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Abstract

The hottest issue of next generation communication systems is data
throughput improvement for any wireless channel conditions. Mul-
ti-Input Multi-Output (MIMO) systems are the key technology for the
next generation communication systems. Bill Lab Layered Space Time
(BLAST) system achieves high data rates with acceptable BER perfor-
mance over a good channels state. However, when the wireless channel
has a considerable fading then the performance will be decreased and at a
deep-fading state the system may fail to transmit any signal. This paper
studies and compares the conventional 4 x 4 Vertical BLAST system ca-
pacity and bit error rate (BER) performance at Maximum Likelihood
(ML) receiver through a simulation. It also studies the effect of a trans-
mit-link deep-fading on the effective signal to noise ratio, system BER
and system capacity in 4 x 4 VBLAST system in a comparative way with
the conventional 4 x 4,3 x 4,2 x 4 and 1 x 4 VBLAST system. Consid-
ering that every possible case of transmit link deep fade lower than
-20dB fading gain is equivalent to switching off this transmit link and
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mostly all of its power will be wasted. MATLAB software has been used
as the main platform for system simulation.

Keywords: Wireless Communication, MIMO, Deep Fading, Channel
Fading, Rayleigh Fading, VBLAST.
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Introduction

The concept of exploiting the multipath channel rather than attempt-
ing to mitigate its effects was emerged in [1]. It was demonstrated theo-
retically that it is possible to exploit the multipath channel and thereby
increase the information capacity of a wireless link through receive and
transmit diversity using multiple receivers and multiple transmitters
(MIMO) system [2].

This promise of MIMO channels is remarkable. By adding more an-
tennas at the transmitter and/or receiver, a wireless link in the multipath
fading environment can have a higher information rate than a Sin-
gle-Input —Single-Output (SISO) wireless link in an additive white
Gaussian noise channel.
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Recently, there are efforts on realizing both capacity and robustness
gains simultaneously. In [3], the researchers established that there is a
tradeoff between these two types of gains based on how fast error proba-
bility can deteriorate and how rapidly data rate can increase with signal to
noise ratio (SNR) [4].

Fading is wireless channel impairment. Wireless communications oc-
cur in the public space, where signal transmissions suffer from many
factors such as path loss, shadowing, fading, etc. As a result, the wireless
channel has time-varying condition and capacity. Thus transmission
techniques such as adaptive transmission will play an important role in
increasing the throughput. Adaptive transmission is one of the key ena-
bling techniques in the new generation standards for wireless systems that
have been developed to achieve high spectral efficiency on fading chan-
nels [5]. Adaptive modulation, antenna subset selection and switching
systems are considered as common adaptive schemes for MIMO com-
munication systems in high data rate next generation.

In this paper, a full study of 4 x 4 VBLAST system is introduced re-
garding to the performance and Shannon capacity.

Mimo Systems

Let H be the channel matrix of N x M dimensions, where M is a num-
ber of transmit antennas and N is a number of receive antennas. In the
ideal case, each path is assumed to be statistically independent from oth-

ers. Herein, consider a transmitted vector x =[x,,X,,X;.....x,,]" , the

vector is then transmitted via a MIMO channel characterized by the
channel matrix H whose element 7, ~ CN(0,l) is random Gaussian

complex channel coefficient (fading gain) between the j* transmit and i
receive antennas with zero mean and unity variance. The received vector

r=[r,7,,%;5.....y]" can then be given as following:
r=Hx-+n (1)
Eq. (1) can be expressed as:
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Capacity of MIMO Systems

It was shown by Shannon that the attainable capacity for a flat fading
Single Input Single Output (SISO) communication system is

Cgso = log ,(I + y|h’|) bps/Hz, 3)

where y is the average SNR of one receive antenna and 4 denotes the
fading gain.

In 1998, Foschini has demonstrated that the capacity of the flat fading
channel of the MIMO communication systems is given by [6]:

Chmo =log,(det | 1, + ﬁ H "' H|) bps/Hz, 4

with the assumption that numbers of transmit and receive antennas are
equal. This theoretical capacity expression for MIMO systems points out
that the capacity may be increased linearly with the number of antennas
[7]. Thus capacity for MIMO systems is increased in comparison to SISO
systems, where the capacity increases logarithmically with SNR.

Now what happens to BER, Capacity and SNR. of this system if one or
more transmit links suffer from a considerable fading.

The effective average received SNR of 4 x 4 MIMO system is equal to
[8]

SNR,; = EH, _ SNR|H]. (5)
MN F

eff

o

An - Najah Univ. J. Res. (N. Sc.) Vol. 28, 2014




Mohammed Salemdeeb & Ammar Abu-Hudrouss 25

Where SNR.; is the average received signal to noise ratio of four re-
ceive antennas.

In other words, in decibel eq. (5) will be

[SNReff LB = [SNR]dB + 1010g||H||;

where ||H ||i is the Frobenius norm [9] which is equal to

|, = ,/ZlZlhi 6)

The individual contribution of each receive antenna to the effective
SNR is through the contribution of ||H ||2F [10].

Fading Concept

From a practical perspective, the performance of any transceiver,
signal processing algorithm, channel code, etc., depends on the channel it
is operating in [11].

The salient feature of wireless transmission is the randomness of the
communications channel, which leads to random fluctuations in the re-
ceived signal commonly known as fading.

Transmission through free space undergoes absorption, reflection,
refraction, diffraction, and scattering. These factors are greatly affected
by the ground terrain, the atmosphere, and the objects in their path, such
as buildings, bridges, hills, trees, etc. These multiple physical phenomena
are responsible for most of the characteristic features of the received sig-
nal [12]. On the other hand, changes in the propagation environment,
e.g., due to mobility in wireless communications, introduce channel time
variation, which could be very harmful. Mitigating these fading channel
effects constitutes a major challenge in current and future communication
systems.
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Fading is the result of interference between two or more attenuated
versions of the transmitted signal arriving at the receiver in such a way
that these signals are added destructively [13]. Strong destructive inter-
ference is frequently referred to as a deep fade and may result in tempo-
rary failure of communication due to a severe drop in the channel sig-
nal-to-noise ratio [12].

Mathematically, fading is usually modeled as a time-varying random
change in the amplitude and phase of the transmitted signal. Examples of
fading models for the distribution of the attenuation are Nakagami fad-
ing, Weibull fading, Rayleigh fading, Rician fading, dispersive fading
models and Log-normal shadow fading [14]. Slow fading and fast fading
refer to the rate at which the magnitude and phase change imposed by the
channel on the signal changes [14]. Flat fading and frequency-selective
fading are two terms often used to describe the fading over a certain
bandwidth. Flat fading means that all frequency components of the signal
will experience the same magnitude of fading but frequency-selective
fading means that different frequency components of the signal experi-
ence decorrelated fading [12,14].

In eq. (2) the jth transmit link deep fading means a low gain magni-
tude of column j of the channel matrix and the i receive link deep fading
means a low gain magnitude in row i of the channel matrix. Cancelling
column j or row i of H have the same effect on the Frobenius norm of H
(Eq. (6)), this lead to the result that a deep fading occurred at the trans-
mitter side or at the receiver side has the same effect on the average
SNR.;and the average capacity of the system.

Results and Discussion

This paper has focused on a 4 x 4 MIMO system as a case study in
MIMO communication systems. In this study the effects of a flat Ray-
leigh deep fading on different transmit links are simulated and analyzed.
A comparative study has been done using the simulation results for the
received SNR.y, performance and capacity of the normal 4 x 4, n x 4
MIMO systems (n=1, 2, 3 and 4) and the various link deep fading cases.
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The simulated channel is a 4 x 4 Rayleigh Channel with unity vari-
ance so eq. (6) states that the average Frobenius norm of H is 16, so the
effective SNR eq. (5) of 4 x 4 MIMO channel is 16 times the received
SNR for one receive link. If SNR = 14 dB then from eq. (5) SNR.;= 14
+10/0g1916 = 26.02 dB on average and the average Frobenius norm of 3
x 4 channel is 12 eq. (6) then SNR.;y = 14 +10logio12 = 24.8 dB on
average.

Received SNReff dB

I

1
-70 -60 -50 -40 -30 -20 -10 0
Fading Gain dB

Figure (1): Effect of Tx links fading on SNR.4 for SNR = 14 dB.

Case 1: If transmit link 4 is under deep fading condition, this means
that the 4™ column of channel matrix has lower overall gain magnitude
then all symbols transmitted from this antenna will be received with high
error probability which will increase the overall BER of the system. Fig.
1 will show the deep fading effect on the effective SNR.

It is seen from Fig. 1 that a 4 x 4 VBLAST SNR,; decreases as the
fading gain decreases, until it reaches a 3 x 4 VBLAST at fading lower
than -20 dB, the maximum decreasing of SNR,; of 4™ Tx link fading at
14 dB SNR is about 1.2 dB.

As a result, 3 X 4 channel and 4 x 3 channel have the same effect on
SNR.j since the average Frobenius norm of 3 x 4 and 4 x 3 channel is the
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same, it can be inferred that a deep fading of one Tx link or one Rx link
have the same effect on SNR.y and average capacity.

Case 2: if transmit link 3 and 4 are under deep fading condition, all
symbols transmitted from these antennas will be received with a high er-
ror probability which makes the overall BER of the system so bad. The
maximum decrease in SNR.; is about 3 dB at 14 dB SNR. In other words
the faded Tx links will act as switched off.

Case 3: At -20 dB fading of 2™ & 3™ &4"™ Tx links all symbols trans-
mitted from 2&3&4™ Tx antennas will be received with high error proba-
bility. This means that the overall BER of faded 4 x 4 system is as bad as

seen from Fig. 1. In this case the maximum decrease of SNR.; at 14 dB
SNR is about 6 dB.

Case 4: for all links faded case SNR.; will be worse more and more
and then the transmitter will be seemed invisible.

Now Fig. 2 will show the effect of different transmit link deep fading
cases on the average system capacity.
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Figure (2): Effect of Tx links fading on Capacity for SNR = 14 dB.

Case 1: If transmit link 4 is under deep fading condition, the average
capacity of the system will be decreased until it reaches a 3 x 4 system
capacity (equivalent to switching off the faded Tx link) at fading lower
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than -20 dB, also there is a loss about 3 bps/Hz in capacity as shown in
Fig. 2, in other words at fading lower than -20 dB the faded Tx links will
be act as switched off.

Case 2: if transmit link 3 and 4 are under deep fading condition, the
capacity of the system will decrease until it reaches a 2 x 4 system capac-
ity at fading lower than -20 dB and there is a loss in capacity of 6.3
bps/Hz (from simulation results in Fig. 2) when the fading gain of 3™ &
4™ (or any two) Tx links is lower than -30 dB.

Case 3: At deep fading of 2™ & 3™ &4™ Tx links there is a 10.5
bps/Hz loss in capacity when the fading gain of 2™ & 3™ & 4™ (or any
three) Tx links is lower than -30 dB also a 4 % 4 faded system capacity
decreased until it reaches a 1 x 4 system capacity.

Case 4: for all transmit links deeply faded case a great loss of capac-
ity occurs and the system capacity will decrease more and more until it
reaches 0 bps/Hz (all transmit power is wasted). This means that it is
equivalent to switching off all TX antennas for fading gain less than
-30dB then the transmitter will be disappeared.

Now Fig. 3 will show the effect of different transmit link deep fading
cases on the system performance (BER).

The BER performance when any link is faded to -20 dB will suffer of
high errors which cause a very weak BER compared to the conventional
4 x 4 VBLAST as shown in Fig. 3.

A one link faded system need about a 10 dB improvement in SNR to
achieve the performance of conventional 4 x 4 system and a 2 links faded
system need about 15 dB improvement and a 3 links faded system need
about 17 dB improvements while all links faded system need about 20
dB improvements in SNR. But anyone can notice that there is a large
difference between the conventional 4 x 4 system performance and one
link faded system while the hole get closer between other faded transmit
links systems this means that the simple solution to mitigate the problem
of one link deep faded is switching it off since it will waste the power in
addition to get much worse BER.
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Conclusion

In MIMO technology, system performance is improved using spatial
diversity techniques. However with spatial multiplexing the channel ca-
pacity is linearly increased as independent data streams are transmitted
from the multiple transmit antennas and received by multiple antennas at
the receiver.

Bit Error Rate

=¢= | link faded

=== > links faded
== 3 links faded |
= | == all links faded ||

Figure (3): Effect of Tx links fading on Bit Error Rate.

When wireless channel goes under deep fading conditions, simula-
tion results and equation (5) (theoretically) show that the transmit link
deep fading has the same effect on the effective SNR and the average ca-
pacity as the receive link deep fading. In addition, the case of one trans-
mit link deeply faded (low gain column of the channel matrix) has the
same effect on Frobenius norm of the channel matrix if this case replaced
with one receive link deeply faded (low gain row of the channel matrix).
The SNR.; and the system capacity slightly decreased in transmit link
deep fading cases with a small difference for the capacity case. In con-
trast, the system performance in normal conditions will be affected
greatly if one transmit link deeply faded then the effect will be lower if
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two transmit link deeply faded and so on, this result lead us to preferring
switching off this faded link due to its great effect on performance. In
case of deep fading of all transmit links there is no valuable solution ex-
cept for some SNRs there is some bits per second could be saved.
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