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Abstract: We consider in this paper a MIMO-OFDM wireless communication system based on pre-coding and SVD
techniques, which the system has the feedback of CSI to the transmitted side. The multi path channel, delay spread,
Rayleigh fading and channel noise are assumed in the simulation of the proposed system. The zero forcing method is
applied for detection the data received. The purpose of this study proposed is to evaluate the BER performance and
see it with different case about parameters. While The contribution of the MIMO-OFDM proposed system is
appeared from the BER performance presented in the section result which the system have shown good
improvement of BER in typical channel modeled by Rayleigh multi path channel while the improvement is kept
particularly in the complex condition of the channel while the propagation considered by more paths until ten paths
are used. And also the BER resulted show that the system guard important performance for high data rate either
when the more carriers are used such as 128 and 256 and when more antenna (4 X 4) are simulated. The
robustness of that system studied comes from using SVD scheme into the process of channel, from the pre-coding
technique applied over the data transmitted and the properties of OFDM multi carriers that having such as guard
interval, parallel transmission, and FFT technique.
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have allowed it to perform with effective manner in multi

Introduction

The principal goals of modern wireless
communication systems are to achieve high data rate,
overcoming the limitation of bandwidth, give more
reliability, and dealing well in complex wireless
environment.

OFDM [1] is one of the transmission techniques
that provides parallel data transmission over parallel
orthogonal frequencies which ensure speed transmission
and effectively using of the available bandwidth then
high efficiency is obtained. It has other properties such
as an adding of guard interval in OFDM symbols for
reduce the interferences caused by the multi path
propagation. Therefore, characteristics of OFDM system
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path selective fading channels.

MIMO is also another important communication
system, it studied with spatial multiplexing to increase
the capacity of wireless channel since the parallel data
streams are multiplexed in the same channel and used
the same frequency without of any extension of
bandwidth or power [2]. Here jf » NN channels will
transmit different data in the same time.

The MIMO is combined with OFDM in many
several studies [3-5] for the enhancement furthermore
the performance of wireless communication.

There are several linear algebra decompositions
that are applied in the field of processing signals. Such as
singular value decomposition (SVD) [6-8], geometrical
mean decomposition (GMD) [7], equal diagonal
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decomposition (EQD) [9], and uniform channel
decomposition (UCD) [10]. But the most popular
decomposition method is the SVD decomposition. It has
been proposed for the MIMO — OFDM system in many
researches [11-13] to improve the performance and
capacity of the system which the transmitter has
knowledge of CSI and when the pre-coding is another
technique applied over the data before that will
transmitted into the channel.

Furthermore, pre-coding and SVD techniques
transform the MIMO-OFDM matrix channel into a set of
parallel sub-channels, since the eigenvalues of diagonal
matrix are the gains of these parallel sub-channels. In
that way, the capacity of communication system is
increased, the performance is improved and the
complexity of detection the signals in the receiver side is
decreased [12-13]. In this issue, we contribute from this
study by analysis the system MIMO-OFDM considered
SVD scheme under wireless environment while we
provide a BER comparison when the increased in the
capacity of MIMO-OFDM system either on by using more
sub-carriers for OFDM or particularly more transmit or
receive antennas are used for MIMO, the BER
performance loosed is greatly low compared to a
capacity of channel gained. And the system proposed
keep their robustness against of spread fading channel
when we compared different conditions of multi path
channel in the simulation. This paper is organized as
following the SVD decomposition scheme is discussed
firstly in the section Il. Then, the principal of associated
MIMO with SVD is done in the section IIl. After that, in
section IV we discussed the proposed associated
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MIMO-OFDM system that concatenated with both SVD
and pre-coding techniques. Finally, the simulation results
are given in the section V and we finished the paper by a
conclusion.

II. SVD TECHNIQUE APPLIED

The SVD scheme is a linear algebra function
applied over a matrix of channel, when the signal is
passed through it. In order to create independent parallel
sub-channels of MIMO system for increase the array
antenna gain and the performance is increased also
[14-15]. The SVD function is formulate as following:

H = UzVH (1)

Where H: is the original given channel MIMO
matrix that will transfer into singular value
decomposition as shown in the equ.1

U and V: are both unitary matrix, which (UU# =1
and VVH = 1) 0Or U is the left column SV having N, X
N, size, and V is the right column SV having N, X N,
size.

% Is the diagonal matrix which has N, X N, size.
The diagonal elements are singular values defined by
01,02, ..., 0 Whichoy =0y, = -2 0.

In that way, the m-th sub channels of MIMO
system has the gain being g;, and the data streams
transmitted from N, antenna are independent from
these independent parallel sub-channels and the
wireless channels related i-th transmit antenna and j-th
receive antenna are free of interference of each other
[13].

III. MIMO SYSTEM

A multiple antenna communication system is
based on three types of signal processing that consisting
of beamforming technique [16] to adapt the signal in the
best direction which there are a minimum obstacles,
space-time diversity [17-18] has been proposed for
improvements the reliability of the wireless
communication and then the effect of the fading
phenomenon is decreased, and spatial multiplexing
suggested in [2] has shown the increased of the data
rates in wireless communication links.

As known, a key advantage of MIMO is to increase
the capacity of communication system in the SISO link
that is defined from a Shannon capacity which this
capacity in that system is increased just by the power
increasing and extension on the bandwidth used, as
shown in the formulate:
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C =Wlog,(1+ SNR) 2)

But this capacity theory has been changed by the
integration of multiple antennas at the transmitter and
the receiver sides.

For the MIMO system known by asymmetrical
antennas when the transmit or receive diversity is used.
In that system, the capacity grows logarithmically with
the number of antennas as written [19]:
C =Wlog,(1+m = (SNR)) 3)

A MIMO system studied across this paper that is
called a spatial multiplexing, or a linear capacity gains are
done in relation of minimum between the numbers of
transmit antenna and receive antenna m = min(N,, N,.).
Hence, the improvements in the capacity are shown in
the following formulate of the capacity [19]:
C=m=+Wlog,(1+ SNR) 4)

Now, let’s a SNt*1 [n] the vector symbol that will
transmit by MIMO system over n during symbols using
spatial multiplexing, or s; and s, are two symbols will
transmitted by 1-st and 2-nd antennas respectively, and
these symbols passed through h;; paths related between
a transmit antenna and receive antenna. We used a
selective fading channel environment, followed a
Rayleigh distribution with multi path on each sub
channels as written in the following channel matrix:

b= [hul hlzl]

5
hy' gyt ®

As shown in the above matrix, each sub-channels
of MIMO system considered is presented by multi path,
while the | denoted the number of paths defined each
by a gain value and corresponding a delay spread.

The received sequence symbols y,[n] and y, [n]
at 1-st and 2-nd receive antennas respectively during
n-th symbol interval is given in the discrete time as:

vl = s+ 2]

(6)

Where: H is the impulse response of wireless
channel given in equation (5).
And we can write the previous equation of signal
received as:

Y=HS+W
(N
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Since the MIMO system proposed based on the
SVD scheme, then the signal is treated as shown on the
following figure [13]:

]

¥ =uty

L
]
=
L5t
h 4

Y=HX+W >

Pre-coding Receiver-shaping

Figure 1. Principle of SVD scheme for MIMO system.

We can see in the above illustration, the signal
processing of MIMO-SVD technique require pre-coding
process at the transmitter side and receive shaping at the
receiver side.

For that case, the previous received signal will be
multiplying with Ufand written as [14]:
y=UHHS+ W) 8)
And we substitute the value of H obtained by SVD
decomposition into above, we get
y =UHUZVES + W) C))
After substitute also X by S =VS into above, we
obtain also:

j=UHUZVES + W)
URUZVHVS + W)
= UHUSVHVS + UHW
=35+W

<
|

(10)

As seen in a resulted signal, it depends of the input
pre-coded signal S that multiplied by the diagonal
matrix X. After [20] the distribution of noise doesn’t
change if that noise W is multiplied by the unitary
matrix .

[V. MIMO-OFDM system based on SVD

We consider a MIMO-OFDM wireless
communication system in selective fading environment.
In first, we generated a binary data passed then into a
modulation process that given a complex vector defined
as 51,5, ....S; where S; denotes the i-th symbol done
by QAM modulation. After that, the pre-coding operation
is applied in order to pre-codes the modulated symbol
and generates a vector symbol X = (x,x,, ..., x;) (see
figure 2). To be mapped after onto N, transmit antenna
that having each an OFDM module.

Here, V is the unitary matrix given by a singular
value decomposition of channel matrix.
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Furthermore, with the SVD scheme the transmitter of
MIMO-OFDM studied has a full knowledge of H [20- 21].
According to the criterion of the SVD the MIMO channel
matrix is decomposed as (H = UzV'1) and 1 denotes
the Hermitian transpose.
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Figure 2. Bloc diagram of the MIMO-OFDM system based on the SVD

and pre-coding techniques.
The output vector of pre-coding process is:

X=V=x*S (11)
A transmitter has pre-process the transmitted
symbols with a unitary a prefilter V, this process is called
pre-coding. And the receiver will post process with a
unitary filter U* (shaping receiver, see figure 1).
Let {XNtXl 1 be the input symbols to N-point IFFT for
i-th transmlt antenna Xi, denotes also the input
symbol on the frequency domain. The output symbol of
IFFT function can be written as:

K-1

(12)

The guard interval is added in front of each IFFT
sequence symbols generated. The main function of Gl is
to protect the propagation signal from interference that
come by the delay spread of different paths considered
in our system. Although, the signal presented at each
transmit antenna will propagate through a multipath
Rayleigh fading channel, as described in the following
matrix:

_ [p e R
H={ "4 lod; (13)
hidik] Rtk

As seen in the above matrix, each sub channel of
(2 x 2) MIMO system is defined by:
l;: denotes the gains of impulse response for different
paths.
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d;: denotes the delay spread corresponding the
i-th path.
k: denotes the number of sub-carriers for OFDM system.
Such that, the channel matrix is decomposed into SVD,
then the diagonal singular values of £ matrix in OFDM
multi-carrier modulation being ¢ = [0, (K), 05(K)]
which K represents the number of sub-carriers, which
the data streams done from two transmit antennas are
multiplexed into the same channel where SVD make it
independently through the spatial sub-channels with
gains corresponding to the entries of the matrix. At the
receiver, these data streams arrive orthogonally without
interference between streams [22].

The received signal of that MIMO-OFDM system is
given by:

Nt Ny

Yin (k) = ZZZ iy (X () + w3 (K)

i=1 j=1k=

(14)

The signals received at each receive antenna from
k-th sub-carrier are:

Y1a0) = D Y R (0K () + Wy, () (15)

i=1k=1

t K
Yan() = Y hg (X () + e (K)

i=1k=1

(16)

Yin and Y., are both the received signals at 1-st
and 2-nd receive antennas respectively, and in during
n-th interval symbol that presented by K sub-carriers.

Wy, and W,, are both the additive white
Gaussian noise at 1-st and 2-nd receive antennas
respectively, and in during n-th interval symbol that
presented by K sub-carriers.

The demodulated signal is done after the applied
of FFT function over the signal ¥; , (k):

Yin(k) = FFT(y;,[k]) (17)
Nt N-1 K
G = D> by ()™ 7 s
i=1 n=0 k=0
+w; , (k)

The FFT operation is followed by the suppression
of guard interval added on the OFDM sequence symbols
at the transmitter side. After that, we need also to
estimate the desired input signal from the serial signal

aUSMT Vol.9 No.3 (2019)
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obtained in the inverse operations of OFDM modulation.
The serial signal resulted is multiplied by U as
demonstrated for MIMO signal in the last section 3.
Then, the last operation before QAM
demodulation in the receiver side is the linear ZF
detection which has decreased the effect of the fading
channel when the signal is multiplied also to the function
of ZF that given by:
W =H'"=(H"H)'H" (29)

V. Simulation results

In this section, and after we have taken the
benefits of SVD scheme into wireless channel from
render it parallel independent [14], and the efficient of
the ZF receiver method on the reception side in
MIMO-OFDM [23-24]. All these techniques combined
and applied them from the spatial MIMO-OFDM
transmission system adapted for high data rate binary. So
for that, we provide the analysis of the simulation results
under selective Rayleigh fading environment. where the
system done is constructed as following: binary data is
generated in the first, QAM modulation and pre-coding
processes are applied over the sequence generated.
Afterwards, the vector symbol done is divided into N,
vectors here the MIMO spatial multiplexing are made,
while each N; chain constitute of OFDM modulation.
Then, a selective multi path Rayleigh (each path
corresponds a gain done in dB and their corresponding a
delay spread) is considered that decomposed with the
SVD criterion for the target discussed in the above
sections.

In the receiver; the inverse operations are made

and ZF linear detection is applied before the bit error
rate is measured in different SNR values.
The purpose of this study and across this section. Firstly,
to evaluate a BER performance of the MIMO-OFDM
based on SVD for different parameters of OFDM
transmission such as in different number of sub-carriers
and in different guard interval lengths (see figure 3 and
figure 4 respectively).

Secondly, we evaluated the BER of MIMO-OFDM
system after we changed the number of paths simulated
(see figure 5), and we used two constellation size of QAM
modulation for the system simulated in figure 6

Thirdly, two configurations are compared in the
figure 7 and figure 8 successively. When we compared
the MIMO-OFDM system with the SISO-OFDM system in
figure 7. And two architectures of MIMO-OFDM are also
compared; they are different on the antenna number
used (see figure 8).

We present the parameters used in the simulation
of MIMO-OFDM system in the following table:

@ www.ausmt.or
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Table 1. Simulation parameters of the system proposed.

Parameters used Specifications
Binary sequence 100 x M
QAM modaulation 4-QAM, 8-QAM
(M-QAM)
Number of transmit 1,2,4
antennas (Mt)
Number of receive antennas 1,2,4
(Mr)
Number of sub-carriers 64,128, 256
(Nsc)
Guard interval length (Gl) 12,16
Channel type Multi path Rayleigh
fading
Number of paths (L) 1,3,10

Detection method Zero forcing

Figure 3 shows a BER performance of
MIMO-OFDM for different sub-carriers when we used
8-QAM modulation, the samples reserved for guard
interval added in OFDM symbol is fixed into 16, the
number of paths used is 3paths. And we changed the
sub-carriers number of OFDM system for see their effect
in BER of MIMO-OFDM communication system.

Figure 4 shows the effect of guard interval length
on the performance of the MIMO-OFDM system. When
we simulated two different Gl lengths.

o BER of MIMO-OFDM for 8-QAM using differents Nsc, L=3 GI=16

10

;
|
|
1 V\¢\o\ T
10 o— ;
=
o O,
o
1\ —
w 107
o,
X
——o ]
10°—— —O— Mt=Mr=2, Nsc=128 \\
F~—| —O0— Mt=Mr=2, Nsc=256
[ —O— Mt=Mr=2, Nsc=64
. | 1 |
10 : ; :
0 2 4 6 8 10 12
SNR (dB)

Figure 3. BER performance of (2x2) MIMO with different
sub-carriers (8 — QAM,L = 3,and GI = 16.

We can see from figure 3 the BER of MIMO-OFDM
system is increased when the sub-carriers number
simulated is increased also. This difference in result
obtained came from the increase in QAM symbols
supported by a system if we increase the Nsc simulated,
such as in each chain (two chains are available by using
Nt=2). On each chain, with using a Nsc =256 the system
will transmit 256 symbols simultaneously and with using
a Nsc = 128 the system will transmit 128 symbols per
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simultaneously and finally 64 symbols will transmitted by
using Nsc = 64. Finally we can say for that, the higher
numbers of sub-carriers means higher data rates and also
higher spectral efficiency have given [3].

N MIMO-OFDM using different Gl and 8-QAM, L=3, Nsp=128

10 : :
1 1
\r—O— MIMO-OFDM, Gi=16
| —O— mimo-OFDM, GI=12
107 ~a.
L0 &
-
]
8 i\a
o
10° \\ )\
N\
N\ A
\
Q
10°
0 2 4 6 8 10 12
SNR (dB)

Figure 4. BER performance of (2 x 2) MIMO with different length of
guardinterval (8 — QAM, L = 3,and Nsc = 128).

And in above curves simulated in figure 4, we
varied the samples of guard interval in OFDM
transmission for the same condition as figure 1. Where
GI = 12 and GI = 16 are used. It can be seen, the
BER performance of MIMO-OFDM decreased when we
decreased the simulated samples added in front of each
OFDM symbol. Particularly in higher values of SNR, as
seen from SNR = 6 dB the gap in BER resulted began
to increase until SNR = 11dB. Consequently, there is
more a probability that the MIMO-OFDM system having
more interference if the length of guard interval is small
compared with the maximum delay made by the last
path of multi path MIMO channel. Which it result
interference between two successive symbols OFDM
received [1, 25].

oBER of MIMO-OFDM for 8-QAM in differents paths and Nsc=128, Gl=16
10

: :
| |
—O— MIMO-OFDM, L=1 1
—O— MIMO-OFDM, L=3 ]
| ——O—— MIMO-OFDM, L=10
10° —
e |
N0
N
\
& 10° \m
o
e
10° -&ﬁ
—o
10*
0 2 4 6 8 10 12

SNR, [dB]

Figure 5. BER performance of (2 X 2) MIMO with different paths of
wireless channel (8 — QAM, GI = 16,and Nsc = 128).
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Figure 5 shows the BER performance of
MIMO-OFDM system simulated using different paths,
(L=1onepath, L =3paths, and L = 10paths
respectively). As seen there is almost no difference in the
BER measured for three cases chosen of channel
condition. Here it appeared the robustness done by SVD
decomposition channel which these paths of each
sub-channels of MIMO matrix channel considered
independently in space and no interference affected
from each other [11-13]. Until L = 10paths (or
probability of more obstacles available in propagation
environment) the performance remains constant and
approachesto L = 1 path (direct path).

MIMO OFDM using M-QAM and L=3, Nsp=64, GI=16

—e— Mt=Mr=2, 8-QAM |]
—0— Mt=Mr=2,4-QAM | |

10" \“\0\

—"%

Y

=

_.
o
%
,«:ﬁ

=

Lt
L

T
oo
*

6
SNR (dB)

Figure 6. BER performance of (2 x 2) MIMO with two constellation
size of QAM modulation (Nsc = 64, GI = 16,and L = 3 paths).

We compared in figure 6 the BER performance of
MIMO-OFDM in two constellations size for QAM
modulation (4-QAM and 8-QAM). Here we can see a little
difference in BER provided which the 4-QAM is
considered best in performance resulted as compared it
with the performance of 8-QAM. Because the sequence
simulated by 8-QAM (800 bit) is two times as compared
to sequence simulated by 4-QAM (400 bit) as shown in
the table of simulation parameters or that means more
data rates simulated by using 8-QAM.

Hence, with 8-QAM the MIMO-OFDM system will
transmit more data when each symbol generated from
QAM modulation supported by a one carrier of OFDM.
As example, if 4-QAM is used (2 symbols supported by
each carrier) and if 8-QAM is used (3 symbols supported
by each carrier).

Thus, the sequence simulated either on 4-QAM or
8-QAM was not chosen randomly but relatively to theory
of digital modulation that say higher constellation size of
modulation means higher data rates transmitted over
any communication system [26].

From a comparison of BER performance shown in

AUSMT Vol.9 No.3 (2019)
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two above figures (figure 7 and figure 8), we can see that
added one antenna from SISO architecture to (2 X
2) MIMO architecture (figure 7) and to pass from
(2 X 2)MIMO to (4 X 4) MIMO architectures (figure 8).
The BER curves shows that the performance losses are
low compared to the capacity of data rate that has
gained by (2x2) MIMO-OFDM and (4 X
4) MIMO-OFDM respectively.

, BER of SISO-OFDM and MIMO-OFDM for 8-QAM using GI=16 and L=3
10

1o o L\Q\
o | < 4
O ~
~~o- | ha Ny
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& 102 \A _ b\\;
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® \
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F— —#— MIMO-OFDM, Nsc=128 \
[ | —— sISO-OFDM, Nsc=128 d ’_\:
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Figure 7. BER comparison between SISO-OFDM and MIMO-OFDM for
8-QAM and using (Nsc = 64,GI = 16,and L = 3 paths).
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Figure 8. BER comparison between two configurations of MIMO-OFDM
for 8-QAM and using (Nsc = 64, GI = 16,and L = 3 paths).

So, if the system has two transmit antennas two
receive antennas that are means has also two OFDM
modules on each antenna of two sides of communication
link. Where the data transmitted by using (2 X 2)
MIMO architecture is two times that data transmitted by
using (1 X 1) SISO. Same explanation is applied for two
configurations of MIMO associated with OFDM (figure 8).
As consequence, the communication system of
MIMO-OFDM proposed keeps their robustness against
selective multipath fading despite the speed in the data
transmission ensured by using more antennas.
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Conclusion

In this paper, the performance of 2 X2 MIMO
based on SVD scheme is evaluated for OFDM multi
carrier modulation under Rayleigh multi path channel.
The simulation results of the proposed system has
presented low BER performance for high data rate most
particularly with 64 carriers that used. And it has lost a
certain gap in SNR of their performance with using 256
carriers. Other improvement achieved across the system
provided is obtained when it has simulated under more
paths when we considered 10 paths in the wireless
channel which the system guard almost the same
performance of 1 path and 3 paths using in the
comparison. As we have seen from the last comparison
of BER performance the passed from the SISO
architecture to 2 X 2 MIMO architecture and then to
4 X 4 MIMO architecture respectively the system has
kept also their performance with no considerable lost in
SNR for 4 X 4 MIMO.

Finally, from this study presented we can say all
the techniques combined in the proposed system of
MIMO-OFDM such as pre-coding, SVD scheme, ZF has
given the system proposed a good robustness against
the selective fading channel and against noise
considered in the simulation.
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