
Physical Communication 28 (2018) 123–129

Contents lists available at ScienceDirect

Physical Communication

journal homepage: www.elsevier.com/locate/phycom

Full length article

Joint relay-user selection in energy harvesting relay network with
direct link✩

Chenchen Liu, Tiejun Lv *
School of Information and Communication Engineering, Beijing University of Posts and Telecommunications, Beijing, 100876, PR China

a r t i c l e i n f o

Article history:
Received 11 December 2017
Received in revised form 25 February 2018
Accepted 27 March 2018
Available online 5 April 2018

Keywords:
Energy harvesting
Full-duplex relay
Power splitter
Direct link
Outage probability

a b s t r a c t

In this paper, a joint relay-user selection (JRUS) scheme is proposed for an amplify-and-forward full-
duplex (FD) relay networkwhich includes one source node,multi-relay node andmulti-user node, and the
direct link between the source node and the user node is considered to convey information. Each FD relay
node is energy-constrained and the simultaneous wireless information and power transfer technology is
employed to harvest energy. A power splitter at each FD relay node splits the received signals into two
components for energy harvesting and information processing. The implementation of the proposed JRUS
scheme includes two steps: (1) the optimal user node is selected according to signal-to-noise ratio of the
direct link between the source node and the user nodes; (2) the optimal energy harvesting relay node
with optimal power splitting (PS) factor is picked out based on signal-to-interference-plus-noise ratio
of the relaying link. The outage probability of the investigated relay network with the JRUS scheme is
derived. In order to characterize the diversity order, we further present the asymptotic outage probability
at high SNR. Moreover, the optimal PS factor of each relay node is calculated by minimizing the outage
probability of the reconstructed relay network. Finally, numerical results demonstrate the accuracy of our
performance analysis and the efficiency of the proposed scheme.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Recently, energy harvesting (EH) has attracted much attention
in green communication due to its ability to prolong the lifetime of
energy-constrained wireless networks. Some traditional EH tech-
niques can collect energy from the external resources, such as solar
energy, wind power and tidal energy [1]. However, these external
resources can be easily affected by theweather, and cannot provide
a steady supply of energy. Because of this defect, an original EH
technology, simultaneouswireless information and power transfer
(SWIPT), which depends on radio-frequency (RF) signals and can
carry energy and information on the same signals, is proposed [2].

Since the relay node is capable of increasing the transmission
reliability as well as the cell coverage, thus the SWIPT technology
in the context of EH relay network has been paid much atten-
tion. In [3], the authors analyze the outage probability of energy-
constrained relay network with adopting the SWIPT technology,
and it is compared with the performance of the conventional
self-powered relay network. The authors investigate the outage

✩ The financial support of the National Natural Science Foundation of China
(NSFC) (Grant No. 61671072) is gratefully acknowledged.

* Corresponding author.
E-mail addresses: chenchenliu@bupt.edu.cn (C. Liu), lvtiejun@bupt.edu.cn

(T. Lv).

performance of SWIPT half-duplex (HD) relay system with adopt-
ing the power-splitting (PS) scheme, and two scenarios are con-
sidered, battery-less and battery-equipped [4]. Later in [5], the
authors design the source/relay precode for the SWIPT technol-
ogy in multiple-input multiple-output (MIMO) EH relay network,
where the relay node works on HD mode. In [6], a PS based EH
method is proposed in the HD multi-relay network, which aims at
maximizing the system throughput. The authors in [7] investigate
the outage performance of the EH multi-relay multi-destination
HD-relay network, which indicates the EH technique can improve
the lifetime of the energy-constrained relay network. However,
such a transmission incurs significant loss in spectral efficiency
due to the HD-relay. With the advance in self-interference mitiga-
tion techniques, the full-duplex (FD) technique, which can receive
and transmit signal simultaneously over the same frequency band
to improve the spectrum efficiency, has attached much atten-
tion [8,9]. In [10], the authors investigate the EH relay networks,
in which the relay nodes work on FD mode. In [11], the optimal
PS factor and ergodic capacity are analyzed for PS-based FD relay
network. Moreover, the PS based operation adopted at the relay
node has potential to fully exploit FD property compared with the
time-splitting (TS) scheme applied at the FD relay, as the relay
node can simultaneously receive and transmit signals [12]. Thus,
we focus on the PS based EH FD-relay network model in this
paper.
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Fig. 1. The system of a MRMU EH relay network in the presence of the direct link.

In a practical multi-relaymulti-user (MRMU) system, the diver-
sity performance can be improved by properly selecting a subset
of relays and users due to the inherent multi-user and coopera-
tive diversity. Some existing literatures are conducted on EH HD-
relay networks [7,13]. In [13], the authors investigate the EH relay
network with the help of HD-relay to transmit information be-
tween one source node and one destination node. The work of [7]
proposes two complexity relay–destination selection schemes to
reduce the amount of channel estimations for the EHHD-relay net-
work. The FD-relay is investigated in the energy-constrained relay
network [14], however, only one relay node and one destination
node are considered. Meanwhile, it is noted that the direct link in
the relay network improves the valuable diversity gains as well as
the system reliability. The authors in [15] study one-relay one-user
FD-relay network and find that the diversity order can be increased
with considering the direct link between the source node and the
user node. In [13], the authors investigate the outage performance
for SWIPT relay network with considering the direct link, which
only includes one relay node. However, there are few works about
MRMU scenario in EH FD-relay networks in the presence of the
direct link, and the performance of this scenario is still an open
problem.

In this paper, we consider a PS based EHMRMU network. In the
considered MUMR network, the source node and the user nodes
are equipped with one antenna, while each relay node is equipped
with two antennas andworks on FD transmissionmode,where one
antenna for receiving and another for transmitting. Meanwhile,
the direct link between the source node and the user node is
taken into consideration to convey information. Aiming at the
considered networkmodel, we propose a joint relay-user selection
(JRUS) scheme. In the proposed selection scheme, the optimal user
node is firstly selected from M candidates according to signal-to-
noise ratio (SNR) of the direct link. Then the optimal relay node
is selected from N candidates according to signal-to-interference-
plus-noise ratio (SINR) of the relaying link. We show that the
diversity order of the JRUS scheme is N +M . Based on the network
reconstructed by the JRUS scheme, the outage probability of the
EH FD-relay network is derived, including exact and asymptotic
expressions. Note that each relay node is energy constrained and
the SWIPT technology is used to harvest energy. The optimal PS
factor is obtained by minimizing the derived outage probability.

Notations. We use Pr(.) indicates probability, E {·} denotes expec-
tation and CN (0, σ 2) denotes the circularly symmetric complex
Gaussian distributed vector with zero mean and variance σ 2.

2. Systemmodel

As shown in Fig. 1, we investigate an EH amplify–forward (AF)
relay network, which consists of one source node S, N relay nodes
Rn, (n = 1, 2, . . . ,N), and M user nodes Um, (m = 1, 2, . . . ,M). In
the considered relay network, the source node and each user node
are equipped with one antenna, while each relay node is equipped
with two antennas and works on FD mode, one for receiving and
the other for transmitting. Meanwhile, it is assumed that the direct
link between the source node and the user node exists and can be
exploited to convey information.

The source node intends to transmit its information to the
selected user node with the help of the selected relay node. The
transmitted power of the source node is Ps. The selected relay node
is assumed to be energy constrained, such that it has to harvest
energy from the source node and then amplifies the received
signals to the selected user node simultaneously using the received
energy. At the selected relay node, the received signals are split
according to the power ratio of αn : (1 − αn), αn ∈ [0, 1], for EH
and information processing (IP), respectively.

Each channel link undergoes independent frequency-flat
Rayleigh fading [16], and hn, fnm, gm denote the channel coefficients
from S → Rn, Rn → Um, S → Um, respectively. More pre-
cisely, all the fading channel coefficients are reciprocal, which are
modeled as independent complex Gaussian distribution, i.e., hn ∼

CN
(
0, σ 2

SR

)
, fnm ∼ CN

(
0, σ 2

RU

)
, gm ∼ CN

(
0, σ 2

SU

)
, respectively.

CN
(
0, σ 2

)
denotes the complex Gaussian distribution with zero

mean and the covariance σ 2. Each relay node performs imperfect
loop interferencemitigation, and there still exists the residual self-
interference (RSI). The RSI channel is alsomodeled as Rayleigh fad-
ing channel, and the corresponding channel coefficient is denoted
by In, which follows Gaussian distribution with zero mean and the
variance σ 2

rsi [17].

3. Joint relay-user selection scheme

Due to the FD operation at the relay node, the whole informa-
tion transmission occurs during the whole time block T as shown
in Fig. 2. The detailed process of the JRUS scheme is expressed. The
source node firstly broadcasts the signal xs to both the relay nodes
and user nodes. Thus, the received signal at the nth relay node and
themth user node can be expressed as

yRn =

√
Pshnxs +

√
Pr InxRn + nR, (1)
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