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Hybrid Relay Selection Scheme for
Two-Hop Wireless Networks

Dimas Irion Alves, Renato Machado, Samuel Tumelero Valduga & Nelson Jorge Schuch

Abstract— This paper proposes a hybrid relay selection scheme considered for the processing of the received signal at the relay
for two-hop wireless networks. In our proposal, the system is pode [1]. The Amplify-and-Forward (AF) is one of the most

composed by a source nodeiy' relay nodes and one destination ,saq protocols due to its simplicity and low complexity. In
node. At each new frame, the two best relay nodes are selected,

which perform a linear processing before forwarding the received the '_A‘F protocoll relay .nodes.scale apd trqnsmlt an amplified
signals to the destination node. The linear processing performed Version of their received signals, including noise, to the

by the relays is based on the quantized channel state information destination node [1]. However, in certain scenarios, relays
(CSI) received from thg destinatiqn nodq. The proposgd scheme can provide a poor channel quality which may affect the

provides an overall signal-to-noise ratio (SNR) gain at the .5ngmission, eventually resulting in a decrease of the end-to-
destination node for different kinds of fading distributions. In .

other words, the proposed scheme can provide performance gains end SNR [5]. There_fore, the use ,OT a relay selection scheme
for different o — p distribution configurations. Furthermore, the ~could be an attractive and promising way to overcome this

proposal presents another significant attribute, a low-complexity problem, besides preserving the diversity gains and reducing

receiver which is based on linear processing as well. the synchronization problems [6].
Index Terms— AF protocol, o — p distribution, relay selection Several important issues regarding  cooperative
schemes, two-hop cooperative networks. communications are been investigated in the last years.

In [7], two important issues, maybe the two most important
ones, were raised by the authors: when to cooperate? and
which are the better relay nodes to cooperate? In [8], it was
Cooperative communication systems are based on {h®posed solutions which take into account to whom and
broadcast nature of the wireless communication channels [lhen it is advantageous to cooperate. Another important
Such a systems can be described as a spatially distribugggect is the spectral efficiency. In [1], it was proposed
multiple antennas array, where sparse nodes can interact Vﬂthcooperative diversity scheme which achieves higher
each other for relaying multiple independent copies of thgyndwidth efficiency maintaining the same diversity order
received signal to a destination node. The interest on thjgserved on the conventional cooperative schemes. Power
topic is growing considerably, mainly by the spatial diversitg|location schemes are also proposed in the literature. In
that can be exploited through the design of transmit/recei[@]’ for example, it is provided the best power distribution
schemes contributing for decreasing the negative effect caugedvimoO systems leading to the optimal end-to-end SNR
by the fading in wireless networks [2] and [3]. Moreoverperformance.
cooperative systems are a convenient solution to solve than this paper it is proposed a hybrid relay selection scheme
problem of installing multiple antennas on small terminal$gr two-hop wireless networks. The hybrid scheme is based
where the diversity is achievable by the user ability, whegh relay selection, power allocation, and antenna selection
not operating, to acting as a relay [4]. These featuggchniques [5], [6], [9], and also on a pre-processing, quantized
allows us considering new cooperative techniques/strategi®@nnel state information (CSI) and the feedback designs
for accessing the available wireless network resources.  presented in [10] and [11], respectively. In this proposal, we
Cooperative relaying has also been used as a way ®@nsider the AF protocol, i.e., the signal is only decoded
users with no direct (or weak) connection to obtain @ the destination node. The relay nodes perform a low
more reliable link by using relay nodes to forward theomplexity linear pre-processing that provides a signal-to-
source information in order to improve the overall enchoise ratio (SNR) gain at the destination node. Furthermore,
to-end SNR and achieve higher coverage areas. A majpk receiver has low complexity, which is based on linear
aspect of cooperative communication systems are the protoggicessing too. It is shown through computer simulations,
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The remainder of this paper is organized as follows. In I1l. THE @ — p DISTRIBUTION
Section Il is presented the system model. It is presented therpe , — 1 distribution, proposed by Yacoub in [12], is
fading model based on the — ;. distribution in Section lll. 5 generic distribution used to better represent the possible

Section IV presents the proposed transmission scheme {@fiations of the small scale fading. In the fading model
the amplify-and-forward two-hop network, its analytical SNRyaseq on the: — 1 distribution, thea parameter is associated
derivation, and other two schemes considered for comparisgfih the environmental nonlinearities and theparameter is
purposes. Section V presents the simulation results. Finally.8sociated with the number of multipaths components. The
Section VI, it is presented some concluding remarks. a — p probability density function (pdf) can be described as:
Oé,LLHTaM_l o

fr(r) = We(fug_a) 1)

wherel'( - ) is the Gamma function,

Il. SYSTEM MODEL

In this paper is studied a two-hop AF network, wifti
relays, as illustrated in Figure 1. It consists of one single- 7= Y/ E(R%) (2)

antenna source node, named nofle one single-antenna ) ,
destination node, named nod and N single-antenna relay whereE(-) denotes the mathematical expectation operator and

nodes, named relay&, . .., Rx. R is the envelop_e qf a _flat fading signal. _
The o — pu distribution presents several special cases:

Nakagami-m distribution, Weibull distribution, Rayleigh
distribution, Gaussian distribution, Gamma distribution, Chi-
square distribution, Exponencial distribution. The distributions
simulated in this paper are Nakagami-m, Weibull, Exponencial
and Rayleigh. For the Nakagami-m case, the parameter
must be two andu can vary for any integer number. The
Weibull case, occur whep is equal to one and can assume
any integer. When bothv and p are equal to one, it is
obtained the exponencial distribution. Whens equal to two

e 1 is equal to one, it is obtained the Rayleigh distribution,
which is an especial case of both Nakagami-m and Weibull
distributions [12].

Fig. 1. System model. IV. PROPOSEDSCHEME

_ _ _ This section presents how the proposed scheme is
We assume that the transmitted signal is sent througBrformed. As mentioned in Section II, in the first time slot

orthogonal resources, and in this manner the interferenceg source node broadcasts its information symbotp the
avoided. Thus, a portion of the frequency or time, for instancglay nodes:

is divided among the ne_ig_h_boring tr_ansmitters, these methods Yri = VPshg i + i, (3)
are called Frequency Division Multiple Access (FDMA) and

Time Division Multiple Access (TDMA), respectively. In thisWhere, y,; is the received signal at thieth relay, P is the
paper, it is assumed a TDMA transmission. total transmit powerh,; is the channel coefficient from

In the first time slot, the source node broadcast the signaltf¢ source to the-th relay. The channel is assumed to
the relays. There is no direct link between the source and t#fadergo quasi-static, zero-mean flat Rayleigh fading with
destination node. Hence, the destination node cannot ‘see’ Yilitary variance, andy,; is the zero-mean additive white
signal coming from the source node. Before the second tirff@ussian noise (AWGN) with varianc¥/2 per complex
slot takes place, the destination choose the two best rela‘gg,"ens'on-_ The channel coefficient can also be described by
through a feedback channel, and informs they how the pow8€ @ - 1 distribution [12], as depicted in Section II.
allocation must be performed at the second time'slotthe The received signal gt the destination node, in the second
second time slot the selected relays, using the approprilif@e slot, can be described as
power allocation, amplify and retransmit the received signals
to the destination node.

It is assumed that the channel coefficients are perfecere,
estimated by the destination node, the cooperative system is Yrv1,d = Brhevr,aV Pshs o1 + Binre, (5)
operating in the half-duplex mode, and that the total transmjt,
power per time slot isP.

Yd = Yrb1,d + Yrv2,d + Nd, 4)

Yrb2,d = Bahrv2,aV Pshs rp2 + B2nrb2, (6)

in which

P
LAfter the selection, the system model is similar to the diamond network B1=4/=————cos(h) @)
[13]. Plhs rp1]* + No
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and B. Selection Schemes

By = P sin(6) ®) The phasef is quantized depending on the number of
2 \/ Plhs rp2]? + No ’ feedback bits available. Such bits can be used for relay
selection, power allocation, or even for both, it will depends
where, 2, and R, are the best relays (selected ones), whegR, the transmission technique is been taken into account. In
[hn1| and || are the best and the second best channgls naner, we present the proposed hybrid scheme and other
coefficients, respectively, is the feedback phase informationy,g schemes for comparison purposes. The other schemes are
sent to the relays by the destination node, gnd represents e pest relay selection and power allocation schemes.
the absolute value. How the phase selection is performed will|, the pest relay selection scheme, at the beginning of each

be explained in more details in Section I1I-B. ~ new frame, the relay which provides the best link (source-relay
We can also describe the system model by using thaq relay-destination) is chosen. All the system resources are
equivalent noise function. Thus, the received signal can alggycated in a unique relay, the best one. Note that for a two-

be given by hop network system, the best relay selection scheme requires
2N-1 feedback bits. Considering the system model presented
= sV P(B1h h ! 9 . . .
Yd S\/_(ﬂl 1 ohz) 4 g, ©) in Section Il, the best relay selection scheme can be performed
where, through the phase selection, assuming thet chosen from a
By = h vt Bl a (10) guantized set of bits as described below
T
and 0=, (7)
ho = hs rp2hrb2,d- 11 . . :
? b2, (11) where,i € [0, ...,2°—1], andb is the number of feedback bits
Hence, the variance of noisg is given by used in the phase selection. Note that some of the feedback
) ) ) ) bits will be used to select the two best relays.
Ny = (Bt |hrv1,al® + B3| hrv2,al? + 1) No. (12)  The power allocation scheme considered in this work is a

. . modified version of the scheme proposed by Choi [10]. In this
) The detection can be performed by applying the matChﬁéjper, the available power is allocated among the available
filter and the detector can be written as relays in order to maximize the numerator in (14). Thés,
must be chosen to ensure that the amplification fagtprand
(B2 are positive numbers. The higher the number of feedback
where ¢ is determined such that the end-to-end SNR Hhits are, the closer to the maximum value the numerator in

Yy = €yd, (13)

maximized. Thusg can be specified as (14) is. For this schemd), can be described as
* * * * 2]7T s
c— Bl \/ﬁhs,rblhrbl,d;/ﬁQ\/ﬁhs,erher,d. (14) 0= 2b+1 - Fa (18)
0 ) ) wherej € [1,...,2" is the set that maximizes the numerator
where %’ represents the complex conjugate operation. in (14).

In order to maximize (14), it is important to allocate
A S\R analysis resources in both relays using the power allocation scheme.

i ) ) However, when one relay has a poor link between source and
By assuming that the transmitted symbol has unitary averggg,y the instantaneous SNR can decreases drastically. Thus,

energy, one can describe the instantaneous SNR at the oufpuhis case, it is interesting to allocate all the resources to a

detector by single relay, as considered in the best relay selection scheme.
 P(B2|ha]? + B2|hal? + 2815 R (R b)) The proposed hybrid scheme consists of the combination
= N . (15)  of those schemes described previously. Thus, for the proposed
0 scheme the phagtset is defined as
Note that the instantaneous SNR expression depends

k
basically on the phase informatich Ergo, the ideal relay 0= 2—: - %, (29)
selection scheme selects the optintal which maximizes _ o
Equation (14). In other words, at each frame, the destinatigthere & € [1,...,2°] is the set that maximizes the

node estimates the channel coefficients and based iBptantaneous SNR in (14). Note that part of the feedback
this information it calculates thé which maximizes the bits is used for choosing the two best relays.
instantaneous SNR and then send this information to the

relays. Therefore, in this sense, the average SNR is given by V. SIMULATION RESULTS
_ This section presents some simulation results for illustrating
Y = E{ymax(0)}, (16) : : :
the performance gain obtained by the proposed hybrid scheme
assuming a certain number of channel realizattons when compared with the best relay selection and the power

allocation schemes. It is also demonstrated that the system has
2|n this paper we rari07 channel realizations per SNR. good robustness and does not need a large number of feedback
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bits to work properly. It is already well known that the bes mm
relay selection and power allocation schemes achieve f 2
diversity order [10]. Hence, we present the BER performan ¢
curves of those schemes to show that the proposed sche §10"
can also achieve a full diversity order. n
The performances are compared in terms of bit error re §- PrS—T—
(BER) versus SNR over a quasi-static flat Rayleigh fadir =/ 1A Best Relay Seeoion
channels. The symbols are mapped to a BPSK constellati R IR
Monte Carlo simulations are performed by considering th) hor1] = 0.01 andhyy 4| = 0.01. (b) [her1| = 1 and|hyq 4 = 0.01.
transmission ofl0” symbols per average SNR point. ' ' ' '

Instantaneous SNR

nstantal

#Power Allocation
A Best Relay Selection

20 5 kil

10 20 5 kil 0 5 10

0

10° ; T T T T T
The results illustrate the performance obtained by the thr e <3

schemes considered in this work, in Figure 2. The BER fi{u ok
the no-diversity (SISO) scenario is also plotted as a referer 3 &
curve. The hybrid relay selection and the power allocatic &
schemes use three feedback bits, and the best relay selec%

=

s

0

Instantaneous SNR

. . . 10
scheme uses one feedback bit. Note that in this work for t s , li.poww\”mm 2o ocaion
SISO scenario is considered a two-hop Decode-and-Forw: ~ ,  ,  [ABiRelySekion gl Bty Seecto

. . . 0 5 10 15 20 2% 0 0 5 10 15 20 5 0
network with one relay. In this network the relay receives tt SNR SNR

sogrce information, decode and retransmit it to the destinatiqg) |, .| = 0.01 andja,1 q/ =1. () [he.ra| = 1 and|h, 14| = 1.
node.

It is clearly noticeable that the hybrid and the best re|d§}g. 3. SNR comparison for schemes for specific channels coefficients.
selection schemes have the same diversity order, and the
proposed one has an SNR gain over the best relay selection

scheme. It is important to emphasize _that the power allocatigfincation scheme has instantaneous SNR gain only when both

scheme has a performance loss for high SNR values. It 0ccyggrce-relay and relay-destination links have a good quality.

due to thed selection criterion which does not take intQyqreover, Figure 3 shows that relays should not retransmit

consideration the denominator in (14). their information when they have poor link quality between
the source and relay.

The performance improvement obtained by the proposed
scheme as the number of feedback bits is increased can be
observed in Figure 4. The result for the non-quantized scenario
is also presented in this figure. It is possible to notice that
there is a performance improvement as the number of feedback
bits increases. However, for more than three feedback bits,
there is not a noticeable improvement of the BER performance.
Thereby, the proposed scheme does not need a high number
of feedback bits to achieve a good BER performance (which
is very closed to the best one).

-5||==SISO
A Best Relay Selection Scheme : S

=0 Power Allocation Scheme *e
=3 Proposed Hybrid Scheme

0 5 10

15
SNR

Fig. 2. BER performance for the three relay selection schemes

It is presented, in Figure 3, the instantaneous end-tc
SNR for different average SNR and channel coefficients.
figure aims to explain the performance loss of the pc

allocation scheme for high SNR values. Itis illustrated that E %, A
. ; . —SIS0 B .
effect happens when the signal is b_een trgnsm!tted under | Poosed Seme i 1 e i '.*
source-relay channels. In these simulations it was ass -0groposeg:cpemew@tﬂgfezibaikBan ' o, A
. =B Proposed Scheme with 3 feedback Bits ®,
|hS,R2| =1and |hR2,D| = 1 for all scenarios. —‘gProposedScheme—Unquamized ‘ ‘ ‘ ‘ '*

From the results presented, in Figure 3, it is observec 0y 5 10

the higher the average SNR is, the higher the percenta
use of the best relay selection scheme is (in the hybrid relay
selection scheme). Another important issue is that the poweég. 4. BER of the proposed scheme with different number adifeek bits.

15
SNR
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It is evaluated, in Figure 5, the proposed scheme
a ron-ideal feedback channel condition. Results assuri
robustness of the hybrid scheme. We can observe th:
proposed scheme, even with 1% of feedback errors, |
better performance than the best relay selection and g
allocation schemes.
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Fig. 5. BER of the proposed scheme with no ideal feedback channe

In Figure 8, results present the influence of thparameter
variations. It is illustrated that for highen values (better
channel coefficients) the difference between the performance
of the three systems decreases. It is also noticeable that the

relays over each scheme. It illustrates that for a higher number
of relays the power allocation scheme has almost the same
performance obtained by the hybrid scheme. Moreover, Figure
6 also demonstrates that for a higher number of relays the hact
relay selection scheme has a performance loss when con

to the other ones.

-3
=—=3ISO

e sis0.a=2-p=1
N =13 Proposed Hybrid Scheme. o =2~

10

10

10

oA Best Relay Selection Scheme. N =2
=0 Power Allocation Scheme. N =2
I} Proposed Hybrid Scheme. N =2
AcBest Relay Selection Scheme. N =3
+©-Power Allocation Scheme. N =3
I} Proposed Hybrid Scheme. N =3
ArBest Relay Selection Scheme. N =4
=0~ Power Allocation Scheme. N= 4
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Fig. 6. BER of the proposed scheme for different number of selay
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The influence of the fading on the performance of eachlt is presented the influence of the number of feedback bits
scheme are evaluated in Figures 7 and 8 by usingathe for a system with four relays, in Figure 9. Results illustrate
u distribution. It is assessed, in Figure 7, the effect of ¢he that for a higher number of relays the performance of the
parameter variation. It is shown that for highevalues (better quantized system is almost the same of the unquantized one.
channel conditions) the difference between the performance/d$o, it is important to highlight here that the number of bits
used for selecting the two best relays is disregarded here.

the three systems decreases.
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