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Abstract- As the communication system evolving and enhancing,
the need for high speed and reliable communication system is
crucial. With the combination of multiple-input multiple-output
(MIMO) communication system along orthogonal freguency
divison multiplexing (OFDM), a reliable high rate
communication system can be achieved. The MIMO OFDM
system with 2X2, 3x3, and 4x4 antenna configurations will use
256, 512 and 1024 QAM modulation level in the presence of
multipath Rayleigh and Additive White Gaussian Noise (AWGN)
channel. The perfor mance evaluation of the system is deter mined
in term of Bit Error Rate (BER) and Signal Energy to Noise
Power Ratio (Eb/No). The MIMO OFDM system with Least
Square channel estimation will be designed and simulated using
MATLAB where the results will then be analyzed. From the
results obtained, it can be said that as the QAM level increased
the BER will increase too. Besides that, the performance of the
system will improves as the number of transmit and receive
antennasincrease.
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I. INTRODUCTION

communications and 256-QAM, 512-QAM, 1024-QAM are
used in Wifi [1, 5].

In order to achieve high transmission data rate,system
use high order QAM level. High order QAM level haigh
data rate but less resilient to noise [1, 6, 7 oercome the
noise problem in high order QAM level, high antenna
configuration is used as BER decreases with tbeases of
number of transmit and receive antenna [6, 8, B¢ antenna
configurations used are 2x2, 3x3, and 4x4 in tres@nce of
Rayleigh and AWGN channel.

A. MIMO SYSTEM

MIMO are receiving more attention as it providesnyna
advantages for communication system by exploitivgrhulti
path channel between transmitter and receiver. i&pat
diversity in MIMO helps to reduce the fading effeBesides
that, the capacity also increased over single-awatéo-single-
antenna communication (SISO) [10].

MIMO uses multiple antennas at the transmitter and

Wireless communication system has been through maegeiver in a communication system and it can eses the

changes and improvement since the first

wirelegmnsmission rate by using the multi-path propagatiThe

communication invention by Alexander Graham Belld anspectrum efficiency in wireless transmission carebkanced
Charles Sumner Tainter in 1880. It is widely usedrothe by the use of multipath channel between transmitted
world and has great impact in our daily life. Theed for high receiver [11]. In MIMO systems, a transmitter senustiple
communication speed caused the technology keepviagol streams by multiple transmit antennas. The transinams

and advancing. MIMO-OFDM is a
communication technology that has gained more taterfor
its capability of high rate transmission and itdbustness
against Multi-path fading and other channel impaints [1,
2].

Least Square (LS) channel estimation is used atttever
to remove the fading effect caused by the Rayleigitipath
channel. The LS method is chosen because it is
complicated and simple compared to other method3][but

new wirelesgo through a matrix channel which consists ofNiNr paths

between thelNt transmit antennas at the transmitter ard
receive antennas at the receiver. Then, the recgets the
received signal vectors by the multiple receiveeanais and
decodes the received signal vectors into the algin
information [9].

The number of receiver antenna has to be equal lerger

|¢élsan the number of transmitter antennas to remoeartutual

interference when the signals from different anganimterfere

it is more sensitive to channel noise [3]. M-aryadtature with each other [12].

amplitude modulation (QAM) is an attractive techréqto
achieve high rate transmission without
bandwidth since it is spectrally efficient [1, 4Ylany of

modern wireless communications standards has be#mg u
system[5]. Where x is the transmitted signal, y is the reatisignal,

Quadrature amplitude modulation in their
Quadrature Amplitude Modulation (QAM) schemes like-

The relation between transmitted and received kigna

increasirie tMIMO is modeled as

y=Hx+n (1)

H is the MIMO channel matrix and n is the noisetuec

QAM and 64-QAM are used in typical wireless digital



The channel of the mimo system can be expressed by Figure 2 shows the signal spectrum of OFDM sighalan
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Figure 1. MIMO system struct@r
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Figure 1 shows the system structure of MIMO systésn.
the number transmit and receive antennas incretse,

number of MIMO channels also increaseNiixr.

B. OFDM SYSTEM

OFDM is a multi-carrier modulation technology [113,

14]. Modulation by an orthogonal sub-carrier is ilgas

implemented by the inverse fast Fourier transfotfFT) UM : |
operation. Firstly, a serial high rate data strémoonverted to Square channel estimation to get rid of the faifigct. Then
parallel low rate data stream which are modulatgdah QAM demapper converts the data stream to origiatd.d

orthogonal sub-carrier and transmitted in N subAaclets [11,
13]. As a result, the symbol period will increakger symbol
interference can be eliminated if a signal is semr multiple

low-rate carriers

instead of a single high-rate riear

Moreover, the receiver will less complex when trexjfiency

selective channel becomes flat channel.
The N-point FFT is defined as

n
FFT(:{nl} = )
k=0
The N-point IFFT is defined as
FFT([K]} = ).

k=0

x[n]e M k=01,..N-1

x[k]le N n=01,..N—1

Figure 2. OFDM signal spectrum[13]
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be seen that each signal is overlapping with edbbrdout
interfering is not occurs as the signal is orth@ao each
other. Thus it will increase the spectrum efficignc

C. MIMO-OFDM SYSTEM

MIMO-OFDM has been widely use in many wireless
standards such as WiMAX and 4G mobile wirelessesyst
MIMO-OFDM system can compensate for the lacks of1@I
systems and give play to the advantage of OFDMesy$15].
High capacity and high data rate can be achieved by
combining MIMO and OFDM system. [14].

Diversity method and spatial multiplexing are thays to
improve the MIMO signaling in wireless communicatio
systems [16]. By exploiting the multiple paths betmn
transmit and receive antenna, diversity methoddauprove
the system performance of the communication sygteierms
of BER. [15]. While in spatial multiplexing methoishcreased
number of antennas will provide a linear increasechpacity
gain with the use of multiple antennas at trangmitind
receiver. [7].

Figure 3 shows the MIMO-OFDM system with least squa
channel estimation. Constellation data mapping daedin
QAM modulator and then the serial data stream idutaded
by OFDM modulator to become parallel data streaniclwh
are orthogonal with each other. The sets of dat ar
transmitted with multiple antennas through multipat
Rayleigh and AWGN channel. At receiver, the sigtafa is
demodulated by OFDM demodulator and is applied Vetst

OFDM 1
Modulator g
Data_p| QAM [P 2
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Figure 3. 2x2 MIMO-OFDM System Structure




D. QUADRATURE AMPLITUDE MODULATION

QAM is a modulation technique that consists of two

carriers whose amplitudes are out of phase (in rquack)
with each other. It can be expressed as

s(t) = Ajcos2nf,t + Agsin2nfet ,0<t<T (4)

*‘

Initialize the parameter

Where A; and A, are the carrier's amplitudg, is the

v

carrier frequency and T is the time period. Bits pgmbol
transmit for M-QAM level can be determined by Bf=where

Generate data

M is the QAM level and N is the bits per symbolr leaample,
256 QAM level has 8 bits per symbol. Higher bits ggmbol

\ 4

sent will increase the probability of bits erroiglire 4 shows
the modulation and demodulation of square M-QAM.tiA¢
modulator, the data bit stream is split into thelrase (1) and

Modulate data with QAM modulator

guadrature (Q) bit streams. The | and Q comportegsther

X

are mapped to complex symbols using Gray codinge
demodulator splits the complex symbols into | and

Insert pilot for each frame

components and puts them into a decision devicedgper),
where they are demodulated independently againsir th

'

respective decision boundaries [1].

Modulate QAM signal with OFDM modulator

'

Pass through Rayleigh channel and Add AWGN

Il

Apply LS Channel Estimation
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Figure 4. M-QAM modulation and demodulation

Demodulate data with OFDM demodulator

v

E. LEAST SQUARECHANNEL ESTIMATION

Demodulate data with QAM demodulator

The received signal through noisy channel is distbrTo
recover the transmitted data, the channel effecstnhe

'

estimated and compensated in the receiver. The gfotie
channel least square estimator is to minimize theame

Calculate BER and generate the plot

distance between the received signal and the atigiignal
[17]. LS has been used widely for its simplicity.

The LS channel estimatiod; g can be written for each
subcarrier as,

k
HLS[k] = 71kl

24k =

X0’ 0,1,2,..

N-1  (5)

. METHODOLOGY

The MIMO-OFDM system is simulated in Matlab version
8.3.

NO
System performance

improved’

Figure 5. MIMO-OFDM System Flowchart

Figure 5 above shows the simulation process of MIMO

OFDM system with LS channel estimation. First df &ie
system object for the simulation process is ini&d. This



processes including defining the function of QAMdutator, for 256 QAM is lower than BER for 512QAM and 1024RA
QAM demodulator, OFDM modulator and demodulatofor the same Eb/No. At Eb/No equal to 25dB, the B&R?56
Besides that, all the setting parameters and valteedeclared QAM is 102, While BER for 512 QAM and 1024 QAM are
at this process such as the QAM level and the nurobe 29x1072 and5x10~2 respectively.

antenna.

The next process is to generate random data to be
transmitted for each sub-carrier and antennas. , Tihendata 0 &
will be modulated by the QAM modulator for each QAM
level. The next process is to modulate the dataguSiFDM
modulator where the signal is orthogonal to eatieotAfter
that, the data is transmitted through multipath I&ap

3x3 M-CAM System

 ——YYE
| —e—san2 _
- 1024-GAM

channel and AWGN is added in the process. Distcstgdal 1
then is estimated using LS channel estimation haoke the &
fading effect. OFDM demodulator and QAM demodulator =
demodulates the signal to original data. Then, BiR is 0k

calculated and the graph of BER versus Eb/No forAND
level with various antennas configurations is godtt

TABLE 1. PARAMATER OF MIMO-OFDM SYSTEM f : ; ; : :
5 10 15 20 25 an
Eb/Mo (dE)
Parameter Value
Antenna Configuration 2x2,3x3,4x4
QAM level 256,512,1024 Figure 7. BER vs Eb/No of MIMO-OFDM system with 3w#th antenna
FFT length 128 configuration
Fran_]e Ieng_th 100 Figure 7 shows the BER versus Eb/No for 256 QAMZ 51
Cyclic Prefix 16 QAM and 1024 QAM with 3x3 antenna configurationd&EFB
Channel Estimation Least Square for 512 QAM is higher than BER for 256 QAM but lomwe

than 1024 QAM for the same Eb/No. At Eb/No equ&25dB,
{Hg BER for 512 QAM i48x10~2. While BER for 256 QAM

Table 1 shows the parameters that are used in -
W P " " 3nd 1024 QAM aréx10~3 and35x1072 respectively.

simulation. The parameters are based on the WLANdstrd.

Ill. RESULTSAND DISCUSSION i 434 M-OAM System

| —+—28E-0aM |7
1—e—s12 _
1024-0AM

—+—256-04M |/
—&—512

1024-0AM |

EBER

5 10 15 20 25 30

: ! : - : EbiNo (dB)
: i i : i E Figure 8. BER vs Eb/No of MIMO-OFDM system with 4adtenna
5 10 15 20 % 30 configuration
EbiNo (dB)
Figure 6. BER vs Eb/No of MIMO-OFDM system with2x
antenna configuration Figure 8 shows the BER versus Eb/No for 256 QAMZ 51

QAM and 1024 QAM with 4x4 antenna configuration&£MR
Figure 6 shows the BER versus Eb/No for 256 QAMR 5for 1024 QAM is higher than BER for 256 QAM and 512

QAM and 1024 QAM with 2x2 antenna configuration&H3 AM for the same Eb/No. At Eb/No equal to 25dB, BER



for 1024 QAM is10~2. While BER for 256 QAM and 512
QAM are10~2 and45x10~3 respectively.

1024-04M System

256-CAM System

5 10 15 a0 25
EbiNa [dE)

Figgure 11. BER vs Eb/No of MIMO-OFDM system witk2? 3x3, and
4x4 antenna configuration

In figure 11, the BER for 1024 QAM with 4x4 antesria
still showing lower BER than 3x3 and 2x2 antentéswever,
the BER is increased compared to 256 QAM and 51MQA
The graph shows that the BER for 4x4 antenna®até2,
2x107t and7x101 for 3x3 and 2x2 antennas respectively

Based on Figure 9, the BER for 4x4 antennas igb#tan with Eb/No equal to 15dB.
2x2 and 3x3 antennas. At Eb/No equal to 15dB, B&Rik4 242, 3%3 and 4x4 M-QAM System
antennas is 2x1072 while it increases with 3x3 and 2x2 e
which the BER aréx10~% and5x10~? respectively. S s % LD

i : i ; :
= 10 15 20 25
Eb/Mo (d6)

Figure 9. BER vs Eb/No of MIMO-OFDM system for 28\M with
2x2,3x3 and 4x4 antenna configuration

L

512-0AM System
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Figure 12. BER vs Eb/No of MIMO-OFDM system for MA@I with 2x2,
3x3, 4x4 antenna configuration

g 10 15 a0 25
EbiNo (d8)

Figure 12 shows the BER vs Eb/No for 256 QAM, 512
QAM and 1024 QAM for 2x2, 3x3 and 4x4 antenna
configuration. It can be seen that the BER for 256V with
4x4 antennas produce the best performance compatbdrs.

Figure 10 shows the BER vs Eb/No for 512 QAM wik22 In the mean time, 1024 QAM with 2x2 antennas indisdahe
3x3 and 4x4 antennas. As expected, the BER foradtdnnas lowest performance of BER.
is better compared to 3x3 and 2x2 antennas. At &lgglal
to 15dB, the BER for 4x4 antennas4i§x1072. It increases

Figure 10. BER vs Eb/No of MIMO-OFDM system for 5QAM with 2x2,
3x3 and 4x4 antenna configuration

t0 10~ and6x10~! for 3x3 and 2x2 antennas with the same 'ABLE!l  BERATEB/NO=2508 FORMIMO-OFDM SysTEM
value of Eb/No. Bit Error Rate
M-QAM 2X2 3x3 ax4
256 0.01 0.006 0.001
512 0.029 0.018 0.0045
1024 0.05 0.035 0.01




Based on Table Il, the performance of the systesarby
degraded when the QAM level increases. At Eb/Noaktm ]
25dB, 1024 QAM has the lower BER for 4x4 antenn[a
configurations which is1072 compared to 2x2 and 3x3
antennas where the BER d®107% and35x10~2. For 512
QAM with 4x4 antenna configurations, the BER4Ex10~3
and increased tH8x10~2 for 3x3 antennas and th@Ax10~2
for 2x2 antenna configurations. Lastly, for 256 QAWth 4x4
antennas, the BER i973. The BER increased t#x10~3 and
1072 for 3x3 and 2x2 antenna configurations respedtivel

High QAM level means high bits per symbol is traitsed.
For example, in 256 QAM, 8 bits per symbol is traitted
while in 32QAM, only 5 bits per symbol is transrait [
Therefore, the probability of errors also increadddwever,
the performance of high order QAM is improved witk4 (6]
antenna configuration compared to 2x2 and 3x3 aatenlhe
diversity scheme provided by MIMO help to reducked BER.
Data transmitted by multiple transmit antennas distbrted 7]
by noise. Then multiple distorted data is pickecoypnultiple
receive antennas and being compared. The best edazda
will be the output. (8]

(4]

V. CONCLUSION

In this paper, the MIMO-OFDM system is estimated bijl
using LS technique due to its simplicity. Besideatt the
system is modulated with 256, 512, and 1024 QAM:lldar
their high data rate characteristics in transmissWith high
data rate, high order QAM is prone to noise. Toucedthe
BER caused by noise, the system is using MIMO ar@ten
which are 2x2, 3x3 and 4x4. Greater number of trahand ;4
receive antenna has improved the system performaheee
the BER decreases. Another technique to use hidgr @AM
without increasing the BER is with high Eb/No byrieasing (12]
the signal energy or reducing the noise or both.

[10]

[13]
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VI. RECOMMENDATION [17]

System performance can further be improved by using
another channel estimation such as Minimum Meanaf&qu
Error and Maximum Likelihood channel estimation. In
exchange, the complexity of the system will inceed®esides
that, the system also can implement STBC or SFBQ@eto
better performance.
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