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ABSTRACT

In recent years, the demand for new-generation wireless
networks has spurred research on cooperative communication,
a powerful physical layer technique to combat fading in
wireless  relaying scenario.  Recently, chaos based
communication has been proved to exhibit excellent features
which suits better for the emerging wireless networks.
Different chaos based modulation schemes has been analyzed
with the recent literatures, of which the code shifted
differential chaos shift keying (CS-DCSK) and Quadrature
chaos shift keying (QCSK) schemes are proved to be the
better schemes. By combining the advantage of
aforementioned CS-DCSK and QCSK scheme, a novel
modulation scheme called code shifted Quadrature chaos shift
keying (CS-QCSK) is reported in our earlier work [21] and its
suitability in a cooperative relaying scenario with a single
relay node is tested in this paper. The novel CS-QCSK
scheme is implemented in the nodes of the cooperative
relaying system to upgrade the system performance. The
simulation results have validated the effectiveness of the
proposed scheme by offering better BER performance,
minimum outage probability and increased spectral efficiency
compared to the non-cooperative transmission method.
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1. INTRODUCTION

Cooperative communication is an interesting research topic in
wireless communication for it achieves distributed spatial
diversity, wider coverage, low transmit power and reduced
interference. Recently, a good number of researches are also
focused on chaotic carrier modulation. A promising technique
which exploits the advantages of aforementioned schemes by
combining chaos based modulation in cooperative relaying
attracts a widespread attention in the literature. In [1], the
authors discuss the application of adaptive modulation
concept to enhance the performance of cooperative techniques
and to improve the spectral efficiency of the amplify and
forward system. The signal designs such as space time
codings / modulations to achieve full cooperative diversity
and an overview of the efforts on combating the time and
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frequency asynchronism of the cooperative communication
network has been discussed in [2]. The measured bit error rate
performance of a three node cooperative communication
system operating with a maximum ratio combining (MRC)
technique and two cooperative coded schemes using hard and
soft decision decoding has been discussed in [3]. In [4], the
authors present a Double-differential (DD) modulation for
amplify and forward (AAF) cooperative communications
system that works well with carrier offsets and further the
numerical power allocation improves the performance of the
system. The decode-remodulate-and-forward (D-ReM-F)
cooperative modulation scheme with higher signal
constellations and the capacity analysis for different protocol
under different fading condition has been discussed in [5].
In [6], the authors’ details about the cooperative relaying
schemes like symmetric and asymmetric downlink
communications which employs hierarchical modulation
schemes. The modulation diversity scheme for uncoded
cooperative communication in wireless networks with DF
protocol and the power allocation factor for performance
improvement in the system have been portrayed in [7]. In [8],
the modulation scheme supported with the knowledge of
SNRs of all links in a simple DF cooperative communication
system and proposed with the two rules, namely the exact rule
and the approximate rules has been presented. The
performance of adaptive modulation schemes applied both by
the source and the relay in cooperative communications with
perfect feedback and the impact of noisy feedback channels
has been analyzed in [9]. A novel combiner capable of
collecting full diversity with DF for any coherent modulation
termed cooperative MRC (CMRC) which offers a high
performance demodulation with less-complexity has been
discussed in [10].

A system combining DCSK / FM- DCSK with cooperative
communication strategy effectively enhancing the system
performance over multipath fading channels has been
discussed in [11]. Quadrature CSK (QCSK) is a multilevel
version of DCSK, based on the generation of an orthogonal of
chaotic functions. It allows an increase in data rate by
occupying same bandwidth with respect to DCSK has been
discussed in [12]. The study of multipath performance of the
frequency-modulated DCSK (FM-DCSK) system has been
analyzed in [13]. In [14],[15] the performance of the DCSK
system over a channel with Rayleigh fading or Ricean fading
has been discussed with the necessity to model the effects of
multipath delay spread as well as fading. A multiple-access
technique with differential chaos shift keying using a one
dimensional iterative map to generate the chaotic signals for
all users and similar average data rates for the users has been



discussed in [16]. In [17], the author explained the FM-QCSK
generation of inherent wideband signal with constant energy
per bit, which can be achieved by using the combination of
frequency modulation with QCSK. The high-level
constellation in FM-QACSK which can improve the speed of
chaos shift keying has been examined in [18]. The DCSK
system incorporated with two-user cooperative diversity
technique and multiple accessing has been adopted and
discussed in [19]. CS-DCSK uses code domain approach, the
reference and the information bearing signals are transmitted
at the same time slots, it offers better BER performance and
bandwidth efficiency, as discussed in [20]. The CS-QCSK
modulation scheme which is a combination of CS-DCSK and
QCSK modulation schemes with the higher data rates and
offering the advantage of both the CS-DCSK and QCSK
schemes has been discussed in [21]. In this paper, the
CS-QCSK modulation scheme discussed in [21] is to check
for the suitability of CS-QCSK in a cooperative relaying
system.

The remaining part of the paper is organized as follows: In
section 2, the system model of the proposed cooperative
relaying scheme is elaborated. In section 3, the code shifted
quadrature chaos shift keying scheme is discussed analytically
with the bit error rate expressions. Simulation results are
discussed in Section 4. Section 5, deals with the conclusion of
the paper.

2. SYSTEM MODEL DESCRIPTION

Consider a cooperative communication network consisting
three nodes namely: the source(S) node, relay(R) node and
destination (D) node, with each having a single antenna as
referred in fig. 1. Let ‘hg,” be the fading channel between the
S and R, ‘hgq’ be the fading channel between S and D, and
‘hy g’ be the fading channel between R and D. Cooperative
protocol strategies are classified by the operation at R and
here it is assumed to be DF protocol, where R decodes the
received signal, re-encodes, and transmits to D.

Assumptions carried out in the work are:

(i) Rayleigh fading for all the channels
(i) The perfect channel state information is assumed to
be known at the receiver.
(iii) Half duplex communication
(iv) Cellular mobile environment.
Phase 2: h, 4
Relay
Phase 1: hg,
I I
Source Phase 1: hs 4 Destination

Figure 1: Cooperative Communication for single relay
with the Implementation of code shifted quadrature chaos
shift keying scheme in the nodes

International Journal of Computer Applications (0975 — 8887)

Volume 76— No.9, August 2013

Internal structures of the source node, relay node and
destination node which are shown in Figure 2, Figure 3 and
Figure 4.Referring to the Figure 2, the source node consists of
a block called CS-QCSK modulator block. The operation at
the source node is, the input bit streams are given as input to
the CS-QCSK modulator and in the modulator the bits are
mapped according to the constellation and generates the
CS-QCSK modulated signal. Then, the modulated signal is
launched over the transmitting antenna.

Input Bit
Streams

CS-QCSK

Modulator

Figure 2: Source node
Overheard
Signals
Detector Forward
2% CS-QCSK » CS-QCSK

Demodulator Modulator

DF Signal

Figure 3: Relay node

Referring to the Figure 3, the relay node consists of two
blocks (i.e.) the detector block and forward block. The
detector block employs a CS-QCSK demodulator and the
forward block performs CS-QCSK modulation. The process
involved is, the relay receives the overheard signals and it is
given to the detector block. In detector block, the signal is
demodulated. Then the detector output is given as input to the
forward block. The forward block re-modulates the input
signal according to CS-QCSK constellation and generates the
Detect and Forward (DF) signals. Further, the DF signal is
launched over the transmitting antenna.



Received Output  bit
Signals streams

Signal Combining
and
CS-QCSK
Demodulation

Figure 4: Destination node

Referring to the Figure 4, the destination node consists of a
block called signal combining with CS-QCSK demodulation
block. The process involved is, the signals are received and
then combined using maximum ratio combiner and detected
using CS-QCSK demodulator. Finally the output bit streams
are obtained.

The cooperation strategy is modelled with two orthogonal
phases to avoid the interferences. In phase 1, source sends
information to the destination and the information is received
by the relay at the same time. In phase 2, the relay helps the
source by forwarding or retransmitting the information to the
destination. In phase 1, the source broadcasts its information
to both the destination and the relay. The received signals at
the destination and the relay are obtained as,

ys,d = \/Ehs,d X+ ns,d
Y..=YPh.. x+n.,

@
@

Where, ‘P’ is the total transmit power at the source, ‘x’ is the
transmitted information symbol, ‘ng4’, ‘ns,” and ‘n; 4" are the
additive noises, ‘hsq’, ‘hs,” and ‘h;4’ are the channel
coefficient from source to destination, source to relay and
relay to destination respectively. They are modeled as
zero-mean, complex Gaussian random variables with

variances 2 and O-Zd respectively. With the
r,

Gs O_S.r
variance ‘N,’ the noise terms ‘nggq’, ‘ns,’ and ‘n;q’ are
modelled as zero-mean, complex Gaussian random variables.
In phase 2, the relay forwards a processed version of the
source signal to the destination and this is obtained as,

yr,d - hrvdq(ys,r)+n"vd 3)

the function q () depends on which processing is
implemented at the relay node. The mutual information in
terms of channel fades for decode and forward transmission is

given by,
2 )} 4)

Considering rayleigh fading channel, the outage probability
can be written as,

1 2 ’
|DF:Em|n{Iog(1+F‘hs‘r‘ ),|09(1+F‘h5,d‘ +F‘hr,d
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Averaging over the channel conditions, the outage probability

Pr[|DF<R]:Pr4

for decode and forward is given by,
2R
i 2 -1
Pri] o <R |0 — =
O s.r (6)

Where, I'=P/N, and ‘R’ is the transmission rate. The next
section deals with the analytical description of CS-QCSK
modulation scheme in detail.

3. CHAOTIC MODULATION SCHEME

The aim of this section is to illustrate the practical importance
of CS-QCSK modulation scheme which is highlighted with
the modulated expression and bit error rate expressions for
AWGN channel and Rayleigh channel conditions.

3.1. CS-QCSK Scheme

In CS-QCSK, both reference signal and information signal
(symbol ‘S”) is transmitted in same time slot. However they
are separated using walsh codes. The CS-QCSK transmitted
S|gnal is given by,

U]

Z Gy (1=KT) +a W,.C, (t-KT,) +az G, (t=KT,) T, =NT,

Where a,€ {-1, 1}, a,€ {-1, 1} is mapped from b € {0,1}
which is the information bit to be transmitted. This scheme
uses different Walsh code for the reference and information
signal, where Wgy.1 represent the Walsh code for reference
signal and W1 , Wik  represent the Walsh code for
information signal, C(t) is the chaotic signal with duration of
T.. Both the reference and the information signal are
transmitted in the same time slot as given in equation (7). The
orthogonality of the signal is assured by walsh code
sequences, therefore the reference and the information signal
are independent of the chaotic carrier. The description about
chaotic modulator / demodulator discussed under this section
can be referred in the earlier paper [21].The error rates
associated with CS-QCSK under AWGN and Rayleigh
environment is given below,

The Bit error rates under AWGN channel is given as,

3(E, / N,)

BER 3 1
\/ZK+EK+2(Eb/NO)

1
CS—QCSK — E erfc

®)
The Bit error rates under Rayleigh fading is given as,
_1 3(»)
P Res-qenc =5 o0 \/E K+IK+2(m)
4 2 9)

Where ‘Ey’ is the bit energy, ‘N,’ is the noise power spectral
density, ‘K’ is the spread factor, ‘y,’is the product of (Ex/N,)
and the gain of the propagation path. The next section deals
with the simulation analysis of the proposed schemes with
various validating factors.

4. SIMULATION ANALYSIS

The simulation analysis for the proposed method is performed
with the following parameters and it is tested in MATLAB
7.10. This section discusses the simulation analysis of the
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proposed scheme using the parameters mentioned in Table 1.
The complexity analysis of the CS-QCSK scheme is tested
initially and further the performance analysis of the proposed

—+— (CS-QCSK) Non-Cooperative Txn [}
scheme in a cooperative relaying scenario is analyzed in terms o Sy L2 (C5.QC8K) Cooperatie Tan
of parameters like outage probability, spectral efficiency,
BER etc. The superiority of the CS-QCSK chaotic scheme has S N
been already tested. The readers are requested to refer to [21]. 10°*
Table 1. Simulation Parameters N
i 10°
PARAMETERS VALUES/ TYPES 10°*
Number of transmitted bits 2x10* 2 \
Type of antenna system SISO . ‘ ‘\
10 0 2 4 6 8 10 12 14 16
Modulation scheme CS-QCSK Eb/No (dB)
Number of Transmitter 1 Figure 6: BER_ performange analys_ls of the C_S-QCSK
scheme in Cooperative relaying scenario
Number of receiver 1 It is inferred that, for a fixed BER of 10, the cooperative

transmission method requires approximately 9 dB and
Number of relay 1 non-cooperative transmission scheme requires 11 dB. This is
due to the fact that a cooperative mode has enabled the link to

Power allocation Ps=Pr=(1/2)P=0.5

be good even under adverse situations. The BER performance
of the proposed CS-QCSK scheme in cooperative
. L ~ transmission has better performance compared to the
Relay location Dsr=Dsd=(1/2)Dsd=0.5 CS-QCSK scheme in non-cooperative transmission.
Path loss exponent 2 o
[———— 1> (CS-QCSK) Non-Cooperative [}
Doppler frequency 0.01 N S tesp N —©— (CS-QCSK) Cooperative
10 =
Channel Type Rayleigh fading |
10° ‘
100 T % }
S * Theoretical BER 510'3 N
. e — — Simulated BER g
10 £
S 10" )
2
10 10°
i 10° 10° \
\ 0 2 4 6 8 10 12 14 16
\ Eb/ No (dB)
\
-4 \
0 \ Figure 7: Outage probability vs. Eb / no of CS-QCSK in
\\ cooperative relaying scenario
10° \\ The outage probability analysis for the CS-QCSK scheme in
\x\ cooperative relaying transmission and non-cooperative
5 \ transmission is plotted. From fig. 7, it is inferred that, for a
0 5 10 5 fixed Eb/No of 12dB the CS-QCSK scheme in cooperative
EbiNo (dB) transmission method and non-cooperative transmission
method has the outage probability of approximately 1x10™
Figure 5: BER performance of CS-QCSK scheme for and 1.6x10™ respectively. This proves the effectiveness of the
Rayleigh multipath channel.

cooperative mode of transmission.
The fig.5 reveals the BER performance of CS-QCSK scheme

obtained for both theoretical and simulated values.The BER
values calculated from the analytical expression and the
simulation are very similar and both the graph converge with

each other.For the BER value of 1073 approximately the
required (Eb/No) value is11dB.
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Figure 8: Outage Probability versus Spectral Efficiency of
CSQCSK scheme in Cooperative relaying scenario

The next attempt was to check out for another critical ‘QoS’
parameter namely outage probability and its relation with
spectral efficiency. From fig. 8, it can be concluded that for a
fixed spectral efficiency of 2bps/Hz the proposed CS-QCSK
scheme in cooperative transmission method has the outage
probability of 1.384x10 and in non-cooperative transmission
method has the outage probability of 0.0105. Then, for fixed
outage probability of 102 the spectral efficiency for
cooperative transmission method and non-cooperative
transmission is 1.5 bps/Hz and 1.1 bps/Hz respectively. The
CS-QCSK scheme in cooperative transmission has minimum
outage probability and increased spectral efficiency compared
to a Non-cooperative transmission method. According to the
system capacity condition, as the spectral efficiency increases
the outage probability also gets increased. It is obvious from
the figure 5 that tradeoffs always exist between outage
probability and spectral efficiency.

10
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—&—QPSK | |
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T T
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2 4 6 8 10 12 14 16 18 20

Eb/No(dB)

Figure 9: Complexity analysis for the proposed CS-QCSK
scheme and Conventional modulation scheme

Finally, the complexity analysis graphs were plotted for the
proposed CS-QCSK scheme and conventional modulation
scheme. From fig. 9, it is inferred from the graph that , for a
fixed Ey/N, of 4 dB the number of operations performed by
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the proposed CS-QCSK scheme is 100 (approx) and for the
conventional modulation schemes CS-DCSK, QPSK and
BPSK the number of operations required are approximately
50,70 and 15 respectively. The complexity analysis
expression is derived for the proposed scheme and the
analysis is done through it. Though the proposed scheme has
more computational complexity compared to the conventional
schemes, it offers other benefits like improved BER
performance, spectral efficiency and higher data rate.

5. CONCLUSION

In this paper, an improved chaos-based modulation,
CS-QCSK  technique is recommended for a cooperative
relaying scenario. A single relay cooperative communication
with DF protocol is considered. The CS-QCSK scheme,
avoids the use of delay lines in the receiver units. It transmits
the reference and information signals in the same time slot
and offers an increase in data rate, better BER performance
and bandwidth efficiency. However, the proposed logic
suffers from a marginal increased system complexity which is
analyzed through simulation and compared with the
conventional modulation schemes. Simulation analysis is
carried out and the results shows that the proposed scheme
achieves better BER performance, minimum outage
probability and increased spectral efficiency, which is the
need of the hour for the future wireless communication
systems. The same work can also be extended to a multi-relay
node scenario, which would certainly yield a satisfactory
performance with an exception in the complexity involved.
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