@, Int. J. Communications, Network and System Sciences, 2017, 10, 27-34
&% Scientific . : .
‘ ‘ Research http://www.scirp.org/journal/ijcns
9% Publishing ISSN Online: 1913-3723
* ISSN Print: 1913-3715

Performance of Nth Worst Full-Duplex Relay
Selection over Nakagami-M Fading Channels

Jing Guo, Yujie Zhang

College of Electrical & Information Engineering, Shaanxi University of Science & Technology, Xi’an, China

Email: snowy0821@163.com

How to cite this paper: Guo, J. and Zhang, Abstract

Y.J. (2017) Performance of Nth Worst

Full-Duplex Relay Selection over Nakaga- ~ The performance analysis of N" worst relay selection for the full-duplex
mi-M Fading Channels. /nt. /. Communi- (ED) mode over Nakagami-m fading channels is studied. We assume the relay
cations, Network and System Sciences, 10,
27-34.

https://doi.org/10.4236/ijcns.2017.108B004 for the outage performance in terms of the received signal-to-noise ratio cu-

employs the amplify-and-forward (AF) protocol. The closed-form expressions
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regime, asymptotic outage probability is also investigated. Based on these ex-

of relays and the order of selected relay, as well as the quality of the relay links,
source-relay links, relay-destination links, are analytically characterized. Fi-
nally, numerical results are provided to verify and illustrate our mathematical
analysis.
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1. Introduction

A large number of existing works on cooperative communications assume half-
duplex (HD) relaying, where relays transmit and receive the signal in orthogonal
channels [1]. In order to overcome the associated bandwidth loss and improve
spectral efficiency, full-duplex (FD) transmission has been investigated in the li-
terature [2]-[8]. In FD mode, the relay transmits and receives the signal at the
same time and at the same frequency band. FD operation mode has been consi-
dered impractical in the past due to its loop interference problems. However, af-
ter many works on interference mitigation have been reported, the theoretical
analysis for FD relaying networks can be possible [2].

For the multiple relay systems, designing an appropriate relay selection
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scheme is an efficient approach to achieve space diversity and hardware simplic-
ity. Relay selection problem in AF cooperative system has been studied in [4],
the authors considered dynamically switches between FD and HD relaying based
on the instantaneous quality of the loop interference, and they showed that the
diversity gain can be significantly improved by employing multiple FD relays. In
[5], the opportunistic decode-and-forward (DF) relay selection with FD scheme
has been studied. Optimal DF relay selection for FD mode in underlay cognitive
radio networks has been studied in [7], in which an optimum relay-selection so-
lution for treating the tradeoff between the improved outage probability and the
performance degradation can always be achievable within the signal-to-noise ra-
tio (SNR) range of (10 dB, 15 dB).

However, in practice, due to some scheduling or load balancing conditions,
the best relay may not always be selected. Thus, the study of the N™ best or
worst relay selection will be very necessary. In [9], adaptive DF and AF coopera-
tive diversity systems with the Mh-best relay over Rayleigh fading channels are
studied. The main objective of this literature is its diversity order increases li-
nearly with the number of relays and decreases linearly with the order of the re-
lay. The authors in [10] analyzed the asymptotic symbol error rate of AF coop-
erative communications with the N™ best-relay scheme over independent and
non-identical Nakagami-m fading channels. In [11], performance analysis for
underlay cognitive DF relay networks with the N™ best relay selection scheme
over Rayleigh fading channels is studied; the results show that both the relay se-
lection scheme and the number of relays have great impact on the outage per-
formance of cognitive relay networks. In [12], the outage probability of hybrid
Decode-Amplify-Forward protocol with the N™ -best relay selection is analyzed,
and results show that with the system diversity order is equal to M -N+2,
where M is the number of relays. The accurate approximate outage probability
and bit-error rate expressions of two-way relaying networks with the N™ worst
relay selection over various fading channels is investigated in [13].

In this letter, we take a step further to investigate the performance of N
worst relay over independent and non-identical Nakagami-m fading channels.
Furthermore, we allow each relay to perform full-duplex operation. We focus on
the outage probability as the performance metric, for which we present an accu-
rate approximation in closed-form by deriving statistical expressions of the ef-
fective end-to-end SNR. To provide further insight, we analyze the system
asymptotic behavior, as well as the effect of several important network parame-
ters, ie., the number of relays, the order of selected relay and the channel para-

meter.

2. System Model

We assume multiple relay system which consists of one source node (S), one
destination node (D) and K AF relay nodes (R, 1<k <K ). The direct link
between Sand D is assumed strongly attenuated and communication can be es-

tablished only via the cooperative relays. This typical assumption corresponds to
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coverage extension scenarios where the distance between Sand Dis long and re-
lays are used in order to maintain connectivity or scenarios where the direct link
is in deep shadowing due to surrounding physical obstacles.

Each relay employs an AF protocol and is equipped with two antennas (one
receive antenna and one transmit antenna) that enable a full-duplex operation.
Meanwhile, we consider an imperfect interference cancellation scheme at each
relay by following the analysis, which presented in [2]. Time is considered to be
slotted and in each time slot, only one relay R, is selected to assist the source trans-
mission. We denote the channel between node ie {S, k} and node je {k,d}
by h;, and assume that all channels are independent and non-necessarily iden-

tically Nakagami-m distributed. Specifically, h; remains constant over one

ij
channel block, and varies independently from one block to another with shape
parameter m; and average power €. Without loss of generality, we assume
the noise terms are complex additive white Gaussian RVs with zero mean and
unit variance.

At time t, §transmits the signal to the selected relay node R,, the received

signal at R, is given by
Yy (1) =hy X, (t)+hex (t)+n,(t) (1)

where X (t) and X (t) are the transmit signal of § and R, with a transmit
power P . hy isthe channel gain between the source and the selected relay R,
and h, is the loop interference channel between the transmit antenna and the
receive antenna of the relay R n, is the additive white Gaussian noise.

Due to FD operation, the signal transmitted by R, at time t is given by
X (1) =By, (t-7) )

where [ is the power amplification factor and 7 is the processing delay. Due
to the power constraint, the amplification factor S can be expressed as

1
2

p={P1(Pnf +Plh[ +1)} (3)

Meanwhile, at time t, the received signal at D can be written as
Yo (1) =hax (t)+ny (1) (4)

where h,, is the channel gain between the selected relay R, and D, and n, is
the additive white Gaussian noise.

After some manipulation, the instantaneous end-to-end SNR is written as

_ ysk}/kd (5)

7/ =
“ Vs +(7kd +1)(7kk +1)

2 Vid = P|hkd|2 and y, = P|hkk|2. In order to simplify nota-

where y, = P|hSk
tion, we define y; = PQ; /m; .

In order to use the output SNR in the performance calculations, Equation (5)
should be expressed in a more mathematically tractable form [4], which can be

rewritten as
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9 =min{ Lk ,ykd} (6)
Vi +1

We consider the relay with the N©® highest value of y,, k=12,--K, is

selected for retransmitting the source signal to the destination. Hence, the pro-

posed N™ worst relay selection scheme can be represented as:

_ th
v =arg N, maxy, %

where N" max, . {} denotes to select the N" maximum value from the set

C.

3. Performance Analysis

In this section, we investigate the outage performance of the proposed FD-based
relay selection policies. We derive exact as well as simple high SNR outage ex-

pressions.

3.1. Outage Probability

To evaluate the system outage performance, we should first evaluate the cu-
mulative density function (CDF) of y, . By arranging the random variables
7 inan increasing order of magnitude, we have y,) <y, <---<y . Hence,
Yw and Yx) corresponds to the worst and the best relay selection cases,

respectively. Then, the CDF of the N" order statistic y,, is given by [14]

SN N LN TR RO R

where F, (X) is the CDF of Y(n)-
For the case of independent and identically (i.i.d) fading channel, the CDF

F (x)=

N

e

T
z

of the N" order statistic y, can be rewritten as
K-i

F. (x)=ZK:(‘_<][F7k(X)Ji [1—F7k(x)] ) 9)

i=n 1

where F, (x) isthe CDF of ,.
In order to find F, (X), we need to find the CDF of y, . Let
Z2=y4 (74 +1), the CDF for y, can be derived as

=, (0= min| T x| AR ()R, (0) 0

Y T

Since y; is a Gamma-distributed random variable, its probability density
function (PDF) and CDF are respectively given by

T xm”‘le_%j
fij(x'mu%‘):W (1n
ii ] /ij

X
o
N v/ (12)

Fi (X§ mijv77ij): r(mij)
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where y(--) is the lower incomplete gamma function, and I'(-) is the
Gamma function [15].

Applying the concepts of probability theory and after some algebraic ma-
nipulations, the CDF of z can be expressed as

j [ x(t+1)]f, (t)dt

Mg =1 Xk X 1 (13)
=1_Zﬁe ySkU(mkk,k'f'mkk +l +—j
k=0 k'7 7 T Vi

where U (--,-) denotes the confluent hypergeometric function of the second
kind.
Substituting (13) and the CDF of p,, into (10), we have

Mg —1 Mg ~1 XX —[,LtLJ X 1
( )21 z —_e T MY mkk,k+mkk +1l,—+— (14)
ko po Klp! 7’sk7kd7kk Vs T

Now substituting (14) into (8) and (9), the outage probability for AF relay

system with the N" worst relay selection can be readily expressed as
Pout = F;/N (7th) (15)

where y, =2°f" isarequired SNR threshold and R is the target rate.

3.2. Asymptotic Outage Analysis for High SNR

Although the expressions for the outage probability derived in the previous sub-
section enable numerical evaluation and may not be computationally intensive,
the expression do not offer insight into the effect of the different parameters on
the system performance (e.g., the order of selected relay N ). In this section, we
aim to investigate the outage probability at high SNR regime. Moreover, we only
investigate the special case of i.i.d fading channel.

Applying the series expansion, we can obtain the asymptotic behavior of Equ-

ation (14)
F7 (x) = ox™(msmo) (16)
where
7 Ms
1 m— Vi —, m,, <m,
l“(msk"':l')ysks (X7kk+7/sk) ’
~7 Ms
0 1 S Yk . 1 —_my =m, (17)
r(msk +1)75k5k (X7kk +}/5k) : r(mkd +1)7kdkd
! m, =m
I(Myg +1) 7« ’ HoM

Since we only need to consider the dominant term in Equation (9) for the

high SNR, the outage probability can be approximated by

© K e N K! min Mgy , M
Pout :(N][F},N (}/th)] :mal\‘}q’: ( ko kd) (18)
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From (18), since 7 /(7n/u +7s) remains constant in terms of P, the
outage performance of the system asymptotically converges to an error floor and
exhibits a zero diversity gain when m, <m,, . Hence, the N" worst FD relay
selection schemes provide zero diversity when my <m,,, and Nm, when
my > m,, . Moreover, we can see the effect of m,, is not distinguished, but y,,
has effect on the outage probability coding gains.

4. Numerical Results

In this section, some numerical results are provided to verify our analysis. The
following parameters will be used in the numerical results: Qg =Q,, =1,
Q, =107, R=1 bits/s/Hz. We plot the outage performance curves versus the
SNR of the transmitted signal (P dB).

Figure 1 shows the outage performance of the N™ worst relay selection
scheme for different values of K and N. Monte Carlo simulations are also
presented to validate the analytical derivations. For the plots, we consider
My =My =My =2 and K e{2,4}. It is shown that the analytical results are
very close to the simulated ones in the whole SNR region. It also can be observed
that the outage performance increases linearly with the number of relays (K )
although we use only one relay. The outage performance becomes decreases with
the increase of the order of selected relay N . From Figure 1, it can be seen that
the outage performance improves as we move from the worst relay to the best
relay. Moreover, since my =m,,, the error floors obviously emerge, which show
the accuracy of our analysis.

Figure 2 shows the outage performance versus SNR for different fading para-
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Figure 1. Outage probability versus SNR for different values of K and N.

32

o2
o2

0% Scientific Research Publishing



J. Guo, Y. J. Zhang

10 T T T T T
Analytical
0 Asymptotic |]
10°¢ 1
NN O Simulation ]

iR
ov
&

Outage Probability

=
ou
S

=
Ou
&

10

SNR

Figure 2. Outage probability versus SNR for different values of m,,
m, and m, .

meter of my €{1,2}, m, €{1,2} and m, {12} . It can be seen that the si-
mulation results closely match with the analytical ones. As expected, improved
fading parameter in two links can lower the outage probability. From the results,
we can see that the channel gain of link has an important role in the outage per-
formance. When my, <m,, , outage performance converge to an error floor and
thus provide a zero diversity gain. Moreover, we found that the effect of in-
creasing m,, for the same fading parameter my, =m,, =2 in Figure 2 could

not be distinguished.

5. Conclusion

The N" worst relay scheme was studied for the full-duplex relay channel over
Nakagami-m fading channels. We derived closed-form expressions and ap-
proximate performance for the outage probability, and showed their well-
matching behavior with the results obtained via simulation. From the analysis,
we can conclude that the outage performance can be improved by increasing the
number of relays. Moreover, the diversity order is zero when my <m,, and

Nm, when mgy >m,,, and the impact of m, can be negligible.

References

[1] Laneman, J.N., Tse, D.N.C. and Wornell, G.W. (2004) Cooperative Diversity in
Wireless Networks: Efficient Protocols and Outage Behavior. /EEE Transactions on
Information Theory, 50, 3062-3080. https://doi.org/10.1109/TIT.2004.838089

[2] Riihonen, T., Werner, S., Wichman, R. and Zacarias, E.B. (2009) On the Feasibility
of Full-Duplex Relaying in the Presence of Loop Interference. Proceeding 2009 IEEE

Workshop Signal Processing Advances in Wireless Communications, Perugia, 21-24
June 2009, 275-279. https://doi.org/10.1109/SPAWC.2009.5161790

%%
035: Scientific Research Publishing

33


https://doi.org/10.1109/TIT.2004.838089
https://doi.org/10.1109/SPAWC.2009.5161790

J. Guo, Y. J. Zhang

(6]

(10]

(11]

(12]

(13]

(14]

(15]

Choi, J.I., Jain, M., Srinivasan, K., Levis, P. and Katti, S. (2010) Achieving Single
Channel, Full Duplex Wireless Communication. Proceedings of the 16th Annual
International Conference on Mobile Computing and Networking, Chicago, 20-24
September 2010, 1-12. https://doi.org/10.1145/1859995.1859997

Krikidis, I., Suraweera, H.A., Smith, P.J. and Yuen, C. (2012) Full-Duplex Relay Se-
lection for Amplify-and-Forward Cooperative Networks. IEEE Transactions on
Wireless Communications, 11, 4381-4393.
https://doi.org/10.1109/TWC.2012.101912.111944

Khafagy, M., Ismail, A., Alouini, M.-S. and Aissa, S. (2013) On the Outage Perfor-
mance of Full-Duplex Selective Decode-and-Forward Relaying. JEEE Communica-
tions Letters, 17, 1180-1183. https://doi.org/10.1109/LCOMM.2013.042313.130444

Alves, H., da Costa, D.B., Souza, R.D. and Latva-aho, M. (2013) Performance of
Block-Markov Full Duplex Relaying with Self Interference in Nakagami-m Fading.
[EEE Wireless Communications Letters, 2,311-314.
https://doi.org/10.1109/WCL.2013.030613.130023

Zhong, B., Zhang, Z., Chai, X., Pan, Z., Long, K. and Cao, H. (2015) Performance
Analysis for Opportunistic Full-Duplex Relay Selection in Underlay Cognitive Net-
works. IEEE Transactions on Vehicular Technology, 64, 4905-4910.
https://doi.org/10.1109/TVT.2014.2368584

Khafagy, M., Ismail, A., Alouini, M.-S. and Aissa, S. (2015) Efficient Cooperative
Protocols for Full-Duplex Relaying over Nakagami-m Fading Channels. JEEE Tran-

sactions on Wireless Communications, 14, 3456-3470.
https://doi.org/10.1109/TWC.2015.2406712

Ikki, S.S. and Ahmed, M.H. (2010) On the Performance of Cooperative Diversity
Networks with the Mh Best Relay Selection Scheme. IEEE Transactions on Commu-
nications, 58, 3062-3069. https://doi.org/10.1109/TCOMM.2010.092810.090322

Chu, S.I. (2011) Performance of Amplify-and-Forward Cooperative Communica-
tions with the NMh Best-Relay Selection Scheme over Nakagami-m Fading Channels.
IEEE Communications Letters, 15, 172-174.
https://doi.org/10.1109/LCOMM.2010.121310.101381

Zhang, X., Yan, Z., Gao, Y. and Wang, W. (2013) On the Study of Outage Perfor-
mance for Cognitive Relay Networks (CRN) with the Nth Best-Relay Selection in
Rayleigh-Fading Channels. JEEE Wireless Communications Letters, 2, 110-113.
https://doi.org/10.1109/WCL.2012.120312.120701

Olfat, E. and Olfat, A. (2014) Outage Performance of Hybrid Decode-Amplify-
Forward Protocol with the Nth Best Relay Selection. Wireless Personal Communica-
tions, 78, 1403-1412. https://doi.org/10.1007/s11277-014-1824-x

Yang, L., Qaraqe, K., Serpedin, E. and Gao, X. (2015) Performance Analysis of Two-
Way Relaying Networks with the Nh Worst Relay Selection over Various Fading
Channels. JEEE Transactions on Vehicular Technology, 64, 3321-3327.

Gungor, M., Bulut, Y. and Calk, S. (2009) Distribution of Order Statistics. Applied
Mathematical Sciences, 3, 795-802.

Gradshteyn, L.S. and Ryzhik, I.M. (2007) Table of Integrals, Series, and Products. 7th
Edition, Academic Press.

34

K2
S
o2

0% Scientific Research Publishing


https://doi.org/10.1145/1859995.1859997
https://doi.org/10.1109/TWC.2012.101912.111944
https://doi.org/10.1109/LCOMM.2013.042313.130444
https://doi.org/10.1109/WCL.2013.030613.130023
https://doi.org/10.1109/TVT.2014.2368584
https://doi.org/10.1109/TWC.2015.2406712
https://doi.org/10.1109/TCOMM.2010.092810.090322
https://doi.org/10.1109/LCOMM.2010.121310.101381
https://doi.org/10.1109/WCL.2012.120312.120701
https://doi.org/10.1007/s11277-014-1824-x

o
+%%, Scientific Research Publishing

Submit or recommend next manuscript to SCIRP and we will provide best
service for you:

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service

User-friendly online submission system

Fair and swift peer-review system

Efficient typesetting and proofreading procedure

Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact ijcns@scirp.org



http://papersubmission.scirp.org/
mailto:ijcns@scirp.org

	Performance of Nth Worst Full-Duplex Relay Selection over Nakagami-M Fading Channels
	Abstract
	Keywords
	1. Introduction
	2. System Model
	3. Performance Analysis
	3.1. Outage Probability
	3.2. Asymptotic Outage Analysis for High SNR

	4. Numerical Results
	5. Conclusion
	References

