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Abstract: Problem statement: A large amount of research has been performedhwae very high
data rate networks to support reliable transmissibmideo, data and speech at high rates to many
users. One way to increase the data rate in aesgedystem is to use multiple transmit and/or vecei
antennas (MIMO structure). Indeed, it has been shitat the Shannon capacity of MIMO channel is
(if the channel is known to the receiver) growsdiny with the number of transmit antennas and the
number of receive antennas. MIMO systems can bé&mmgnted using various types of pre coding and
modulation technique. All leads to get better sigmathe receiverApproach: Large scale fading
due to multipath propagation of wireless signals ba mitigated by deploying multiple antennas
both at the transmitter and the receiver. MIMO sgst can be implemented using many techniques.
Here at the transmitter the signals are coded uspare time block codes and then they are
modulated using Orthogonal Frequency Division Muéking (OFDM). Due to this the received
signal can have an improved SNResults: The results are obtained for simple STBC-MIMO
system, when it implemented for various numberrphgmit and receive antennas. The resultant
SNR and BER were obtained through simulation. Tirensame system was deployed using OFDM
technique. The results were compared for simple MHUFDM and coded MIMO-OFDM.
Conclusion/Recommendations. The complexity increases for higher data rate beeaf using both
coding and modulation technique. By using propeppinag technique before deployment on the
transmit antennas the complexity may be reduced.Q®DM technique can be improved to give high
SNR by properly coding it like a CDMA process.

Key words: Multiple Input Multiple Output (MIMO), space timeoding, multipath fading, Single-
Input Single-Output (SISO), Orthogonal Frequencyi§idn Multiplexing (OFDM)

INTRODUCTION spectrum resources, multiple-access interferenak an
limited battery life of mobile devices (Alamouti9a8;
Wireless is the fastest growing segment of theAbreu and Kohno, 2003; Dumard and Zemen, 2007;
communications market in the world. It has a wideHammons and Gamal, 2000; Kaiser, 2005; &fial.,
range of services from satellites that provide loitv  2002; Tarokhet al., 1998; 1999; Kworet al., 2010;
rates but global coverage and cellular systems witthan, 2010).
continental coverage to high bit rate local areavoeks Consider the use of multiple antenna elements at
and personal area networks with a maximum range of both the transmitter and the receiver ends to ing®@®
few to a hundred meters. Using a cellular systelmyis wireless connection. The use of multiple antenras h
far the most common wireless method to accessatata been a recent significant breakthrough in wireless
perform voice dialing. In the near future, we weilpect technologies. It creates a Multi-input Multi-Output
seamless global roaming across different wirelesgMIMO) channel in which each path from one transmit
networks and ubiquitous access to personalizedntenna to one receive antenna can be viewed as one
applications and rich content via a universal asdru signaling branch. MIMO systems have two major
friendly interface. Yet, in this climate, reseanghsetill  attractive advantages that conventional Singledinpu
struggle with the fundamental questions about the&Single-Output (SISO) systems do not have. These are
physical limitations of communicating over wireless Multiplexing gain (or spectral efficiency gain):sA
channel. These include multipath fading, limitedsupported by information-theoretic studies the dehn
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capacity of a multiple-antenna system is considgrab and sent through the Tx antennas simultaneousty int
higher than that of a single-antenna system. Irthe wireless channel. The signal which is received
particular, it is widely understood that channgbaeity = might be a different version of the transmittechsigas
increases asymptotically linearly with the minimuma result of the multi path fading and interferences
number of transmit and receive antennas whemundergone by the signal while passing through the
channel knowledge is available at the receiverchannel. Hence the function of the receiver isitst f
Therefore, the degree of freedom for communicationglemap, demodulate and decode the received sigdal an
is increased. As a result, the transmission rat¢hen form a decision of what signal was transmitted
increases linearly without an increase in the total At the receiver:
transmission power or channel bandwidth.

Diversity gain: If the antennas at both ends havé = HS+n -
no, or very low, correlation, the signaling brarghe I~ ("R x 1), s<(nT x 1), n-(nRx 1) ~iidh 0, N)
between different transmit-receive antenna pairsain H: ("R x nT) memory less, complex channel matrix
MIMO system can be assumed to be statistically
independent. These independent branches creatsitjive
gain. By transmitting the same data (in the samme,
different, representations) over multiple independe
branches, fading can be effectively mitigated aetch,  gequence transmitted can be considered as:
link reliability significantly improved.

MIMO systems also provide other types of gains y® =[x0,x0 %0
such as array gain and interference suppressian gai
Consequently, multiple antennas are expected tp pla  This can be processed and received with channel
an important role in advanced wireless systems, foknowledge by using the expressions:
example, 3G and beyond.

The problem discussed in our research is how to [

Assume the receiver have the appropriate
knowledge of the channel known as Channel State
Anformation (CSI). This can be accomplished by
sending pilot waves on time to time basis. The bit

develop fundamental transmission strategies adapted %0 =
a point-to-point wireless link with flat fading aaels

to utilize the promises of multiple antennas joindlr o
individually. This topic has, in fact, received rhuc ™
attention in the past few years. As the core idea iy(i) :[X(i) 3 @i ¥ g2 ) -é'(N—l)q)(q‘)i|
complementing the traditional time dimension witle t o T e

space dimension inherently brought by multiple
antennas, MIMO-related transmission strategies ar
often referred to as Space-Time (ST) techniques.
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QFDM basics: The block diagram of OFDM system
Studied in this study is shown in Fig. 2. A set@-

. ' . arallel buffer segments the information bit seqaen
q Trt1ere IS SThCOdm? kand lmgdule}tlon éﬁhemisstth to parallel output stream and then modulator kdoc
0 not require channel knowledge, 1.€., Lhannelesta map them into complex numbers which determines the

Inf(_)rmation_ (CSI.)’ at the transmitter. BOth_ Caseés 1 constellation points of each sub carrier. The nundfe
which CSl is available (coherent) and unavailab@nt  piis assigned to each sub carrier is variable basetie

coherent) at the receiver, respectively, are censitl variability of signal to noise ratio across thegiiency
range. Optimization of this bit assignment will be

Fundamentals of MIM O systems: detailed in further.

Basic system design: Consider the system shown in The OFDM modulation can be efficiently

Fig. 1 which employs multiple antennas on both thémplemented in discrete time using an inverse HFFT)
transmitter and the receiver side. Raw bit stredm ot0 actas a modulator and an FFT to act as a deatodu
digital data enters into the transmitter wheres passed

through a simplified block that includes functioliise .‘/\\
coding which adds redundancy to the binary data in V/%\ Ny
order to combat the detrimental effects of the cefn cotmn T ;Cham‘H/x‘ o Weighting |
modulation which maps the binary stream into comple oo101105  modulation r\\ | J.| Semappine - Looio110
modulation symbols and mapping which includes "Eigh““gmpp“‘g&\\' I///% decoding |
assigning weights to different transmit antennas or wrxes S\ hemxes
spatial processing and beam forming or precedihgs T

signal is then up-converted to some higher frequencFig. 1: MIMO wireless transmission system
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"E @' mter_ferenc_e each carrier signals are separatguidper
cyclic prefix.
BFT . .
gl O N | e 0 B These symbols are transmitted simultaneously from
Bty £ Hiis antennas one and two, respectively. At the seciomel t
Modulator emodutato slot, signals S*(n) and S*(n+l) are transmitted
simultaneously from antennas one and two, respygtiv
I The transmission matrix can be given as:
estimation
— S(n  s(n
l s
-S*(n+1)  S*(n)
Adaptive . .
Bit and The channel matrix can be given as:

power
allocation

hl h2
H =
-h1* h2*

The Received signals can be obtained as:

Fig. 2: OFDM system block diagram

A cyclic prefix which is set to the excess delaytlod

radio channel is also added to each of the regultin Y (n) = his (n) +h2s (n+1) +v (n)

signals to reduce the effect of ISI and inter-salrier Y (n+1) = his*(n+1) h2s*(n) +v (n+1)
interference. The sample streams are then converted

from parallel-to-serial for final transmission. where, v (n) and v (n+1) are noise components aided

By using the OFDM technique the space timethe channel.
coded signals were modulated using different carrie  The transmission model is:
frequencies.

Y = HS+V
MATERIALSAND METHODS
The matrix form of V is:

It is known that Space-Time Block Coding (STBC)
has emerged as an efficient means of achieving near ( v(n)
optimal transmitter diversity gain. And also exisgti v _(v*( 1)]
implementations are sensitive to delay spreads and
therefore, are limited to flat fading environmergach
as indoor wireless networks. Orthogonal Frequency,,
Division Multiplexing (OFDM) with a sufficiently lng

cyclic prefix can convert frequency-selective faglin 41,5 combination of input and output antenndterA
channhgls |ntodmult!ple fI_at fad|n%§ub chlan_nels. h coding and modulation mapping has to be performed
This study aims in providing solutions to the pothe the signal was fed into the transmittingeana.

_probler_ns like probability of bit error rate and_ Different kinds of combinations are given below.
improving the SNR level. The present methodology is By increasing the number of antenna at the

modified in order to achieve the needed efficieridye .o cmitter side the capacity of the system can be

number of antennas has been increased to obtegr Ioetincreased linearly. The signal constellations fariaus
performance.

. . L . combinations are discussed here:
Consider a wireless communication system with

two antennas at the base station and two antenrnls a r

remote. At each time slot, signals S (n) and S rat&  Realcontellation® 2,# 1%

transmitted simultaneously from the transmit anésnn L
At the first time slot two bits arrive at the edeo

and select two complex symbols S (n) and S (n+1). A X, X, Xs X,

the first time slot two bits arrive at the encoderd

select two complex symbols S (n) and S (n+1)..AfterRealcontellation& 4, 1X

this coding each time slot signals are modulatedgus

OFDM technique .In order to reduce the inter carrie ™%X X3 Xy Xy
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After coding and modulating mapping can be done
various combinations as follows.
The coding and modulations were performed for
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Complex constellation, M 2, r = 1: 10 Dbl =1 ]
Dturbo-blast. 1=3 []
© Turbo-blast,1=1 |
|:X1 X2:| L0t . WS wEh Turbo-blast, 1 = 3
X = L
X, X, . S
2 107
Complex constellation, M 3, r = %a:
. _ 1073 Sy
X, X, X3
J2
104
—X* X* X3 0 2 4 6 8 10 12 14 16 18 20
= 2 1 \/E SNR dB
X3 Xsg X TXHXTX Fig. 4: STBC system with layered architecture
NEE g Y Yy
2 2 2
_X; _X*3 X2 - )(’t2 + Xl - )(*1 ]Ofﬂ T T T T T T T T I. T T
_ A < < - - wan (5, Fig. 50)
L \/E \/E 2 | ----D-O-Sgl'BC. 16 QAM
— D-Q0-STBC. QPSK
RESULTS "
MIMO system implemented using STBC with 5
OFDM has many advantages. The BER reduces with g W
increasing the diversity order and the SNR and BER E
were compared for various combinations of trangmitt
antennas and receive antennas. Figure 3 shows the & '
results for basic diversity system and with OFDM
system. Figure 4 shows the comparison for layered
architecture for MIMO system for various number of 10
transmit antennas and receive antennas, Fig. Beis t
output for various combination of antennas foratiéint
mapping, Fig. 6 shows the comparison of coded MIMO Bl % 5 & Uw B ERE T o n
with uncoded MIMO. Signal to Noise Ratios (SNR dB)

Fig. 5: STBC system implemented with OFDM
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Fig. 3: Basic STBC system for various modulations  Fig. 6: STBC system implemented with OFDM
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DISCUSSION
Hammons, Jr., A.R. and H.E. Gamal, 2000. On the

The results show that there is an improved theory of space-time codes for PSK modulation.
performance in the SNR when comparing the coded IEEE Trans. Inform. Theory, 46: 524-542. DOI:

MIMO-OFDM with the un coded MIMO-OFDM 10.1109/18.825816
system. By using different mapping technique theKaiser, T., 2005. Smart Antennas: State of the Bst.
capacity can be increased and SNR can be improved. Edn., Hindawi Publishing Corporation, New York,

Even though the complexity increases in USA., ISBN: 10: 9775945097, pp: 876.

implementing the system the connectivity increases. Liu, Y., M.P. Fitz and O.Y. Takeshita, 2002. A rank
criterion for QAM space-time codes. IEEEans.

CONCLUTION Infform.  Theory, 48: 3062-3079. DOIL:
10.1109/TIT.2002.805074
Using the coded multiple antennas in bothTarokh, V., A. Naguib, N. Seshadri and A.R.

transmitter and receiver the bit error rate redumed Calderbank, 1999. Space-time codes for high data
SNR increases. The capacity of the system also rate wireless communication: performance criteria
increases linearly with the increase number of rarde in the presence of channel estimation errors,
in both the transmitter and receiver. mobility and multiple paths. IEEE Trans.
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