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Abstract - A dual-hop decode-and-forward (DF) interleave-division multiple access (IDMA) system using best relay selection method
in independent Weibull fading channels is addressed. An expression for cumulative distribution function (CDF) is derived by using
approximate probability density function (PDF) of end-to-end signal to noise ratio (SNR). Then, the proposed CDF expression is
employed to evaluate the outage probability of the considered network. The simulation results are demonstrated to verify the analytical
results obtained by using the derived expression, especially at the values of medium and high SNR and to provide further insights.
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1. Introduction

The best relay selection technique in two-hop and cooperative communication systems is useful for increasing
performance and transmission coverage of wireless communication systems. The basic idea behind the best relay selection
strategy is to provide similar diversity order compared to the cooperative system and a very simple physical layer to
traditional cooperative networks [1]. There are two traditional main relaying protocols such as amplify-and-forward (AF)
and decode-and-forward (DF) [2]-[5]. By utilizing advantages of the best relay selection, the performance of cooperative
networks were investigated in [6]-[8] for Rayleigh environments and in [9] and [10] for Nakagami-m links. In [6] and [7],
the error performance and outage probability of adaptive DF in the cooperative diversity systems using the best relay
selection method were proposed in independent non-identical Rayleigh links, respectively. These studies presented a
analytical model to analyse the error performance and the closed-form expression for the outage probability. The authors
in [8] examined the AF and DF cooperative networks using Nth best relay selection technique for Raylegih links. They
derived closed-form expressions for the error probability and outage probability in their study. In [9], the error
performance of opportunistic DF relaying over Nakagami-m fading channels was investigated and the moment generating
function (MGF) expression by using Lauricella hypergeometric function for their scheme was obtained. In another work in
[10], the authors presented the outage probability of a two-way relaying with AF protocol using relay selection in
Nakagami-m links and derived a closed-form approximation. They concluded that the coding gain and outage performance
of the considered system can easily evaluated by employing the derived outage probability expression.

Some important publications have focused on the two-hop DF/AF relaying networks using best relay selection [11-
13]. The closed-form expressions for the cumulative distribution function (CDF) and the probability density function
(PDF) of the total instantaneous signal to noise ratio (SNR) of two-hop systems with AF protocol using relay selection
were studied in [11]. In [12], a multiple-input multiple-output (MIMOQ) system with two-hop relay selection protocol is
considered. They investigated the outage probability of the considered system, asymptotic and exact outage expressions are
also proposed. The optimum combining performance of AF relaying networks is analysed employing an approximation at
the destination [13]. However, all the studies in [6-13] are based on the cooperative or dual-hop transmission without
multi-user communication systems.

To promote transmission performance in multi-user communication systems, interleave-division multiple access
(IDMA) systems was introduced by employing low-complexity receiver technique [14]. The IDMA system employed
chip-interleaving process for user separation at the receiver side [14-17]. The authors in [14-17] aimed to improve the
performance of the considered system in terms of system capacity or bit error rate with low complexity detection algorithm
by using different interleaver codes and channel codes. The cooperative and dual-hop IDMA scheme was proposed in [18-
20]. In [18], a cooperative transmission system based on IDMA with DF and AF protocols for Rayleigh links was
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analysed. In [19], the authors focused on the partner selection strategies and outage probability expression in cooperative
IDMA system in cellular network for superposition modulation. Bilim et al. developed a dual-hop IDMA system without
the best relay selection over Weibull fading environments [20]. In [18-20], the authors examined the performance of the
considered systems based on simulation and did not provide analytical expressions such as exact or approximated
solutions. In this paper, a closed-form approximated CDF expression of a dual-hop DF IDMA system by using minimum
mean square error (MMSE) detector is derived. The best relay selection method in dual-hop DF IDMA system is adopted
for reducing the complexity of the system and the impact of best relay selection method on the outage performance of the
dual-hop DF IDMA system is presented. To the best of the authors’ knowledge, the proposed expression is the first
approximated expression for a dual-hop DF IDMA network using best relay selection strategy in the literature that are
based on the total SNR at the destination. Simulation results are verified the accuracy of the proposed analytical expression
in the medium and high SNR region.

2. System and Channel Model

As shown in Fig. 1, we take into account a dual-hop relaying system based on DF IDMA system over Weibull links.
We assume that there are K cooperating users in the considered system and each user is willing to cooperate the other users
by using DF protocol. In addition, each user is equipped with one antenna. The channel coefficients between source-relays
or relays-destination are flat Weibull fading.
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Fig. 1: Hlustration of dual-hop DF IDMA for user k.

2.1. Received signal models at relays and destination

Signal transmission is operated in two time slots. Source information is transmitted to relays in the first time slot.
Note that the source information is not sent to the destination due to considering dual-hop transmission model. Thus, the
received signal at the nth relay node is expressed by

J-1 K
y' (=2 2 % (i)m(t-z - iT)h, +n'(t) (€N
j=0 k=1,k=n
where J is the frame length of the user k, k=1,2,...,K definitions number of cooperating users in the network. X, (j)
is the jth source symbol of the user k. 7, (t) represents the combination of spreading and random interleaving sequences
for user k, T, is the bit period, 7, is the transmission delay. h,. denotes the Weibull coefficient between source and nth

hsr"

relay with Q= E( 2):1 and c, is fading parameter. n'(t) is the additive white Gaussian noise (AWGN) with

variance o’ =N, /2 and zero mean. In the second time slot, relays which are cooperating with each other transmit the
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decoded source symbol to destination node by employing IDMA transmitter procedure. The total signal at the destination
can be given as

N

3 > %, (1), (t-Dy —7, — 1Ty g 10" (1) @)

0 k=1 n

y'(t)=

J-1

]

where 7z, =7, , n"(t) and D, , are AWGN and the transmit delay pending the second time slot, respectively. h, , is
the Weibull coefficient between nth relay-destination channel. N is the number of cooperative relays in the considered
system. X, ( j) is the decoded source symbol of user k at relay nodes.

2.2. Weibull fading model
The PDF of instantaneous SNR, y;;, can be given according to Weibull distribution as

P, (7:)=Y; (@J 7 exp“%(ﬂ)] J 3)

where 7, =E<hj?>Es/N0 i,je{sr,d} is the average SNR and E(-) is the expectation operator. u; =c; /2,

1iny

By =1+2/c; where c; is Weibull fading parameter, I'(-) is the Gamma function. y; is given by »; :|hij|2(Es INg).

3. Outage Probability of Dual-Hop DF IDMA System with Best Relay Selection
In this section, the outage probability of the considered system for Weibull channels is presented. For the outage
probability, we have to present mutual information (1;;) between indirect link. The 1, ; between nth relay that is best relay

and destination is written by

2L max( )
K yrnd
| == log| 14— nce "¢/
TE g[ K2 W], , J “
where [W] s the MMSE detection element at relays and is defined by [W] :UR +(E,INy)™ l)_lJ . 1is unit

matrix and L= (Tb /Tc) is the spreading gain where T, is chip period. R is a cross correlation function between interleaved
and spreading codes. When 1., falls to a certain specified rate of R, the outage probability occurs. The outage
probability, when the best relay selection DF protocol is employed, can be written as

Pt :Prl:lrnd <ER:|:PrLT€a(‘ZX(7rnd)<yth—rndJ 5)
From (4) and (5), we have
Vih-rd = 220K _]/(2L/K2[W]rn,rn) (6)

where y, ., is threshold value for the channel between the nth relay and destination. By substituting (6) into (5), the

outage probability can be obtained as
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To find a closed-form outage probability expression of DF IDMA with best relay selection, we have to solve the
outage probability expression in (7). However, the expression in (7) is very difficult. Using the method described in [21],
we can bypass this difficulty and introduce a random variable &, which denote the equivalent y; at the destination. This

random variable, ¢, , take account of the links between source-nth relay and nth relay-destination. Therefore, &, which is
the PDF of the s—r, —d channel is expressed by

p., (X) =Pr(risoff ) p_ . o (X)+Pr(rison)p, . (X) (8)

where p_ . . (x) is the conditional PDF and described by p, . (X)=05(x) where &() is the Drac delta

function. Pr(r,isoff) is the probability that the channel through r, is off and Pr(r,isoff) can be expressed as (9) by
using [22, eq. (2.30)].

Pr(r isoff)=1—exp —[ 9)

yth—rnd r (ﬁsrn )Ju“"

Vs,

Pr(r,ison) is the probability that the channel through r, is on and defined by 1—Pr(r isoff). By using (3),
conditional PDF, p,_ ., (x), can be given as

r ! r Urd
Pejison () = Ugg L@} X" exp —[MJ w0

Vrd }/rnd

n

Using (9), (10), the Pr(r,ison) and P,.. isorr (X) definitions, (8) is rewritten as

P, (X) =41-exp {MJ S(x)+{exp| — MJ
ysr" ysr"
’ u (11)
x U, 4 {—F(:B r"d)J " X" " exp —[—Xrgﬁ'ﬂd)J n
7er 7er

Eq. (11) denotes unconditional PDF of the instantaneous SNR for the nth s—r, —d link. According to ¢, the
outage probability of the s—r, —d link in (7) can be rewritten as

Paa () = Pr| max (&) <x | = 1Pt <x=TIP. (9 (12)

where P, (x) is the CDF of ¢, that can be obtained from (11) as
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P, () =I 1-exp _{M 500
0 Vsr,
L u " U (13)
ysr" n yrnd 7er

The integral in (13) is not analytically tractable due to the exponential term in second part of the integral depend on
integral variable. Therefore, we simplify the computation of the integral in (13) by using the approximated PDF in [23, eq.
(16)]. Hence, the approximated PDF of y; is given by

7ij

P, (7u ) Ju [F(ﬂ” )J 7;‘”’1 + High Order Terms (14)

The detailed explanations about the approximated PDF in (14) can be found in [23]. By substituting (14) into (13),
the CDF expression, P, (x), follows

P, (x)uj 1—exp —[%WJ o(x)
(15)

+{exp —{—ythr"dr(ﬂsr”)J Up g r(;r"d)J X'+ HOT. |dx
r,d

After some mathematical manipulations, P, (x) is derived as

P (x) U {1-exp {MJ +{exp —[M} [_F(’B r“")} n XU (16)

7srn 7srn 7rnd

The derived expression in (16) is substituted into (12) and then, the total CDF of the system is obtained as

Pmta,(X)Dlﬁ[ 1—exp _[M} +lexp _{M] {F(ﬁrnd)J U 17)
n=1

sr, 7srn 7/r"d

In order to find outage probability, we have to employ the threshold value, 7, . 4, in the proposed expression given
in (17).
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4. Numerical Examples

The results obtained using the proposed expression of dual-hop DF IDMA system with best relay selection scheme
are presented in this section. Figs. 2 and 3 illustrate the outage probability of the considered system versus the average
SNR for different Weibull parameters and different number of relays. In these example sets, we assume that the values of
the cooperating user, spreading gain and specified rate (K,L,R) in eq. (6) are set to (16, 16, 1). These figures show
excellent agreement between the analytical results and simulation results especially from medium to high values of SNR.
Significant observations can be reported from Figs. 2 and 3. As expected, the outage probability of the considered system
is improved while both the fading parameter of the indirect links and the number of relay increase. As an example, it can

be seen from Fig. 2 that an outage performance of 10 happens at SNR ~33 dB for ¢, =1.0, while it occurs at
SNR ~21 dB and SNR ~17dB for fading links with ¢, =2.0 and c,, =3.0, respectively. It can be noticed from the
curves in Fig. 2 that indirect links are affected by the fading parameter c, , .
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Fig. 2: Outage probability of DF IDMA with best relay selection for different Weibull fading parameter for N = 2.

In Fig. 3, we show the impact of the number of relays in the best relay selection on the outage probability of the
dual-hop DF IDMA system with ¢ , =2.0. The results in this figure show that the analytical results obtained by the

proposed approximated expression are match well with simulation results. Different number of relays are considered,
N =1,2,3 and 4 as well for good comparison. It is observed that the outage probability is improved with increasing the

number of relays in this figure, as expected. As an example, an outage probability of 10™occurs at SNR ~24 dB,
SNR ~19 dB, SNR ~16 dB and SNR ~15 dB for no selection, N =2,3 and 4, respectively.
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Fig. 3: Outage probability of DF IDMA with best relay selection in case of ¢ _, =2.0 with different number of relays.

5. Conclusion

A new analytical expression for the CDF of a two-hop DF IDMA network with best relay selection has been derived.
The proposed expression was employed to achieve the results for the outage performance of the considered wireless
networks over Weibull environments. The impact of increasing the number of available users (relays) and fading parameter
on the outage performance was investigated. It was also observed that simulation results verified the tightness of the
derived expression at medium and high SNR values.
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