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Abstract

We consider a decode-and-forward full-duplex relaying system for multiple pairs of users. Our objective is to maximize the minimum
achievable rate for all user pairs under the transmit power constraints. We propose an iterative algorithm to solve the nonconvex max—min problem.
In particular, the original problem is converted into successive convex programs by using an inner approximation method such that each iteration
involves only a simple convex quadratic program. We show that the proposed algorithm improves achievement of the objective iteratively while
guaranteeing convergence. Simulation results demonstrate that the proposed algorithm provides higher rates than both half-duplex and full-duplex
relaying based on zero-forcing do.
© 2017 The Korean Institute of Communications Information Sciences. Publishing Services by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Using a relay in a wireless system allows us to extend the
communication coverage and improve the throughput and the
quality-of-service (QoS). Thus, relaying is a promising tech-
nique for next-generation wireless networks. Its use in LTE-
Advanced networks has been studied intensively [1]. Relaying
protocols can be classified into two main categories: amply-
and-forward (AF) and decode-and-forward (DF). Although AF
protocol design is easy to implement, it critically restricts the
system performance. This is because AF protocol enhances
both the signal and noise power when it amplifies the received
signal [2]. On the other hand, DF protocol decodes the received
data from the source node and forwards them to the destination
node, providing a better performance than AF protocol does [3].

There are two approaches to relaying system transmission:
half-duplex relaying (HDR) and full-duplex relaying (FDR).
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The HDR system uses different time slots or different fre-
quencies for transmission and reception while the FDR sys-
tem receives and transmits the information simultaneously on
the same frequency. Therefore, FDR utilizes the spectrum re-
sources more efficiently than HDR does. However, receiving
and retransmitting the signals at the same time and over the
same frequency causes self-interference (SI) between the trans-
mit antennas and the receive antennas at the relay, which is an
obstacle to FDR performance. As a result, a long-held assump-
tion in wireless system design is that a relay is compatible with
only the HDR technique [4].

In several recent studies, advances in SI cancellation tech-
niques have shown the feasibility of FDR for relaying systems
[5,6]. Nevertheless, most of the FDR research has focused on
improving the system performance for a single pair, i.e., one
source communicating with one destination [7-9]. Interest-
ingly, a very recent study considered an FDR system of
multipair users using zero-forcing for both the decoding and
beamforming at the FDR (ZF/ZF) [10]. However, an FDR sys-
tem using a ZF/ZF method is actually far from optimum and
thus yields a very limited performance. Therefore, there is still
much room to optimize FDR systems.

In this article, we consider the joint optimization of beam-
forming at the FDR system and power allocation at the source
nodes to serve multipair users in an FDR system efficiently
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based on the DF protocol. The residual SI is also taken into ac-
count. In particular, we first establish a max—min optimization
problem for all of the communication links for multipair users
under the power constraints of both the sources and relay. Then,
we propose a one-layer iterative algorithm based on a first-order
inner approximation to obtain the optimal solution through se-
quential convex optimization. Finally, the performance of the
method proposed for the FDR technique is evaluated and com-
pared with those of the HDR and FDR techniques in [10].

The rest of this article is organized as follows. In Section 2,
we describe a system model with explicit signals and formulate
an optimization problem. In Section 3, we describe how to find
an optimal solution based on an iterative method. Simulation
results are presented in Section 4, and conclusions are drawn in
Section 5.

Notation: Bold lower and upper case letters respectively
represent vectors and matrices. X7, X7, and tr(X) are the
Hermitian transpose, normal transpose, and trace of a matrix
X, respectively. || - || and | - | denote the Euclidean norm
of a matrix or vector and the absolute value of a complex
scalar, respectively. Iy represents an N x N identity matrix.
x ~ CN(n,Z) means that x is a random vector following
a circularly-symmetric complex Gaussian (CSCG) distribution
with mean vector  and covariance matrix Z. [E[-] denotes the
statistical expectation. The notations X > 0 and X > 0 mean
that the matrix X is positive semi-definite and positive definite,
respectively. {-} represents the real part of a complex number.

2. System model and optimization problem formulation
2.1. Signal model

We consider a multipair DF relaying system in which K
source nodes communicate with K destination nodes separately
via an FDR, as illustrated in Fig. 1. All source and destination
nodes are equipped with a single antenna, while the FDR is
equipped with a total of Nx + Nx antennas. The FDR uses
Nix antennas to receive the sources’ signals and Ny antennas
to transmit these signals to the destinations as part of the
full-duplex operation. In Fig. 1, Sy and Dy represent the kth
source node and the kth destination node, respectively. It is
assumed that no direct link between any S; and Dy exists
due to large path loss and/or severe shadowing. All channels
are assumed to follow independent quasi-static flat fading,
i.e., remain constant during communication time slot 7 but
change independently from one block to another. The channel
state information (CSI) is assumed to be perfectly known at
both the BS and users.

In each resource block, all K sources transmit their signals,
denoted as xi, Vk with E{|xk|2} = 1, to the FDR, and then,
the FDR decodes and forwards the signals, denoted by sy, Vk
with E{|s¢|?} = 1, to all K destinations simultaneously. At the
FDR, the signals are precoded prior to being transmitted to the
destination. Then, the received signals at the FDR and at Dy, can
be written as
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Fig. 1. An FDR system with multipair users.
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respectively. py € C and hy € CVN»*1 are the transmit power
and the channel vector from S; to the FDR, respectively. g; €
CNoxl and wy, € CVx>1 gre the transmit channel vector and the
beamforming vector from the FDR to Dy, respectively. np, ~
CN(0,07) and nppg ~ CN(0, 0*1) denote the additive white
Gaussian noise (AWGN) at Dy and at the FDR, respectively.
The term /o Z,le Gglwksk in (1) represents the residual SI
after all real-time cancellations [4] have taken place, where
Gg| € CNoxXN js a fading loop channel from the transmit
antennas to the receive antennas at the FDR and 0 < p < 1
is used to model the degree of residual SI propagation [11].

In the first phase, the minimum mean square error and
successive interference cancellation (MMSE-SIC) receiver is
adopted by the FDR to maximize the received signal-to-
interference-plus-noise ratio (SINR) of Sg in (1). Correspond-
ingly, the received SINR for x; can be expressed as [12]

K
yeR(w, p) = pihf! (Z pth;hY
j>k
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where w = [w!,wl ... wg]T and p £ [py, p2, ..., px1”.

For simplicity, we assume that the decoding order follows the
source indices, i.e., k = 1,2, ..., K. Next, using (2), the SINR
at Dy can be expressed as

gt wil?
Yo (W) = ——= : “
> lglwil2+o?
i=1,i#k

From (3), the information rate for the link Sy — FDR (in
nats/s/Hz) is given as

R (w, p) =In(1+ ¥R (w, p)), (5)

and the information rate for the link FDR — Dy (also in
nats/s/Hz) is given as

RFP(w) = In(1 + yP(w)). (6)
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