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Abstract— A Hybrid architecture between terrestrial
and satellite networks based on Orthogonal Frequency
Division Multiplexing (OFDM) is employed here. In
hybrid architecture, the users will be able to avail the
services through the terrestrial networks as well as the
satellite networks. The users located in urban areas will
be served by the existing terrestrial mobile networks
and similarly the one located in rural areas will be
provided services through the satellite networks.

The technique which is used to achieve this objective
is called Pre-FFT adaptive beamforming also called
time domain beamforming. When the data is received
at the satellite end, the Pre-FFT adaptive beamforming
extracts the desired user data from the interferer user by
applying the complex weights to the received symbol.
The weight for the next symbol is then updated by
Least Mean Square (LMS) algorithm and then is
applied to it. This process is carried out till all the
desired user data is extracted.

Index Terms— Hybrid Communication, OFDM, CClI,
Beamforming, Pre/Post FFT Beamforming

I. Introduction

In today’s world the need for communication has
driven the researchers towards higher data rates and all
time connectivity. This step towards higher data rates
has enforced a lot of pressure on communication
networks. In order to meet this requirement,
communication networks with sophisticated technology
are needed. As a result, systems with advance antennas
and signal processing are a promising solution. But
only provisioning of higher data rates can neither create
an effective network nor can it support large customer
base. In order to provide global connectivity and
supporting a rich customer base the communication
network should not be bound to time or location. This
approach towards provisioning of connectivity at every
time and every place is a dominating aspect towards
successful communication networks in the future.

In order to deal with this problem, a hybrid
architecture based on OFDM system is modelled and is
presented in Fig 1. It is shown that the users located in
rural areas are served directly from the satellite spot
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beam due to lack of infrastructure of terrestrial
networks [1] [2]. On the other hand users located in
urban areas are served by existing terrestrial system as
satellite signal cannot penetrate in buildings [3]. In this
way satellite network need not to worry about
additional requirements to serve its users in cities.
Therefore, the spectrum is being shared between two
networks that is terrestrial and satellite for providing
throughout connectivity, higher capacity at reasonable
cost.

The remainder of this paper is structured as follows:
Section 2 gives the detailed methodology/ approach
that has been adopted to obtain this work i.e. it is
proved with the help of mathematical derivation as well
as the model is shown through the block diagram.
Section 3 describes Simulation results obtained using
MATLAB and the results are discussed with reasons.
Section 4 presents summary and recommendation for
future work and References are given in last section.

Il. Methodology

This part presents the detailed procedure of the
system model.

2.1. System Model

The hybrid system scenario and block diagram of
OFDM system model is presented in fig 1 and fig 2
respectively with the beamforming at the satellite end.
Starting from the data generation block or source,
which generate random data, is followed by the
Modulator. The Modulator modulates the data
according to the type of modulation scheme used. Here
we are using both BPSK and QPSK and will analyze
their performance. After modulation the pilot insertion
takes place. Pilots are known data to the receiver which
is used to estimate the channel [4]. Pilots can either be
inserted with specific period uniformly between the
data sequence [5]. Here in our system five pilot have
been inserted in to the data sequence. After pilot
insertion with the mapped data the output in frequency
domain of multiuser case is expressed as, taking one
symbol at a time.

Xai.iy = X jyr Xz gy eeeee X,y ) @

1.J. Information Technology and Computer Science, 2013, 12, 31-38


mailto:1farman@ciitwah.edu.pk,2drnadia@ciitwah.edu.pk

32 Hybrid Communication System Based on OFDM

Where X j, shows the nt" subcarrier of the j user, represents the transpose.
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Fig. 1: Hybrid System Scenario
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Fig. 2: OFDM System Model
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Up to now the signal is in frequency domain. Right
after the pilot insertion the signal is transformed into
time domain by using IFFT.

X, =F"x )

In (2), XG5y = Xawjyr Xz, jyreeeees X(n,jy Is the time

domain symbol of an OFDM system and F shows the
matrix for FFT operation and ()" shows the Hermitian
transpose. After the transformation of signal from time
domain to frequency domain, then comes the block of
cyclic prefix extension. Cyclic prefix cyclically shift
the symbol, means that the last G elements of an
OFDM symbols are copied and placed at the start. The
purpose of cyclic extension is to overcome the effect of
ISI (Inter Symbol Interference) [6][7]. Here cyclic
prefix of 1/4™ of the symbol length is used. The process
of inserting guard interval can be represented using the
following equation [8].

N,G
X; = [KF" ®3)
N

In (3), Xj=[X(N-G+L}J), x(N-G+2}), ..., x(N-L}),
x(N ), x(1.)), x2,)), . . .., X(Nj))]" is the OFDM
symbol with the cyclic prefix. N,G in (3) is containing
the last G rows of matrix In, which is an identity matrix
of size N. After this process the data is converted to
serial form by passing it through parallel to serial
converter (P/S), which is ready to be transmitted over
the channel. Channel effect can be expressed as [8]

y; =x;Nh;k (4)

where k shows the index of time, so passing through the
channel, the signal is received at the receiver from the
desired source and other sources of interference. But
here in this paper the channel effect is not included.
When the signal is received at the satellite antenna
element, after removing the cyclic prefix the signal
matrix for one OFDM symbol can be represented as [9]

V=AY"+N (5)

In (5); A is the array response, Y is the received
OFDM symbol and N is the noise. The key point to
notice here is that the beamformer will take one OFDM
symbol at time so the noise for that one symbol will be
randomly generated. Referring to (2) and (5), a(s, j) is
the element of A matrix which shows the array
response of s"antenna elements and j" user. And a(s, j)

is given by €2® A% \where the total number of
antenna elements are s = 1, 2, 3, . . . ,S. Also the inter
antenna element distance is given by d, and the
direction of Arrival (DOA) for the j" user is given by 6,
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and the carrier wavelength is given by A. In this paper
we have modeled the linear array so the distance
between inter-elements is da = A/2. In this way the array

. j2
response will be €12 1%,

Likewise the received signal for j™ user and n
subcarrier is given by y(j, n). This y(j, n) is the element
of Y matrix. Also n(s, n) and v(s, n) are the elements of
matrix N and V respectively representing the noise and
output of beamformer for s antenna element and n
OFDM subcarrier.

2.2. Adaptive Beamforming:

In order to mitigate the interference, beamformer
processes the output of the antenna elements by
applying complex weights to the symbols. This process
is expressed as

r=w"v (6)

where r in (6) is termed as the weighted beamformer
output and r = [r(1), r(2), . ..., r(N)] and w is [w(1),
w(2), . ..., w(N)]" which is the complex weights. After
the beamformer, serial to parallel (S/P) converter is
applied to the received data. It is then converted into
parallel sequence. After the data is transformed into
parallel sequence, it is converted into frequency domain
by applying FFT.

r=Fr" )

r=r,r,...r is known as the OFDM symbol

received and it is in frequency domain. In order to
update the weight for the next symbol what
beamformer does is it takes the transmitted pilot
sequence and also the pilots received an on the basis of
these pilots it calculates the error vector [10].
Depending upon this error vector, adaptive algorithm
based upon Mean Square Error (MSE) computes the
next weight for the next symbol[10][11]. The error
vector is shown below

e’ =r°x;y ®)

As it can be seen that the error vector obtained is in
frequency domain while pre-FFT beamforming is done
in time domain as said in the previous section. So there
is a need to convert this error vector into time domain
[12]. The transformation of error vector from frequency
domain to time domain is expressed as below [13]

H,~P
e,=F,e )

Here eP is the error in time domain F, is the iFFT
which transforms the error vector from frequency
domain to time domain.
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After the process of error calculation, Least Mean
Square (LMS) algorithm is implemented in order to
update the beamformers complex weights [8][14].

Wl+l = WI+2:uI € P (10)

In(10)1=1,2,3,....,Land it corresponds to the
I symbol of OFDM. Using the weight equation, new
weights for the next symbol is calculated. v(I) is the
output of the beamformer and eP(l) is error vector and p
is the adaptive step size for the LMS algorithm
[15][16][17]. We repeat the process till all the weights
for all the symbols are calculated and the desired data is
extracted.

2.3. System Parameters and Performance

Here in this section the system parameters regarding
transceiver are outlined. Regarding to the transceiver a
SIMO OFDM system is used [18]. This transceiver
transmits with one antenna and on the satellite end 2, 4
receive antennas are used. All the modulation schemes
mentioned in table 1 are used for single and multi-user
implementation of OFDM system. But in OFDM based
adaptive beamformer, the source data is modulated
using BPSK, QPSK and 8-PSK. 32 sub-carriers are
used for one OFDM symbol and sub-carriers 1,
9,17,25,32 are allocated to pilot transmission [19]. The
desired user is at 40 degrees with respect to satellite and
three interference users are at -60, -30 and 70 degrees.
The power of interference users is -5 dBW and -10
dBW. The value of p which is the LMS step size is
0.0001.

As OFDM now a days is widely being used in 3GPP
standards. So this system has been implemented on a
3GPP standard as well. According to the standard 256
sub-carriers are used and pilot transmissions occur after
every 6™ subcarrier [20].

Table 1: System Parameters

Parameter Value

Modulation Scheme

BPSK,QPSK,8-PSK,16\QAM

Number of subcarriers

32

Number of symbols

20,000

Pilot Location

{1,9,17, 25,32}

Cyclic Prefix 8(1/4)
Antenna Elements 2,4
Number of users 4
Desired User Power 0dB
Interferer User Power -5,10dB
LMS adaptive step size (1) 0.0001
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I11. Results and Discussions

This section gives the simulation results generated
from implementation of single and multiuser OFDM
system

Fig. 3: BER vs Eb/No for BPSK

Fig 3 shows the performance of the system in terms
of BER and Eb/No. Simulated curve is plotted against
the theoretical curve which proves that the OFDM
system is working properly.
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Fig. 4: BER vs Eb/No for QPSK

BER is plotted against QPSK for QPSK. There is not
much different between BPSK and QPSK performance
because the two more bits can be sent in the
constellation of BPSK without putting more energy as
they still will be orthogonal to each other.
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Fig. 5: BER vs Eb/No for 8-PSK
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Fig. 6: BER vs Eb/No for 16QAM

Fig 5 & Fig 6 show the performance of 8-PSK and
16QAM. It is quite clear that using higher order
modulation results in performance degradation.

Two scenarios are used in beamforming environment.

In the first scenario the interferer power is taken as -
10dBW and comparison of different modulation
schemes in combination with antenna elements is made.
Whereas in second scenario the power for interference
users is set to -5dBW.

3.1. Scenario 1: Interference level -10dB

In first scenario we have used the interferer users
with power of -10dBW. Fig 7 below shows the results
of first scenario comparing the system performance in
terms of Bit Error Rate (BER).
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Fig. 7: System performance vs desired user Eb/No for s={2, 4}, M-
PSK {M=2, 4, 8}

We have observed that there is degradation in system
performance with the use of higher order modulation.
This is because, higher order modulation schemes carry
more data and are not as robust as lower order
modulation schemes. It is also observed that BPSK and
QPSK perform better as compared to 8-PSK. Fig 7 also
depicts that system gives much better performance
when antenna elements are increased from 2 to 4.
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Fig. 8: Desired user Eb/No vs MSE for s=2 and M-PSK={2, 4, 8}

Fig 8 depicts the system performance based on MSE.
It is seen from the graph that increase in Ep/N, results
in decrease of MSE. One thing to note here is this that
higher modulation schemes have lower MSE as
compared to lower order modulation scheme. Once the
convergence is achieved adaptive beamformer lowers
the MSE values [21].

MIE(B)

Fig. 9: Desired user Eb/No vs MSE for s=4 and M-PSK={2, 4, 8}

Fig 9 shows the comparison between Eb/No and
MSE with the use of 4 antenna elements. Comparing
the results depicted with those shown in fig 8, we can
analyze that with the use of 4 antenna elements we have
lowered the MSW by almost 3dB. Therefore increasing
the antenna elements result in decreasing the MSE.
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Fig. 10: Cumulative MSE vs time (OFDM symbols) for s=2, M-
PSK={2, 4, 8}
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Fig 10 shows the cumulative MSE against OFDM
symbols at desired value of Eb/No. 20,000 symbols
were transmitted and at each symbol the error value is
calculated at desired value of Eb/No and plotted as
above. It is observed that as the symbols are received
the error values along with the receiving symbols keep
on decreasing. As the beamformer converge, the error
gets to minimum.

5

Cumulative MSE(®)

CFDN symtols

Fi

g. 11: Cumulative MSE vs time (OFDM symbols) for s=4, M-
PSK= {2, 4, 8}

Fig 11 shows the same result but using 4 antennas
instead. It is quite clear that using large antenna
elements result in less error. Keeping the rest of the
parameter same and changing the antenna elements
from 2 to 4, resulted in decrease in cumulative MSE.
The margin is quite clear from fig 10 and fig 11 values
are plotted against 20dB Eb/No.

3.2. Scenario 2: Interference level -5dB

In the second scenario we set the power of the
interference users at -5dB and study how this change
effects on the system performance.
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Fig. 12: System performance vs Eb/No for s={2,4}, M={2,4,8},
Interference power = -5dB

Fig 12 represents the system performance in terms of
BER and Eb/No using different antennas and different
modulation schemes but the for interference user power
is set to -5dB. Comparing fig 12 with the first scenario
results shown in fig 7 where interference power was set
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to -10dB, it is quite clear that the system has degraded
in performance with increase in the interference.
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Fig. 13: Desired user Eb/No vs MSE for s=2 and M-PSK={2, 4, 8}

Fig 13 shows the performance in terms of Eb/No and
MSE. This plot is taken at interference level of -5dB,
comparing it with fig 8 where the plot was at
interference level of -10 dB clearly shows that first
scenario with interference -10dB out performs the
second one.
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Fig. 14: Desired user Eb/No vs MSE for s=4 and M-PSK={2, 4, 8}

Comparing with the results shown in -10dB scenario,
the results plotted in fig 14 are better than the result
produced in fig 9. This is because the antenna elements
have increased. But change in interference power has
showed its effect as well. The performance has been
degraded when compared with fig 9.
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Fig. 15: Cumulative MSE vs time (OFDM symbols) for s=2, M-
PSK={2, 4, 8}
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Fig. 16: Cumulative MSE vs time (OFDM symbols) for s=4, M-
PSK= {2, 4, 8}

Fig 15 and fig 16 shows the result for 2 and 4
antenna elements at interference level of -5dB. Out of
both the latter performs better as antenna elements are
increased.

IV. Summary

In this paper, a hybrid architecture based on OFDM
is employed where both the terrestrial and satellite
networks can co-exist with each other. Users are able to
use either terrestrial link or satellite link depending
upon their location in a transparent manner. So in
hybrid architecture there is a reuse of frequency. This
frequency reuse induces CCI. The modeled employed
is to overcome this uplink CCI. In order to mitigate this
uplink CCI caused by frequency reuse adaptive
beamforming is employed. An OFDM based adaptive
beamforming in implemented in this paper so as to
alleviate this interference. Terrestrial users operate
OFDM because of its high data rate and its robustness
and at the satellite end Pre-FFT beamforming also
known as time domain beamforming is implemented.

Different scenarios have been modelled in order to
evaluate the performance of the system. The
simulations were carried out for different modulation
schemes so as to conduct comprehensive analysis.
Different parameters were used to have a fair
comparison and also the system performance is tested
for different interference levels.
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