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ABSTRACT

Wireless communication systems require high trargonisspeed, improvement in spectral
efficiency, and increasing speed and robustr@gfiogonal frequency-division multiplexing (OFDM) is
a method of encoding digital data on multiple carrier fregiesn©FDM has developed into a popular
scheme for wideband digital, whether wireless or over coppes, used in applications such as digital
television and audio broadcasting, DSL broad band internesscwireless networks, and 4G mobile
communicationsBy using Multiple input and multiple output (MIMO) i.enultiple antennas at the
transmitter and multiple antennas at the receiver, therapeatficiency will increase. For broadband
communications, OFDM turns a frequency selective chaimbela set of parallel flat channels, which
significantly reduces the receiver complexity. In this grapve applied Space-Time Coded Multiple-
Input Multiple-Output OFDM (STC MIMO- OFDM) concept fgpreading the transmitted symbols. In
the proposed systems, a multidimensional diversity, inctudime, frequency, space and modulation
diversities, can be used, resulting in better bit errompeidnce in AWGN channel for with and without

padding as well as for with and without convolut@oding.
KEYWORDS: OFDM, STC, MIMO, BER, PER, AWGN.
INTRODUCTION

The growth of mobile communications, wireless Interneeas and multimedia applications
has produced a strong demand for advanced wireless technifnes.challenges for wireless
communication designs come from the detrimental chaisiitsr of wireless environments, such as
multipath fading, Doppler Effect, co-channel interfeesn@nd intentional jamming in military
communications and ITS. There is a rising need for higa e [1] [2] [3] [4] [5] [6] [8], in wireless

communication.

As user's demands exceed the capacity of wireless netvapsators are forced to find ways
to improve the network capacity and throughput in order to geoa&n acceptable level of service. There
is tremendous technological growth towards exploiting the bandwidéhsystem. Particularly, in the
wireless domain, 60 GHz RF band has lots of promise whictoffar a bandwidth of 5 GHz. Now we

are thinking of a system which can serve the purposeoaimunication in ITS application. A
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Communication model is based on the principle that any ehamghe signal after transmission is

eliminated to recover the original signal at receiver aradl a reliable communication.

The approaching Fourth generation (4G) mobile communicatistersg are projected to solve
still remaining problems of 3G (third generation) systems amitdvide a wide variety of new services,
from high quality voice to high-definition video to high-dattéeraireless channels. 4G is MAGIC—
Mobile multimedia, anytime anywhere, [9].As a premifor the future, 4G systems, that is, cellular
broadband wireless access systems have been attractingimerest in the mobile communication
arena. The 4G systems not only will support the next genereattiorobile service, but also will support
the fixed wireless networks. The features of 4G systemght be summarized with one word-
integration. There are actually three major objestiwich the 4G technologies to fulfill- Continuous
connectivity, Data rate of 100 MBPS at user terminal athetiGservices like ITS to deploy. CALM [10],
continuous communication for vehicles, is a new World Stahdar ITS operation. It includes

Millimeter wave radar, GPS, 2G air interface to suppid®t activities.
OFDM-MIMO IN WIRELESS COMMUNICATION

Various schemes that employ multiple antennas at the titdmsrand receiver are being
considered to improve the range and performance of commuamicatstems. By far the most promising
multiple antenna technology today happens to be the so callkighle — input multiple-output (MIMO)
system. Increasing the number of MIMO transmitters andvexsehowever holds even greater potential.
In doing so MIMO takes the advantages of the various reflecean by the receiver. STC is one of the
techniques used in MIMO, which spatially multiplexes multipidependent data streams transferred
simultaneously within one spectral channel of bandwi@®DM-MIMO (STC) can significantly
increase data throughput as the number of resolved spatastieams is increased. A MIMO channel is
a wireless link between M transmits and N receiniianas. It consists of MN elements that represent
the MIMO channel coefficients. The multiple transmit aedeive antennas could belong to a single user

modem or it could be distributed among different users.

The later configuration is called distributed MIMO and coapiee communications. Statistical
MIMO channel models offer flexibility in selecting the chah parameters, temporal and spatial
correlations. MIMO channel simulation tools are implemengeskd on these models. Several statistical
MIMO channel models were proposed in [6] and [7].Both nedetroduced spatial correlation by
multiplying a matrix of uncorrelated random variablesabgquare root of a covariance matrix and both
are based on similar assumptions. However, they diffethéir approach. Fig.1 shows conceptual
diagram of existing technology, smart antenna system dMOMhannels respectively.
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Y=Hx+n

MIMO SYSTEM MODEL

The input /output a relation of a narrow band single-user ®Mreless link is modulated by a complex
baseband vector notation:Y=HX+ n ..... (1). Where H is the chamaglix and n is the additive white
Gaussian noise (AWGN) vector at a given instant in tilmenoel noise. Furthermore, as a commonly

used structure for the MIMO system, shares some basic awdith our general multiple antennas.
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The time-varying channel impulse response betweeff'theg 1.2.......... M) transmit
antenna and thé" (j=1.2 ........ N) receive

antenna is denoted as hi,t) This is the response at time ffhe composite MIMO channel response is

given by the N x M matrix H(t) with
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The Vectorrefered to as hlj (tt) hy(@t) ... h (x.t) the sdatio-temporal signature
induced by the j th transmit antenna across the receiverante
MIMO SYSTEM CHANNEL CAPACITY

To mitigate the problem of fading which is due to multipatbpagation, diversity techniques
were developed. Antenna diversity is a widespread fordivefrsity. Information theory has shown that
with multipath propagation, multiple antennas at both tramsmiand channels that operate
simultaneously, on the same frequency band at the sameattitetbd power. Antenna correlation varies
drastically as a function of the scattering environmentdisiance between transmitter and receiver, the
antenna configurations, and the Doppler spread. This espeg®n is also known as spectral
(bandwidth) efficiency. MIMO channel capacity depends hgaw the statistical properties and antenna
element correlations of the channel. Representing the arglioutput of a memory less channel with the
random variables X and Y respectively, the channel cgpacdefined as the maximum of the mutual

information between X and Y: receiver can establish esdbntiultiple parallel .
EXPERIMENTAL SET UP

Transmitter and Receiver system in MIMO-OFDM is showfig. 2(a) and Fig 2(b). OFDM is
a multicarrier transmission technique, which dividesab&ilable spectrum into many carriers, each one
being modulated by a low data rate stream. Each subcar@thogonal to each other, meaning that
cross-talk between the sub-channels is eliminated anddatger guard bands are not required which
significantly reduces the receiver complexity.

Constellation
mapping

. ET «© \\‘
[ ‘»> FFT! & G'> 0
laiear::\e! 1 . peny
E o]
At in \ﬂ, &

2 (a): Block diagram of OFDM-MIMO (STC) Transmitter System.



93 Enhancement of High Data Rates in Wireds Communication Networks Using MIMO-OFDM Technology

In current 802.11 systems without MIMO (Multiple Input MukiOutput) there is a single RF
(Radio Frequency) chain on the wireless device. Multipteraras use the same hardware to process the
radio signal. So only one antenna can transmit or reegigdime as all radio signals need to go through
the single RF chain. In MIMO there can be a separatehi for each antenna allowing multiple RF
chains to coexist. The various parameters on whickithelation followed by analysis for Fig.2 (a) and
Fig 2(b) are: Modulation techniques: BPSK, QPSK. NumbeF©BT points: 256 and 1024 (with and

without interleaving),

Convolution code rates: R1/2 and R3/4, Channel Models: AWGN.

Symbol
delecton

I
)

é—; ]
4.l_r Puske
T toserial
ﬂJsa ]

2 (b): Block diagram of OFDM-MIMO (STC) Receiver Systen.

In current 802.11 systems without MIMO (Multiple Input MukiDutput) there is a single RF
(Radio Frequency) chain on the wireless device. Multipteraras use the same hardware to process the
radio signal. So only one antenna can transmit or reegigdime as all radio signals need to go through
the single RF chain. In MIMO there can be a separateHin for each antenna allowing multiple RF
chains to coexist. The various parameters on whichitmelation followed by analysis for Fig.2 (a) and
Fig 2(b)are: Modulation techniques: BPSK, QPSK. NumbeFET points: 256 and 1024 (with and
without interleaving), Convolution code rates: R1/2 and R3{¥an@el Models: AWGN.

SIMULATION AND PERFORMANCE ANALYSIS OF OFDM-MIMO (S TC)
SYSTEMS

Performance analysis has been done for the proposed dyassechon MATLAB simulation. In
communication systems, information bits are typicallpuged into a frame or packet format and
transmitted to a receiver. The received packets may berddsclude errors because of a noisy channel
for transmitting the data. The packet error rate (PER)e percentage of received packets that include
an error. PER in a coded system depends on the ratie bfttenergy to noise spectrum density (SNR),
the FEC code rate , ARQ scheme and the packet size.rBit Eate (BER) is the fundamental parameter
to access the quality of any digital transmission andityuaeasurement of recovered data. Using FFT
approach as the number of subcarrier increases the ksettecuracy due to higher number of points.

Hence data rate will also increase.
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i ) In comparison with three modulation schemes by varyiecgiver elements and keeping the
transmitter elements initially fixed, for the case of wihd without padding for BPSK and QPSK
modulation, as SNR increases BER and PER improves. Saatlatacreases as shown in fig.3, which is
mainly due to its receiving diversity technique.

Fig.3: Performance of a BPSK modulation for without padding) without coding. Parameters: No. of
FFT points= 256; Modulation = BPSK; Channel = AWGN, Tx elemehtsnd Rx element =2.
Modulation: QPSK, Number of data carriers: 256

Modulation: BPSK  Number of Data Carriers: 256
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Figure: 3

Fig.4: Performance of a QPSK Modulation for with Padd?agameters: No. Of FFT
Points = 256; Modulation =QPSK; Channel = AWGN, Tx Eleme2t&nd Rx Element =2, Code
Rate=1/2.
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i) For with coding OFDM-MIMO (STC/MRC) system overgérformance of all modulation techniques
is much better than without coding. Modulation: BPSK, Numbeaafiers: 256

Fig.5: Performance of a BPSK modulation for without paddingmaters: No. of FFT points = 256;
Modulation = BPSK; Channel = AWGN, Tx elements=2 and Rxeint

=2, coding rate=3/4 Figure : ( 5)

Fig.6: Performance of a QPSK modulation for without paddagameters: No. of FFT points = 256;
Modulation = QPSK; Channel = AWGN, Tx elements=2 and Rxehnt =2, coding rate=3/4 Figure : (
6)

iii) The overall performance of BPSK for OFDM MIMO( ST&ystem can improve for higher values of
FFT points but the performance of QPSK almost remain cainsthe overall performance for both with
coding ,without padding and with coding ,with padding1024 Féiftp is better than 256 FFT points in
case of QPSK modulation as depicted in Fig.3,4 and Figig.10.

Fig.7: Performance of a BPSK modulation for withoutigiag Parameters: No. of FFT points = 1024;
Modulation = BPSK; Channel = AWGN, Tx elements=2 and Rrent =2.
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Fig.8: Performance of a QPSK modulation for without padding Reteas1 No. of FFT points =256;
Modulation = QPSK; Channel = AWGN, Tx elements=2 and Rx ai¢m2.
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Fig.9: Performance of a QPSK modulation for without pagd?arameters: No. of FFT points = 1024;
Modulation = QPSK; Channel = AWGN, Tx elements=2 and Rx ai¢m2.
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Fig.10: Performance of a QPSK modulation for without pagld?arameters: No. of FFT points = 1024;
Modulation = QPSK; Channel = AWGN, Tx elements=2 and Rx ai¢m2, Code rate =1/2.
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Figure: 10
CONCLUSIONS

From the performance, with different antenna configuratioms @opagation conditions the
proposed MIMO-OFDM (STC) gives potentially higher spectrdicieihcy because no orthogonal
transmitted signals and received co-channel signals graraded by decor relation (processing
algorithm) due to multipath. It is understood that both MIk©hnology and wider bandwidth channels
will be required to reliably satisfy the higher throughpuieads of next generation applications. The
result shows that proposed system fare capable of improvingatei and maximizing throughput

efficiency without increasing total transmit power oruiegd bandwidth with STC processing at the
receiver .
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