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Abstract

We have investigated the performance analysis of DF
(Decode-And-Forward) based cooperative system using co-
operative MRC (C-MRC) at the destination with co-channel
interference in Rayleigh fading channels. The performance
of C-MRC is compared with maximal-ratio combining
(MRC) using the effective Signal to Interference plus No-
ise Ratio (SINR) of the system. It is seen that performance
of C-MRC technique is much better than that of MRC. The
Monte Carlo simulations are provided to illustrate the ef-
fect of interference on the performance where interference
channels are independent and identically distributed.

1. Introduction

Multiple input multiple output (MIMO) system is a pro-
mising technology to increase the network capacity by emp-
loying multiple antennas at both transmitter and receiver sides
[1, 2]. Although using multiple antennas can be feasible for the
base stations, it is not appropriate for mobile stations due to
the size and power limitations. Thus cooperative communica-
tion has emerged as an alternative technology which acquires
the advantages of MIMO systems by apply single antenna at
the transmiting relays and receiving stations [3-4].

Cooperative communications have attracted too much at-
tention in research community due to its ability to extend the
network coverage, low cost of deployment, increase of spectral
efficiency and reliable transmission [3-5]. Cooperative diversity
creates virtual antennas between participant terminals, which
share resources. Two of the most well-known relaying techni-
ques used in cooperative communication systems are amplify-
and-forward (AF) and decode-and-forward (DF). The AF is the
simplest cooperative protocol in which the relay amplifies the
received signal from the source together with the noise and fo-
rwards to the destination without any alteration or filtration. Its
disadvantage is the higher noise level at the receiver which is
highly depending on the condition of channel between the so-
urce, relay and destination. The main advantages of this proto-
col are less transmission delay and low implementation comp-
lexity. In DF protocol, the relay attempts to decode the received
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signal in order to recover the original transmitted signal. After
decoding, the data bits are then encoded and transmitted to the
destination. The main advantage of this protocol is the elimina-
tion of the noise at the relay and its disadvantage is the decoding
errors at the relay due to deep fading in the link which lead deg-
radation in overall performance of the system.

Various detection techniques can be used in DF based
cooperative communication systems in order to decrease the
effect of error propagation at the relay terminal such as coope-
rative maximal ratio combining (C-MRC) [9], Maximal ratio
combining [7], maximum likelihood (ML) detection [5] and
the link-adaptive regeneration (LAR) [8]. In ML detection [5]
and C-MRC [9] the destination combines signals transmitted
from the relay and the source terminals taking the quality of
the source-relay link into consideration. Cooperative-MRC
(C-MRC) [9] achieved a performance that nearly maximum
likelihood detection performance but lower complexity. On
the other hand, in LAR based strategies [8] combating with
the error propagation is accomplished by allowing soft power
scaling at the intermediate terminals.

Nevertheless, co-channel interference is a major issue in
cooperative communication systems. It is generally domina-
tes AWGN in wireles networks because all terminals may
using same frequency. The authors in [10] have deployed
the performance analysis of a dual-hop relay network in
presence of co-channel interference at relay and destination
terminals where upper bound of the exact equivalent signal-
to-interference-plus-noise ratio (SINR) at the destination is
formulated. Also the authors in [10] derived the cumulative
distribution function, probability density function and moment
generating function of the upper bounded end-to-end SINR.
In [11], the authors investigated the performance of DF base
cooperative system in presence of co-channel interference over
mixed fading channels between the source-destination and the
source-relay-destination paths. The outage probability of DF
cooperative relaying systems using MRC in the presence of co-
channel interference is investigated in [12] and a closed-form
expression for the outage probability is derived. Also optimi-
zation of cooperative diversity systems in generic noise and
co-channel interference is studied in [13] and the authors have
derived a unified mathematical framework for performance



analysis. In [14], the author investigates a dual-hop DF relaying
vehicular system in presence of co-channel interference, in
which source, relay and destination terminals are composed
vehicles and interferers are stationary.

In this paper, we have compared the performances of C-
MRC and MRC tecniques in DF based cooperative system with
co-channel interference over Rayleigh fading channels by using
Monte-Carlo simuliation. The results show that, C-MRC tech-
nique gives higher diversity gains in the absence of co-channel
interference with respect to the MRC technique. When there
are multiple interferences, the performance of both techniques
decrease drammatically but the C-MRC technique show better
performance than the MRC technique in low SNR regime.

2. System Model

We have considered a DF based cooperative communica-
tion system (Fig.1), in which a source terminal S communicates
with a destination terminal D with the help of a relay terminal
R. All terminals operate in half-duplex mode and are equipped
with a single pair of transmit and receive antennas. In this
paper, the interferer links at destination are assumed to have
Rayleigh fading.

Fig. 1. System model.

Let us assume that the communication between the source
and destination terminal is performed in two phase. In the first
phase, the source transmits the data symbol = € {-1,1} to relay
and destination. The destination terminal receives noisy signal
and a number of co-channel interfering signal. Therefore, the
received signal by relay and destination can be written as

Ysr = V EShsTx + Nsr, (1)

L
Ysd = VEshsa + neq + Z VEig:si, 2)
i=1
respectively where z is the transmitted symbol by source
terminal, s; is the ith co-channel interferer’s symbol, F; is the
energy of desired symbol, E; is the energy of ith co-channel
interferer, h;; (i, j € {S, R, D}) is the complex fading coeffici-
ent between terminals i and j modelled as zero-mean complex
Gaussian random variables with ij /2 variance per dimension
(CN(0, afj )), gi denotes the complex Gaussian random variable
of ith co-channel interferer, modelled as g; ~ CN(0, Uf), N
and nq denote AWGN with zero mean and variance of No and
modelled as ns» ~ CN(0, No), nsa ~ CN(0, No).

In the second phase, the relay estimates the data symbol of so-
urce terminal and then transmits re-encoded signal to the desti-
nation terminal. The estimated symbol Z is given as

- ) 2
Z=arg min ) | Ysr — VEsxhsy | (3)

ze{—1,1

Therefore the received signal by the destination in the second
phase can be written as

L
Yrd = V ErhpaZ +npa + Z VEigisi )
i=1
where E; is the energy of the relay terminal and n.q denotes
AWGN modelled as n,q ~ CN(0, No)

3. Decision Rules

The decision rules used at the destination for MRC and C-MRC
techniques are explained in the following subsections.

3.1. Maximal Ratio Combining

The MRC weight vector and the output signal are given as [1]

y=wyr ©
where y is the output of combiner and r is the received sig-
nal. Therefore under optimal condition, the output signal can be
written as

y = whysa + wihyra (©6)

where wsq and w4 are optimal weight vector and depend on
hsa and h,q respectively. Subtituting w?, = h*; and wZ, =
~q into (6), the output signal can be written as
hsaysd | hrayrd

= Jsdlfed | Hrdrd 7
Yy No + N @)

where (.)* denotes the complex conjugate operator. Deci-
sion rule of MRC can be written as

1
zp =R{y} 20 ®)
where R{y} denotes real part of {y}.

3.2. Cooperative Maximal Ratio Combining

Unlike the MRC technique where only the SNR of the R-D link
is taken into account, i then C-MRC approach, equivalent SNR
of the S-R-D link is utilized in determining the weight vectors.
The C-MRC weight vectors wsq and wrq are given as [9]

Wsd = h:ch
eq ; * 9
Wrd = Teq hrd' ( )
Yrd
E, 9w
Here ~,.q can be expressed as vy,q = A | hra |°. Since co-
0

channel interference is used at destination, we can use the ef-
L

fective SINR of R — D link as 73/ = ~4,.4/(1 + 3 74,)-
i=1

Thus, the expression w,.4 in (9) can be rewitten as :



Wea = by (10)
rd
where g, is the total interference to noise ratio at destination

. E;
and can be written as vy, = FZ | gi |*. In accordance of ’yfj; 4

0
end-to-end equivalent SNR of S-R-D link, 7.4 can given as [9]

1, )
Yeq = —{Q 7 [Peg(vsr vra Y an

where Q(x) = \/% [ exp (7”72) du, and « is a cons-
tant that depends on the underlying constellation. (o« = 2 for
BPSK). Errors at the destination occur either when S — R trans-
mission is received correctly and the R — D transmission is re-
ceived error or vice versa. So, Pé’q is the bit error probability of
S — R — D transmission link and can be written as [9]:

Ply(vsr,v8D) = [1 — Pér(vsr)| Php(YrD)

b b (12)
+[1 = Pro(veD)|Psr(vsr)
The decision rule of C-MRC can be written as
xp = arg min|wspyYsp + WRDYRD

(wsphsp + wRDhRD)l‘|2-

4. Numeric Results

In this section, we provide the Monte Carlo simulation results
for the MRC and the C-MRC techniques in DF based coopera-
tive communication systems with co-channel interference at the
destination over Rayleigh fading channels. BPSK modulation is
used and the energies of the source and the relay terminals are
taken on unity as Fs = 1 and E,. = 1 respectively. The Signal-
to-Interference-Ratio (S R) for considered system can be given

as [10] A = % where v;q = E,/No and v;, = E;/No and

is assumed to l;hé 20 dB. The BER comparisions are done at a
BER of 107,

Fig.2 shows the average BER of the MRC and the C-MRC tech-
niques when there is no co-channel interference at the destina-
tion. It is shown that a significant increase exists in BER curves
with respect to the direct transmission for both the MRC and
the C-MRC techniques. Also it can be seen that the BER per-
formance of the C-MRC is better than the MRC technique in
absence of co-channel interference. The SNR gain between the
C-MRC and the MRC is nearly 12 dB.

In Fig.3 and Fig.4 we consider only one co-channel inteferer
and five co-channel interferers at the destination interrupting the
system respectively. It is seen that when the considered system
has multiple interferences, the BER performance of conside-
red system decreasing drammaticaly. It can be observed clearly
from figures that the BER performance of the proposed system
with the C-MRC technique is better than the MRC technique.
The SNR gains between the BER performance of the C-MRC
and the MRC techniques are approximately 10 dB and 6 dB.

5. Conclusions

In this paper, we compared the C-MRC and the MRC tecniques
in DF based cooperative system with co-channel interference at
the destination over Rayleigh fading channels. We can see from
figures that the performance of considered system is decreasing
when there are multiple co-channel interferences at the desti-
nation terminal. It is also seen that C-MRC technique provides
best performance in the presence of co-channel interference.

—&—MEC
. —— C-MRC
107 S Direct Link §

SNR (dB)

Fig. 2. Comparasion of C-MRC and MRC techniques in ab-
sence of co-channel interference.
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Fig. 3. Comparasion of C-MRC and MRC techniques in pre-
sence of one co-channel interference.
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Fig. 4. Comparasion of C-MRC and MRC techniques in pre-
sence of five co-channel interferences.

6. References

[1] A. Goldsmith, “Wireless Communications”, Cambridge
University Press, New York, 2005.

[2] J. G. Proakis, “Digital Communications”, McGraw-Hill,
2001.

[3] J.N. Laneman, D. N. C. Tse and G. W. Wornell, “Coopera-
tive diversity in wireless networks: Efficients protocols and
outage behavior”, IEEE Transactions on Information The-
ory, vol. 50, pp. 3062-3080, Dec. 2004.

[4] A.Sendonaris, E. Erkip and B. Aazhang, “User cooperation
diversity. Part I. System description”, IEEE Transactions on
Communications, vol. 51, pp. 1927-1938, 2003.

[5] C. Deqiang and J. N. Laneman, “Modulation and demodu-
lation for cooperative diversity in wireless systems”, I[EEE
Transactions on Wireless Communications , vol. 5, pp.
1785-1794, July 2006.

[6] A.Sendonaris, E. Erkip and B. Aazhang, “User cooperation
diversity part II: Implementation aspects and Performance
analysis”, IEEE Transactions on Communications, vol. 51,
pp- 1939-1948, 2003.

[7]1 P. A. Anghel and M. Kaveh, “Exact symbol error proba-
bility of a cooperative network in a Rayleigh- fading en-
vironment”, IEEE Transactions on Wireless Communicati-
ons, vol. 3, pp. 1416-1421, 2004.

[8] T. Wang, R. Wang and G. B. Giannakis, “Smart regenera-
tive relays for link-adaptive cooperative communications”,
Proc. 40th Conf. Inform. Sciences Syst., pp. 1038-1043,
Mar. 2006.

[9] T. Wang, A. Cano, G. B. Giannakis and J. N. Lane-
man, “High-Performance cooperative demodulation with
decode-and-forward relays”, IEEE Transactions on Com-
munications, vol. 55, pp. 1427-1438, July 2007.

[10] S. S. Ikki and S. Aissa, “Dual-hop amplify-and-forward
relaying in the presence of co-channel interference: perfor-

mance study and system optimisation”, I[ET Communicati-
ons, vol. 16, pp. 324-327, Mar. 2012.

[11] A. M. Magableh, F. M. Al-Mistarihi, R. Mohaisen and H.
A. Sharaqa, “BER analysis in relay-based DF cooperative
diversity systems with relay and destination interferers”,
38th International Convention on Information and Com-
munication Technology, Electronics and Microelectronics
(MIPRO) , pp. 501-505, May 2015.

[12] H. Yu, I. Lee and G. L. Stuber, “Outage probability
of decode-and-forward cooperative relaying systems with
co-channel interference”, IEEE Transactions on Wireless
Communications , vol. 11, pp. 266-274, Jan. 2012.

[13] A. Nasri, R. Schober and 1. F. Blake, ‘“Performance and
optimization of amplify-and-forward cooperative diversity
systems in generic noise and interference”, IEEE Transac-
tions on Wireless Communications , vol. 10, pp. 1132-1143,
Apr. 2011.

[14] H. ilhan, “Performance analysis of cooperative vehicu-
lar systems with co-channel interference over cascaded
Nakagami-m fading channels”, Wireless Personal Commu-
nications, vol. 83, pp. 203-214, Feb. 2015



