of multipath and the delay of
propagation, a multipath FEC diversity technique
is found (Bae et al. 2015). The multipath FEC
diversity technique is utilized to enhance the
performance of Bose Chaudhuri Hocquenghem
(BCH) and Reed Solomon (RS) codes using
Single- Input Single- Output (SISO) system (Al-
Barrak et al. 2017). Besides, in another approach,
the authors of (Al-Khalil and Al-Barrak 2018)
employed the multipath FEC diversity technique
using MIMO systems to improve the
performance of BCH and RS codes over the
Alamouti code. The multipath FEC could show
enhancement in BCH and RS codes without
increasing the number of redundancies.

All the techniques and the results that been
utilized based on multipath FEC showed a
positive improvement in the performance of the
wireless ~ communication  systems.  This
encourages to thinking about the outcome of
implementing the multipath FEC technique in
other wireless communications systems such as
V-BLAST MIMO over Rayleigh channel and
AWGN channel. Therefore, this paper aims to
investigate and analyse the multipath FEC
diversity technique effectiveness on the
performance of V-BLAST MIMO wireless
communication systems.

3. THE PRINCIPLES OF DIVERSITY

Diversity techniques represent an approach
to minimise the multipath effect and improve the
performance of the wireless system by supplying
multiple copies of the same information or the
transmitted signal to the receiver. Diversity
combination principles have been known since
1927 when the first experiments were reported
(Jakes 1974). In Diversity technique, many
copies of the required signal are produced by
employing several channels. The concept behind
this is that some of the copies might undergo
deep fading, while others may not (Keith Q. T.
Zhang 2015). In this case, the receiver may be
still capable of obtaining enough information to
recover the transmitted signal.

In wireless communication, three domains are
used: space, frequency and time. Accordingly,
these three resources can introduce space,
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frequency and time diversity. Each diversity type
has a particular condition which must be met to
provide uncorrelated fading channels (Cai et al.
2016). There are several diverse techniques for
different domains that are utilised in wireless
communication systems. In practice, multiple
diversity techniques are usually used together.
Table 1 shows different diverse techniques and
their advantages and disadvantages.

Table (1): Diversity Techniques and Their
Advantages and Disadvantages

Diversity Pros Cons
Technique
Antenna/Space e Simple to e The size of the
Technique design. No hardware could be
requirement to large and relies on
increase the device
bandwidth nor technologies.
power. e Large separation
e Any order of is necessary at
diversity is transmit and
achievable. receive antennas.
Frequency o Any diversity e To achieve
Technique order is diversity of order L,
achievable. L times more
spectrum and
power are required.
Angle Technique e Doppler spread e The gain of
is reducible. diversity relies on
the obstacles
around the
receiving antenna.
e Can be applied at
the receiver side
only.
Polarisation o No space is o Provides only
Technique required. order two diversity.
o No bandwidth e Requires extra
raise is needed. three decibels
power.
Time o No space is e To achieve
Technique required. diversity of order L,
¢ Provides any L times more
diversity order. spectrum is
e Hardware is required.

e When fd is small,
large buffer
memory is heeded

quite simple.

To achieve diversity gain, the copies from the
different paths must be processed intelligently to
raise the overall received SNR (Uzma et al.
2019). All the received replicas should undergo
uncorrelated fading. Diversity processing can be
accomplished before or after the detection stage

(Kumar 2015). There are four diversity
processing techniques based on the selection or
combining scheme that is used to deal with the
received signals: switching, selection, Maximum
Ratio Combining (MRC) and Equal-Gain
Combining (EGC) diversities techniques (Milic
et al. 2019).

4. THE PROPOSED DIVERSITY METHOD
A. Multipath FEC Diversity Technique

The obstacles that are present in the wireless
communication environment can mainly cause
the  multipath ~ propagation  phenomenon
(Jakborvornphan 2019). The transmitted signal
that deploys via a wireless channel can be faded
due to different circumstances such as reflection,
scattering, diffraction and refraction. However,
multiple copies of the transmitted signal will
arrive at the receiver side via different paths at
different times besides the original LoS signal. In
this work, the proposed system is designed based
on the utilisation of multipath FEC diversity
technique to treat some of the NLoS signals as
redundant copies. These redundant copies will be
used to enhance the Bit Error Rate (BER)
limitation in the MIMO systems which help in
saving the channel resource and decrease the
channel overhead. Since the identical signals
differ slightly in their arrival time and
propagation delay, the recipient can break up and
receive more than two copies from the
transmitter according to the following condition
(Al-Barrak et al. 2017):

Speed of Light 3.0 X 108ms™1
. . <TL (1)
Chip Rate Chip Rate
TL TL

= = 2
! Speed of Light 3.0 X 108ms~1 @

Where
TL: Minimum transmission length.
T: Delay time.

For instance, if the chip rate is 1.28 Mcps,
then TL will be at less 234 m, and the chip
duration or multipath delay t is equal to 0.78 ps,
which is fair enough to get more than one replica
from the received multipath components. As one
of the goals of this work is to improve the data
transmission rate of the wireless communication
systems, therefore, these copies will be treated as
redundant replicas of the desired signal and will
be employed to raise the performance of BRE
limit.
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B. Column Weight Multipath Combiner

The Column Weight Multipath Combiner
(CWMC) is a diversity processing technique
proposed in 2016 (Al-Barrak et al. 2016). In this
technique, the Hamming weight is employed to
combine LoS and NLoS signals in one signal.
The combiner receives L copies from one
transmitted signal as an input, where L should be
an odd number and include LoS signal. The
received signals are arranged in L < N matrix:

€11 C12 Cin
[C21  C22 Can |
M. = lc31 c3z Cszvi
lCL1 Cr2 CLNJ
The output signal Z is.
Z = [Zl,Zz,Z3, ""ZN]
Where z; is.
0 lf Whi L%l
z; = 3)
Lif  wy 2
and wy,, is:
L
j=1
Where
i=1l-to-L.
j=1-to—N.

yij: The combiner output.

This example illustrates the use of column
weight multipath combiner. The example
considers that a LoS copy and four NLoS
different copies of the transmitted signal have
been received (C1, C2, C3, C4 and C5) where L
= 5, and each received signal has four-bit long N
=4

C1=[1101],

C2 =[0111],

C3 =[1000],

C4 =[0111], and

C5 = [0000]

The matrix will be:
[1 1 0 1]
0 1 1 1]

Mc=I!1 0o o ol
lo 11 1J
0O 0 0 O

The received signal will be:
Z =10,1,0,1]

5. RESEARCH METHODOLOGY

The block diagram in Figure (1) illustrates the
multipath propagation for the Vertical-Bell
Laboratories Layered Space-Time (V-BLAST)
MIMO wireless systems. The transmitted signal
propagates via two, four, or eight antennas. The
random integer block generator is used to
produce a random sequence of 0’s and 1°s for N
bits (Figure 1). The generated sequence will be
modulated into a waveform signal by the
modulation block. During the modulation
process, four different modulation schemes are
employed: Binary Phase Shift Keying (BPSK), 4,
16 and 64 Quadrature Amplitude Modulations
(QAMs). As the signal wirelessly travels, the
noise plays a major role by influencing the
transmitted signal. Therefore, the function of the
channel block is adding AWGN noises to the
modulated signal. In addition, the channel block
is also used to generate VV NLoS paths alongside
to LoS signal. The effect of the actual properties
of the signal is analysed and studied by using the
channel block.

The receiver also uses two, four or eight
antennas to get the transmitted LoS and V NLoS
signals. In this stage, the LoS and NLoS signals
will be chosen according to their threshold which
is used to determine the minimum value of the
accepted SNR. The NLoS signals can be
considered as LoS copies if their SNR is > the
threshold. The threshold value relies on the SNR
of LoS, and it can be any value between 40% -
75% from LoS SNR. Hence, this stage is
represented in the block (Select L Signal) as
shown in Figure 1.

H

Error C.

cwmc

Select L Signal

Fig. 1: Multipath Propagation for V-BLAST MIMO System
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6. SIMULATION RESULTS

In this work, the simulation results run upon
two scenarios. In the first scenario, the proposed
diversity performed under the Rayleigh channel
model, while the second scenario considered
Additive White Gaussian Noise (AWGN) as a
channel model. Table (2) shows the simulation
environment setting for the proposed diversity.
Table (2) shows the simulation environment
setting for the proposed diversity.

Table (2): Simulation Environment Setting

Number of Modulation Channel
Antennas Scheme Modelling
MIMO 2x2 BPSK Rayleigh
MIMO 4x4 4QAM AWGN
MIMO 8x8 16QAM

64QAM

Figures 2, 3 and 4 reveal the simulation
results under the Rayleigh channel. The main
objective of these tests is the evaluation of the
BER performance for the proposed diversity and
diversity process.

The obtained results showed a significant
performance improvement in the BER for the all
three V-BLAST MIMO (2x2, 4x4 and 8x8)
systems. The reason behind this improvement is
the employment of two, four, six and eight
multipath signals in addition to the main signal,
and combining them with the CWMC combiner.

In Figures 2b, 3b and 4b, the minimum
number of multipath signals (two signals) have
been utilised under the 4QAM modulation
scheme. The results showed that the BER
performance is enhanced nearly by 3dB, 5dB and
7dB for MIMO 2x2, MIMO 4x4 and MIMO 8x8
systems respectively at 10° BER. However,
increasing the number of multipath copies to four
signals have boosted the improvement more.

The enhancement of the MIMO 2x2, MIMO
4x4 and MIMO 8x8 systems are raised
approximately by 1dB, 2dB and 3dB respectively
at the same BER value. It has been observed that
the improvement of the BER performance of the
MIMO 8x8 systems is better than the BER
performance of MIMO 2x2 and MIMO 4x4
systems under the Rayleigh channel.
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Fig. (2): The Effect of Multipath FEC Technique on the BER Performance for V-BLAST MIMO 2x2
(Rayleigh Channel)
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Fig. (3): The Effect of Multipath FEC Technique on the BER Performance for V-BLAST MIMO 4x4
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Fig. (4): The Effect of Multipath FEC Technique on the BER Performance for V-BLAST MIMO 8x8
(Rayleigh Channel)

The obtained results in Figures 5, 6 and 7
have also shown remarkable improvement in the
BER performance under the AWGN channel.

The outcome in Figure 5 demonstrates that
the CWMC has the optimum performance with
the BPSK and 4QAM modulation scheme for the
V-BLAST MIMO 2x2 systems. For instance, the
utilising of two multipath replicas improves the
BER performance of the system by
approximately 2dB, while a 6dB improvement is
achieved by providing eight multipath copies at
10-3 BER (see Figure 5a). On the other hand, the
CWMC combiner gives an inferior performance
with 16QAM and 64QAM modulation methods.
However, the overall system performance has

been enhanced slightly under these two
modulations schemes (see Figures 5¢ and 5d).

The simulation results in Figures 6 and 7 for
V-BLAST MIMO 4x4 and V-BLAST MIMO
8x8 systems have the same pattern as the V-
BLAST MIMO 2x2 systems. Where the use of
BPSK and 4QAM modulation gives the best
performance of the multipath FEC and CWMC
techniques, the use of 16QAM and 64QAM
schemes show a poorer performance of
techniques. Nevertheless, the overall BER
performance of the V-BLAST MIMO 4x4 and
V-BLAST MIMO 8x8 systems have slightly
improved using multipath FEC and CWMC
techniques.
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Fig. (5): The Effect of Multipath FEC Technique on the BER Performance for V-BLAST MIMO 2x2

(AWGN Channel)
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Fig. (6): The Effect of Multipath FEC Technique on the BER Performance for V-BLAST MIMO 4x4
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Fig. (7): The Effect of Multipath FEC Technique on the BER Performance for V-BLAST MIMO 8x8
(AWGN Channel)

7. CONCLUSION

The performance of BER has been examined
in this paper. The V-BLAST MIMO system with
multipath FEC and CWMC processing diversity
techniques by using 2x2, 4x4 and 8x8 antennas
with BPSK, 4QAM, 16QAM and 64QAM
modulation schemes have been simulated and
analysed. The obtained results showed that the
performance of BER can be improved without
overhead by using the existing resources.
Furthermore, it reveals that the multipath
phenomenon can be considered as an advantage
rather than as a disadvantage. The BER
performance with the BPSK and 4QAM
modulation scheme for the 2x2, 4x4 and 8x8 V-

BLAST MIMO system outperformed under the
other modulation schemes. This is achieved by
using multipath FEC diversity technique.
Multipath FEC technique employs the multipath
propagation signals (NLoS) which are considered
as redundant copies of the transmitted signal
(LoS) to improve the system performance.
Moreover, CWMC diversity processing technigue
that has a low complexity is used to combine
NLoS signals with LoS signal. The improvement
in the performance of BER can be enhanced more
by combining more paths.
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