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Abstracts_ Two well-known relay selection schemes
including full relay selection (FRS) or partial relay
selection (PRS) have been proposed for opportunistic
cooperative networks. Different from FRS where
channel state information (CSI) of the two hops is used,
PRS employs only the CSI of the first hop to select the
best relay, which significantly reduces the complexity,
thereby extending the network life-time. In this paper,
the performance comparison of the opportunistic
incremental relaying networks installing two relay
selection schemes is reported. Numerical results show
that at low signal-to-noise ratios (SNRs), FRS
outperforms PRS; However, at high SNRs, both of them
approach to a limit, which is determined by the quality
of the direct link between the source and the
destination.
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I. INTRODUCTION

Recent studies have shown that significant spatial
diversity gain can be achieved in a spectral-efficient
manner through opportunistic cooperation among
geographically distributed wireless nodes [1, 2]. The
basic premise behind opportunistic
diversity is to improve the communication between
the source and the destination by using the help of the
best relay (among all available ones). Depending on
the strategy to select the best relay, there are two types
of relay selection protocols proposed in the literature:
full relay selection (FRS) [1-3] and partial relay
selection (PRS) [4-13]. Although limited by its
offered diversity gain, partial relay selection is a

cooperative

promising relay selection technique for ad-hoc and
sensor networks since it reduces the need of perfect
time synchronization and the centralized processing
approach demanded by full relay selection, thereby
prolonging the network lifetime [4].

To provide some insights on the effect of relay
selection schemes, in [8], K. Jung-Bin and K.
Dongwoo compared the conventional cooperative
network installed with both schemes showing that at
low SNR regime, the performance of both schemes in
terms of outage and average capacity is almost the
same. However, at high SNR regime, their behaviors
are completely different, i.e. the performance of the
network with full relay selection is linearly improved
with more relays meanwhile the performance
improvement offered by partial relay selection is
bounded.

In cooperative communiation, incremental relaying
is a promising technique since it allows to improve
spectral efficiency of cooperative networks by
limiting the repeating phase of the relays [13-16].
However, so far there has been no published works
concerning on the effect of relay selection schemes for
opportunistic incremental relaying networks.

Motivated by all of the above, in this paper, for the
first time, we provide the comparison between partial
relay selection and full relay selection for incremental
amplify-and-forward relaying networks [13, 17]
where the destination will demand the help from the
best relay if the direct link between the source and the
destination is not sufficiently large for decoding. To
facilitate the comparison, the system performance
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metric in terms of bit error rate, outage probability and
spectral efficiency of bothythe schemeswaré derived.
Based on the numericahresults, wesShow that in terms
of the end-to-en@’bit error probability (BEP), the full
relay selectiong scheme demonstrates its advantage
over the partial telay seleetion ‘'scheme at low SNRs.
Howevergtheir receptiof pesformance is bounded by
the quality of the fitst time slot data transmission
since thesaverage'transmit power approaches infinity.
The'effect of power allocation between the source and
relays under., fixed-power constraint condition is
further investigated and discussed in this paper.

The rest of this paper is organized as follows. In
Section T, we introduce two relay selection schemes
and..channels under study. Section III shows the
formulas allowing for evaluation of average BEP,
outage probability and spectral efficiency of the
systems. In Section IV, we compare the performance
of incremental relaying networks with two relay
selection schemes and contrast the simulations and the
results yielded by theory. Finally, the paper is closed
in Section V.

II. SYSTEM MODEL

An incremental relaying network where the data
transmission between the source (S) and the
destination (D) is possibly helped by N relays denoted
as R,R,,...,R, is considered. In this paper, we
assume that all nodes in the network are equipped
with a single antenna and operates in half-duplex
mode. All channels are assumed to be Rayleigh fading
with additive white Gaussian noise.

N

Let &

SD >

h

SR,

and A, be the link coefficients

between the source to the destination, the source to
relay i and relay i to the destination, respectively.
The exponentially distributed power channels are

denoted by 0!0:|hsn|2 > “Li=|hSR,|2 , and

a,; =|thD|2with mean values equal to 4, 4,and 4,,,
respectively. Under the fixed power constraint, the
source and the relays use the transmit power P, =¢&F,,
and P, =(1-¢&)P,, per transmission where B, denotes

the transmit power for the source in case of direct
transmission and & is power allocation ratio, i.e.

& €(0,1], thus the effective signal-to-noise ratio (SNR)

at the relays and the destination resulting from the
transmission of the source and the relays in the first
and second time slots can be written as y, = Pa,/N, ,

7, =Ra, /N, , and y, =Pa, /N, , respectively,
where N, denotes the noise variance. We further
define y, =E{y,} .
assume as does Krikidis [4] that all channel variances
in each hop are equal, i.e., E{y,,} =7 and E{y, ,} =7,

To simplify matters, we shall

for all i .

III. PERFORMANCE ANALYSIS
A. Bit Error Probability

In incremental relaying, if the direct link SNR is
greater than the SNR threshold', y, , the destination
will decode the message only based on the direct
signal sent by the source. Otherwise, it will request
the assistance from the best relay. Therefore, for both
schemes, the end-to-end bit error probability can be
derived by using the law of total probability [18] as

BEP =Pr(y, 2 7,,) P +Pr(y, < 7,) P>

1
=exp[—@jPD“)+ l—exp[—@j Py O
%o Yo

where P\" denotes the average BEP at the destination
provided that y, >y, and P’ denotes the average
BEP at the destination conditioned on y, <y, .

We are now in position to calculate P’ . With
coherent modulation, it is well-known that the
approximations or exact values for bit error
probability in the presence of fading can be obtained
by averaging the error rate for the additive white
Gaussian noise (AWGN) channel over the probability
density function (PDF) of the SNR in Rayleigh
fading, namely

P[()l) = J.: (pMerfc(ngy )<f;o\7027;/, (7)d7 (2)

where parameters ¢, and ¢,, depend on the type of
approximation and the particular form modulation

"1t defines the level of acceptable performance.



provided in detail in [19, Table 6.1]. For example,
¢, =1/2and ¢, =1for BPSK and QPSKwFEutthermore

erfc(x):2Q(x\/5) denotes the complementary error

function. Under /Rayleigh #fading channel, the
conditional PDF,of*%, | , > 7, is derived as [18]

e Tun! 7o

f;/o (#0>7n (7/) = TQ_V/VO .
%o 3)

Substituting#(3) into (2) and taking the integral

with respectsto 7, we achieve the conditional bit error

Y
7

probability 2" =e” ¥ (7,), where ¥ (.)is defined as

w e
V.7)= [ouerte(JEur) e dr
(4)
T =
:¢M[e é erfc(\jgz\ﬂ/m )’\/H_g;l—?/?erﬁ{\/%(l"'gzw?)]]
M

Recalling that P{” is the conditional bit error rate
that y, <7, should be

separately depending on the relay selection technique
employed, i.e. partial relay selection or full relay
selection.

given and considered

In the partial relay selection, the relay node with
the largest signal-to-noise ratio among links from the
source will serve as the forwarder in the second time
slot [4] while in the FRS the relay having the highest
SNR composed of SNR of the two hops will be active
in the second hop [1, 2, 20]. To that effect, we state
that a number of algorithms have been proposed in the
literature for performing this task [32]. In this paper,
we adopt distributed timer technique [1]. With this
mechanism, all candidate nodes of the next hop do not
need to exchange or feedback either global or local
state information. In particular, all relays will start a
timer that is inversely proportional to the first hop
channel gain (for PRS) or to the equivalent channel
gain of the two hops (for FRS). The timer of the relay
has best channel condition will expire first and
becomes the transmitter of the next hop, while the
other nodes discard the packets after receiving this
node’s transmission.
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Under amplify-and-forward mode, the end-to-end
instantaneous dual-hop SNR is well-approximated in
medium-to-high SNRs as [3]

ﬂ, for PRS
B+ B, +1

max,_, _NiVas , for FRS
Tt 7+l

min(S,, 5,), for PRS

~ {maXiL-»-N {min(;/]‘i,;/z‘i )} , for FRS )

where S =max,_, 7, denotes the SNR of the link
from the source to the best relay and p, is the

instantaneous SNR of the link from the best relay to
the destination.

In an attempt at simplifying the complexity,
selection combining is adopted at the destination
instead of maximal ratio combining. The resultant
SNR at the output of selection combiner is
mathematically written as

7e =max(y, | (7, <¥u)-F) (6)

Using the order statistics and taking into account
the effect of independent between two hops yields
(after several elementary computation steps)

N N -r _r _r
Z(—l)”'( J ;e ’“-lgle I'—le i
= L)1 7 Xi H;

1= e
N o N L ,)‘{L’
;(—1) ( ; ]Z e,

where u, =(z,+1/7,) " with

_ /7, +1/7,)", for PRS
(/7 +17,)", for FRS

Following analogous steps to P and splitting the
integral into integrals, we have

P =" pyerfe(Jou 7 ) £, (ndy

, _ 8)
Yo (N L)+, () - Y, (1) (
] ¥ (s
2D U{ Fop(-r, 7))
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where erf(.) denotes the error function. Although the

BEP in (1) is valid for medium as well as high SNRs,
eq. (1) hardly providestdirect insights, i.e*“effects of
relay selection ;,schemes as fwell as combining
technique on the“System performance at high SNRs.
Since such insights can nét=be.directly obtained from
(1), we rlow develop @4 simple BER expression valid
for high SNRs. Based on the observation at high
SNRs, we note that the first term in the summation of
(1) is dominant/leading to the vanishing of the second
term, in which case, (1) simplifies to

BER = Pi(y, > /) PL
=\, (%) ©)

T =
:¢M|:e o erfo(\/ Su¥im )’\/Merf{\/};(l +Su’o )]:|

6,7, 0

From (9) we can immediately conclude that PRS
has a behavior identical to that of FRS at high SNRs.

B. Qutage Probability

Based on the PDF of y, derived in (7), it is

straightforward to obtain the end-to-end outage
probability of the system as follows:

OP=Pr(y, 2y,,) Pr(y,<y,) + Pr(¥,<r,) Pr(ys<y,)

=0

=[1=exp(=7./7) [Pr(rs <74)

N T _Ym _Vm
GV {]Y){l—e e Fite "'1
i=1 l

C. Spectral Efficiency

(10)

Since the quality of the direct link will decide the
need of the help of the relaying link, it is interesting to
note that both schemes provide the same spectral
efficiency as follows:

R=Pr(y, 2y, )r+Pr(y, <y,)r/2

=[1+exp(=7,, / 7,)]7/2 (

where » denotes the average spectral efficiency of
direct transmission.
IV. NUMERICAL RESULTS

To compare the behavior of the partial and full CSI
supported relaying system, we investigate their

performance under the same network settings and
configurations. In particular, the network with 1, 3
and 5 relays are considered and the average channel
gains are set as 4, =1, 4,=2and 4,, =3 for all i.

Note that the results with full and spatial relay
selection are denoted as FRS and PRS in the figures.
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Figure 1. Effect of number of relays on BEP for
BPSK.
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Figure 2. Effect of combining technique on BEP.

It can be observed from Fig. 1 that at low SNR
regime the FRS provides significant improvement
over the PRS. It also should be noted that as the
number of relays ( N ) increases, the bit error



performance of FRS improvesy while that of, PRS
remains the same since PRS“does notwbenefit from
additional relays. Howeyer, at high"SNR“zegime, i.e.
SNR > 30dB, the¢ performance of both the systems are
limited by the bound. This may be explained by the
fact that in such.the conditien, ityis more likely that the
quality ofithejdirect link"is geod enough for decoding
at the(destination without the need of re-transmission
from the”best relay. Thus, in this case, the relay
selection schemes,as'well as number of relays will not
contribute and again will not lead to any effect on the
System performance.

IndFig) 2, we investigate the effect of combining
technique on the system performance. From the figure
we ‘ean see that for low-to-medium average SNRs
('SNR <20dB), the system with MRC outperforms that
with SC, which, in turns, outperforms the system
without using combining diversity. Furthermore, these

observations are valid not only for PRS but also for
FRS.

Bit Error Probability

Figure 3. Effect of power allocation on BEP.

At this point, it is appropriate to comment on the
power allocations under two types of relay selection.
From Fig. 3, we can see that in general for
incremental relaying networks it will always be better
if more transmit power is allocated for the source, as
expected. However, at medium SNRs, in terms of
error performance, the FRS seems to be more
sensitive to power allocation ratio than its counterpart.
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In Fig. 4, we study the spectral efficiency of both
relay selection schemes. We can see that both the
relay selection schemes in increcremental networks
have the same spectral effiency, which is in between
that of direct transmission and that of conventional
relay networks as shown in Fig. 4.

Before closing this section, it should be pointed out
that in terms of outage probability, FRS always
outperforms PRS under the same setting conditions as
shown in Fig. 5. Furthermore, the simulation results
are in good agreement with the analytical ones in high
operating SNRs.
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Figure 4. Spectral efficiency.
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Figure 5. Effect of different relay selection schemes
on OP.
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V. CONCLUSION

We have presented.a comparisonof these two relay
selection schemes;", highlighting ‘their features,
differences, and (characteristies. ‘Specifically, the bit
error probability, outage probability and achievable
spectral efficiency of both ‘schemes were derived and
comparéd ‘using an approximation of the effective
received SNR. While itus.not clear that any particular
scheme is the best for all scenarios, each scheme has
definite advantages, and disadvantages, and is well
suited for cértain Situations and networks.
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