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Abstract. Consumer demand for high speed data communication system is increasing day by day. However the major
challenges for wireless communication system are Inter Symbol Interference (ISI) and Inter Carrier Interference (ICI)
that occur during data transmission. This interference will distort signal and increase error rate in the system.
Combination of Orthogonal Frequency Division Multiplexing (OFDM) and Multiple Input Multiple Output (MIMO)
give a reliable high data rate. Discrete Cosine Transform (DCT)-based channel estimation is used in STBC MIMOOFDM and simulated using MATLAB software. The system performance is compared with multiple antenna
configuration and different modulation technique. Multiple antenna configurations that involve during simulation are
2x2, 4x4 and 6x6 while modulation techniques are Quadrature Amplitude Modulation (QAM) and Quadrature Phase
Shift Keying (QPSK). This simulation will prove that the higher number of transmit and receive antenna, the lower
BER for the system.

1 Introduction
Nowadays, wireless broadband communication system is
well known throughout the world. Demanding for
wireless network technologies were increasing years by
years and it is proven by over past few years, data rates
for wireless network increasing approximately from
10Kbps to 10Mbps and beyond. It is full responsibility to
achieved higher capacity of wireless communication
system with better performance. Wireless broadband
communication system is a system where signal been
transmitted from transmitter to receiver passing through
space. Throughout this system there should be
degradation in terms of system performance that needs to
be enhanced.
MIMO technology had become the advance
technology in communication system where using
multiple antennas at both transmitter and receiver in order
to send many data at one time and increase the capacity
of data transmit. MIMO-OFDM been introduced because
of [1] its ability to enable high data rate transmission over
multipath and frequency selective fading channel. OFDM
is a method used as multi-carrier digital modulation
technique [2]. This technique where dividing the highspeed information signal into multiple narrowband
subcarrier channel. The multiple subcarrier channel
transmit simultaneously at different frequency in parallel
and waveforms are orthogonal to each other where it
overlapping and not interfere with adjacent subcarriers.
OFDM is robust against narrowband interference [3], has
high spectral efficiency and reduce ICI (Inter Carrier
Interference). Combination of MIMO and OFDM system

can give high data rates, speeds and high spectral
efficiency [1] which needed for future broadband
communication system. Channel estimation is important
in order to maintain and recover the signal at receiver
from noisy channel by using accurate channel estimator.
Previous researcher [4] also use DCT instead of DFT.
FFT introduced by Joseph Fourier shows FFT is a simple
algorithm that allows conversion back and forth between
the frequency domain and the time domain. In [5], shows
that DCT is enhance of the DFT and FFT. This paper will
analyze the performance of the DCT-based channel
estimator in MIMO-OFDM wireless communication
system. QAM and QPSK is used in MIMO OFDM as a
modulation scheme and compare it which modulation
scheme works the best for MIMO-OFDM using DCTbased channel estimation.

2 Methodology
2.1 MIMO system
Multiple Input Multiple Output (MIMO) had become
advance technology in communication system. A radio
antenna technology that uses multiple antennas at the
transmitter and receiver enables to send many signal
paths as antennas carry the data [6]. MIMO had increase
the system capacity and user data rates without using
additional power or bandwidth. Spatial multiplexing is
one of the fancy versions of MIMO where different data
is fed to the multiple antennas and sends the information
in parallel. At the receiver it is able to separate these data
out and combine it back together.
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x*1 from first and second transmit antennas. This is the
orthogonally between symbol after receiving process at
the receiver.
The diversity scheme example for 2x2 antenna
configuration, it can be seen four copies of x1 and four
copies of x2 at the receiver regarding to the H channel.
Since the code is not interfering with each other, the code
is orthogonal. Hence, the diversity order for 2x2 antenna
configuration is four.

In MIMO system, a transmitter sends multiple
streams by multiple transmit antennas. The transmit
streams go through matrix channel which consist of all
NtNr path between the Nt transmit antennas at the
transmitter and Nr receive antennas at the receiver. Then,
the receiver gets the receive signal vectors by the
multiple receive antennas and decode the receive signal
vectors into the original information [7].
MIMO system can be modeled as
Y = Hx + n

(1)

2.3 OFDM

which x is the transmitted symbol from each antenna and
Y is the received signal at the receiver. H is the channel
matrix for multiple antennas. H channel can be express
by matrix according to the number of transmit and
receive antennas and n were the channel noise, AWGN
channel.
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Orthogonal Frequency Division Multiplexing is dividing
the total channel bandwidth into many small bandwidth
channels. The individual frequencies are carefully chosen
such that they are orthogonal to each other, although the
carrier can overlap [6]. Individual frequency is known as
subcarriers and each of the subcarriers is modulated with
a conventional scheme such ASK, PSK and QAM.
In transmission process, a data stream is converted
into a parallel from high rate data stream to low rate data
stream. The number of data streams corresponding to the
number of available OFDM sub-carriers. Then, each of
these low data rate stream is used to modulate each of the
subcarrier frequencies [6] like example in the Fig. 2.

⎤
⎥
⎥
⎥
⎦

H channel indicates the number of transmit and receive
antennas, as the number of antenna increases for transmit
and receive antenna, increases the transmit stream of
MIMO channel.
2.2 Space time block code
Diversity is one of technique in multipath antennas, that
used to decrease the error of the performance due to
wireless fading channels. Space time frequency and
spatial diversity are various type of diversity
implemented in order to decrease error performance.
Space Time Code (STC) system illustrate a concept of
space-time diversity that employs in multiple transmit
antenna. STC make used of the spatial diversity
technique to encode the information into space-time code
word and transmitted over symbol times decode back at
the receiver. STC can be classifies into Space time block
code (STBC) and space-time trellis code (STTC).

Figure 2. OFDM system

2.4 MIMO-OFDM system
MIMO OFDM system been widely used in wireless
communication system such IEEE 802.11n for WLAN
where
the
standard
for
wireless
broadband
communication and been used throughout this project.
MIMO OFDM been proved [2], [8] can improve the
system capacity and increase speed and high data rate.
Previous researcher stated that MIMO OFDM fulfill the
requirement because of its unique properties such give
high data rates, high spectral efficiency and resistance
towards multipath propagation [2].
In order to enhance MIMO-OFDM system
performance, channel estimation been added to MIMO
OFDM [2]. In this paper, DCT-based channel estimation
with STBC in MIMO OFDM system is used in order to
increase the performance of the system. Besides, the
system also tested on the MIMO system where multiple
antennas of 2x2, 4x4 and 6x6 are used in this project with
different digital modulation technique.

Figure 1. Alamouti code of STBC.

Alamouti code is the very first STBC which is a
complex orthogonal space-time code specialized for two
transmit antennas. In Alamouti, transmitted symbol are
encoded within two symbol period and it will take two
time-slots to transmit two symbols. Fig. 1 shows during
the first period, two symbols x1 and x2 were transmitted
from each of antenna. During the second period, the
symbol are copied and transmitted again with –x*2 and

2.5 Discrete cosine transform (DCT)
Discrete Cosine Transform (DCT) or inverse DCT
(IDCT) can be expressed as a sequence of finitely many
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signal, s(t). This project used 4-PSK where M = 2n, n=2
shows transmitting 2 bit per symbol to be mapped into
phase [10].
QPSK can be express as:

data points in terms of a sum of cosine functions
oscillating at different frequencies [3]. DCT is proved to
be more efficient than DFT as mention by previous
researcher[5], [7], [9], [10]. DCT are mostly used in
science and engineering application such as lossy
compression of audio and images (eg. JPEG). In [3], they
said that DCT is a Fourier-related transform similar to the
discrete Fourier transform (DFT), but using only real
numbers.
Using DCT, a complex exponential function set can
be used as orthogonal basis to implement multi carrier
scheme [9]. The real time high-frequency components of
DFT can be reduced by DCT. DCT employs mirror
extension of N-point data sequence to 2N-point data
sequence, which removes the discontinuous edge [9].
The output signal of IDCT/DCT-based OFDM system
written as:
i. Using IDCT-based at transmitter:
() = [()]


)

2.7 Quadrature amplitude modulation (QAM)
QAM is a modulation technique that combines with
Amplitude Shift Keying (ASK) and Phase Shift keying
(PSK). QAM consist of two amplitudes of wave and
called quadrature when 90° amplitude are out-of-phase
with each other. Bit per symbol for M-QAM level used in
this project is 4-QAM. QAM can be express as:
-(/) = 0< cos(2345 /) + 0> sin( 2345 /)

(3)

where

() =
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2.8 DCT-OFDM system
Fig. 3 shows the MIMO-OFDM system using DCT-based
channel estimation. The system works with input binary
data modulated by QAM and QPSK modulation scheme.
The idea of converting from serial to parallel stream and
modulate each of the subcarrier frequencies has been
explained in OFDM system section.

Using DCT-based at receiver:
+() = [()]

(4)

()()

+() = () ∑ () cos(

(7)

AI and AQ were phase (I) and quadrature (Q) where
the data bit stream split into I and Q are grouped together
using QAM modulator and mapped into complex symbol
[11]. The complex symbol been transmitted and splits up
at the receiver using QAM demodulator in order to get
the output data.

 = 1,2 … . ,

1
⎧
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(6)

where
fc
is
the
frequency
carrier
and
7 ° = 0° , 90° , 180° , 270° is a modulating signal phase shift
by 90° as in constellation diagram Fig. 4.

(2)

()()

() = ∑ ()() cos(

-(/) = 0 cos(2345 / + 7 ° )



)

(5)

 = 1,2 … . ,
where;

() =

1
⎧
⎪ √
⎨ 2
⎪'
⎩

=1
2≤≤

N refers to the length of data symbol obtain from
modulation constellation QAM and QPSK while w(k) is
the coefficient of DCT that reconstruct sequence very
accurately and it is useful property for applications
requiring data reduction [5]. IDCT/DCT is a Fouriertransform where transform from frequency to time
domain and vice versa.

Figure 3. MIMO-OFDM system using DCT-based channel
estimation.

2.6 Quadrature phase shift keying (QPSK)

Before the signal had been transmitted, the IDCTbased channel estimation is placed at the transmitter and
the sets of low data rate channels carrying the
information in parallel being transmitted with multiple

Phase Shift Keying is shifting the phase of carrier by
modulating signal with phase measured relative to the
previous bit interval. In M-ary modulation where two or
more bits been grouped together to form a symbol and a
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7.027x10-2 and 2x2 antenna is 1.058x10-1. From the result,
it shows that when the number of the antenna is
increasing, the BER will decrease and successfully
reduce interference in the wireless system.

antennas through AWGN channel. At the receiver, the
signal is change to frequency-domain by inserting DCTbased and demodulated by the OFDM demodulator.
Lastly, In order to achieve original data from data stream,
the QAM or QPSK demodulator is used.

3 Simulation results
Table 1 shows the parameter used for MIMO-OFDM
system based on the WLAN (IEEE 802.11n).
Table 1. Parameter of MIMO-OFDM system
Parameter
Antenna configuration
Data mapping
Channel estimation
IDCT and DCT size
No of subcarrier
Channel used
Frame length
Cyclic prefix

Value
2x2, 4x4, 6x6
4-QAM/ QPSK
IDCT/DCT
52
52
AWGN
100
16

Figure 5. BER vs. Eb/No MIMO-OFDM system using DCTbased using QPSK modulation.

3.1. QPSK modulation
Fig. 4 shows graph of BER versus Eb/No, for QAM
modulation scheme. At Eb/No=5dB, BER for 6x6
antenna configuration is equal to 1.257x10-2 while 4x4 is
5.399x10-2 and 2x2 antenna is 9.689x10-2. MIMO OFDM
system of 6x6 antenna configuration has the lowest BER
when using QPSK modulation technique. The
performance has proven that high number of antenna can
make the system become more efficient because
transmitted data will reach receiver without being spread
to other. Besides that, it shows that the system has also
achieved high diversity order. Bits per symbol transmit
for M-QAM level can be determined by M=2N where M
is the QAM level and N is the bits per symbol. Higher
bits per symbol sent will increase the probability of bits
error.

Figure 6. BER vs Eb/No graph of MIMO-OFDM system using
DCT-based channel estimation with 2x2, 4x4 and 6x6 antenna
configuration for QAM and QPSK modulation scheme.

Based on the Fig. 6 above, we can see the difference
between performances of modulation. With 6x6 antenna
configurations, QPSK has the lowest BER while 2x2
QAM has highest BER during simulation. QAM utilise
both amplitude and phase variations. Although QAM is
widely used in wireless communication system in terms
of data carrying capacity, but QAM is more susceptible to
noise compare to QPSK. This is because QAM has larger
distance between constellation point compare to QPSK.
Even though QAM is seen to have the same spectrum and
bandwidth efficiency as QPSK but still it is difficult to
demodulate in the presence of noise [12]. Addition of
STBC in the system also becomes a big help for the
antennas to achieve maximum diversity.
Figure 4 . BER vs. Eb/No MIMO-OFDM system using DCTbased using QAM modulation.
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