Hybrid Relay Selection Scheme with Feedback
Channel for Amplify-and-Forward
Two-Hop Networks

Dimas Irion Alves and Nelson Jorge Schuch Samuel Tumelero Valduga and Renato Machado
Southern Regional Space Research Center - CRS/INPE - MCTI  Signal Processing and Communications
in collaboration with the Santa Maria Space Science Laboyat Research Group, GPSCom/UFSM
Santa Maria, RS, Brazil - 97105-970 Santa Maria, RS, Brazil - 97110-970

dimasirion977@gmail.com, njschuch@lacesm.ufsm.br samucatv@gmail.com, renato.machado@ieee.org

Abstract— This paper proposes a hybrid relay selection scheme the use of a relay selection scheme is an attractive and
with feedback channel for two-hop networks. The proposed promising way to overcome this pr0b|em' preserving the

scheme is based on relay selection, pre-processing desigmd ; : . ; ot
quantized channel state information (CSI). In our proposal the dleerS|ty ga”f‘s ancti retducmg the synchrondl_zatlon probl&m t['
signal is decoded only in the destination node. The relay na&s ome Importan ISSues regaraing cooperative

amplify, perform a linear processing, and forward the receied COMMunications are been investigated in the last years,
signals to the destination node. The processing performedyb e.g., when to cooperate? or which are the better relay nodes
the relays is based on the quantized channel state informath g cooperate? [6]. In [7], it was proposed solutions which

received from the destination node. The proposed schemeijue into account to whom and when to cooperate. Another

provides an overall signal-to-noise ratio (SNR) gain at the . tant t is th tral effici In 3l it
destination node. Furthermore, the receiver has low compléty ImpPortant aspect is the spectral efficiency. In [3], it was

since it is based on linear processing. proposed a cooperative diversity scheme which achieves
Index Terms— AF protocol, cooperative communication, power higher bandwidth efficiency maintaining the same diversity
allocation, relay selection. order obtained by the conventional cooperative schemes.

Power allocation schemes are also proposed in the literatur
In [10], for example, it is provided the best power distribat
Cooperative communication systems can be seen asfan cooperative systems leading to the optimal end-to-end
array of multiple antennas which are spatially distributed SNR performance.
this scenario sparse nodes can interact with each other foin this paper we propose a hybrid relay selection scheme
relaying information to the destination node [1]. The iewr with feedback channel for two-hop diamond network. The
in cooperative communications is growing considerablizybrid scheme is based on relay selection, power allocation
mainly by the distributed spatial diversity that can band antenna selection techniques [4], [5], [9], and alsohen t
exploited through transmit/receive techniques contiilgut pre-processing, and quantized channel state informa@&m)(
for decreasing the negative effect caused by the fading faedback designs presented in [10] and [11], respectively.
wireless networks. Moreover, distributed antenna system i In our proposal, we consider the AF protocol, i.e., the
a convenient solution to resolve the problem of installingignal is only decoded in the destination node. The relay
multiple antennas on small terminals, where the diversty nodes perform a low complexity linear pre-processing that
achievable by the user ability, when not operating, to actimprovides a signal-to-noise ratio (SNR) gain at the destinat
as a relay [2]. Cooperative relaying has been used, as a wagde. Furthermore, the receiver has low complexity, which i
of users with no direct (or weak) connection, to obtain based on linear processing too. We show, through computer
more reliable link by using relay nodes to forward the soura@mulations, that the proposed scheme outperforms othm go
information in order to improve the overall SNR and achievechemes in terms of SNR gain. Those features make the
higher coverage areas. proposed scheme an interesting solution for two-hop relay
A major aspect of a cooperative communication systesystems.
is the processing of the signal received at the relay nodeThe remainder of this paper is organized as follows. In
[3]. The Amplify-and-Forward (AF) is one of the most usedection Il is presented the system model. Section Il prissen
protocols due to its simple and low complexity. In the ARhe proposed transmission scheme for the amplify-andéoiw
protocol relay nodes scales and transmits an amplifiedarersdiamond network, its analytical SNR derivation, and other
of their received signals, including noise, to the destomaf3]. two schemes considered for comparison purposes. Section IV
However, sometimes, relays provide a poor channel qualftyesents the simulation results. Finally, in Section V,sit i
which can affect the end-to-end transmission [4]. Thersfopresented some concluding remarks.

I. INTRODUCTION



Il. SYSTEM MODEL The received signal at the destination node, in the second

. - time slot, can be described as
In this paper we study a specific two-hop AF network,

known as diamond network [8], as illustrated in Figure 1. It Yd = Yr1,d + Yr2,d + Nds (3)
consists of one single-antenna source node, named ﬁodeWhere
one single-antenna destination node, named riodand two '

single-antenna relay nodes, named rel&ysand R. Yria = PhrraV Pshorn + i, @

and
Yro,d = ﬂQh'rQ,d\/ﬁShs,'rQ + Banro, (5)
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where,f is the feedback phase informed to the relays by the
destination node, and “|' represents the absolute value. The
pre-processing will be explained in more details in Section
[-B.

It is assumed a time-division multiple access transmission other way to describe this system model is considering the

In the first time slot, the source node broadcast its sign&uivalent noise model. Thus, the received signal can Engiv
to the relays. There is no direct link between the sour

a_nd the destmatloq no_de. Hence, the source cannot transmit ya = sVP(Bihi + Baha) + 11, (8)
directly to the destination node. In the second time sla, th
destination estimates the channel coefficients from thaysel Where,

Fig. 1. Diamond Network

to the destination node. hi = hsr1hr1,q, 9)
We also assume that the channel coefficients are perfectlyy
estimated by the destination node. Based on this informatio ho = hg by g. (10)

the destination node informs the relays, through a feedback
channel, how the power allocation must be performed at eddgnce, the variance of noisg, is given by
relay node before the relay transmission takes place. \ligh t /(2 2 2 2
information the relays amplify and retransmit the received No = (Bilhr1.af” + Balhraal” +1) No (1)
signals to the destination node, considering the apprpria The detection can be performed by applying the matched
power allocation. filter. Hence, the detector is written as

It is important to mention that the cooperative node is
operating in the half-duplex mode and the total transmitgrow
per time slot isP. wherea is determined such that the output SNR is maximized.

Therefore,« can be specified as

 BVPR iy g + B2V PR ol 4 (13)
This section presents how the proposed scheme is 4= N{ '

performed. As mentioned earlier, in the first time slot thﬁ/here % represents the complex conjugate operation
source node broadcasts its information symbptp the relay '

U/d = QyYyd, (12)

Ill. PROPOSEDSCHEME

nodes: A. S\NR analysis
Yr1 = \/Fsh“l + 71, Q) By assuming that the transmitted symbol has unitary average
energy the instantaneous SNR of the output detector is given
and by
yr2 = VPshsrz + 1r2, (2) . P(BE1hi]? + B3 |ha| + 281 BaR(h1h3)) (14)
where, y,; is the received signal at thieth relay, P is the No

total transmit powerl; ,; is the channel coefficient from theAs we can observe, the instantaneous SNR expression
source to the-th relay. The channel is assumed to undergbepends basically on the phase informatién Ergo, the
quasi-static, flat Rayleigh fading, amg; is the additive white ideal relay selection scheme selects the optihalwhich
Gaussian noise (AWGN) with varianch,/2 per complex maximizes Equation (14). In other words, at each frame, the
dimension. destination node estimates the channel coefficients aretibas



on this information it calculates th@ which maximizes the IV. SIMULATION RESULTS
instantaneous SNR. Therefore, in this sense, the averaBe SN

L This section presents some simulation results for illtistga
is given by P

the performance gain obtained by the proposed hybrid scheme

¥ = E{vmax(9)}, (15) 1t is well known that the best relay selection and power
allocation schemes achieve full diversity order [10]. Henc
we present the BER performance curves of those schemes to
show that the proposed scheme also achieves full diversity
order. The performances are compared in terms of bit error

The phase) varies according to the considered selectiorate (BER) versus SNR over quasi-static flat Rayleigh fading
and power allocation schemes. In this work, it is consideretiannels with unitary variance. The symbols are mapped to a
two good schemes for comparison purposes, that is, begt réBPSK constellation. Monte Carlo simulations are performed
selection and power allocation schemes. by considering the transmission 07 symbols per average

In the best relay selection scheme, at each frame, tB&R point.
relay which provides the best link (source-relay and relay- In Figure 2, the results illustrate the performance obthine
destination) is chosen. All the system resources are a#idcaby the three schemes considered in this work. The BER for
in a unique relay, the best one. Note that for a two-hop nétwathe no-diversity (SISO) scenario is also plotted as a refare
the system needs only one feedback bit to achieve a gantfve. The hybrid relay selection and the power allocation
performance, very closed to the ideal one which is obtainedhemes use three feedback bits, and the best relay selectio
with b = oco. In real world systems, the phagés chosen from scheme uses one feedback bit.
a quantized set. Therefor@,can be described as

assuming a certain number of channel realizatibns

B. Sdection Schemes

0

lOE
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0=, O
where,i € [0,...,2° — 1], andb is the number of feedback
bits. ,

The power allocation scheme considered here is a modifi
version of the scheme proposed by Choi [10]. In this papt
the available power is allocated among the available rela 41
in order to maximize the numerator in (14). Thusmust
be chosen to ensure that the amplification factérsand 3, 107 ]
are positives. The higher the number of feedback bits is t
closer to the maximum value the numerator in (14) is. For th 5] —5iS0

schemef can be described as -» Proposed Hybrid Scheme
Best Relay Selection Scheme s
2w m 17) o Power Alocation Scheme ‘ : ‘ |
=T T o 17 : ‘
P} 1 0 5 10 15 2 % E)
2 2 SNR

wherej € [1,...,2° is the set that maximizes the numerator
in (14). Fig. 2. BER performance for the three relay selection sclseme
To maximize (14) it is interesting, sometimes, to allocate
resources in both relays using the power allocation schemelt is clearly noticeable that the hybrid and the best relay
However, when one or more relays have a poor link betweeslection schemes have the same diversity order, and the
source and relay, the instantaneous SNR can decregsemosed one has an SNR gain over the best relay selection
drastically. Thus, in this case, it is interesting to allecall scheme. It is important to emphasize that the power allogati
the resources to a single relay, as considered in the best relcheme has a performance loss for high SNR. It occurs due to
selection scheme. thed selection criterion, which does not take into consideratio
The proposed hybrid scheme consists in the combinationthé denominator in (14).
those schemes described previously. For the proposed schenFigure 3 presents the instantaneous SNR for different

the phase is defined as average SNR and channel coefficients. This figure aims to
show the performance loss when the signal is been transimitte
km w . . .
0=—y — 2 (18) under weak source-relay channels. In these simulationast w
2 assumedhs, gr2| = 1 and|hge,p| = 1 for all scenarios.
where, & € [1,...,2%] is the set that maximizes the From the results presented in Figure 3, it is observed that
instantaneous SNR in (14). the higher the average SNR is, the higher the percentage of

use of the best relay selection scheme is (in the hybrid relay
LIn this paper we rant0” channel realizations. selection scheme). Another important issue is that the powe
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Fig. 4. BER of the proposed scheme with different number efifack bits.
(©) |hs,r1| = 0.01 andjh,q 4| = 1. (d) |hs,71] =1 and|hyq 4] = 1.

Fig. 3. SNR comparison: specific channel coefficients. ! i ‘
10 Ty 1
allocation scheme has instantaneous SNR gain only when b i ~.~:::::*~
source-relay and relay-destination links have a good tyuali % i
Moreover, Figure 3 shows that relays do not retransmit the : ;f
information when they have poor link quality between th & 4 ‘ ’ ]
source and relay. oo G
Figure 4 shows the performance improvement obtain I ‘

by the proposed scheme as the number of feedback bits w0 % reug
increased. The result for the non-quantized scenario i a 550 ',’u,.
presented in this figure. It is possible to observe that the 3| \{\g;/hol;lffee[;ibbackkermrs g “\\ |
is a performance improvement as the number of feedbe o ok s ‘ RS
bits increases. However, for more than three feedback bi L4 0.1% of eedback erors| : ‘ ‘ ‘
practically, there is no more improvement on the BEI 0 5 10 15 2 % 20
performance. Thereby, the proposed scheme does not n SNR
a high number of feedback bits to achieve a good BER
performance (very closed to the best one). Fig. 5. BER of the proposed scheme with no ideal feedbackreian

In Figure 5, it is presented an evaluation of the proposed
scheme assuming that the feedback channel is not id
Results assure the robustness of the hybrid scheme. We ¢
observe that the proposed scheme, even with 1% of feedbgc
errors, has a better performance than the best relay selectl
and power allocation schemes.

(?ah dlversny order and a performance gain over the othey tw
od schemes considered in this paper. It was also observed
the hybrid scheme does not need more than three feedback
its to achieve a very good BER performance and that it has
a good robustness even when the feedback channel is not
V. CONCLUDING REMARKS ideal. Furthermore, the receiver has low complexity singe i

based on linear processing. Those features make the papose

In this work it was proposed a hybrid AF relay selectiogcheme an interesting solution for two-hop relay networks.
scheme for a two-hop diamond network. The system has one
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