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ABSTRACT

This paper proposed anew Space Time Block Coded Orthogonal Frequency-Division Multiplexing (STBC-
OFDM) system based on Discrete Framelet transform (FT) instead of Fast Fourier Transform (FFT) under
different channel environments. The proposed system (STBC-FT-OFDM) has been compared with
traditional (STBC-FFT-OFDM) system and (STBC-OFDM) based on Discrete Wavelet Transform (STBC-
DWT-OFDM) system. Through calculating the Bit Error Rate (BER) performance, it proved that the
performance of the proposed system is outperform compared with the performance of the other two
systems. BER performance of the system is analyzed by employing various digital modulations technique
(BPSK, QPSK) over an Additive White Gaussian Noise (AWGN), flat fading, and multipath selective

fading channels

Keywords: OFDM, STBC, Framelet Transform, Wireless Channel, PSK Modulation.

1. INTRODUCTION

Multiple Input Multiple Output (MIMO) system
with OFDM, MIMO-OFDM, which has already
been adopted for present and future broadband
communication standards such as LTE or WiMax.
One popular combination of MIMO and OFDM is
the combine the STBC with the OFDM system, in
STBC-OFDM the data is coded through space and
time to improve the reliability of the transmission
[1]. The STBC-OFDM technique has been recently
considered in the current wireless communication
systems, such as IEEE 802.11 a/g, Digital Video
Broadcasting for Handheld (DVB-H), and IEEE
802.16 Wireless MAN, due to their high bandwidth
efficiency, their robustness to frequency-selective
fading, their flexibility in handling multiple data, a
simple linear decoding, and low complexity
receiver rates [1, 2, 3]. STBC scheme has been
proposed by Alamouti in 1998 [3] as a simple two-
branch transmit diversity scheme using two transmit
antennas and one receive antenna. The author found
that the proposed scheme does not require any
bandwidth expansion ,any feedback from the
receiver to the transmitter, and its computation
complexity and the diversity order are similar to as
maximal-ratio receiver combining (MRRC) with

one transmit antenna, and two receive antennas .
Substantially, Alamouti’s coding is an orthogonal
ST block code where two successive symbols are
encoded in an orthogonal 2x2 matrix [4].

In [5] it was found that the performance of
STBC-OFDM system in frequency selective fading
channel under different channel conditions was
better than OFDM system without STBC. This
Study has shown that the system combined STBC
with OFDM could effectively improve the system
capacity and confront multipath interference. The
effect of modulation order, antenna selection
techniques, slow and fast fading conditions and
power conditions on the performance of STBC-
OFDM had been studied in [1]. From The
simulation results, it is found that the BER
performance of the system decreases on increase in
modulation order. Performance of STBC-OFDM
get improves with unequal power conditions and
with antenna selection technique. The system
performs well in slow fading. If fading is somewhat
rapid, it does not achieve good performance.

The high peak to average power ratio and lose
the orthogonality between the subcarrier which lead
to interference, are the major disadvantages of
OFDM system based FFT. Replacing the FFT with
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Discrete Wavelet Transform (DWT) can be a good
solution for these problems, so that there is no need
for cyclic prefix. The DWT has the advantages of
more flexibility, the higher suppression of side
lobes compared to the side lobes of the rectangular
window in the Fourier transform, and localized in
time and frequency [6].

In [7] the authors proposed MIMO-OFDM based
on DWT system, and compared the performance of
this system with the performance of MIMO-OFDM
based on FFT by applying Alamouti’s algorithm
over AWGN and Rayleigh fading channels .They
found that DWT based OFDM system performs
better than FFT based OFDM without putting any
restriction on the number of antennas which are
using at the base station as well as at the receiver.
Also in [8] the author found that there is an
improvement in the BER performance of the
wireless system such as MIMO-OFDM, when
wavelet transform was used instead of FFT. All the
simulation results that were studied by [9] showed
that the performance of the discrete Wavelet
transform based MIMO multicarrier modulation
(MIMO-MCM), are superior to the performance of
conventional OFDM in terms of BER and
transmission capacity.

Though standard DWT can be obtained as a
powerful tool for analysis and processing of many
real-world signals and images, it suffers from three
major disadvantages, Shift- sensitivity, Poor
directionality and Lack of phase information.
Frames, or over-complete expansions, have a
variety of attractive features. With frames, better
time frequency localization can be achieved than is
possible with wavelet. Some wavelet frames can be
shift invariant, while wavelet bases cannot be.
Frames provide more degrees of freedom to carry
out design. Framelets shows promise in removing
some of the limitations of wavelets. Several
applications have benefited from the use of frames,
for example, de-noising and signal coding [10, 11].

In this paper, a new construction for the STBC-
OFDM system is proposed to achieve better BER
performance than the other systems. Inverse
discrete Framelet Transform (IFT) will be used in
STBC-OFDM transmitter side as a transformation
tools instead of IFFT or IDWT, while the discrete
Framelet Transform (FT) will be used in the
receiver side instead of FFT or DWT.

The paper is organized as follows: section 2
describes STBC based on Alamouti’s algorithm.
Section 3, give an introduction to FT. A description
for the proposed STBC-FT-OFDM system is

presented in section 4. Results from a simulation
performance evaluation are presented in section 5
and finally conclusions are given in section 6.

2. STBC USING ALAMOUTI ALGORITHM

STBC combined orthogonal encode technology,
transmission diversity, and realized spatial diversity
and time diversity by utilizing union code in time
and space, thus improved the performance of the
wireless communication system [12]. In STBC
scheme of Alamouti, two transmitters (7x;, 7x;)
send the information symbol at the same time, its
space-time encoding can be described as follow
[3,12,13]:

i
* *
-2 51
where s; and s, are complex signals to be
transmitted and * denotes a conjugate operation.
Rows indicate the time domain and columns

represent the space domain. The received signal at
time 7 and ¢ +7 can be written as:

y1 51820\ | |m
Yy = = * * +

y2l |-sp s |2] [m2
where A, and /4, are complex channel responses for

antennas 1 and 2, respectively, and n; and n,
complex noises at times ¢ and ¢ +T.

(1

2

2.1 STBC Using Two Transmitters And One
Receiver

Figure 1 shows the base band representation of a
simple STBC with two transmitters and one
receiver. According to Alamouti coding scheme the
signal copy is not only transmitted from another
antenna but also at another time. As shown in the
figure 1, at a given symbol period (#), two signals
are simultaneously transmitted from the two
antennas. The signal transmitted from antenna T is
denoted by s; and from antenna Tx, by s,. During
the next symbol period (¢+7) signal (-s,*) is
transmitted from antenna 7x;, and signal s;* is
transmitted from antenna Tx, as shown in Tablel
[1, 3]. The complex fading envelope is assumed to
be constant across the corresponding two
consecutive time slots.
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Figure 1: STBC With Two Transmitters And One
Receiver

Tablel : Alamouti STBC Scheme

Antenna
Time slot, T’
Tx, Tx,
t S1 8o
T -5y % s *

The received signal can be expressed after passed
through the channel using equation (2), so that

V= hls1 +hzs2 +ny 3)

% *
Yo =—hisy+hys) +ny @)
To extract the signals s; and s, from the received
signals (y; and y»), both signals y; and y, are passed
to the combiner as follows:

*

5 *
S1=h1y1+h2y2 5)

After substitute y; and y, as in equations (3 and 4)
the equation (5) will be as follows:

~ 2 2
slz(‘hl‘ +‘h2‘ )s1+hl’knl-4—hzn’2k (6)
Similarly, for signal s,
~ * *
§2=hyy1-h1y2
(7

§a=(mi [P+ )s o +h3n—hyn3

Maximum likelihood detector (MLD) will be
applied to determine the most likely transmitted
symbols as shown in equation (8).

dist (§,57 )<dist (S8 j ),.... Vi#] ®)

where: dist (4, B) is the Euclidean distance between
signals 4 and B, the index j spans all possible
transmitted signals.

2.2 STBC Using Two Transmitters And Two
Receivers
The representation of STBC wusing two
transmitters and two receivers will be shown in
figure 2. It’s clear from this figure that the notation
for the received signal at the two receivers will be
as follow [3]:

Y11=h11s1+h2s2+n11

. . ForRx1 9)
Yy12=—h11s2+h12s] +n12
Yy21=ha1s1+h2s2+n21

. . }ForRx 2 (10)
Yy22=—h31s2+h22s1 +n22

The transmitted signals s, and s, will be recovered
by combining the received signals yq1, y12, y21, and
Vo, as follows:

~ * * * *
S1=h11y11+h12y12+h21y 211022 22 (10
~ * * * *

s2=h2y11—-h1 1y 12+h22y 21-h21v 22

And finally the resultant signals will pass to MLD
to determine the maximum likelihood transmitted
symbols.
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Figure2: STBC Using Two Transmitters And Two Receivers

3. DISCRETE FRAMELET TRANSFORM

Framelets are very hassling to wavelets but have
some significant differences. Particularly, where
there are one scaling function ¢(¢) and one wavelet
functiony(¢r) in wavelets, there are one scaling
functiong(r) and two
wi1(t)andyo(t)in framelets.

functions
scaling

wavelet

The one
function ¢(t) and the two wavelet functions
w1(@)and wo(¢) are defined through the low-pass

(scaling) filter hg(n) and the two high-pass
(wavelet) filters /,(n) and A,(n), as given in the
following equations [10, 14].

#(t) =2 ho(n)p(2t—n) (12)
n

w(t) =23 hi (n)p(2t-n), i=12. (13)
n

1D- Framelet transform is implemented on
discrete-time signals after an appropriate analysis

and synthesis filter bank structure is selected. The
analysis filter bank consists of three analysis
filters:one low pass filter denoted by /y(-n) and two
distinct high pass filters denoted by #4;(-n) and A2(-
n), as shown in Figure (3a) . As the input signal
travels through the system, the analysis filter bank
decomposes it into three sub-bands which generate
the low frequency (or coarse) sub-band represented
by X;(n) ,and the two high frequency (or detail) sub
bands represented by Xy(n) and Xjp(n), each of
which is then down-sampled by 2 [10, 15].

However, in the synthesis stage the signal will be
up sampled by 2 and then filtered by the
corresponding synthesis low pass filter 4y(n) and
two high pass filters /() and Ahy(n), as shown in
Figure (3b). Note that the symmetry between the
filters in the synthesis stage and the analysis stage is
not necessary, while for an orthogonal filter bank,
the 4;(n) are just the time reversals of #;(-n).
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Figure 3: Analysis And Synthesis Stages Of 1D Single Level Discrete Framelet Transform

4. PROPOSED DISCRETE FRAMELET
TRANSFORM BASED STBC-OFDM
SYSTEM (STBC-FT-OFDM)
TRANSCEIVER.

Figure 4 shows the complete model for the
proposed STBC-FT-OFDM system with two
transmitters and one receiver. The binary input data
stream is modulated and mapped to a sequence of
modulation symbols after passed through a serial-
to-parallel converter. The Alamouti scheme is then
applied across two consecutive OFDM symbols
within each subcarrier in STBC encoder. According
to this coding scheme the signal copy is not only
transmitted from another antenna but also at another
time. After STBC-encoder the training sequence
(pilot subcarriers) is then inserted to allow for
channel estimation to be utilized compensating for
the channel effects of the required signal. The pilot
carrier has a bipolar sequence {*£1}. Next, the N
point IFT is applied to the signals to achieve the
orthogonality between subcarriers. Zeros are
inserted in several bins of IFT to make the
transmitted spectrum compact and to decrease
adjacent carrier’s interference. Due to the strong
overlapping nature of the FT that provides high
orthogonality to the processed data, the signal of the
proposed system will be transmitted with a higher
orthogonality compared with the signal of the
traditional OFDM system. Due to the fact that the
signal of the proposed system is transmitted with a
high orthogonality, there is no need for adding CP
to OFDM symbols. Therefore, the proposed system
will be with a data rates higher than those in
traditional OFDM. Finally, the parallel data are
converted into serial via parallel-to-serial (P/S)
conversion and sent to the receiver over the wireless
channel.

As mentioned in section 2.1 at a given symbol
period (), two OFDM symbols are simultaneously
transmitted (s; and s,) from the two antennas
(Tx,and Tx,) respectively, while in the next symbol
period (t+7) signal (-s,*) is transmitted from
antenna Tx;, and signal s;* is transmitted from
antenna Tx, .The complex fading envelope is
assumed to be constant across the corresponding
two consecutive time slots.

The received signals from the wireless channel
can be described as shown in equations (3, 4), at the
receiver side the reverse steps of the encoding
processes are employed, a serial to parallel
conversion is established and FT with N-points is
used to convert the signal from time to frequency
domain. The original signals s; and s, can be
recovered by applying the equations (5, 6, 7, 8) on
the received signals (y; and y,).Then the final data
passes through de-mapping technique to recover the
original data and are then converted from parallel to
serial. To calculate the BER, the received bits are
compared to the transmitted bits for various values
of energy per bit to noise power spectral density
ratio (Eb/No).

Figure 5 shows the block diagram of the receiver
side for the proposed STBC-FT-OFDM system with
two transmitters and two receivers because the
transmitter side for this system will be as shown in
figure 4. In case of two receivers two signals will
received in each time as described in equations (9
and 10) and each signal will converted to frequency
domain by using FT after conversion from serial to
parallel. Equation 11 will be used to extract s; and
s, from the received signals 1, y12, 21, and y,,.The
combiner aided by the channel estimator will
provide perfect estimation of the diversity and
separate the signals s; and s, by simple
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multiplications and additions due to the
orthogonality of the system.

Pilot insertion

1/P Data
. STBC
S/P Modulation Encoder

Pilot insertion

A

4
O/P Data X
P/S Demodulation MLD Combiner <— S/P

A
h» hy

Channel Estimator <

Figure 4: STBC-OFDM System With Two Transmitters And One Receiver

Received pilot

I
MLD < Combiner S/P Rx;
O/P Data
P/S Demodulation ¢ Channel . .
Estimat Received pilot
— stimator J <
hyy hyy
— * o ) E Ibcz

Figure 5: The Receiver Side For The STBC-OFDM-FT System With Two Receivers
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5. SIMULATION
DISCUSSION

RESULTS AND

The proposed STBC-FT-OFDM system was
simulated and tested using MATLAB (version 7.8),
and the performance was compared with that of
STBC-FFT-OFDM  and STBC-DWT-OFDM
systems in terms of BER. A proposed system
equipped with two transmit antennas and arbitrary
number of receive antennas. In the simulation
scenarios the BPSK and QPSK modulation are used
over fading channel. In FT, the coefficients of the
transformation matrix with length equal to 7, will
be taken as shown in reference [10]. The length of
CP in FFT-OFDM was 25% of the total symbol
length of OFDM. The fading channel was
considered a Rayleigh fading channel modeled as
Jake’s model. The effect of the channel was
assumed to be constant in each packet frame. All
parameters and their values in the systems, which
were utilized in this simulation, are shown in Table
2. The results of the simulation for the proposed
system with the other systems will be as shown in

P e e
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Figure 6a: BER Performance Of STBC-OFDM System
Using BPSK Modulation Over AWGN Channel
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Table 2: Simulation Parameters B O 2 RONTCPK
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Parameter Value - - B MR P
System Bandwidth (BW) 10MHz o
Tsample 0.1 usec z e
Mapping technique BPSK, QPSK ! gé\
Number of FFT, and FT | 64 R b f‘i
points (N)
Number of useful subcarriers | 48
Second path delay , second | 16XTgmp. , -8dB R Nt "R RS 4 S Dt
path gain P L
0 2 4 6 8 0 % 3 kY
Figure 6b: BER Pemwce Of STBC-OFDM
5.1 The Simulation Results Over AWGN System Using QPSK Modulation Over AWGN

Channel

Figures 6a, 6b, show the performance of the
proposed STBC-FT-OFDM system compared with
that of the STBC-FFT-OFDM and STBC-DWT-
OFDM systems using BPSK and QPSK modulation
respectively over AWGN channel. Figures 6a and
6b demonstrate that the performance of the
proposed system is much better than the other two
systems either in case of two transmitters-one
receiver or two transmitters-two receivers. Also it is
clear from these figures that the performance of the
system will be improved as a number of receivers
increased with a constant number of transmitters.

Channel

5.2 The simulation results Over Flat Fading
Channel

In this simulation the signal will be affected
by flat fading in addition to AWGN channel where
a channel will be with a constant attenuation and
linear phase distortion, which has been chosen to
have a Rayleigh’s distribution. Figure 7a shows the
performance of the proposed systems compared
with the other systems using BPSK modulation.
This figure showed that the performance of the
proposed system is better than the other two
systems. The proposed system has BER = 10~ at
Eb/No = 6.25dB for 2Rx and at Eb/No=8.75dB for
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1Rx, while the traditional system has the same BER
at Eb/No= 17dB for 2Rx and at Eb/No=19.75dB for
1Rx, and the STBC-DWT-OFDM system arrives to
the same BER at Eb/No = 7dB for 2Rx and at
Eb/No=9.5 dB for 1Rx.

Figure 7b represents the performance of the
proposed system compared with the other two
systems using QPSK modulation. It is clear from
this figure that in the case of STBC-FT-OFDM the
Eb/No= 9.5dB and 12.5 dB for 2Rx andlRx
respectively at BER=107, while in the case of
traditional system the Eb/No=20.75dB and 23.25dB
for 2Rx and 1Rx respectively at BER=107, and in
the STBC-DWT-OFDM system the Eb/No=

10.75dB and 12.5 dB for 2Rx and 1Rx respectively
at BER=10". So the proposed system has gain
about 11.25dB and 10.75dB for 2Rx and 1Rx
compared with the traditional system.

,,,,,,,,,,,

¥ DIRKFFTEPK
- I 2RFFTBPK
B T RKDWTEPSK]
£ 2T IRKDWTBPSK|
€ 2R DVTEP(
B 1TARFTEPK

B 2T RFTEPK

Figure 7a: BER Performance Of STBC-OFDM
System Using BPSK Modulation Over Flat Fading
Channel
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Figure 7b: BER Performance Of STBC-OFDM
System Using QPSK Modulation Over Flat Fading
Channel

5.3 The Simulation Results Over Selective
Fading Channel

Figure 8a and 8b give the BER performance
of STBC-OFDM systems in frequency-selective
fading channel using BPSK and QPSK modulation
respectively, with the second path gain=-8dB and
time delay of 16 samples. As seen in these figures
the proposed system STBC-FT-OFDM is more
robust in the frequency-selective fading channel
compared with STBC-FFT-OFDM and STBC-
DWT-OFDM. Figure 8a showed that the proposed
system gave improvement in BER = 10° with a
gain about (11dB, 11.25dB) for 2Rx and 1Rx
respectively compared with the traditional STBC-
OFDM, and about (1.25dB, 1.5dB) for 2Rx and 1Rx
respectively compared with the STBC-DWT-
OFDM system in the case of BPSK modulation. In
the QPSK modulation the proposed system
outperforms the other two systems with a gain
about (10.75dB, 10.25dB) for 2Rx and 1Rx
respectively at BER = 10~ compared with STBC-
FFT-OFDM and with a gain about (1.75dB) for 2Rx
and 1Rx at BER=10" compared with STBC-DWT-
OFDM as seen in figure 8b.
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Figure 8a: BER Performance Of STBC-OFDM
System Using BPSK Modulation Over Selective
Fading Channel
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Figure 8b: BER Performance Of STBC-OFDM
System Using QPSK Modulation Over Selective
Fading Channel

6. CONCLUSIONS

An STBC-OFDM system based on FT was
proposed and compared with STBC-OFDM based
on DWT and traditional STBC-OFDM through the
use of BPSK and QPSK mapping technique. The
performance of the systems was tested and
compared in AWGN, flat fading and frequency-
selective fading channels. Simulation results
indicated that the proposed system has good BER
performance compared to that of STBC-DWT-

OFDM and STBC-FFT-OFDM. Moreover, the use
of CP in traditional system will reduce its spectral
efficiency and wastes the transmit power, while in
the proposed system, the need for CP is dispensed
with because of the excellent orthogonality that is
offered by FT, which subsequently reduces the
system complexity, increases the transmission rate,
and  increases  spectral  efficiency.  This
communication system gives an improvement in
system performance and efficient BER vs Eb/No
performance. Also it is noticed that for all tested
systems the performance of STBC-OFDM with two
receivers will be better than the performance of
STBC-OFDM with one receiver at a constant
number of transmitter.
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