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Abstract—This paper focuses on the resource allocation in a
full-duplex (FD) multiuser single cell system consisting of one FD
base-station (BS) and multiple FD mobile nodes. In particular,
we are interested in jointly optimizing the power allocation (PA)
and subcarrier assignment (SA) for uplink (UL) and downlink
(DL) transmission of all users to maximize the system sum-
rate. First, the joint optimization problem is formulated as
nonconvex mixed integer program, a difficult nonconvex problem.
We then propose an iterative algorithm to solve this problem. In
the proposed algorithm, the PA is obtained by employing the
SCALE algorithm, whereas the SA is updated by a gradient
method. Finally, we present numerical results to demonstrate
the significant gains of our proposed design compared to that
due to two fast greedy algorithms.

I. INTRODUCTION

Full-duplex (FD) has recently been considered as a tech-
nology evolution for the next-generation wireless network
expecting significant capacity increase [1, 2]. In FD systems, a
wireless terminal can transmit and receive signal on the same
frequency band at a particular time slot. Therefore, FD systems
can potentially double the spectral efficiency relatively to the
Half-duplex (HD) ones [1, 2]. The advantages of FD have
come from the combination of various techniques, including
antenna design, analog cancellation, and digital cancellation, to
effectively reduces self-interference caused by the transmitted
signal of a terminal to itself [3].

Nevertheless, the performance of the FD sytem cannot be
as good since it still depends on the resource allocation design
[4]. There have been many studies focusing on this topic. In
[5], a power control protocol has been studied to maximize
the minimum signal-to-interference-plus-noise (SINR) of all
UL and DL links. In [6], Ju et al. jointly optimizes the time
and power allocations in the wireless-power communication
network to maximize the user’s weighted sum rate. However,
in these works, it is assumed that the FD technique is em-
ployed only at AP, where the users still work in HD mode.
Additionally, the SA is not considered. Recently, [7] studies on
jointly optimizing PA and SA design for the wireless network
consisting FD base station and FD users. However, perfect SI
cancellation is considered in this work where SI is treated as
noise, which is not practical.

In this paper, we study a single cell OFDMA network
where FD mode is enabled at all terminals (base station and
users). Our objective is to maximize the total rate of the
network by jointly optimizing SA and PA. Different to that
modelled in [7], the SI in our paper is modelled generally
as monomial form of transmission power (eq. (8) in [8]).

First, our considered joint optimization problem is formulated
as nonconvex mixed integer program, which is NP-hard in
general. Hence, an iterative algorithm is developed to solve
this problem efficiently. In the proposed algorithm, PA is
obtained by employing the SCALE algorithm [9], whereas
the SA is updated by a gradient method [10]. Then, two
greedy algorithms will be further introduced to demonstrate
the significant gains of our proposed design.

II. SYSTEM MODEL AND PROBLEM FORMULATION

A. System Model

We consider a single cell OFDMA network consisting one
base station (BS) and 𝑁 mobile nodes with FD transmission
strategy. In particular, BS and every node are assumed to be
able to transmit and receive signals simultaneously on any sub-
carrier (SC). The entire frequency band is partitioned into 𝒮
orthogonal SCs. Let 𝒩 = {1, 2, ..., 𝑁} and 𝒮 = {1, 2, ..., 𝑆}
denote the set of nodes and the set of SCs, respectively. We
assume that each SC is assigned to at most one user for UL
transmission and also at most one user for DL transmission.
We denote a SA pattern for the UL and DL sides by binary
vectors XU ≜ {𝑥U𝑛,𝑠}𝑛∈𝒩 ,𝑠∈𝒮 and XD ≜ {𝑥D𝑛,𝑠}𝑛∈𝒩 ,𝑠∈𝒮 ,
respectively, where element 𝑥U𝑛,𝑠 and 𝑥U𝑛,𝑠’s are defined as

𝑥U𝑛,𝑠(or 𝑥D𝑛,𝑠)=

{
1 if user 𝑛 uses SC 𝑠 for UL (or DL),

0 otherwise.
(1)

Let 𝑝U𝑛,𝑠 denote the UL power allocated to SC 𝑠 by node 𝑛 and
𝑝D𝑛,𝑠 denote the DL power allocated to SC 𝑠 for node 𝑛 by BS.
We define PA vector P as P ≜

{
pU
𝑠 ,p

D
𝑠

}
𝑠∈𝒮 where pU

𝑠 and
pD
𝑠 are the upstream and downstream power vectors for SC
𝑠, respectively. BS is assumed to know the perfect channel
information for each node and SC. We are now ready for
investigating the rates achieved by all nodes based on which
we can define our problem.

1) Rate achieved at the base station: Due to the FD
transmission strategy, the received signal at BS over a SC
is interfered by the transmitted signal from BS over that SC.
Although interference cancellation is employed to reduce this
interference, it is imperfect. Hence, there exists residual self-
interference in each SC. According to [8], the self-interference
on UL from DL transmission corresponding to SC 𝑠 can be
given as

𝐼U𝑠
(
xD
𝑠 ,p

D
𝑠

)
=
∑
𝑛∈𝒩

𝑥D𝑛,𝑠𝜖
(
𝑝D𝑛,𝑠

)𝜃
, (2)
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where xD
𝑠 = {𝑥D𝑛,𝑠}𝑛∈𝒩 is the DL SA vector for SC 𝑠,

𝜖 and 𝜃 are fixed scaling factors which reflect the quality
of the selected cancellation techniques. In the worst case,
the self-interference power can be well approximated as a
linear function of the transmitted power [6], i.e 𝜃 = 1.
In the optimistic case, 𝜃 = 0, the self-interference is a
constant regardless of the transmission power [7]. Then, the
rate achieved at the base station for the user 𝑢 on the UL
transmission over SC 𝑠 can be described as

𝑅U
𝑛,𝑠 (X,P) = log

(
1 +

𝑥U𝑛,𝑠𝐺
U
𝑛,𝑠𝑝

U
𝑛,𝑠

𝐼U𝑠 (xD
𝑠 ,p

D
𝑠 ) +𝑁0

)
, (3)

where 𝐺U
𝑛,𝑠 is UL channel gain between BS and node 𝑛, and

𝑁0 is the receiver noise floor.
2) Rate achieved at the users: Let assume that the user 𝑛 is

assigned SC 𝑠 over DL. Then, there are two cases which can
happen. The first one is that the same SC 𝑠 is also assigned to
user 𝑛 for UL transmission. In this case, the self-interference
occurs and this interference can be given as 𝜖

(
𝑝U𝑛,𝑠

)𝜃
. The

second case is that SC 𝑠 is assigned to another user, i.e.,
user 𝑗, for UL transmission. Then, the interference in this
case is cross-interference caused by the UL transmission from
user 𝑗 on the received DL signal user 𝑛 over SC 𝑠, and this
interference can be calculated as

𝐼cr𝑗,𝑛,𝑠
(
xU
𝑠 ,p

U
𝑠

)
= 𝑥U𝑗,𝑠𝐺𝑗,𝑛,𝑠𝑝

U
𝑗,𝑠, (4)

where 𝐺𝑛,𝑗,𝑠 is the interference channel gain from user 𝑛 to
user 𝑗 over SC 𝑠 and xU

𝑠 = {𝑥U𝑛,𝑠}𝑛∈𝒩 is UL SA vector for
SC 𝑠. Generally, the interference on the received signal of user
𝑛 over SC 𝑠 can be summarized as follows.

𝐼D𝑛,𝑠
(
xU
𝑠 ,p

U
𝑠

)
=

∑
𝑗∈𝒩/𝑛

𝑥U𝑗,𝑠𝐺𝑗,𝑛,𝑠𝑝
U
𝑗,𝑠 + 𝑥

U
𝑛,𝑠𝜖

(
𝑝U𝑛,𝑠

)𝜃
. (5)

Then, the rate achieved by the user 𝑢 on the DL transmission
over SC 𝑠 can be described as

𝑅D
𝑛,𝑠 (X,P) = log

(
1 +

𝑥D𝑛,𝑠𝐺
D
𝑛,𝑠𝑝

D
𝑛,𝑠

𝐼D𝑛,𝑠 (x
U
𝑠 ,p

U
𝑠 ) +𝑁0

)
, (6)

where 𝐺D
𝑛,𝑠 is DL channel gain between BS and node 𝑛.

B. Problem Formulation

In this following, we formulate for the joint FD SA and
PA problem. This problem aims to determine the SA for
users in DL ans UL transmission separately as well as the
corresponding power transmission for each link to maximize
the total rate of the network. Due to these objectives, our
problem can be stated as

max
X,P

𝑅total =
∑
𝑛∈𝒩

∑
𝑠∈𝒮

𝑅U
𝑛,𝑠 (X,P) +𝑅D

𝑛,𝑠 (X,P) (7a)

s.t.
∑
𝑛∈𝒩

∑
𝑠∈𝒮

𝑝D𝑛,𝑠 ≤ 𝑃BS, (7b)

∑
𝑠∈𝒮

𝑝U𝑛,𝑠 ≤ 𝑃𝑛, ∀𝑛 ∈ 𝒩 , (7c)

∑
𝑛∈𝒩

𝑥U𝑛,𝑠 ≤ 1 and
∑
𝑛∈𝒩

𝑥D𝑛,𝑠 ≤ 1, ∀𝑠 ∈ 𝒮, (7d)

𝑥U𝑛,𝑠, 𝑥
D
𝑛,𝑠 ∈ {0, 1}, ∀𝑛 ∈ 𝒩 , ∀𝑠 ∈ 𝒮. (7e)

In the above optimization problem, 𝑃BS and 𝑃𝑛 denote the
maximum transmission power budget at BS and user 𝑛,
respectively. The constraints (7d) impose the assignment of
SC 𝑠 to only one user for UL or DL transmissions. It is further
observed that the optimization problem (7) is indeed a mixed
integer program, which is NP-hard in general and requires
exponential complexity to be solved. Inspired by a recent
work in PA and SA [9], an iterative algorithm is developed in
the subsequent sections to obtain locally optimal solution to
problem (7).

III. SUM-RATE MAXIMIZATION WITH GIVEN SA

A. Reformulation

In this section, we first reformulate the problem (7) into a
sum-rate maximization problem when 𝑥U𝑛,𝑠’s 𝑥U𝑛,𝑠’s are known.
Then a numerical method is investigated to solve this problem.
For simplicity, we use new power variables representing the
transmission power for all users on each SC. In particular, let
us denote 𝑞U𝑠 and 𝑞D𝑠 as the transmission power over SC 𝑠 on
the UL side and DL side, respectively. The relation between
these power variables and the power of BS and users on SCs
can be given as

𝑞U𝑠 =
∑
𝑛∈𝒩

𝑥U𝑛,𝑠𝑝
U
𝑛,𝑠, 𝑞

D
𝑠 =

∑
𝑛∈𝒩

𝑥D𝑛,𝑠𝑝
D
𝑛,𝑠. (8)

Then, the self-interference over SC 𝑠 on UL transmission can
be rewritten as 𝐼

′U
𝑠

(
𝑞D𝑠
)
= 𝜖

(
𝑞D𝑠
)𝜃

. Based on this result, the
rate for UL transmission over SC 𝑠 can be calculated as

𝑅
′U
𝑠

(
X, 𝑞D𝑠 , 𝑞

U
𝑠

)
= log

(
1 +

𝑞U𝑠𝐺
U
𝑠 (X)

𝜖 (𝑞D𝑠 )
𝜃
+𝑁0

)
, (9)

where 𝐺U
𝑠 (X) =

∑
𝑛∈𝒩

𝑥U𝑛,𝑠𝐺
U
𝑛,𝑠. On the DL side, the interfer-

ence over SC 𝑠 can be given as

𝐼
′D
𝑠

(
X, 𝑞U𝑠

)
= 𝑞U𝑠𝐺

C
𝑠 (X) + 𝜖U𝑠 (X)

(
𝑞U𝑠
)𝜃
,

where 𝐺C
𝑠 (X) =

∑
𝑛∈𝒩

∑
𝑗∈𝒩/𝑛

𝑥D𝑛,𝑠𝑥
U
𝑗,𝑠𝐺𝑗,𝑛,𝑠 and 𝜖U𝑠 (X) =

𝜖
∑

𝑛∈𝒩
𝑥D𝑛,𝑠𝑥

U
𝑛,𝑠. Then, the rate for DL transmission over SC

𝑠 can be calculated as

𝑅
′D
𝑠

(
X, 𝑞D𝑠 , 𝑞

U
𝑠

)
= log

(
1 +

𝑞D𝑠 𝐺
D
𝑠 (X)

𝐼 ′D
𝑠 (X, 𝑞U𝑠 ) +𝑁0

)
, (10)

where 𝐺D
𝑠 (X) =

∑
𝑛∈𝒩

𝑥D𝑛,𝑠𝐺
D
𝑛,𝑠. Let Q ≜

{
𝑞U𝑠 , 𝑞

D
𝑠

}
𝑠∈𝒮 . Then,

the problem (7) is equivalent to the sum-rate maximization
problem when the SA is given

max
Q

𝑅X(Q) =
∑
𝑠∈𝒮

[
log

(
1 +

𝐺U
𝑠 (X)𝑞U𝑠

𝜖 (𝑞D𝑠 )
𝜃
+𝑁0

)

+ log

(
1 +

𝐺D
𝑠 (X)𝑞D𝑠

𝐺C
𝑠 (X)𝑞U𝑠 + 𝜖U𝑠 (X) (𝑞U𝑠 )

𝜃
+𝑁0

)]
(11a)

s.t.
∑
𝑠∈𝒮

𝑞D𝑠 ≤ 𝑃BS, (11b)

∑
𝑠∈𝒮

𝑥U𝑛,𝑠𝑞
U
𝑠 ≤ 𝑃𝑛, ∀𝑛 ∈ 𝒩 . (11c)
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In the above optimization problem, the objective function is
non-convex. Hence, it is very difficult to find the optimal
solution of this problem. In the next section, we leverage the
SCALE algorithm in [9] to solve (11).

B. SCALE-Based Algorithm

In this section, we apply the SCALE algorithm [9] to find
the PA for each user on each transmission side and each SC
when the SA is assumed given. The idea of this numerical
method is to relax the non-convex objective function to its
lower bound which is convex with respect to 𝑞U𝑠 ’s and 𝑞D𝑠 ’s in
order to obtain a relaxed convex problem. This convex problem
is then solved optimally. Then, the lower bound is updated
iteratively to tighten the non-convex objective function at the
optimal point.

We make use of the following lower bound, for any 𝑧 ≥ 0
and 𝑧 ≥ 0 as in [9] as

log(1 + 𝑧) ≥ 𝛼𝑧 log 𝑧 + 𝛽𝑧, (12)

that is tight at 𝑧 = 𝑧, where

𝛼𝑧 =
𝑧

1 + 𝑧
, 𝛽𝑧 = log(1 + 𝑧)− 𝑧

1 + 𝑧
log 𝑧. (13)

We use the convention that log(0) = −∞ and 0 log(0) = 0.
By using (12), we have

𝑅X(Q)≥𝑅̄X(Q, 𝛼, 𝛽)≜
𝑆∑

𝑠=1

[
𝛼U
𝑠 log

(
𝐺U

𝑠 (X)𝑞U𝑠

𝜖 (𝑞D𝑠 )
𝜃
+𝑁0

)
+𝛽U𝑠

+𝛼D
𝑠 log

(
𝐺D

𝑠 (X)𝑞D𝑠

𝐺C
𝑠 (X)𝑞U𝑠 + 𝜖U𝑠 (X) (𝑞U𝑠 )

𝜃
+𝑁0

)
+ 𝛽D𝑠

]
. (14)

We denote 𝛼 ≜
{
𝛼U
𝑠 , 𝛼

D
𝑠

}
and 𝛽 ≜

{
𝛽U𝑠 , 𝛽

D
𝑠

}
. The terms 𝛼U

𝑠

and 𝛽U𝑠 are corresponding to the relaxation of UL and DL part
in 𝑅U

𝑠 . Similarly, the terms 𝛼D
𝑠 and 𝛽D𝑠 are corresponding to

the relaxation of UL and DL part in 𝑅D
𝑠 . It can be noted that

the bound (14) is tight at

𝑧U𝑠 = ΓU
𝑠,X(Q) =

𝐺U
𝑠 (X)𝑞U𝑠

𝜖 (𝑞D𝑠 )
𝜃
+𝑁0

, (15)

𝑧D𝑠 = ΓD
𝑠,X(Q) =

𝐺D
𝑠 (X)𝑞D𝑠

𝐺C
𝑠 (X)𝑞U𝑠 + 𝜖U𝑠 (X) (𝑞U𝑠 )

𝜃
+𝑁0

. (16)

By using transformation Q̃ = logQ, we obtain

𝑅̄X(Q̃, 𝛼, 𝛽)=

𝑆∑
𝑠=1

[
𝛼U
𝑠 𝑞

U
𝑠 +𝜂

U
𝑠 −𝛼U

𝑠 log
(
𝜖𝑒𝜃𝑞

D
𝑠 +𝑁0

)

+𝛼D
𝑠 𝑞

D
𝑠 +𝜂

D
𝑠 −𝛼D

𝑠 log
(
𝐺C

𝑠 (X)𝑒𝑞
D
𝑠 +𝜖U𝑠 (X)𝑒𝜃𝑞

U
𝑠 +𝑁0

)]
(17)

where 𝜂U𝑠 = 𝛼U
𝑠 log𝐺U

𝑠 (X) + 𝛽U𝑠 and 𝜂D𝑠 = 𝛼D
𝑠 log𝐺D

𝑠 (X) +
𝛽D𝑠 . As can be observed, 𝑅̄X(Q̃, 𝛼, 𝛽) is a concave function
of Q̃. Then, for given 𝛼, 𝛽, the relaxation of problem (11) can
be described as follows:

max
Q̃

𝑅̄X(Q̃, 𝛼, 𝛽) (18a)

s.t.
∑
𝑠∈𝒮

𝑒𝑞
D
𝑠 ≤ 𝑃BS, (18b)

∑
𝑠∈𝒮

𝑥U𝑛,𝑠𝑒
𝑞U𝑠 ≤ 𝑃𝑛, ∀𝑛 ∈ 𝒩 , (18c)

Algorithm 1 SCALE-BASED ALGORITHM

1: Start: any value of 𝑞D𝑠 ’s and 𝑞U𝑠 ’s satisfying (11b), (11c).
2: repeat
3: Calculate 𝑧U𝑠 and 𝑧D𝑠 as in (15) and (16).
4: Use 𝑧U𝑠 and 𝑧D𝑠 to update 𝛼, 𝛽 as in (13).
5: Solve the problem (18) to obtain Q̃.
6: Update Q = exp(Q̃).
7: until Convergence.
8: Return P from Q as 𝑝U𝑛,𝑠 = 𝑥

U
𝑛,𝑠𝑞

U
𝑠 , 𝑝

D
𝑛,𝑠 = 𝑥

D
𝑛,𝑠𝑞

D
𝑠 .

We now have a standard convex maximization problem that is
efficiently solved in the dual domain. Once a solution is ob-
tained, we may transform back to Q-space with Q = exp(Q̃).
Here we are optimizing the lower bound of 𝑅X(Q). As
a result, it is natural to tighten the bound successively by
updating the choice of 𝛼, 𝛽 according to the new power
transmission solution. Then, by iteratively updating 𝑧U𝑠 ’s, 𝑧D𝑠 ’s
as well as 𝛼, 𝛽, we obtain the SCALE-Based algorithm to
maximize DL and UL sum-rate, as summarized in Algo-
rithm 1. The convergence of the algorithm is guaranteed due
to the following Proposition.

Proposition 1. The Algorithm 1 converges after a finite
number of iterations.

Proof. By iteratively updating 𝑧U𝑠 ’s, 𝑧D𝑠 ’s, and 𝛼, 𝛽 as in
(15), (16), and (13), we always have the fact that the optimal
solution of problem (18) in the previous iteration is a feasible
point in the feasible set of that problem in the next iteration.
Hence, the convergence of the algorithm is guaranteed due to
the monotonic increase of the objective function in problem
(18) after each iteration. Hence, the Algorithm 1 will converge
after a finite number of iterations.

IV. SA PROBLEM WITH GIVEN PA

This section investigates the next step in finding a good SA
for all users with given PA over all SCs for downstream and
upstream. Assume Q is given, we replace the quadratic terms
𝑥D𝑛,𝑠𝑥

U
𝑗,𝑠 in 𝜖U𝑠 (X) by the following binary variables

𝑦𝑛,𝑗,𝑠 = 𝑥
D
𝑛,𝑠𝑥

U
𝑗,𝑠, ∀𝑛, 𝑗 ∈ 𝒩 . (19)

As can be observed, 𝑦𝑛,𝑗,𝑠 = 1 if SC 𝑠 is assigned to user 𝑛
in DL and to user 𝑗 in UL, and 𝑦𝑛,𝑗,𝑠 = 0, otherwise. When
𝑦𝑛,𝑗,𝑠 = 1, the rate achieved over SC 𝑢 for given Q can be
calculated as

𝑅𝑛,𝑗,𝑠 = log

(
1 +

𝐺U
𝑗,𝑠𝑞

U
𝑠

𝜖 (𝑞D𝑠 )
𝜃
+𝑁0

)

+ log

(
1 +

𝐺D
𝑛,𝑠𝑞

D
𝑠

𝐼
′D
Q,𝑠 (𝑛, 𝑗) +𝑁0

)
, (20)

where

𝐼
′D
Q,𝑠 (𝑛, 𝑗) =

{
𝜖
(
𝑞U𝑠
)𝜃

if 𝑛 = 𝑗,

𝐺𝑗,𝑛,𝑠𝑞
U
𝑠 if 𝑛 ∕= 𝑗.

(21)
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Given a value of 𝑞𝑈𝑠 and 𝑞𝐷𝑠 , we optimize the allocation 𝑦𝑛,𝑗,𝑠:

max
Y

𝑅Q(Y) =
∑

∀(𝑛,𝑗)

∑
𝑠∈𝒮

𝑅𝑛,𝑗,𝑠𝑦𝑛,𝑗,𝑠 (22a)

s.t.
∑
𝑛∈𝒩

∑
𝑠∈𝒮

𝑞U𝑠 𝑦𝑛,𝑗,𝑠 ≤ 𝑃𝑗 , ∀𝑗 ∈ 𝒩 , (22b)

∑
∀(𝑛,𝑗)

𝑦𝑛,𝑗,𝑠 ≤ 1, 𝑠 ∈ 𝒮, (22c)

𝑦𝑛,𝑗,𝑠 ∈ {0, 1}, ∀(𝑛, 𝑗), ∀𝑠 ∈ 𝒮, (22d)

where Y represents the vector generated from all variables
𝑦𝑛,𝑗,𝑠’s. While problem (22) is a nonconvex integer program,
its globally optimization can be found. By relaxing the last
constraint (22d) into 0 ≤ 𝑦𝑛,𝑗,𝑠 ≤ 1, the problem (22) becomes
a linear program (LP) in 𝑦𝑛,𝑗,𝑠’s, whose optimal solution
can be found efficiently by standard convex optimization
techniques. Interesting, as shown in [10] the obtained optimal
solution of this LP lies at a vertex where 𝑦𝑛,𝑗,𝑠’s will be
either 0 and 1. Thus, given Q, as well as 𝑅𝑛,𝑗,𝑠’s, solving
the LP will result in the optimal SA for each user. However,
once 𝑦𝑛,𝑗,𝑠’s take the value of 0 or 1, the SA for each user
may be trapped in a local optimal point based on which the
PA cannot be optimized anymore. To overcome this critical
issue, the gradient method can be adopted to “slowly” update
the variable 𝑦𝑛,𝑗,𝑠’s as in [10]. Once, 𝑦𝑛,𝑗,𝑠’s are changed
slowly, the PA can be optimized more carefully; then, the
better solution hence can be achieved [10]. In particular, the
gradient of 𝑦𝑛,𝑗,𝑠 as in objective function of problem (22) can
be given as 𝑅𝑛,𝑗,𝑠. Then, the gradient projection method can
be described as follows:

Yk+1 = 𝑃Ω(Y
k + 𝜆𝑘R), (23)

where R represents the vector generated from 𝑅𝑛,𝑗,𝑠’s, 𝜆𝑘 is
the a small diminishing gradient step size, and 𝑃Ω(⋅) denotes
the projection which is further described as following quadratic
problem.

min
Y

∣∣𝑦𝑛,𝑗,𝑠 − 𝑦𝑛,𝑗,𝑠∣∣2 (24a)

s.t. constraints (22b) and (22c),

0 ≤ 𝑦𝑛,𝑗,𝑠 ≤ 1, ∀(𝑛, 𝑗), ∀𝑠 ∈ 𝒮, (24b)

where 𝑦𝑛,𝑗,𝑠 = 𝑦𝑘𝑛,𝑗,𝑠 + 𝜆
𝑘𝑅𝑛,𝑗,𝑠. The above updating process

can guarantee to converge to the local optimal value of 𝑦𝑛,𝑗,𝑠’s
if the 𝜆𝑘 is chosen carefully so that 𝜆𝑘 → 0 when 𝑘 → ∞
[10]. We summarize the combination of update 𝑦𝑛,𝑗,𝑠’s and
Algorithm 1 in Algorithm 2 which can be applied to solve the
problem (7).

Proposition 2. The iterative procedure presented in Algo-
rithm 2 converges after a finite number of iterations.

Proof. Through Proposition 1, the objective function of prob-
lem (18) increases after each iteration. Hence, the sum-rate
will be improved by Algorithm 1. In addition, the gradient
update of 𝑦𝑛,𝑗,𝑠’s further improves this sum-rate value. There-
fore, Algorithm 2 will monotonically increase the objective
function of problem (7), which leads to the convergence.

Algorithm 2 SUM-RATE MAXIMIZATION ALGORITHM WITH

DYNAMIC SA
1: Start: 𝑞D𝑠 = 𝑃BS/𝑆, 𝑞U𝑠 = min𝑛∈𝒩 𝑃𝑛/𝑆 ∀𝑠 ∈ 𝒮 .
2: repeat
3: Fix Q, then update X using (23).
4: Update 𝐺U

𝑠 (X), 𝐺D
𝑠 (X), 𝜖U𝑠 (X), 𝐺C

𝑠 (X).
5: Fix X, solve Q by applying Algorithm 1.
6: until Convergence.
7: Return X from Y as 𝑥D𝑛,𝑠 =

∑
𝑗∈𝒩 𝑦𝑛,𝑗,𝑠, 𝑥

U
𝑗,𝑠 =∑

𝑛∈𝒩 𝑦𝑛,𝑗,𝑠.

V. GREEDY ALGORITHMS

For comparison purposes, we introduce two fast greedy
algorithms in this section, which are designed for FD mode
and HD mode, respectively.

1) Full-Duplex Greedy Algorithm: In this algorithm, we
start with a uniform PA for each DL communication. For the
UL side, since the number of SCs assigned to a node is needed
for allocating the power, the greedy algorithm is employed as
follows:

a. For each SC in 𝒮 , we compute the rate (20) for each pair
of (𝑛, 𝑗). Assuming that SC 𝑠 is assigned to node 𝑗, then
the UL power of 𝑠 can be determined in order to calculate
the rate.

b. Let (𝑛∗, 𝑗∗) be the pair of (𝑛, 𝑗) which offers the highest
rate when 𝑠 is assigned. Then SC 𝑠 will be allocated to
(𝑛∗, 𝑗∗).

c. Once all of SCs in 𝒮 have been assigned, we return the SA
result X and update the uniform PA P.

2) Half-Duplex Greedy Algorithm: In this algorithm, each
SC is assigned for only one side transmission, UL or DL. This
algorithm is designed similar to the FD greedy algorithm. First,
the uniform power distribution is employed for this method as
well. Then, for SC allocation, each SC is assigned for the user
with its DL or UL transmission which correspond the highest
achievable rate in stead of a pair of UL and DL transmission
as in the FD algorithm.

VI. SIMULATION RESULTS

We consider a single cell network in which the users are
allocated randomly so that the distances from them to BS are
in the range between 50 𝑚 and 100 𝑚. The channel gains
are generated by considering both Rayleigh fading and path
loss which is modelled based on the WINNER-II Model as
𝑃𝐿(𝑑) = 𝐴 log10(𝑑) + 𝐵 + 𝐶 log10(𝑓𝑐/5), where 𝐴 = 36.8,
𝐵 = 43.8, 𝐶 = 23, 𝑓𝑐 = 2.5𝐺𝐻𝑧, and 𝑑 is the distance
between two terminals. We also choose the number of users
as 10 and that of SCs as 20 except Fig. 4. The power at BS and
users are set as 4 𝑊 and 0.4 𝑊 , respectively. In Fig. 3, these
power are scaled with a scaling factor Ω. The noise power is
chosen as 𝑁0 = 10−12 𝑊 .

First, we examine the convergence of our proposed algo-
rithms by showing the variations of system sum rate cor-
responding to different values of 𝜖 over iterations by using
the combination of Algorithm 1 and Algorithm 2 (“Proposed
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Fig. 3. Total rate versus the power transmission.

Alg.”) in Fig. 1. To obtain these simulation results, we set
𝜃 = 1. It can be observed that our proposed algorithm converge
for both inner and outer loops.

In Figs. 2–4, we present the variations of system sum rate
obtained by our proposed algorithm and two greedy algorithms
- “FD Greedy Alg.” and “HD Greedy Alg.” over the changes
of some network parameters, e.g., the interference factor 𝜖 in
Fig. 2, the power transmission in Fig. 3, and the number of
SCs in Fig. 4. As can been observed, our proposed algorithm
outperforms two greedy algorithms in all studied scenarios.
Moreover, the FD technique shows its advantage by achieving
a higher rate than the HD mode does.
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Interestingly, Fig. 2 illustrates that higher value of 𝜖 results
in the lower system sum rate of the FD mode (“Proposed Alg.”
and “FD Greedy Alg.”). This can be explained by the fact that
the higher value of 𝜖 is equivalent to the worse SI cancellation
which reduces the benefits of FD technique. Fig. 3 shows
that increasing the transmission power of terminals results in
the better sum rate achieved by the network as expected. In
addition, the higher number of SCs also leads to the higher
network sum rate as illustrated in Fig. 4.

VII. CONCLUSION

We have proposed a novel algorithm for joint PA and SA
design in FD single cell network which aims to maximize the
system sum rate subject to constraints on the power transmis-
sion limit. Numerical results have illustrated the efficacy of our
proposed algorithms and the impacts of different parameters
on the sum-rate performance.
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