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ABSTRACT

A detail analysis of the performance of 2X2 MIMO @Mple Input Multiple Output) antenna systems hagn
carried out for different modulation schemes andltiplexing techniques using ML detector at the reee end.
The transmission characteristics of the MIMO systeave been determined for BPSK, QPSK, and 16-QAMutadion
schemes presuming Additive White Gaussian Noise GN) and for the flat fading Rayleigh channel. Oe tieceiver
side, Successive Interference Cancellation teclenigith Maximum Likelihood (ML-SIC) detectors haselmeemployed
for determining the BER Vs SNR performance of thenmunication channel. The simulation results shoat for BER of
~10% the SNR increases with higher modulation schefrema BPSK to 16-QAM. Further the results of the Igsi
indicate that for BPSK modulation at BER of <*16he SNR performance for OSTBC multiplexing isriduo be 14.39
dB, for CDMA multiplexing the SNR ~13.37 dB and f@FDM multiplexing the SNR ~12.54 dB. Thus the BER
performance of 2X2 MIMO-OFDM transmission channethwML detector shows the lowest SNR ~12.54 dB tfoe
OFDM multiplexing. Further the MIMO-OFDM multipleng system shows an ~2 dB and 1 dB improvement n@gpect
to OSTBC and CDMA multiplexing techniques. A comipan of the MIMO performance with different multpiing
techniques indicate that the 2x2 MIMO—-OFDM trangiais channel for BPSK modulation depicts bettefqarance

with ML detector system at the receiving end. Tineutations results are presented and discussdkipdper.

KEYWORDS: Signal to Noise Ratio (SNR), Quadrature Amplitudeddlation (QAM), Phase Shift Keying (PSK),
Orthogonal Frequency Division Multiplexing (OFDMprthogonal Space Time Block Codes (OSTBC), Multiplput
Multiple Output (MIMO), Code Division Multiple Aces Techniques (CDMA), Bit Error Rate (BER)

INTRODUCTION

The major challenges of wireless communicationesystis to provide high-data-rate wireless accedsgit
quality of service (Qo0S), combined with limited spem resource and hostile propagation conditions.
This demands/hassle increase spectral efficiendyimprovement in link reliability. The wireless atreel is much more
changeable than the wire line channel becauseabdrfa such as multipath, shadow fading, Doppleeaprand delay
spread or time dispersion

The demand for higher network capacity and for éigherformance of wireless networks is not breakabl
MIMO Systems are able to improve the spectral igfficy significantly and consequently MIMO will playkey role in

many future wireless communication systems.

www.iaset.us editor@iaset.us



12 R Bhagya & A G Ananth

MIMO is a technique where multiple antennas aral weboth the transmitter and the receiver to mseehe link
reliability, the spectral efficiency, or both. Thiencept has been around for many years but itihus@eless standards is
more recent. This is probably due in part to thet that OFDM (orthogonal frequency-division muléging), which
facilitates the implementation of MIMO, is now comnly used in today’s wireless standards. MIMO téghes are used
today in technologies like Wi-Fi and LTE, and neectniques are under study for future standards Lk&

Advanced [4, 5].

Orthogonal Frequency Division Multiplexing (OFDM3 bne of the important physical layer technolodas
high data rate wireless communications due toakaistness to frequency selective fading, high sakefficiency, and
low computational complexity. OFDM is a popular hed for high data rate wireless transmission. Tdtsinique divides
the frequency available into many closely spacediera which are individually modulated by low radata streams.
Multiple Input Multiple Output (MIMO) wireless sysins use multiple antenna elements at transmit andive to
improve capacity over single antenna topologiesmiultipath channel characteristics play key role determining
communication performance. OFDM can be used in wutjon with a Multiple-Input Multiple-Output (MIMD
transceiver to increase the diversity gain andier gystem capacity by exploiting spatial domainca@se the OFDM
system effectively provides numerous parallel nalband channels, MIMO-OFDM is considered a key tetbgy in
emerging high-data rate systems. The combinatioM®HOFDM is beneficial since OFDM enables supportnodre

antennas and larger bandwidths since it simpldepgalization dramatically in MIMO systems [1, 14].

By adopting multiple-input multiple-output (MIMO)nd orthogonal frequency-division multiplexing (OFDM
technologies, indoor wireless systems could reeatia dates up to several hundreds of Mbits/s andeeehspectral
efficiencies of several tens of bits/Hz/s, whicte amattainable for conventional single-input sirolgput systems.
The enhancements of data rate and spectral efficieome from the fact that MIMO and OFDM schemes iadeed
parallel transmission technologies in the space faeguency domains, respectively. MIMO-OFDM whemeeated
OFDM signal is transmitted through a number of anées in order to achieve diversity or to gain higinensmission rate
then it is known as MIMO-OFDM. Orthogonal Frequemyision Multiplexing (OFDM) is a popular modulati scheme
that is used in wireless LAN standards like 802,1d,aHIPERLAN/2 and in the Digital Video Broadcasti standard
(DVBT). It is also used in the ADSL standard, whitris referred to as Discrete Multitone modulati@FDM modulation
divides a broadband channel into many parallel chdmnels. This makes it a very efficient schemetrfansmission in
multipath wireless channels. The use of an FFT/IFREIr for modulation and demodulation make it cotagianally

efficient as well.

The present study involves a number of proceduagsety simulations of the 2X2 MIMO transmission &ysf
OFDM multiplexing, Digital modulation and computatiand comparison of BER for different SNR. The ainthe study
is to identify appropriate multiplexing and modidat techniques for MIMO system that gives betterBror Rate (BER)
performance for different digital modulation ScheniBPSK, QPSK, 16-QAM) using MATLAB simulation.

MULTIPLE INPUT MULTIPLE OUTPUT (MIMO)

MIMO systems are a natural extension of developmenéantenna array communication. While the adwgegaf
multiple receive antennas, such as gain and spditiatsity, have been known and exploited for same the use of
transmit diversity has only been investigated rdgehe advantages of MIMO communication, whichpleits the

physical channel between many transmit and reaaitennas, are currently receiving significant diten
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MIMO systems provide a number of advantages ovgjisiantenna to single antenna communication. 8é@tsi
to fading is reduced by the spatial diversity pded by multiple spatial paths. Under certain emiinental conditions, the
power requirements associated with high spectfadi@ficy communication can be significantly reducetére, spectral

efficiency is defined as the total number of infation bits per second per Hertz transmitted from amay to the other.

MIMO systems employ multiple antennas at both tla@gmitter and receiver. They transmit independirtd
(sayxy, %, ..., X) on different transmit antennas simultaneously iartthe same frequency band. At the receiver, a MIM

decoder users MxN antennas. Assuming N receivenaase and representing the signal received by @aiemna as we

have:

ri=hpxathpxot... ... +hinsn

ro=hpiXi+hooXot... ... +honsn

rn=hniXgHhyoXot ... ... +hunxn

As can be seen from the above set of equationsaiking their way from the transmitter to the reeejthe
independent signals {xx,, ..., %} are all combined. By treating the channel as arimawe can in fact recover the

independent on the modulation scheme in each sabreh transmitted streams;xTo recover the transmitted data
stream {x} from the {5} we must estimate the individual channel weightsdonstruct the channel matrix. Having
estimatedH, multiplication of the vector with the inverse oH produces the estimate of the transmitted vextdris is

equivalent to solving a set of N linear equatiandliunknowns [2, 6].
ORTHOGONAL SPACE-TIME BLOCK CODES (OSTBC)

Orthogonal STBCs are an important subclass of 1ii8¥BCs that guarantee that the ML detection diediint
symbols {g} is decoupled and at the same time the transmissibbeme achieves a diversity order equalrto The main
disadvantage of OSTBCs is the facts that for moaa two transmit antennas and complex-valued sSg@bTBCs only

exist for code rates smaller than one symbol pee glot.

An OSTBC is a linear space-time block code S thatthe following unitary property.

cHg = OY_ &, HI
1)
The " row of S corresponds to the symbols transmittechfthe 1" transmit antenna in N transmission periods,

while the |" column of S represents the symbols transmittedilsameously through;transmit antennas at time j.

According to equation (1), the columns of the traission matrix S are orthogonal to each other. Tiedins that
in each block, the signal sequences from any tausmit antennas are orthogonal. The orthogonaliéples us to achieve
full transmit diversity and at the same time, ioals the receiver by means of simple MRC to deoeupk signals

transmitted from different antennas and conseqgyen#llows a simple ML decoding [3 ,8, 12].
Simulation for OSTBC

In a 2x2 MIMO channel, probable usage of the ab&l2 transmit antennas can be as follows: Congidgrwe

have a transmission sequence, for exampiexXx Xs.....X,}. In normal transmission, we will be sendingix the first time
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slot, % in the second time slotz ¥ the third time slot and so on. However, as we thave 2 transmit antennas, we may
group the symbols into groups of two. In the ftisteslot, send xand % from the first and second antenna. In second time
slot, send xand % from the first and second antenna; sefdnd % in the third time slot and so on. Notice that &saxe
grouping two symbols and sending them in one titag we need only n/2 time slots to complete ttansmission data

rate is doubled.

This forms the simple explanation of a probable MIMransmission scheme with 2 transmit antennas2and
receive antennas assuming channel is flat fadilg fesults of the analysis of BER performance V@R for the

MIMO-OSTBC transmission for different digital modtibn are presented and discussed in the paper [17]
CODE DIVISION MULTIPLE ACCESS (CDMA)

CDMA is a channel access method used by various @mmunication technologies. CDMA is an examie o
multiple accesses, which is where several transmittan send information simultaneously over alsingmmunication
channel. This allows several users to share a bafrdquencies. To permit this to be achieved withaendue interference
between the users, CDMA employs spread-spectruhmtdogy and a special coding scheme (where eaoknigter is
assigned a code). CDMA is used as the access mathndny mobile phone standards such as CDMAONn&yISZ000
(the 3G evolution of CDMAOne), and WCDMA (the 3Gstlard used by GSM carriers), which are often refeto as
simply CDMA [9, 10].

SIMULATION FOR CDMA

CDMA is a spread-spectrum multiple access techniduspread spectrum technique spreads the bandwifdth
the data uniformly for the same transmitted powespreading code is a pseudo-random code that hagrew ambiguity
function, unlike other narrow pulse codes. In CDMAocally generated code runs at a much higherthatethe data to be
transmitted. Data for transmission is combinedbifaise XOR (exclusive OR) with the faster codeeTdata signal with
pulse duration of J(symbol period) is XOR’ed with the code signaltwiulse duration of J(chip period). Therefore, the
bandwidth of the data signal is 3&hd the bandwidth of the spread spectrum sigrBlTis Since T is much smaller than
Ty, the bandwidth of the spread spectrum signal istmiarger than the bandwidth of the original sigfdle ratio T/T. is
called the spreading factor or processing gaindatdrmines to a certain extent the upper limitheftotal number of users

supported simultaneously by a base station.

Each user in a CDMA system uses a different codaddulate their signal. Choosing the codes usedddulate
the signal is very important in the performanceC&fMA systems. The best performance will occur whiere is good
separation between the signal of a desired usetttendignals of other users. The separation ofsieals is made by
correlating the received signal with the locallyngeated code of the desired user. If the signatinest the desired user's
code then the correlation function will be high dahd system can extract that signal. If the desiist's code has nothing
in common with the signal the correlation should @seclose to zero as possible (thus eliminatingsibeal); this is
referred to as cross-correlation. If the code isatated with the signal at any time offset otHwart zero, the correlation
should be as close to zero as possible. This éresf to as auto-correlation and is used to rejadti-path interference
[11].
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ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING (OFDM)

OFDM (Orthogonal Frequency Division Multiplexingy & Multi-Carrier Modulation technique in whichiagie
high rate data-stream is divided into multiple loate data-streams and is modulated using sub-amwich are
orthogonal to each other and can be thought oflasga number of low bit rate carriers transmittingparallel. All these
carriers transmitted using synchronized time arsjfency, forming a single block of spectrum, toueasthat the

orthogonal nature of the structure is maintained.

Consider a quadrature modulated data sequenceedfl tbhannels (g d;, d,, dy.1) and {#1, +3} in 16-QAM.

These modulated data are fed into an inverse fastiér transform (IFFT) circuit and an OFDM signalgenerated.

The transmitted data is given by,

() =L E (iR yoos{ 28 - KI5
—dOHE) sind 2 - RTE))
Sl FTa+ T T diih)
sin{ 2g{e - ETE)) —d0NE)
es{ 2t — TN St~k TE) @

where T < is the symbol duration of the OFDM signal and
fi (i =0, 1, 2 ...) is the frequency of tH&subcarrier given by,

fi=fp+i/Ts
®)

Here, f (t) is the pulse waveform of each of the symbols amldefined as,

_[100F T5)
"ﬂ:]}_‘f_ 0 (otherwise)

The OFDM signal includes many carrier signals withir own frequencies which is then fed into a dutime
insertion circuit to reduce ISI. Since the duratmfneach symbol is long, it can be affordable tsei a guard interval

between the OFDM symbols and thus the inter-symintdsference [ISI] can be eliminated.

The total symbol duration:

Total =Tg +Tn_
4
where, T g = guard time interval
After the insertion of a guard interval, the OFDMrsl is given by,
SO=ZZd (Yepai -k N -k, 3 -
(5)

wheref’ (t) is the modified pulse waveform of each symbol dedias
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[Tz ¢ I5)

FO=1 0z .51

At the receiver, the received signal is given by,

HO=h(T.0s(t—D)dr+n() ©)

where h(z,t)is the impulse response of the radio channel attim (t)is the complex AWGN.

At the receiver, received signél (t)is filtered by a band pass filter. An orthogonated¢or is then applied to the

signal where the signal is down converted to IFdbarhen, an FFT circuit is applied to the signalotitain Fourier

coefficients of the signal in observation peric[dft Tt +Ts]. The output,di ' (k) of the FFT circuit of the'|

otal’ : otal

OFDM sub channel is given by,
af () =1 Tor(t)exg—j2afie —KT, )t
Q)
The characteristics of delayed wavd, (k) in a multipath fading environment can be estimathdrefore the
received data also can be equalized as follows:

" (E)=Chi * (E))/ i (KR * (R M (KD

(8)
Where * indicates the complex conjugate.

By comparingdi '(k) and di" (k) the BER performance can be calculated. The BERratpen the level of the

receiver’'s noise. Thus in OFDM transmission, ththagonal is preserved and the BER performance dispen the
modulation scheme in each sub-channel.

Here, receiver diversity is used by consideringhtieequalizer which is intended to remove the dffefcchannel
from the received signal, in particular the Intgmol Interference (ISI), when the channel is nleise However when
the channel is noisy, the ML equalizer will amplifiye noise greatly at frequencies f where the chlamgsponse is

] = |y — H&|? has a small magnitude in the attempt to invercti@nnel completely [14, 15].
SIMULATION FOR OFDM

In a 2x2 MIMO channel, probable usage of the abgl2 transmit antennas can be as follofsfirst a serial
data stream is converted into parallel stream anehtoded and interleaved. A suitable digital maiiloh technique is
used. For synchronization pilot bits are addednTiheerse discrete Fourier transform is applied eydic prefix is added
to include guard bits. Finally the signal will bmrsmitted through multiple antennas. Receivedasignprocessed and
recovered using the reverse process of transnaittdre receiverThis forms the simple explanation of a probable NIM

transmission scheme with2 transmit antennas aeddwe antennas assuming channel is flat fadin [13
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MIMO RECEIVER DESIGN

Maximum Likelihood (ML) Receiver

Maximum Likelihood (ML) Receiver achieves the begstem performance (maximum diversity and lowest bi
error ratio (BER) can be obtained), but needs thlistncomplex detection algorithm. The ML receivetcakates all
possible noiseless receive signals by transformailhgpossible transmit signals by the known MIMO chel transfer
matrix. Then it searches for that signal calculate@dvance, which minimizes the Euclidean distatoic¢he actually
received signal. The undisturbed transmit signat teads to this minimum distance is consideredhasmost likely

transmit signal. Note that the above describedatieteprocess is optimum in sense of BER for wkitaissian noise.

The Maximum Likelihood receiver tries to fiddwhich minimizes] = |y — H&|? .

[3’1] _ [hn hlz] [5‘\1]
yZ h21 h22 fz

Since the modulation is BPSK, the possible valdes, & +1 or -1 similarlyx, also take values +1 or -1. So, to

2

] =

find the Maximum Likelihood solution, we need todi the minimum from the all four combinations xgf andx, .
The estimate of the transmit symbol is chosen baseitie minimum value from the above four valuedfithe minimum

is, Jy+1= [11], if the minimum is .} ;= [10], if the minimumis J.;= [0 1] and if the minimum is.J.; = [0 0].

The simulation mainly includes finding the minimuamong the four possible transmit symbol combination
based on the minimum chose the estimate of thesrtrdrsymbol and repeat for multiple values gfNg and plot the

simulation [16, 19].
RESULTS AND DISCUSSIONS

The simulation results for the performance of OFDBOMA and OSTBC for different modulation techniques
with ML-SIC detector for Rayleigh channel are ob&al using MATLAB. The BER values as a function RS are
determined for the three OSTBC, CDMA and OFDM nmidtking Techniques. The BER performances derived as
function of SNR for 2X2 MIMO system for the threeultiplexing techniques are shown in Figure 1 for3Pand
Figure 2 for QPSK and Figure 3 for 16-QAM modulatechemes.

Performance Comparison of 2x2 MIMO System with ML detector for BRPSK

I 4
----------- FEEEEEEE Sttt — - OSTBC |
--1— +—  CDMA |{

Eb/No (dB)
Figure 1: BER Plot of BPSK for 2x2 MIMO System forDifferent
Multiplexing Techniques and ML Equalizer
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From Figure 1, it can be observed that the BER esldecreases as SNR increases for all the thres tfp
multiplexing techniques. The figure indicates taReBER ~1C, the OSTBC shows that the SNR ~14.39 dB, CDMA SNR
~13.37 dB and OFDM SNR ~12.54 dB achievable for BRSK modulation and ML detector. The result chearl
demonstrates that the SNR values are the lowesb41dB for the OFDM multiplexing and maximum impemaent of

~1.85 dB for OFDM compared to OSTBC multiplexingtteique.

Performance Comparison of 2x2 MIMO System with ML detector for QPSK
T <

Eb/No (dB)

Figure 2: BER Plot of QPSK for 2x2 MIMO System forDifferent
Multiplexing Techniques and ML Equalizer
From Figure 2, it can be seen that the BER valuegedises as SNR increases for all the three types o
multiplexing techniques. The figure indicates thatBER ~1C, for the OSTBC SNR ~14.9 dB, with CDMA the SNR
~14.07dB and OFDM the SNR ~12.9 dB achievable lier QPSK modulation. The result clearly demonstritas the
SNR values are the lowest ~12.9 dB for the OFDM tipleiing and maximum improvement of ~2 dB for OFDM
compared to OSTBC multiplexing technique.

Performance Comparison of 2x2 MIMO System with ML detector for 16-QAM
T

— - - 0STBC

— +— - CDMA

Eb/Na (dB)

Figure 3: BER Plot of 16-QAM for 2x2 MIMO System fa Different
Multiplexing Techniques and ML Equalizer

From Figure 3, it can be seen that the BER valusgedses as SNR increases for all the three types o
multiplexing techniques. The figure indicates thtBER ~1@, for the OSTBC, the SNR ~15.05 dB, CDMA SNR ~14.63
dB and OFDM SNR ~13.65 dB achievable for the 16-QAiddulation. The result clearly demonstrates that SNR
values are the lowest ~3.65 dB for the OFDM mudtqohg and maximum improvement of ~1.40 dB for OFBiMnpared
to OSTBC multiplexing technique.
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The simulation results at BER ~30the SNR performance of 2X2 MIMO systems obtairfed three
multiplexing techniques OSTBC, CDMA and OFDM fofffdient modulation schemes BPSK, QPSK and 16-QAM ar
summarized in Table 1.

Table 1: Comparison of MIMO-OSTBC, MIMO-CDMA and MI MO-OFDM SNR
Values for Different Modulation Techniques for BER~ 10°
Multiplexing / Modulation BPSK | QPSK | 16-QAM

OSTBC 14.39| 14.9 15.05
CDMA 13.37 | 14.07 14.63
OFDM 1254 129 13.65

It is evident from the Table 1 that at BER 1@l the three multiplexing techniques depictd #mexpected, the
SNR values increases by ~1.5 dB as we go from B®SI6-QAM higher modulation scheme. However itésrmbnstrated
that the SNR values for the OFDM multiplexing teiciue shows lowest values for all the three modotaschemes and
shows better performance SNR >2 dB compared to @dml SNR>1dB compared to CDMA multiplexing tecluas,.

CONCLUSIONS
It can be concluded from the results presented that

« For a 2x2 MIMO system, with OFDM modulation at BER?® the SNR values increases by ~1.5 dB with
increasing modulation from BPSK to 16-QAM.

«  For the same MIMO-OFDM multiplexing system at BER>with ML detection shows lowest values of SNR
~12.54 dB compared to OSTBC and CDMA multiplexiaghnique.

« The SNR performance of OFDM at BER values 21@dicates maximum improvement >2 dB for the OFDM
multiplexing compared to OSTBC and SNR >1 dB coraddo CDMA multiplexing techniques.

e It can be concluded from the simulation studieg tha MIMO-OFDM transmission system offers bett&RS

performances with BER for BPSK modulation with MLESdetection system.
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