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Abstract

Wireless communication is characterized as thestemnof the information between two poirthat are not
physically connected and the separation betweem thay vary from meters to k-meters. Now a days tt
wireless communication is changing its scenario wuits ease of availability and reliability andMer costs ani
small sizes and alsdue to continue research. Multiple Input MultipleutPut (MIMO) is a smart antent
technology in the current wireless communicatiostems, such as 3G and 4G. MIMO can be combined
Orthogonal Frequency Division Multiplexing (OFDM) tmprove communicion quality, performance, capacii
and transmission rate. MIMO OFDM system also giwey good Bit Error Rate (BER) performance. SiMi&IO
uses multiple transmitting and multiple receivingemnas, so complexity is introduced. Basicallydudetectc is
MMSE. This paper studies the Vertical Bell Lab L Space Time (VBLAST) that is the MIMO system abh
reduces the complexity and improves gain of thedatet. It introduces Successive Interference Céatemh (SIC)
algorithm with Minimum Mean Sque Error (MMSE) and reduces the detector’s compyexn this paper we ai
using MIMO OFDM system with VBLAST algorithm with MSE equalizer is used to achieve minimum BEF
multipath fading channel environment. We are uSimgary Phase Shift Keying (BIK) modulation techniqu
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I ntroduction

Wireless ©mmunication is one of the mc beams on multiple transmitters to multiple recesv

important areas in the communication field toc
Wireless operations permaervices, such as lor
range communications, that are impossible
impractical to implement with the use of win
Wireless communication may be via: radio freque
communication, microwave communication,
example long-range line-giight via highly
directional antennas, or shesnge communicatio
infrared (IR), shorrange communicatio

MIMO is effectively a radio antenna technology &
uses multiple antennas at the transmitter andvex
to enable a variety of signal paths to carry th&y
choosing separate paths for each antenna to e
multiple signal paths to be used [4]. MO
technology offers significant increases in ¢
throughput and link range without additiol
bandwidth or increased transmit power. It achie
this goal by spreading the same total transmit pc
over the antennas to achieve an array gain
improves the spectral efficiency or to achieve
diversity gain that improves the link reliabilit
MIMO is a method of transmitting multiple de
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The advantage is that the odds of receiving tha
are massiely increased. Basically, if any one patt
faded, there is a high probability that the othathp
are not, so the signal still gets throt
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In the above fig.1 MIMO system is shown. It is 3
MIMO because there are 3 transmitting anc
receiving antennas.

Orthogonal Frequency Division  Multiplexir
(OFDM) is a multicarrier modulation techniqt
OFDM provides high bandwidth efficiency becal
the carriers are orthogonal to each other and pie
carriers share the data among themselves. The

(C) International Journal of Engineering Sciences & Research Technology[459-465]



[Trivedi, 1(8): Oct., 2012]

advantage of this transmission technique is their
robustness to channel fading in wireless
communication environment. The orthogonality
between the carriers facilitates the close spaoing
carriers. The orthogonality principle implies tlegtch
carrier has a null at the center frequency of ezfch
the other carriers in the system while also
maintaining an integer number of cycles over a
symbol period [2]. OFDM symbol rate is low since a
data stream is divided into several parallel steeam
before transmission. This make the fading is slow
enough for the channel to be considered as constant
during one OFDM symbol interval. Cyclic prefix is a
crucial feature of OFDM used to combat the inter-
symbol interference (ISI) and inter-channel-
interference (ICI) introduced by the multipath
channel through which the signal is propagated [8].
V-BLAST is a detection algorithm to the receipt
MIMO systems. Its principle is quite simple: to reak

a first detection of the most powerful signal. It
regenerates the received signal from this user from
this decision. Then, the signal is regenerated
subtracted from the received signal and, with this
new sign, it proceeds to the detection of the sgcon
user's most powerful, since it has already cleéned
first and so forth. This process gives a vector
containing received less interference. A BLAST
scheme is primarily based on the following three
steps: i) interference nulling to reduce the effett
the other (interfering) signals on the desired di)e;
ordering to select the sub stream with the largest
signal-to-noise ratio (SNR); and iii) successive
interference cancellation(SIC), which is a well-
known physical layer technique. Briefly SIC is the
ability of a receiver to receive two or more signal
concurrently (that otherwise cause a collision in
today’s systems). SIC is possible because thevercei
may be able to decode the stronger signal, sultract
from the combined signal, and extract the weaker on
from the residue. A large number of low complexity
linear MIMO detectors have been developed.
Generally these linear detectors are based on
minimum mean-square error (MMSE). But the
performance of this detector can be poor, espgciall
in MIMO systems that use a small number of
receiving antenna  branches. To improve
performance, a so called V-BLAST algorithm has
been introduced. This performs successive
interference cancellations in the appropriate order
BLAST system with SIC detector helps to achieve
the high spectral efficiency with reasonable dexgdi
complexity, in rich scattering environments through
exploiting spatial dimension and also V-BLAST
yields higher diversity gains and improves BER
performance.
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We are combining this system with OFDM. The
combination of MIMO and OFDM techniques is a
potential candidate for the future wireless netwgork
since they ensure high spectrum efficiency as asl|
high diversity gain. Combining OFDM with MIMO
technique increases spectral efficiency to attain
throughput of 1 Gbit/sec and beyond, and improves
link reliability. Efficient implementation of MIMGO
OFDM system is based on the Fast Fourier
Transform (FFT) algorithm and MIMO encoding,
such as Alamouti Space Time Block coding (STBC),
the Vertical Bell-Labs layered Space Time Block
code VBLASTSTBC, and Golden Space-Time
Trellis Code (Golden STTC).

We are using here MIMO OFDM system with
VBLAST algorithm and MMSE equalizer. So BER
performance will be improved to a large extent.

System Model

A.OFDM with MIMO

TRANSMITTER PART

At transmitter first, the data is generated from a
random source, consists of a series of ones awnd.zer

Data input bits are converted into symbol vector
using modulation. Modulation scheme used to map
the bits to symbols are BPSK, QPSK, 16 PSK, 256

PSK.
T
f FFT | fgd
ol S-S gy
‘L Add A7
FFT | | a
Figure2: Block Diagram of Transmitter of OFDM with
MIMO

Since the transmission is done block wise, when
forward error correction (FEC) is used, the siz¢hef
data generated depends on the block size used,
modulation scheme used to map the bits to symbols
(BPSK), and whether FEC is used or not. The
generated data is passed on to the next stagethe.t
FEC block.

Forward error correcting codes are applied to nbrma
convolution code sequence and interleaved
convolution code sequence. The error correcting
codes are used, to avoid long run of zeros or aaees,
the data generated is randomized. This resultase e

in carrier recovery at the receiver. The randomized
data is encoded using tail biting convolution codes
(CC) with a coding rate of %.

The sequence is then fed to the chaotic
communication system. The Chaotic communication
converts the block of m-binary symbols into two
encrypted sequences. Two coupled chaotic
communication system is used, hence two sequences
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are generated. These sequences are then passed onto
the next stage, the IFFT, to convert into time dioma
1 _ j2nk
5j(n) = X3 xexp (5°) (1)
Where, j is the number of transmitting antenna
and i is the number of chaotic sequence. Herewor t
coupled system there are two chaotic sequences.

RECEIVER PART

This is the final part of the communication system
and the most important one. In the receiver theadig

is received by forming the beam in the desiredalign
direction, demodulated and then combined by using
receiver, and probabilistic symbol estimation is
performed.

Get the
signal &
calculate

] BER

Selection for
sminirmun BER.
sequence
Chaotic
c

Get the
L 4/[

DOA&
baem
forming

i
[

eeeeee sl &

calculate
BER

Figure3: Block Diagram of Transmitter of OFDM with
MIMO

At receiver first of all the direction of arrivalf the
multipath signals are determined. Here the
assumption is that the multipath components of the
signal are strong enough to distinguish them from
noise. The LMS and LLMS beam forming algorithms
are used to form the beam in the direction of
incoming signal.

The OFDM receiver is shown in Fig.3.At the
receiver, the signals are received and combineld wit
different path loss and different fading fluctuatio
Receiving antennas used at the receiver are 2. The
received OFDM symbol before OFDM demodulation
can be formulated as:

y(n) = FFT[s(m)h(n)]+G(n) )
Where, G (n) represents an uncorrelated additive
white Gaussian noise, h(n) is the communication
channel impulse response, and S(n) is the traresitt
OFDM symbol in the nth carrier duration.

a) The first thing done at receiver (in
simulation) is estimation of angle of
reception.

b) Find out the sum of power of all incident
signals for each angle from (0° to 180°) of

all elements.
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From the maximum peak in the power
spectrum we can estimate the DOA's of the
desired signals.

Two transmitting and two receiving
antennas are used. So at the receiver we get
four copies of the received signal.

Two copies from chaotic system 1 and two
from chaotic system 2.

At the receiver these copies are termed as normal
angle reception signals i.e. when the signal from
transmitting antenna 1 Tx1, is received by the
receiving antenna 1, Rx1 same is the case for
Rx2.So,two signals: normal angle reception signal
land normal angle reception signal 2 are obtained.
Now, when, receiving antenna 1 Rx1, received the
signal from transmitting antenna 2 Tx2, termedsit a
mixed angle reception. Same is the case for Rx2. So
two signals mixed angle reception signal 1 & mixed
angle reception signal 2 are obtained.

After estimating the angle of arrival, adaptive
beamforming algorithms LMS and LLMS algorithms
are used to minimize the interference.

After receiving four copies of the signal, signale

fed to the FFT for frequency domain transformation.
For decoding of the signals chaotic decoders are
used. Here the signals are decrypted. After deicnypt
signals are added and threshold value can be
calculated.

After this FEC is removed from the decoded
sequence for normal angle reception signal & mixed
angle reception signal.

Now these two sequences are compared to find out
which sequence has minimum value of error in bits.
For this each sequence is matched with the input
sequence to find out which sequence has minimum
BER. Finally it gives the result in terms of recoee
sequence & recovered mode i.e. recovered sequence
is from which mode: normal reception mode or
mixed reception mode along with the angle of
recovery [1].

e)

B. VBLAST System

Generating, QPSKE
binary randorn ——  bassband Vector
SEGUENCE modulation encoder
nt)
VELAST
Celeulate dererbng Fading
EEE masE cheanel
nulling)

Figured. Simulation Block Diagram of VBLAST System
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Figure4 describes simulation block diagram for V-
BLAST scheme. To decode the transmitted symbols
of the first layer, the receiver needs to estinthe
channel matrix using pilots. In this simulationgth
fading channel characteristics are assumed to be
known perfectly at the receiver. The transmitter
consists of a binary random generator, a QPSK
baseband modulator and a vector encoder. The binary
random generator generates the transmitted bits.
These bits are modulated in the QPSK modulator
using the complex envelope form. It is assumed that
each symbol has an ideal rectangular pulse shape an
may be sampled with a single point per symbol. The
vector encoder maps the symbols to each antenna. In
the channel block, the transmitted symbols undergo
Rayleigh fading and additive noise. Rayleigh fading
channel coefficients are generated with two
independent Gaussian random variables with unit
variance. The phase delay is distributed uniformly
between —m andtm. In addition, the channel is
assumed to be quasistationary, that is, the channel
coefficients do not vary during the given perianéi

The receiver is made up of decoding processing and
an error rate calculation block. At the decoding
processing block, we simulate the several types of
schemes reviewed briefly in analysis section. The
decoding methods are reviewed in the following
section. PIC does not need to consider the ordering
issue since it cancels out all other paths interfee

in the same stage. We compares the performance for
ordered and non-ordered systems, and the simple ZF
and MMSE technique are compared on the basis of
PIC and SIC algorithm. For applying the MMSE
technique, we need to know the SNR at the receiver.
Therefore, knowledge of the SNR is also assumed at
the receiver. Finally the SER is calculated by
comparing the originally transmitted symbols with
received symbols that are estimated at the receiver

In the V-BLAST the received vector with sin® (11

is modeled by
R=Ha+n 3)
Where H represents the channel matrix with
dimensionnRInT, whose element hi, j represents the
complex fading coefficient for the path from trarism

j to receive antenna These fading coefficients are
modeled by an independent zero mean complex
Gaussian random variable with variance 0.5 per
dimension. A denotes the vector of transmitted
symbols with dimensiomT (111, n represents a
complex vector of independent samples of AWGN
over each received antenna with zero mean and
variance 2. The nulling matrixG is described in Eq.
(4) and (5) for the ZF and MMSE criteria with the
form of pseudo-inverse of the channel makfix
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W = (H'H)"'H"
2

G=(H'H+3
°d

(4)
®)

2
WhereX denotes the inverse of signal-to-noise
%d

ratio at each receive antenihtl. [represents the
conjugate transpose matrix of channel matttix

C. Equalizers

Equalizer minimizes the error between actual output
and desired output by continuous updating its rfilte
coefficients. Equalization is the main area of @nc

in this paper. Equalization is filtering approablat
can be applied in time and frequency domain
producing time domain Equalizers (TDEs) and
frequency domain equalizers (FDEs). FDEs are
preferred over TDEs as they are simpler to use.
Equalizers are generally categorized as linear and
non-linear depending upon how the output of it is
used [6]. Another important concept in equalizer
design is number of taps in a filter structure. The
maximum time delay spread of the channel limits the
number of taps in equalizer design. An equalizer ca
equalize for delay intervals less than or equahto
maximum delay within the filter structure. The most
useful that we are using equalizer algorithm is
MMSE.

MMSE Equalizer for 2X2 MIMO:-

MMSE equalizer is a balanced linear equalizer,
which does not usually eliminate ISI completely but
instead minimizes the total power of the noise i&id
components in the output, therefore preferred in
OFDM. We want to solve the problem of ISI
therefore the joint operation of OFDM with MMSE.

In the above fig.2 a 2*2 MIMO channel is shown.
The MMSE Equalizer for 2*2 MIMO channel will
be:-

In the first time slot, the received signal on finst
receive antenna is,

X
Vi =hyiX +hypxp 0, =[hig hyp] [x;] +

ny (6)

The received signal on the second receive antenna i
Y2 = h2,1X1 + hz,zxz +n, = [h2,1 hz,z] [2] +

ny 7
Where

v, Y, are the received symbol on the first and second
antenna respectively,

hy, is the channel from®l transmit antenna td'l
receive antenna,

h,, is the channel from"2transmit antenna tc™1
receive antenna,
h,,is the channel
to 2" receive antenna,

from®ltransmit  antenna
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h,,is the channel from"2transmit  antenna
to 2 receive antenna,
X1, xpare the transmitted symbols amg,n, is the

noise on 1 2" receive antennas.

We assume that the receiver
knowsh, 1 hy 5, h,1 hypand.  The  receiver  also
knows andy,,y,. For convenience, the above

equation can be represented in matrix notation as
follows
] [h11h12] ]+[n1]
hy; hys N
Equwalently,
y=Hx+n

TheMMSE approach tries to find a coefficient W,
which minimizes the criterion,

(8)

E ([0} 9
Solving,
W = [H¥H + N,I]~'H" (10)

receiver can
transmitted

the
two

Using theMM SE equalization,
obtain an estimate of the
symbolsx,, x,, i.e.

[2] [HYH + NoT]*H¥ |

Y1] (11)

Y2

When comparing to the equation in Zero Forcing
equalizer, apart from theé,! term both the equations
are comparable. In fact, when the noise term is,zer
theMM SE equalizer reduces to Zero Forcing
equalizer. The concept dduccessive interference
cancellation to theMMSE equalizationis an
important concept [5]. In this paper MMSE equalizer
with SIC is used to reduce receiver’'s complexity. |
classicalSIC, the receiver arbitrarily takes one of the
estimated symbols (for example the symbol
transmitted in the second spatial dimensign, and
subtract its  effect from  the received
symboly;andy,.Once the effect of, is removed,

the new channel becomes a one transmit antenna, 2
receive antenna case and can be optimally equalized
by M aximal Ratio Combining (M RC).

We should subtract the effect &ffirst or x, first. To
make that decision, let us find out the transmit
symbol (after multiplication with the channel) whic
came at higher power at the receiver. The received
power at the both the antennas corresponding to the
transmitted symbat; is,

x = [h11]? + [hyy|? (12)
The received power at the both the antennas
corresponding to the transmitted symlpglis,

= [hyz]? + [hap|? 13)

If p., > Dy, then the receiver decides to remove
the effect ofx; from the received vectgr,
andy, x,. Else ifp,, <p,, the receiver decides to

http: // www.ijesrt.com
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subtract effect ok, from the received vectgr,
andy,, and then re-estimatg; [3].

Channel Model

In wireless telecommunications, multipath is the
propagation phenomenon that results in radio siggnal
reaching the receiving antenna by two or more paths
Causes of multipath include atmospheric ducting,
ionospheric reflection and refraction, and refieati
from water bodies and terrestrial objects such as
mountains and buildings.

The effects of multipath include constructive and
destructive interference, and phase shifting of the
signal. This causes Rayleigh fading. The standard
statistical model of this gives a distribution knoas

the Rayleigh distribution.

A. Rayleigh multipath channel model

transmitter receiver
to t1 t2 t3 t4

Figure5: Impulse response of a multipath channel

The impulse response is,

h(©) = =Ry (t = t) + ha(t = ) + -+ +hn (£ =
tn)l, (14)
Where

h,(t — t;)is the channel coefficient of the 1st tap,

h,(t —t;) is the channel coefficient of the 2nd tap
and so on.

The real and imaginary part of each tap is an
independent Gaussian random variable with mean 0
and variance 1/2.

The term\/iﬁ is for normalizing the average channel

power over multiple channel realizations to 1 [7].

Result

In the graphs given below we can easily see theceff

of the MIMO OFDM on the BER performance of the

MMSE equalizer. As it is easily seen from the gsaph

that the MIMO is also helpful in controlling the

reliability and data rate of the system.Therefore
newer technologies are frequently using MIMO
alongwith OFDM to find the lowest errors with high

realibility and with higher error correction fatidis.

The wireless communication today is very much
successful due to easy handling and low power
consumption and due to higher correction of
transmitted bits. Our approch has produced
following:
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Performance of MIMO OFDM system with FFT 128

2X2,2X3,2X4,2X5,3x2,3x3,3x4,3x5,4x2,4x3,4x4,4x o
5,5x2,5x3,5x4,5x5 MIMO with OFDM 128 FFT size. E EEEEE ey wrvrvey

2x3 MIMO
2x4 MIMO |3
2x5 MIMO

10°

TABLE 1: BER Performancefor 2X2,2X3,2X4,2X5
MIMOOFDM

SNR | BER(2X2)| BER(2X3)] BER(2X4] BER(2XH ©

10*

BER

0 | 0.05928 0.05758 0.05479 0.05274 =23
2 | 0.01337 0.01128 0.01078 0.01053 il r
4 | 0.0009939| 0.000886]1 0.0006689 0.0001117 £

107 L
6 | 5.97e-05 5.93e-05 5.953e-05  3.297e-05 SSSEZ35525SS3ZZ:iZcisce

R R T R R L
8 | 3.28e-06 1.719e-06f 1.712e- | 1.266e-06 SNR

006

10 | 1.62e-07 1.60e-07 1.58e-00/ 1.563e-D7 Figure6: BER Performance of 2x2, 3x3, 4x4,

5x5MIM O OFDM 128 FFT

TABLE 2: BER Performance for 3X2,3X3,3X4,3X5 4 Performance of MIMO OFDM system with FFT 128
MM OOFDM SEEEEECE R

3x2 MIMO []
3x3 MIMO |]

3x4 MIMO |
3x5 MIMO ||

[92)

NR | BER(3X2)| BER(3X3)] BER(3X4) BER(3XH)

0.09368 0.09184 0.08594 0.08533

0.02605 0.02585 0.0251 0.02167

0.003392 | 0.003288| 0.00319% 0.002742

0.0003486] 0.0002033 0.00020p2 0.0001205 &

3.44e-06 3.29e-06 3.21e-06 3.15e-0p

PO~ N O

0 1.66e-07 1.64e-07 1.623e-Q7 1.61e-Q7

TABLE 3: BER Performance for
4X2,4X3,4X4,4X5 MIMO OFDM

SNR | BER(4X2)[ BER(4X3)] BER(4X4) BER(4X5)

~N ot I = R

0 0.1245 0.1239 0.1209 0.1153
2 0.04155 0.03998 0.03997 0.03793 Figure7: BER Performance of 3x2, 3x3, 3x4, 3x5 MIM O
4 0.007555 0.006422 0.006267 0.0056715 OFDM 128 FFT
6 0.0006033| 0.0005814 0.00043f14 0.0004252 _
8 4.844e-06| 3.31e-06 3.25e-06 3.19e-06 _ o §
10 1.69e-07 1.678e-07 1.67e-07 1.63e-07 x4 MIMO &
4x5 MIMO
TABLE 4: BER Performance for 5X2,5X3,5X4,5X5 3
MIMO OFDM
SNR| BER(5X2)| BER(5X3] BER(5X4) BER(GXH) ¢
0.15 0.1486 0.1473 0.1469 B

0.05735 0.0549 0.05436 0.05382

0.01117 0.01073 0.009747 0.00941

0.001128 | 0.0011 0.001061 0.001041

QO AN O

5.80e-05 4.078e-03 2.516e-05 1.891e{05

10 1.72e-07 1.714e-07 1.695e-07 1.643e107

Figure8: BER Performance of 4x2, 4x3, 4x4, 4x5 MIM O
OFDM 128 FFT
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5x2 MIMO
5x3 MIMO
5x4 MIMO 3
5x5 MIMO

BER
=
CA
(s

=
o,

=
o,

< T T T T T T TTTTT

=
o,

Figure9: BER Performance of 5x2, 5x3, 5x4, 5x5 MIM O
OFDM 128 FFT

Conclusion

We have plotted graph between BER vs. SNR for
MIMO OFDM systems with VBLAST using MMSE
equalizer. From the simulation results we have foun
out that if we decrease no. of transmitting antsnna
with fixed receiving antennas, BER performance is
improved. We had also noticed that if increasing th
no. of transmitting antennas with fixed receiving
antennas, BER performance if decreased. It is also
seen that if there are minimum transmitting antenna
and maximum receiving antennas, we will get
minimum BER. We have concluded that BER of 2X5
MIMO at 10 db SNR is 1.563e-007 is the minimum
BER in all above combinations.
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